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ANMJKLYSISOFTEEAIRSPEEEMD NORMALACCELERATIONS

OFEOU3YG3I)(2-2AIRHAmE IN co14tmRcIAL

TRANSPORTOPERATION

ByWalterG. Walker

AccelerationandairspeeddatatakenonDouglaslX%2camercial
transportairplanesoperatedalongtheeastcoastof theUnitedStates
duringtheperiodfrom1935to1940havebeenanalyzed.Theremits
showthedesignmaxdmumlevel-flightspeedwouldbe exceeded,onthe

average,onceb about7.5X 105flightmiles,andtheMmit gus~load
factorwouldhe exceeded,ontheavemge,oncetnabout1●5 x 10 f~ght
miles.ThelX!-2operationsindicatethattheflightloadsweresmall
andtherouteroughnessencounteredappearstol)esmallincmperison
withtheresultsshownonotherroutes.

13’?TF@DUCTION

AId_yEesOfaccelerationandairspeeddatato determinetheflight
loadsoffourdifferenttypesofairplanesoperatedincmmercieltrens-
portservicehavebeenreportedinreferences1 to4. Theflightloads
wereshowntobe influencedly suchfactbrsasroute,season,operating
Speds,forecmtinganddispatckbgtechniques~ ~d pre= ad *W
operaticms.

Thispapersmmarizestheresultsofen analysisofV-Grecords
takenonIhglasIX-2airplanesduringtheperiodfromJune1935to
December19k0.Theoperationallifeiscomperedwiththeoperational
livesofotherairplanesflownonclifferentroutesduringthecorres-
pondingperiod.
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gust-alleviationfactor

effectivegustveloci~~ feetpersec~d
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de8Qjnmximumlevel-flightspeed,milesperhour

maxhiumindicatedairspeedonV-Grecord,miles~er
.hour

tidicatedairspeedatwhichmaximumyositiveor
negativeaccelerationincrementoccursonV-G
record,miles perhour

probableairspeedatwhichmsxhmmacceleration
willmostlikelyoccur,milesperhour

probabili.~thatmadmumaccelerationona record
willoccurina givenspeedrenge

probaldli~thatmm5nmmindicatedairspeedon
V-Grecordwi13.exceeda givenvalue

probabili~thatmmlnmmacceleratimincrement
onV-Grecordw31Le~eed a givenvalue

averageflighttime perrecord,hours

maximum~ositiveornegativeaccelerationincrement
onV-Grecord,g units *

averagevaluesofdistributionsof V= Vo,
@ +, respectively

standarddeviationsof distributionsof VW, Vo,
and&= respectively

coefficientsofskewnessofdistributio~
end ~, respectively

of Vm, Vo,

SCOPEOFDATA

Fifty-fiveV-Grecordsrepresentinga totalof1.2,141hoursofflight
wereavailableforanelysis.Therecor~aresmmarizedtitableI for-
theIW2 airplanesoperatedby threedifferentairlinesrefereedtoherein
asairlfnesD, E, endF on scheduledcommercialtransportroutesduring ~
theperiodfromJune1935to ~ceniber1940. hformationsuppliedwith
therecordsincluded3nstaUationandrmovaldates,routesflown,and
flighthoursperrecord-.suppl~* infOrmtiOnwasmpplieah
occasionalcaseswhereunusualflightconditionswereexperienced,but
no informationwassuppliedonactualoperatingweights.
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As tableI shows,onlythe18V-GrecordsMen onairlineD and
representing6615flighthourswithtitherangeof260to56 flighthours
perrecordwereusedinthestatisticalanalysis.Themethodofsnalysis
(reference5)suggeststhata mlnhumofabout15V-G recordsrepresenting
notlessthan2500flighthours,withina rsngeofabout30percentofthe
totalvariationinflighthoursjshouldbe usedh theanalysisto obtain
satisfactoryresults.Theda%aforthetidividualairhes givenintableI
donotexactlymeettheserequlrementsoA checkanalysiswasapplied.to
thedatafromairlineD andihdicatedthatdeparturefromtherequirement
regardingchoiceofrecordswithh a 30-percentrangewasnotimportant
inthiscase.TherecordsfromairlineD withintherangeof26oto
560flighthoursthereforeareconsideredtobe satisfactoryforthe
Statisticalanalysis.All55recordsrepresenting12,141flighthours
wereused,however,to developa compositeflightenvelopeforallthe
IX-2airplsneoperations.

