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Rou!msFROM1947‘IQ1955

ByWalterG.Walker

Approximately70,000hoursofV-GdatafromoneQ_peoftwo-engine
transportairplaneweresmalyz~todeterminetheseveri~andfrequency
ofoccurrenceofthegustloadsmd gusts.Thedatawereobtainedduring
routinefeeder-weandshort-haulcmmercialoperationson sixdiffer-
entroutesfrom1947to 1955.Theresultsobtainedindicatethatnormal
accelerationscorrespondingto thecalculatedvalueof Umit-gust-load-
factorincrementmsybe exceeded,ontheaversge,twice(oncepositive
andoncenegative)withintherangeof3.6x 106to 106.o X 106fMght
milesforthevariousoperations.A derivedgustveloci~of50 feet
persecondmaybe exceededtwicewithintherangeof0.8x 106to
23.5X 106flightmiles.Thereweresizablevariationsamongthediffer-
entoperatiomwithregardto the
airspeeds,but,ingeneral,these
-tide asthoseexperiencedin
airplane.

As apart of
a numberofyears

loads,gustvelocities,andoperating
quantitieswereofthessmeorderof
pastoperationsofthesametypeof

INTRODUCTION

thegeneralinvestigationthathasbeenconductdfor
by the’l?ationalAdvisoryCmmDitteeforAeronautics.

fordeterminingtheseveri@andfrequencyofthegustloadsexperienced
inroutinetransportoperations(see,forexsmple,refs.1 to4),V-G
recordsrepresentingmorethan70,000operatinghourswerecollected
fromonetypeoftwo-enginetransportairplane.These.recordsrepresekb
feeder-lineandshort-hauloperationsandwereobt@ed on sixdifferent
civilairLineroutesduringtheperiodfrcm1947to 1955.An evaluation
oftheserecordshasyieldedthemagnitudesandfrequenciesofoccurrence
ofgivenvaluesofnormalacceleration,airspeed,andderivedgustveloc-
ity;andtheresultsarepresentedherein.

—.—.—.—...- —.—--— ———- —..——— —-— ._——.——.— ———



2 NACATN3621

.

F?obabilitydistributionswerefittedtotheobseneddistributions
to determinethefrequencyofexceedingthelargervaluesoftheair-
speeds,gusts,andgustloads.Theseresultsofthepresentinvestigation
arealsobrieflycmpard withtheresultsfranpastoperationsofthe
ssme-&-peof airplane.Togetherthesedatarepresenta continuousssmple
ofmeasuraentsforthisairplanecoveringa totalofmorethkn130,000
hoursoff13ghtover18yearsof operatims.

ZQaddition,V-Gdata,whencombinedwitht~-historydata(VGH),
canbe usedtodefinetheoverallgustailloadhistoriesexperiencedIn
routineoperations.Theresultsthusobtainedcanbeusedinrefined
analyses
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power-spectraltechniques,asindicatedinreference5.

SYMBOIS

acceleration,g units

accelerationcorrespondingtothedesignMmit-gust-
load-factorincrement,g units

aspectratio,b2/S

wingspan,ft

meangeometricchord,f%

accelerationdueto gravi~,ft/sec2

gust

P*

gust

~~ation factor(functionofwingIO-, ref.6,
12)

factor(functionofma8sratio Pg,ref.3; fig.2)

slopeofwingliftcurveperradian

designlimitgustloadfactor(ref.6,p. L?)

w3ngarea,sqft

derivedgustveloci~,

equivalentsirspeedfor
fps

derivedgustvelocityfromV-Grecord,
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Subscript:

maximumindicatedairspeedonV-Grecord,mph

designspeedformaximumgustintensity,mph(ref.6,p. 4)

designcruisingspeed,mph (ref.6,p. 4)

designdivingspeed,mph (ref.6,p.4)

designmaximmnlevel-flightspeed,mph

never-exceedspeed,mph (ref.6,p.4)

indicatedairspeedatwhichmaxinmnpositiveornegative
accelerationoccursonV+ record,mph

