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SUMMARY

n? W3MMERCIAL

Ha&lock

AccelerationamilairsmeddatatakenonBoeing
PIRIMsorm?atedovertranscontinentalroutes‘ofthe

IW247”tramqmrtair-
UnitedStateaduring

&m ~ri;d frcm1933to1937havebeananalyzed.Theresultsshowthat~
onthe‘average,theplacards~ed wouldbe exceetidonceinabout
9.5 x 105flightmilesandthelwt gustloadf~torWO~d be excee@d .
onceinabout2.5X106flightmiles.Theresultsofoperations
oftheB-247airplanesincomparisonwiththeresultsofoperationsof
otherairplanesshowlargerthanavmageflightloads,a highoprating-
speedratio,btirouteroughnessap~arstobe aboutaverage.These
resultstogetherwithemalysesmadeinthepmt indicatethatoperating
s~ed inregionsofturbulentairisa significantfactorintheopmational
lifeoftheairplane.

INTRODUCTION

TheresultsofanalysesofV-Gdatagivenin
shownthattheflightloadsofairplanesopmated
serviceareinfluencedby o~ratingspeedsendby
dispatchingpracticesasreflectedindifferences

references1 to ~ have
inc-rcial transport
forecastingend
betweeno~rations

duringtheprewarandwartimepmiods. Inlinewithpreviousinvestigations
ofairplaneflightloadsand“operating‘speds,thispa~r presentsthe
resultsofanemalysisof
airplanea. Theavailable
comparedwiththeresults

V+ recordsobtainedonBoeingB+247traneprt
dataaresummarized
of@yses madein

andtm flightresultsare
references1 to 5.
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2 NACJIm I?O.1783

SYMBOIS

K

V’.

‘P

gust-alleviationfactor‘ .

designmaximumlevel+_i@ s~ed,-miles~r hour

maxhumindicatedairs~edonV-Grecord,miles
perhour

inMcatedairsmedatwhichmximm pmitiveor
negativenormalaccelerationincrementoccurs
onV-Grecord,milesperhour

prolableairspeedatwhichmsxlmumnormalaccele~
ationincrementwillmostlikelyoccur,miles
~r hour

Pv probabilitythat
On V-Grecord

&imm indicatedairs~ed
* excbeda givenvalue

pA- probability”thatmdnum.normalacceleration
incrementonV4
-value

T averageflightti.me

maximum~sitiveor
incrementonV-G

C@ Iso, ah

recordwillexceeda given

perrecord,hours

negativenormalacceleration
record, g wits

averagevaluesofdfstrfbtiiomof V=, Vo,

standarddeviationsofdistributionsof V-, Vo,

* ~, resp3ctively

coefficientsof skewnessofdistributions
of Vm, Vo, and ~, respectively

SCOPEANDEVWOBTIONOFDATA

Forty-twoV< recordsrepresept&g 12,494 hoursofflightwereonhand
forthepresentanalysis.Therecordswereobtainedfromfiveairplanes
operatedby oneairl@eduringtheperiodfromJuly1933to April1937on
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NACATNNo.L783 3

routesacross
asE-247typ

theUnited
and,after

recordsweresuppliedto

States.Twooftheairplaneswereo~rated
conversion,wereo~ratedasB4?47Dtype. The
theLangleyAeronauticalLaboratoryofthe

NACAby theo~ratingairlinetogetherwithdatesofinstallationand
removal,numberofflighthours~r record,andoccasionalsupplementary
remarksregardingunumalatmosphericconditionsoropratingpractices.

Thevaluesofairplanedesigncharacteristicsobtainedfromthe
CivilAeronauticsAdministrationandfromtheoperatingairlinediffer
slightlyin scamrespctsfortheB+247andtheB+’47Dairplanes.The
differencesaresmall,andthefinalresidtswerenotappreciablyaffected
by theuseofonesetofcharacteristicsforbothairplanet~s. Conse-
quently,thevaluesusedforallcomputationmadehereinareasfollows:

Grossweight,pounds. . . . . .
Grosswingarea,squarefeet. .
Wingspan,feet . . . . . . .:
Meanaerodynamicchord,feet. .
Slop9ofliftcurve,perradim
Designmaximumlevel-flight

speed,VL,milesperhour .
Placards~edjmilesperhour .
Limitgustloadfactor,g units
Gust-slleviationfactor,K . .

. . . . . . . ..00. ..0.

● . . . . . .0 ..0. ..0.

. . . . . . ● ..*.. ..*.

● .*... . . . . . . . . . .

. . . . . . . . . . ● . . . . .

. ...0. .. **.. . . . .

. . . . . . . . . . . . . . . .

● .0.0. . . . . . . ..00

. ..0.. . . ...0 .0.0

13,400
836
74

11.68
4.22

180
225

3.48
1.00

TheMnit gustload.factorof 3.k8gw’sdeterminedby useofthegust–
load–factorformulaonthebasisoftherequirementssetforthinrefer-
ence6. Theplacardnever+xceedsped iscomputedinaccordancewith
reference7 tobe 1.2~L or225tilespm hour.