Theairplanecharacteristicsneededfortheanalysiswereobtained
fromtheCivilAeronauticsAdministrationorwerecmuyutedh accordance
withthedesignrequirementsendareasfollows:

Grossweight,pounds.. . . . . . . . . . . . . . . . . . . . . 18,56o
Wingarea,squarefeet. . . . . . . . . . . . . . . . . . . . . 939
Wingspan,feet . . . .. . . . . . . . . . . . . . . . . . . . 85
Meanaerodynsmicchord,feet . . . . . . . . . . . . . . . . .
Slopeofliftcurve,perradian . . . . . . . . . . . . . . . . E;;
Designmaxhmmllevel-flightspeed,~L,milesperhour . . . . . 215
Placardspeed,milesperhour . . . . . . . . . . . . . . . . . 269
Limitgustloadfactor,g units . . . . . . . . . . . . . . . . 3.74
Gust-alJ-eviationfactor,K” . . . . . . . . . . . . . . . . . . 1.040

Thelimitgustloadfactorwascomputedfromtheeffectivegu.st-load-
factorfomml.aofreference6 by useofm effectivegustvelocitiUe
of 30Kfeetpersecondat themsximmlevel-flightspeed~L. Thegust-
elleviationfactorK, althoughnotrequiredat thethe thelW2
airplenewasdesigned,is includedh thepresentcomputationsto compare -
theresultswiththoseofreferences1 to4. Cmputedvalueserebased
onthedesigngrossweightandonthecorrespondinggust-al.letiation
factorK of1.040.Theplacard(ornever-eweed)syeed- c~Pu~d
fromimfomationgiveninreference7 as 1°27L or269tilesWr hour”
me sloyeof theHft curve,correctedforaspectratio,equal~ 4=65per
radianwasobtainedfromreference8.

TheT-Grecordswereevaluatedwithoutattemptingtodistinguish
betweenaccelerationscausedby gustsandbymaneuvers.AU lqge
accelerationsat speedsabove100milesperhourareassumedtobe due
togustsbecauseexperienceindicatesthatmostofthelsrgeloads
imposeddur@nomal trsmsportoperationsarecausedbygusts.
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The~thod ofanalysisis @ven h refer~ce 5. yi~e~~s were
readfromeachV-Grecord;namily,the~ positiveandmcdmsnn
negativeacceleraticmIncrements% ~thecorrespondingspeedsof
maximumaccelerationoccurrenceVo,andthenmclmumsyeedsflownVU,
togetherwiththeflightmilesperrecord,obtatiedbymultiplyingthe
averagetimeyerrecOrdby anasswnedaveragecrdsingspeedofO.8VL.
Thesevaluesconstitutethefllght-loaddataneededforthestatistical
computation. Thedistributionof~ositiveandnegativeacceleration
incrementsmeasuredfromthe1 g lineisessentiallysyuunetml.cal,and
themm3mumvalueswerethereforesOrteaand*b*tea withoutregard.
to sign.

lh orderto compsreresultsticmdifferentsetsofdata,some
measureisrequiredto detemdnewhetherindicateddifferencesh the
probabilitiesof exceeMngthelargervaluesofaccelerationorgust
velocityeresignificant.Basedonexperience,a criterionof engineer-
ingconcernhasbeenused(references1 to4)whichstatesthatsignifi-
cantUfferencesbetweenprobabilitiesareconsideredto existifthey
Mfferbymorethana ratioof 5:1. The5:1ratioisusedhereinas a
levelof engineeringconcernin connectionwiththespreadofflight
milesrequiredto e=eed theklmitgustloadfactorandto exceeda fixes
effectivegustveloci~at theprobablespeedofgustencounter.