mostprobableoperatingspeedatwhichmaxhmmacceleration
occursin a sampleofV-Gdata,mph

airplaneweight,M

coefficientsof skewnessofdistributionsof VH and Vo,
respectively(ref.4, appendixB)

standarddeviationsofdistributionsof V= and Vo,
respectively(ref.4, appendixB)

locationparemeterofdistributionof extranevalues(ref.7,
p. 2)

scaleparsmeterofdistributionof&&remevalues(ref.7,
p. 2)

massdensityofair,slugs/cuft

massdensityofairatsealevel,slugs/cuft ‘

airplanemassratio,2w/mcs

maximumvalueofthevariable

,! A barovera symbolindicatesthemeanvalueofthevariablefora
givensetofobservations.

P
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4 NACATN3621

APPARATUSANDSCOPEOFDNJ!A

TheV-GrecordswerecollectedbymeansofNACAoildsmpedV-G
recorders(seeref.8)whichwereinstalledclosetothecenterofgrex-
ityof eachof20 civiltransportairplanesssmpledinthesixoperations.
ThesirplanecharacteristicspertinenttotheevaluationoftheV-Grec-
ordsaregivenintableI.

ThescopeofthepresentV-Gdatais surmuariz~ intableIIforthe
differentoperationsdesi~atedasA, B, C,D, E, andF. A considerable
variationexistedintheindividualrecordtimesforthedataof each
operation.lhamnuchaspaststudies(seeref.4)haveindicatedthedesir-
~ilityofrestrictingthesnalysistorecordsoffairlyuniformrecord
tties,sanerecordmonitoringappearedtobe required.As a consequence,
forsamplesB, C, andD, inwhicha largenumberofrecordswereavail- .
able,onlythoserecordscoveringtheflighttimesindicatedintableII
wereretainedforanalysispurposes.Becauseofthemuchsmallernuniber
ofrecordsavailableforoperationsA, E, andF, alltherecordswere
usedeventhoughinsomecaseswidedifferencesinrecordtimeswere
involved.

EVAILJATIONOFRECORDS

TheV-Grecordswereevaluatdinaccordancewiththeprocedures
outlJnedinreference4. Routinedetai~ofthemethcdofevaluation
andtheanalyticalproceduresusedaregivenintheappendix.Thedata
obtahedfromtherecordsfortheanalysisarelistedintableIIIas
frequencydistributionsofthemsdmumnormalacceleration~,m, the
associatdindicatedairspeedVo,the~ indicatedairspeedVu,
‘adthemaximmderivedgUStVdOCi~ %e,m fOr_bheSh ope??atio~.

DistributionofAcceleration,GustVelocity,andAirspeed

Figureslto 3 presenttheresultsintermsoftheaveragefUght
milesto exceedgivenvakuesofacceleration,gustvelocity,andairspeed.
Thecurvesinfigures1 and2 wereobtain$dby fittingextrae-value
distributions(seeref.7)totheobservedaccelerationandgustvelocity
dataoftableIII. Ontheotherhand,pastexperiencehsdindicatedthat ,
Pearson@_pe~ distributions(seeref.1,p. 5)yieldmorereasonable
representationsofairspeedssnd,therefore,thesewerefittedto the
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airspeeddatainfigure3. Thedashedportionsofthecurvesin fig-
ures1 to3 sreextrapolationsofthecalculateddistributionsbeyond
thelimitsofthedata.

Thepertinentresultsfrmnfigures1 to3 andcorrespondingresults
frampastoperationsofthistypeofairplanearesummarizedintableIV
astheaverageflightmilesto exceed:(1)thevalueof acceleration
.~,~ of2=~g, (2)~lue ofthederivedgustvelociQ Ude,- of
50 feetpersecond(roughlyeoyivalenttothecurrentCivilAeronautics
Administrationdesignvalueof30 feetpersecondfortheeffective
gustveloci~at Vc),and(3)thenever-exceedspeedV~ of257miles
perhour. Thevaluesofthemostprob~leoperatingq?eedVp at~ch
maximumaccelerationoccurs in a sampleofV-Gdataarealsogivenin
tableIV.