!t!hirtyV-Grecordsrepresenting9,1.68“flighthourswithina range
of150to 475flighthours,figure1,wereusedforthestatistical
analyeis. Therangeofrecordsusbdisconsideredtobe satisfactoryfor
the.smalysfs.Thexmthodofanalysis(reference8) s~sts useofa
minimumof15records,representingnotlessthea2500flighthours -
withina rangeofabout30~rcentofthetotalvariationofflighthours,
to obtainsatisfactoryresults.However, onlyfourteenrecordsfall
withinthisMm3t andtheserecordswouldfallwithinthezoneshownin
figure1. A checksnalytiisappliedtothosefoui%eenrecordsindicated
thatdeparturefrcmthersagesandselectionofrecordssuggestedinthe’
methodwasnotimportantinthiscasesincetheresultsdidnotdiffer
appreciablyfromthosegivenherein.Twooftherecordsavailablefor
analysis,fora totalof174flighthours,wereobtainedfromtestflights
andwerethereforenotused.Eighteenoftherecordsusedweretakenin
E+247airplanesandtwelveweretakeninIW24~ airplanes.

<
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TheV+ recordsusedintheemalysiswereevaluatedwithoutattempting
to classifyaccelerationpeaksas dueto gusts,gustmaneuvers,or
maneuvers.Theassumptimismadethatalllargeaccelerationsat speeds
alove100miles~r houraredueto @s, forexpsmienceindicatesthat
mostofthelargeloatiimposedduringnormaltremsportOperationsare
causedby gusts.

PRECISION

TheprecisionoftheNACAV+ recorderandthelimitationsofthe
methodofanalysisemployedarediscussedinreference1. Theinherent
instrumenterrorsareassumednotto exceed*O.2gforaccelerationand
3 percentofthemaximumairs~edrangeoftLe~rument.

fmALYsIsANDluzsum!s
.

TheV-Gdatahavebeenanalyzedinaccordancewiththemethodof
reference8. Fromeachrecordsixquantitieswereread: therecordflight
t-, thsmadmllmindicatedairspeedV=, themadmumpositiveandmaximum
negativeaccelemtionincrement~, ti theWcated airspeedsatwhich
theseaccelerationsweree~rienced V.. Thefrequencydistributions
of v.., fi~, ad To aregivenintableI. Becauseoftheessential
symmetryofpositiveandnegativeaccelerationincrements,thevalues
of + weresortedandtabulatedwithotiregard,to sign.Theme=
values 7-, ~ , * TO,thestandarddeviationU,andthecoefficieti
of skewnessa,havebeencalcfited(reference9)foreachdistributionand
arealsogiven.

-Thestatisticalparameterswere-usedto calculateRarsonT~ III
probabilitycurveswhich,as fiticatedinreference8,,havebeenassumed
to givereasonablerepresentationsofV+ data.ThePearsonprobability
curveswerethentransfornmdto curvesofaverageflightmilesrequired
tq exceedgivenvalues ofafis~~ amdnormalaccelerationincrementby
DnlMiplyingl/Pv - l/p~ by thefactorO.8VL7,where T = 305hours.
Thetransformedprobabilityy curves +qpijher withthecumul,at~vedataare
presentedinfigures2 and3. Figure4 showstheave~ distancesrequired
to exceedlimitgustloadfactor~d to exceedtheaccelerationdueto
encounteringameffectivegust=velocity of37.~ feetpersecondatthe
probablespeedofmaximumaccelerationoccurrenceV Thisparticular

P“
valueof gustvelocitywasselectedsothatthedistancerequiredtoexceed )
theresultingaccelerationswouldbe roughlycom~ble tothedistance
requiredto exceedthelimitgustloadfactor.Forcmn~ison withresults

. .. . . ., -. -. — ——
,.,



fortheH47 aiqlane,
thefiveairplanetypes

correspdingresults for prewaro~rationsof
analyzedinreferences1 to 5 aregivenin

figure4 together&th the&t iosofprobables~ed ofmz%mm accele~
ationoccurrance tothedesignmaximumlevel–fli@ti3p3edVp/VL. .

M orderto cmpareresultsfrcmdifferedsetsof data,some
measureisneededto determinewhethertheindicateddifferencesinthe
probabilitiesofexceedingthelargervaluesofairspeed,acceleration,
or gustvelocityaresignificant.Usewasmadeofa criterionof
engineeringconcern(references1 to 5)thatisbasedone~rience &nd
statesthatclifferencesbetweenprobabilitiesareconsideredtobe sig-
nificantonlyiftheprobabilitiesdiffer
Sincethescaleofflightmilesoffigure
criterionforsignificantdifferencesmay
ofcomparisonby a constantlengthinthe

DISCUSSION

by morethan a ratioof5:1;
4 islogarithmic,the5:1
be represented
figwe.