I!RMISION“
.

TheprecisionoftheV-Grecor.tirma thelimititimsofthemethod
ofanalysisemployederediscussedh reference1. Theinherentinstru-
menterrorsareassmnednotto exceed.tO.2gforaccelerationand3 yercent
of themaxlmmairspeedrangeoftheinstrument.

Sincereference5 indicatesthatsatisfactoryresultsmaybe obtainel
witha Wnimumofabout15 recordsrepresentingnotlessthanabout
2500flighthours, the 18 recordsrepresenting6615flighthoursused
in the &esentan&Lysis
thessmpleofdata.

wouldseemtobe ade@atewithrespecttosizeof

REsoL’m

Thestatisticalpsmmetersof thedistributionsof V-, _
ma V. ace givenatthebottomoftableII;namely,theaveragevalues
indicatedby a baroverthesynibol,thestandarddeviationu,whichis
a msasureofthedispersionof thedistributionfromtheaveragevalue,
andthecoefficientof skewnessa,which”isa measureofthedeviaticm

,
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fromsymnetryof thedistribution;PearsontypeIIIprobabilitycurves
(reference9),whichareasswnedtohe reasonablerepresentationsofT-G
data,wereco~utedfromthestatisticalperimeters.ThePeersonproba-
bilitycurvesweretransfomnedtocurvesofaverageflightmilesrequired
to exceedgivenveluesofspeedad accelerationincrementhymulti-
plyingl/Pv and l/P& by tiefactor0.8VLT,where T = 367.5hours.
Figures1 end2 presentthetransfomledcurvestogetherwiththecumu-
lativeV-Gdata.&cm thesecurvesandtheprobabili~P. l+atmaximum
accelerationona recordwilJ.occurinanygiven.speedrange,theflight .
envelopesoffigure3 werederivedto showtheaverageflightmiles
requiredtoexceedstatedvaluesofaccelerationandspeed.

Figure4 comparesresultsfortheIX!-2airplaneatvaluesofthe
limitgustloadfactorendfixedeffectivegustvelocitywithcorresponUng
resultsobtainedfortheairplanesreportedinreferences1 tok. The
ratiosoftheprobablespeedin roughairto thedesignmaximumlevel-
flightspeedVPPL sreelsogiveninfigure4. I?lightmilesereplOttOa
in thefigureona logarithmicscale.

Thefrequencydistributions(definedinreference5)ofaccelerations
andspeedsintableII endtheresultsderivedfromthestatistical
analysisshowninfigures1 to4 donotincludedatafromtwouctumal
V-Grecords.Theserecordshavenotbeenincludedbecause,insofaras
normaltransportoperationf3areconcerned,theunusuallylargeaccelerations
andairspeedsofsuchrecordsmaybe expectedto occur,ontheaverage,et
veryhfrequentintervals.Therefore,theinclusionofsuchrecordsina
Mmitedsempleofdata,as usedheretitodescribeaverageconditions,
wouldgivea distortedpicture.Theseunusualrecords,however,havebeen
consideredaspartoftheover-all.picture.Thefirstoftheserecords
wastakenon a IX-2airpleneof air~e D duringflightthrougha severe
thunderstormbetweenRichmond,Va.andWashington,D. C. Themeteor-
ologicalandflightconditionsexistingatthethe dur~ whichthestorm
wasencountereda% describedinreference10. Theaccelerationsrecorded
aremuchlargerthanthoseindicatedonanyotherV-Grecordtakenon
theN-2 airplanes.TheotherV-Grecordwasobtainedona EC-2airplane
of airlineE ande~ibitsthehighestairspeed(248mph)recordedon
anyV-Grecordofa IX-2airplane.No informationwasobtainedrelative
toflightconditionsforthisrecord.Thesetworecordssreincluded
indashedoutlineinfigure3 whichshowstheccqositeV-Grecord_preTered
fromalltheavailableV-GrecordsgivenintableI forcomparisonwith
thepredictedflightenvelopes.