ConfidenceBands

As a measureoftherekkbi~w oftheestimatesofflightmilesto
exceedgivenvaluesof w,- snd-ude,~~ 95-percentco=idencebands
weredeterminedforthenormal-accelerationandgust-velocitydistribu-
tionsoftableIIIby theproceduresgiveninrefer~ce9. Thetrue
valueofthedistributionmeybe expectedto He withinsuchconfidence
bands95percentofthetime.Figures4 sad5,respectively,showthe
confidencebandsderivdonthisbasisforthefki+jhtmilesto exceed
theVdUeS of ~,~ of2.34gd Ude,_ of50 feetperSeCO?d.h
assessiqjthesignificanceoftheobserveddifferencesbetweentwovalues,
a usefulruleoftlnmbisto considera differencebetweentwovaluesto
be statisticallysignificantiftherespectiveconfidencebandsforeach
ofthevaluesdonotenclosetheothervalue.

AccelerationandGustVeloci&Envelopes

A designaccelerationdiagramforthepresentairplsnewascomputed
accordingto currentCAArequirementsforthegross-weightconditionand
is showninfigure6. b orderto comparethepresenttestdatawith
thisdesignenvelope,fL@ht envelopeswerecalculatedfortheacceler-
ationdataforan arbitraryflightdistsaceof 107miles.Forthistom--
psrison,theaccelerationvaluesofthecalculatedenvelopeshavebeen
multipliedby @/100 (theratiooftheassumedaverageoperatingweight
to theairplsnegrossweight)inorderto approximatetheequivalent
losdinghistoryforthegross-weightcondition.Theseadjustedcalcu-

. latedenvelopesfortheaccelerationwe showninfigure6 andshouldbe
directlycomparableto thedesigndiagrsmwhichdso app13_esto the
gross-weightcondition.me accelerationenvelopesforthepastopera-
tionsofthessmetypeof airplanearea~o giveninfigure6 for

..--— —....— ——.—— —-. ..— .-— ——. —-—-—— .—. — —--.— —- -
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comparison.Figure7 showsthegust-velocity
presentandpastoperations.Theseenvelopes

WA TN3621

,(
envelopescomputedforthe
areforthegustdata

weredetermined‘initiallyonthebasisofanassumedaversgeweight
85percentoftheairplanegrossweight.

SUMMARY‘OFRESIJIlm

Sincethepatternofpresentationofmaterialofthistypehas

that
of ,(

been
wellestablished,a detaileddiscussionofthepresentresultswasnot
felttobe needed.~tead, anitanizedsummaryoftheprincipalindi-
cationsofthepresentstudyisincludedin ordertopinpointthes~ent
features.

An analysisof70,000hourso:V-Grecordsfrcmroutinefceder-line
andshort-hauloperationsforonetypeoftwo-engbe@lane operated
on sixcivilairlheroutesfTcm1947to 1955hasindicatedthefollowing
results: Q

Accelerations

1.Thedistancesto exceedtheaccelerationcorrespondingto the
designlhit-gust-load-factorincrment(2.3g)rangefrcm3.6x 106to
106.0X 106flightmilesforthepresentoperations(fig.1).

2.Althoughtherewereconsiderabledifferencesintheaveragefklght
milestoreachthestatallevelofaccelerationsexperiencedamongthe
presentoperations,theaveragefUght milesaregenerallysomewhat
greaterthanthoseofthepastoperations(fig.4).

per
ent

1.Thedistancesto exceed
secondrangefrom0.8X 106
operations(fig.2).

Gusts .

thedeiivedgustvelocityof50 feet
to 23.5X 106fllghtmilesforthepres-

2.Thegusts
ofaboutthesame
(fig.5).

encounteredinthe
intensity asthose

pres~toperationsweregenerally
encounteredinpastoperations

Airspeeds

1.me ratiosof Vp/Vc rangefrcm0.70to 0.87for
operationsandcoverapp~oximatelythessmersmgeasthat
thepastoperations(tableIV).

thepresent
indicatedfor
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per
for

for
and

not

2.Thedistaucesto exceed

hourrangefrom15X 106to

thenever-exceedspeedV~ of 257miles

considerablymorethanl& flightmiles
thepresentoperations(fig.3).