@pection offigures2 and3 indicatesthat the
computedcurvesandthedataisreasonablygood.The
arewithintheprecisionoftheinstrument.Figure2
sped tillbe exceeiki,ontheaverage,onceinabout
miles.ll@ure3 indicatesthelimltgustloadfactor
ontheaverage,onceinabout2.5x 106flightmiles.

forpurposes

a+qeementbetween
clifferencesshown
showstheplacard
9.5 x 105flight
willbe exceeded,

the

Examinationoffigure4 showsthattheB+247airplanesattainthe
limitgustloadfactorina -er numberofflightmilesthanmostof
theotherairplanesstudied.Thetier’ nuuiberofflightmilesrequired
fortheI!+47 airplaneto obtainthelimitgustloadfactorcanbe
attributedtotheratioof~obables~ed ofm9ximmnaccelerationoccurrence
tothedesignmsximumlevelflight_s~ed Vp/V-Lbeinghigherfortti
B-247thanforanyother~ coqared.Theflightmilesto exceed
theMnit gustloadfactord.ifferfromthoseforotherairplaneo~rations
by asmuchas 36oto 1; however,negligibled.ifferencesap~arbetweenthe
o~rationsoftheB+247air@anesandthe o~rationsoftheIX-3 of air-
line B, andtheo~rationsofthel&130. Caqariscnoftheresultsfor

\ o~rationsoftheB+247airplaneswiththosefortheW-3 airplanesof
airline A, whichwereowratedoversdstantidlythesameroutes,shows
a differenceofabout10to1 inflightmiles.W general,theresult
forthe11+247airplanesshowsthattheflightloads,asmeasuredinterms
offlightmilesto exceedtheMmit gustloadfactor,werekrgerthanthe
averageforthewholegroup.

TheretieroughnessfortheB-247opmations,as determinedfrom
flightmilesrequiredto exceedtheaccelerationincrementdueto
encounteringa fixedeffectivegustvelocityattheprobablespeedof
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6 NACA~ NO. 1783

ms3dmumaccelerationoccwrenceVp,is showninfigure4 tobenot
significantlydifferentfromtheopmationsof
excepttheM-130operations. Theflightmiles
notdifferbymorethan8 to-lfromtheflight
theM-130.

the otherairplanes
re@red fortheI!+47do
milesrequiredfor

Considerationoffigure4 showsa @end fortheflightmilesto exceed
thelhit @Mt 10ad.faCtOrtO hCrOaSeastheratiOOf VP@L decreases.
Since,aswaspreviouslystated,routeroughnessoftheoperationswas
essentiallythesameformostoftheseairplanes,“theratioV’p/VLin
regionsofturbulentatiisobviouslya significantfactorintheoner-— .
ationallifeofthea~lane.\

coNcmm

AnalysisofaccelerationandairspeeddatatakenonB-247airplanes
indicatesthat,ontheaverage,theplacards~ed willbe exceededonce
inabout9.5 X 105,flightmilesandthelimitgustloadfactorwill30
exceededonceinabout2.5 x 106flightmiles.Theoperationsof
B+47 airplanesincomparisonwiththeo~rationsofotherairplanes
showlargerthanaverageflightloadsandhighoperatingspeedratio
VflL btirouteroughnessap~arstobe avem+ge.Theseresultstogether
withsmalysesmadetithepastindicatethatoperating’speedinregions
ofturbulentairisa Significantfactorintheopmatlonallifeofthe
airplane.

Ia@leyAeronatiicalLaboratory
NationalAdvisoryComnitteeforAeronatiics

@ey Field,Va.,Noveniber2,19!-8
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TABLE I .
.

l?REQUENCYDISTRDUTIONSANDSTATISTICAL

PARMWERSOF V-, ~, and Vo

v= To

Acceleration
VeloclQ
(mph) ‘eqwncy p%% ‘q”ency ‘“?;:? ‘ieq”ency

17’7to180 1 0.6to0.7 1 102to 108 1
180to183 0 0.7to0.8 0 108to114 1
183to 186 2 0.8 to 0.9
186‘to Bg 1

0 114to120 2
0.9to1.0 2 120tox26 3

189toW2 1 1.0to1.1 2 126/to132 3
19’2to19’5 0 1.1to1.2 1 -132tO U8 3
195to198 ,2 1.2to1.3 2 138to144
198to201 5 1.3to1.4 3 144to150 2
201 to 204 5. 1.4 to 1.5 2 1~ to156 7
204to207 1 1.5to1.6 5 156toN@ 10
207tO 210 0 1.6 to 1.7 6 162to 168 3
210tO213 1.7to 1.8 10 169to174
213to216 i 1.8to1.9 9 174to180 2
’216to 219 0 1.9 to2.0 180to186 3
219b 222 2.0 to2.1 ; 186to192 3
222to225 ? 2.1to2.2 192to198 2

2.2to2.3 ; 199to204 1
2.3t02.4 1
2.4to2.5 2
2.5to2.6 1

Total 30 Total @ Total 60

T_ 204.8 1.74 To 155.99

% 12.72 ah 0.40 22.24‘o

‘+ -0.17 ab -0.41 a -0.150
—. -.-+
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