DISCUSSION

Figure1 indicatesthattheflightmilesrequiredfortheW-2
airplanetoexceedtie~ level-flightspeedVL is,ontheaverage,
onceinalcmt7.5X 105flightmiles,whilethechanceofexceedingthe
placardspeedisdecidelyremote.llmmlnationoffigure2,whichpresents

.
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theflightloadsoftheairplane,showsthatthelimit
r

t load factor
will.be exceeded,ontheaverage,onceinabout1.5X 1 flightmiles.
Theseli@tingvaluesrepresentan appreciableetiapolationofthe
curvesendconfidenceintheresultsmaybe questionable.Theemountof
dataused,however,satisfiestherequirementsforanalysisandthe
clusteringofthedataatlowvaluesappeersto indicatethatthe~limiting
valu13sgivenareoftherightorder.

Exandnationoffigure3 showsgoodagreement‘betweenthecomposite
V-Grecord,indicatedh solidoutline,andthepredictedflightenvelope
computedforan equivelentnmnlerofflightmiles.Althoughtheunusual
V-Grecordsshowninfigure3 indashedoutlinewerenotusedin the
analysis,itisof interestto determineroughlythenmiberofflight
milesrequAredtoeahblisha flightenvelo~to includetheserecords.
Theenvelopewaserbitraril.yselectedsothatthemeximunpositive
accelerationpeakwOtiafelltithintheenvelopeby an smountaboute@
totheemountthemxdmnnnnegativeaccelerationpeakwouldextendbeyond
theenveloye.As showninfi~e 3 tiecomputedflightenveloyebased
onaverageconditionsrepresents10~ fli~tmilesof operation.The
flightenvelopepredictsthat,ontheaverage,inthestatedmmiberof
flightmilesthemaximmnvelueofairspeedtillbe exceededonceandthat
onepositiveendonenegativeaccelerationincrementwillexceedthe
envelopewithequalprobabill~ofbeingexperiencedat anyairspeed.
Thus,unusunlaccelerationsendspeedssuchasthosementionedcanbe
expectedtooccur,ontheaverage,onlyonceina ratherlargenuriberof
flightmiles. ,

Theflightloadsof theIX-2airplanes(fig~4),astidicatedby the
averageflightmilesre@red to exceedthelimitgustloadfactor,show
d.ifferencesfromtheloadsobtainedwiththeother~rplaneswhichrange
froma negligibledifferencewiththeDC-3airplanesofairlineC
(reference2)toa clifferenceofabout1.2:1withtheM-130airplanes
(reference3). Relativetotheresultsshownby thewholegroup,the
IX!-2airplanesappesrtohavebeenoperatedina conservativemanner,
sincetheflightmilesrequiredto exceedthel~t gustloadfactorare
lergeincomparisontithresultsshownforn&t otherairplanes.

Onthebasisofflightmilesreq~d to e=eed theacceleration
incrementdueto en effectivegustveloci~of 37.% feetpersecondat
themost‘probablespeedofgustencounterVp,theeffectof operating
speedisremovedandtheroughnessesoftheseveralroutessrecompared.
Inthisrespect,figure4 indicatesthatdifferencesinroughnessfor
therouteflownby theDC-2airplanesarewithinthe5:1ratioin
comparisonwiththeroughnessofmostoftheotherroutesenalyzed.
Thee=eptionsme theianmscontinentaloperatiormofairlineB with
IX!-3 airplanesandtrens-%cific operationsof theM-130,bothofwhich
differfromtheDO-2operationsby about10:1.Fortheoperationsof
I&2 airplanesalongtheeastcoastoftheUnitedStates,however,the
resul*indicatethatrouteroughnessis small.ticomparisonwith
of theotherroutes,asshownby thelargenuniberofflightmiles
to exceedtheeffectivegustveloci@of 37.5Kfeetpersecond..

_.. .-,- .--”
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CONCLUDINGREMARKS

.