3.me uke~ho~ of =ce- Vu .iSmcat~ = s~what less
mostpresentoperationsthanthatformostpastoperations(tableIV
figs.6 and7).

AccelerationandGust-VelociW

1.Thecalculatedaccelerationenvelopes

Envelopes

for107fli@tmilesdo
exceedthedesigngust-loaddisgrauwiththeexceptionofa portion

oftheenvelopefor–op~ationB. At highspeedsthe‘~ferences-between
thesecalculatedenvelopesandthedesign&hgrsmis quitelarge(fig.6).

2.Theaccelerationenvelopesfortbepresentoperationsweregen-
erallyinthessmersngeor somewhatsmallerthantheenvelopesofthe
pastoperations(fig.6).

3. Thegustveloci~envelopesofthepresentoperationswee fairly
wellwiththeenvelopesofthepastoperations,exceptfora portionof
theenvelopeforoperationB (fig.7). .

LangleyAeronauticalWboratory,
NationalAdvisouCmmitteeforAeronautics,

@ley Field,Va.,Noveuiber28,1955.

.
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AIPENDlx

DEI!AIISOFllEI!HODOFEV..ATIOIJAIJDAIWWSISOF~ORDS

RecordEvaluation

!ChevaluesreadfraneachV-Grecordwerethe~ positiveand
negativeaccelerations~,= whichoccurredatspeedsabove120miles
perhour,theassociatedvaluesofindicatedslrspeedVo,andthemaxi-
mumindicatedairspeedVU. lhaddition,thelargestM valuesin
each20+mile-per-hourspeedbracketwerereadfrcmeachrecord.

Themaximumpositiveandnegativederivedgust velocities‘de,max
werecomput~foreachrecordby useoftherevisedgust-loadformula
(seeref.3):

2~w
‘de,msx= WOW*

(1)

where

Ude,max

%

Ve

m

PO

%

w

s

msximumderivedgustvelocity,fps

normalacceleration
& usedinrefs.

equivalentairspeed
fps

slopeof,lift curve

massdensi~ofair

onV-Grecord,g units(correspondsto
1,2, and4)

forderivedgustvelociWfromV-Grecord,

perradian(seetableI)

atsealevel,slugs/cuft

gustfactor(obtainedfrcmfig.2,ref.3)

airplanegrossweight,lb

wingmea, sqft

Inasmuchaatheactualoperatingweightssndaltitudesatthetimesthe.
maxhumgustswereencounteredwerenotknown,thegustvelocities%e,max .
werecomputedforanasswnedaverageoperatingweightof@ percentair-
planegrossweightandanassumedoperatingaltitudeof5,000feet.

—-
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CurveFitting

ThepsrsmetervaluesgivenintableIIIfortheaccelerationand
gust-velocitydistributionsare: themesmvalueofthevariable‘w,-
and ~de,mj thelocationparameteru, sndthescaleparsmetera,
whichwerecalculat~from%heobservedfrequenciesby applicationof
theproceduresoutlinedinreference7. Extreme-wluedistributions
(ref.7)wer,efittedto theobservaidistributionsof ~,- and Ude,_
by useofthepsxsmetervaluesandthemethcdofreference7 in orderto
obtaintheprobabilitiesP of equalingor exceedinggivenvaluesof
therespectivevariables.

Theparsmetervalues@v-m intable131fortheairspeeddistribu-
tionsare: themeanvaluesV. and VH, thestsndarddeviationsa.
and ~, andthecoefficientsofskewness~ and ~, whichwere
obtainedby applyingtheStatisticalproceduresgiveninreference10.