TheanalysisofaccelerationandairspeeddatatakenonD-2 @lanes
duringoperationsalongtheeastcoastoftheUnitedStatesindicatesthe
designmaximumlevel-flightspeedwouldbe exceeded,ontheaverage,once
inabout7.>X 105flighttiles,andthelimitgustloadfactorwouldbe
exceeded,on theaverage,onceh about1.5X lN flighttiles.The
N-2 airplaneflightloadsweresmalJ.incomparisonwithmostof theother
operationsanalyzed.FortheN-2 operationsovertheeastcoastroute,
the‘routeroughnessencounteredappearstohe smallh comparisonwith
theroughnessindicatedby theresultsformostof theotherroutes
analyzed.

Lengl.eyAeronauticalLaboratory
NationalAdtiso~ComdtteeforAeronautics

-ey Field,Va.,September22,1948
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Newk, N. J.
to

km Angeles,Cal.

Sentiago,Chile
to

Buenos Alma, Arg.
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of

recordB

28

u.
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Total
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hours
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S2,141
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Total
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FF@lmCYDEWJBUTIONS AND STATISTICALMMMWEIW

OF V= -, ~ V.

vu V.

Veloci~
Acceleration

(ml)
Frequenoy hcmmen ‘ Fregummy

Veloci-lq

(gma; (m)
Frequency

195 to l!w 3 O.tb -k 0.69 110 to Ilg 2
2(XIto 204 3 .70 tm .79 : Uo to 129 2
205 to 209 10 .80to .89 4 130 to I-39 3
210 to 214 1 .93to .99 4 140 -b 149 2
‘?15to 219 0 1.03 to1.09 19 to 159
220 to 224 1 1..10 tO i.~ : 160to169 i!

1.20tO1.29 2 170to179 10
1.30to1.39 4 18ototi9 6
1.M b 1.49 2
1.9 b 1.59 1
1.60b 1.69 2
1.70to1.79 2
1.80to1.89 .1
l.% b l.w 2

Tot.81 Ik3 Total 36 Total 36

v- 206.10 1.21 70 161.70

UT 5.70 U& 0.37 Uo 20.40

% 0.79 % 0.47 %’ -0.$0

P
0

ii
P I
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Transformedprobabilitycmrve

YChmulatlvedatafrom V-Grecords
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240160 180 200
Maximumtidicatedairspeed,Vmm, mph

Figure l.- Averageflightmilesrequiredtoexceed
a givenvalueof airspeed.

7

280

____ —-—.



.—. ——.. ——- - —- —. —-

NACATNNO.175412

1
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.6 1.0 3.01.4 1.8 2.2 2.6
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Figure2.-
a

accelerationIncrement,Anma, g unite

Averageflightmilesrequired
givenaccelerationincrement.
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Compo.vfteV-G reaord of
2.07x 106flight miles

Fllght envelope of

2.0.7x 106 fllght miles
Flight envelope of

109 flight miles
V-G reoord frcm airline E

V-G record from airline D

n

(

~L)

v

I I I 1 I I I

100 120 140 , lb I#o 200 220 240
Indioated e.irapeed,mph

Figure 3.- Comparison of com uted flight envelo ea with the oompoalte
F fV-G record o Douglaa DO-2 airp anea.
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m Flight miles required to exceed ‘
limit gust load faotor

I ~ Flight miles required to exceed 57.5KfpaatVP

AirplaneAlrllneRef’erenoeRoute V#L

Do-3

Ml-y

DC-3

S-307

M-130

942A

DU-2

A

B

1

2

0

1

3

4

D.-

(0.83
Trans-

continental
U.S.A.

~

Caribbean

Trana-Paoifio

Caribbean and
South Amerioa

East Coast
or U.S.A.

.81

.69

.63

.79

.76

.75

ratio

I h I I I
~05 106 107 ~08 ,&

Flight miles =5=

Comparison of average flight miles required to exoeed Mnlt gust load faotor and
j

Figure 4.-
to exceed fixed effeot~ve gust velmltr at erobable wed Vp of gust enao~ter”
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