A measureofthemostprobableoperati~fir~eed Vp atw~ch the
msximumaccelerationoccursin a ssmpleofV-Gdatawaacmputedfrom
theparametersofthe V. distributionsby usingtheequation(see
ref.11)

The Vp

The

‘de,msw
to eqyal
equation

where

P

T

0.8VC

(2)

valuescalculatedby usingthiseqyationaregiven@ tableIII(b).

fittedprobabiliWdistributionsobtainedforthe ~,u,
and V- datawereusedto obtaintheaverageflightmiles
orexceedgivenvz+uesoftherespectivevariablesby usingthe
(seeref.4) -

0.~cT
Flightmiles=r (3)

probabili~ofeqpa~ngorexceedinggivenvaluesofthe
vsriable

averageflighthoursperV-Grecord

assumedsxerageoperatingspeed

.—. — —v ---- ——.—— _ _ ._— _ —. . . .. —- —..

)
—-— ——---
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The
observed
obtained

gust-loadand
distributions
frm thedata

Emvelopes

gust-velocityenvelopeswerecalculatedframthe
ofnormalaccelerationsandderivedgustvelocities
forthe20-mile-per-hourspeedbracketsofthe

recordsanalyzed.Iuorderto calculatetheenvelopein eachcasefor
a valueof 107flightmiles,a probabili~valuew obtainedforthis
valueofflightmilesby theuseof equation(3). Valuesof ~ or Ude
foreach20-mile-per-hourspeedbracket(positiveandnegativevalueswere
treatedseparately)correspondingto thisprobabili~werecalculat~by
useofthe@reme-valuemethodandtheparametersofthespeed-bracket
distributions.These ~ or U& valueswereplottedatthemidpoint
speedvalueof eachspeedbra&etanda curvewasfairedthroughthese
points.h orderto completetheenvelopefromthelastspeedbracket
to thehighestspeedflown,theprcductprobabiliWmethodoutlinedin
reference2 wasused. Fromenvelopescalculatedonthisbasisit is
expectdthat,forthegivenvalueoffIl,ghtmiles,snaver~eof one
positiveandonenegativeacceleration(orguEtveloci~)willexceedthe .
envelopein eachspeedbracketandonemaximumairspeedwilloccurabove
themsxhnumspeedofthecalculatedenvelope.
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TABLEI.-AIRl?m cHARACmmcsL

Grossweight,W, lb...... . . . . . . . . .
Wingarea,S,sqft . . ..o . . . . . . . . . .
Meangeometricchord,c,ft . . . . . . . . . . .
Aspectratio,A....... . . . . . . . . . .
S1 e ofliftcurvem perradian

r
(A

2s
computedfrom— . . . . . . . . . . . . .

A+
Gustfactor,~ (functionofmass
ratiowgjseeref.3) . . . . . . . . . . . . .

Gustalleviationfactor,K (functionof
wingloading,seeref.6) 0 . . . . . . . . . .

Designlimitgustloadfactor,n (computed
accordingtoref.6). . . . . . . . . . . . .

Design&peedformaximumgustintensi~,VB}qh
Designcruisingspeed,Vc (alsomanufacturer’s
designmaximumlevel-flightspeed,VL),mph . .

Desi@lMvingspeed,vD,mph . ...0.....
Never-exceedspeed,V~, ~h . . . . . . . . . .

.

. ..0.. .

..0.0 . .

. . . . . . . .

. . . . . . .

. . . . . . . .

. . . . . .*

. . . . . . .
● ✎ ...0 .

. . . . . . ●

✎ ✎ ✎ ✎ ✎ .0

. . . . . . .

25,200
987
10.4
9.1

4.92

0.621

1.100

3.34
1*

211
286
257

%’hevalueslistedwereobtainedfromthemanufacturer’sdesign
dR.taorwerecomputedaccordingto currentdesignrequirementsgivenin
reference6.

,+

—.



TABLElx.- WOPEOFv+ DATAFORaPEWrmm FFim1547m 1955

wool?%

TService Routesflown

Recordsanalyzed
IM.tesof drplmes
operation Bupplying

recom3s me

Operatio Rereg
hours
per

word

~~ Raogeo:
reconihau’e _

Equivalent
flight
Ial.lna

1+3-tal
hmma

9,8s

u/W3

Nlllnbel

10

30

T 800
9,829 *O

1,100

~o* NeuYork-
haul lllahgeleB -

Beattle
1.7’x ldA 933

4pr.1950
tm 3

lpr.1953
41

203
I.(3,W to

610
1.8X K+

2hort- Chicago-
haul Hew GrlemB

c

347

194

+

150
11,!q% W

%0

200
23,239

Eo

W’. 1953
5

J&A
Feeder-BilMnge -
Mile El Paso 1.9x 10673 L4,U25 58

78

19

-

J

7

ren.1953
b 5 81

?eb.1~~
3.9x K$D 24,4%1

7>534

4,%2

, I

ICt.1953
to

lpr.Q35

+

3 19

2 7

--L7,534 t%
992

1.3X 106E 397

NewOrleals-
Feder- MeIHphle-
Mne JUk.9amille-

Cherlotk

170
4,%2

1%9

ru~1953
-b

gr. 1955
).8X dF 695

/



14

~~ ~.- ~ DISIRIBWIONSANDSTATISTICAL

P~ FORDM!ASAMPLES~

(a)Maximumnormalaccelerations~,m

M~ normal Numberof observationsforoperation-
.accelerations,
an,lnax>g tits A B c D E F

0.4too.~ -- 1 “ ------ -- --
.5to .6 -- 3 --- 1 -- --
.6to .7 1 5 0
.7to .8 2 ; 8 10 ; ‘i
.8to .9 1 4 ~8 11 7 1
.9to 1.0 2 5 17 21 2 0
1.0to 1.1 7 24 29
1.1to 1.2 + 20 28 ; ;
1.2to 1.3 1 : 11 22 4 2
1.3to 1.4 2 4 4 12 1
1.4to 1.5 1 4 11 ; o
1.7to 1.6 0 3 : 5 3 2
1.6to 1.7 1 3 1 --
1.7to 1.8 1 ; --: 1 1 --
~.8to 1.9 -- 4 --- 1 2 --
1.9to 2.0 -- 1 --- 1 -- --
2.0to 2.1 -- 2 --- --- -- --

Total 20 60 116 156 38 14

-%,mawg tits 1.14 1.21 l.~ 1.14 1.15 1.11

._u_ 1.01 1.02 0.95 1.03 1.00 0.99

a 4.45 3.10 5.81 5.38 3.73 4.41
I

.
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TABLEIII.- FREQUXNCYDISTRD?UTIONSANDSTNI’ISTICAL

PARAMEDW FORDATASAMPLESANAUZED- Continued

(b)IixlicatedairspeedsV. for ~j-

Numberofobservationsforoperation-
Airspeed,Vo,mph

A B c D E F

120to 130 -- 10 3 2
130to 140 6 z i 7
140to l~o ~ 12 z l-J- ;
170to 160 5 31 10 ;
1.60to 170 3 7 17 22 6. ;
I_70to 180 1 10 13 26 5 1
I_80to 190 2 6 3 26 6 0
190to 200 1 1 --- 24
200to 210 -- -- --- 19 i -:
210to 220 -- -- --- 9 0 --
220tO 230 -- -- --- 1 1 --
230to 24o -- -- --- 1 -- --

Total 20 60 116 156 38 14

?.,mph 154.0 153.7 152.2 179.6“165.5157.9

a. 18.70 19.95 14.9022.14 26.15 21.52

% 0.74 0.24 0.06 -o.= 0.01 0.14

Vp,mph 147.1 151.3 151.7~82.6 165.4 156.4

—. . .. . ..—. — ....— ——____ ._ .—. — ———— —. - —.—
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TABLEIII.- FREQUENCYDISTRIEUTIONEAND

PMWWIEEl FORDATASAMPL19ANAIWXD-

STATISTICAL

Continued

(c)MaximuminticatedairspeedsVmm

NumberOf obsemationsforoperation-
Airsped, %law m@

A B c D E F

1~ to I_80 -- --
180to @ 1 -- : :: :: ::
185to 190 1 -- 10 -- -- --
190to 195 1 -- 22 -- -- --
195to 200 10 -- 1 1
200to 205 ; 1: 7 -. 1
205to 210 2 1 1 ; o
210tO 215 2 : 2 2 2 2
215tO 220 -- 0 14 3 1
220to 225 -- t 1 12 1
225tO 230 -- 1 -- 14 ; 1
230to 235 -- 1 -- 12
235to 24o -- -- -- 15 ; ::
240to 245 -- -- -- 5 -- --
245to 250 -- -- .- 2 -- --
250to 255 -- -- -- 0 -- --
255to 260 -- -- -- 1 -- --

Total 10 30 58 78 19 7

~-, mph 201.0 209.7 194.2228.9219.6 213.2

UT 9.76 9.00 7.5 9.50 11.84 9.79

kv -0.62 0.88 0.97 0.26 -o●03 -0.20
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TABLEIII.-

P~

FM@ENCY DISTRIBUTIONSANDSTATISTICAL

FORDATASAMPLESANAUZED- Concluded

(d)MaximumderivedgustvelocitiesUde●H
.

Gustveloci~, Numberofobservationsforoperation-

ude,max~fPs A B c D E F

H to 16 -- 1 -- --
16to 20 1 : ‘-i
20to 24 7 23 3% ; ‘i
24tO28 : 6 25 33 7 4
28to32 9 28 30 6 3
32 to36 3 8 18 23 2 2
36to40 2 8 9 : 3 2
40 to44 1 5 5 5 --
44 to48 1 1 1 1 --
48 to52 : 0 --- 1 --
52to 56 -: 1 1 --- 0 --
56 to60 -- 1 --- --- 1 --

Total 20 60 116 156 38 14

fide,m~~f??s 31.80 %.00 29.04 27.9530●10 29.56

u 28.~8 29.36 26.07 25.02 25.69 27.15

a O.ti 0.13 0.19 0.20 0.13 0.23

.——. .
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TABLEIv.- COMPARISONOFACCELERATIONS,GUSTS,ANDAIRSPEEIE

FORTEEPRESENTANDPASTOPERATIONS

Operation

‘A
B

1

,; (present)

~E
F

E-I1E-v(ref.1)
E-VI

IE-I(ref.1)

--–- (ref.2)
E-VII(ref.3)

TDates Vp>of
]perationmph

147
1947 151

152

1;;5 183
165
156

1937 178
to 162
lg41 144

lg41
1.80

l;L

@8
to 158
1950

4v Vc

0.70
.71
.72
.87
.78
.74

.84

:Zi
.85

●75

Averagef~ghtmilesto exceed-
I

63.2x 1.065.5 x 106
3.6 0.8

L06.O 3*5
56.9 6.9
10.0 1.5
45.4 23.5

2.7 %.9

2.8 ao.6

VNE
once

> 1, poox 106
267

> 1,000
15

1~
> 1,000

80
30

> 1,000

15.5

> 1,000

‘%?he Ude,m values shownforthePut oPeratio~were

.

obtain~fromreference3.

-. .-



Extreme-value
probabilitycurve~

Operation

1.0 1*4 1.8 2.2 2.6 3.0

/

/

/ /
-/ ,’
//

I

an,LLF-\

Maximumacceleration,~,mg units

Figure1.-Averageflightmilesfora maximumpositiveandnegative
accelerationtoexceeda givenvalue.
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Figure2.- Averageflightmilesfora maximumpositiveandnegativederived -
gustveloci~to exceeda givenvalue.

—



NACATN3621

109

5

108

5

106

5

105. 1

I

I Y
I J
I

I
I ~v

PearsontypeIII I

probabilitywrves
I

I I
,// //

I
Operation )

/
B J / 1

cl
/1

c #
D
E
F

/’; 1/

,

i
1
I

II

/

/

9 200 220 &o 26o 28o

Maximumequivalentairspeed,V~~ qh

21

Figure3.- Averageflightmilesformaximumequivalentairspeedto exceed
a givenvalue.
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Operation:

t-
Ref.1

Ref.1
1941

1;{5

(Ref.21948

1;;0

Present

I
E-1

-E-V 1

E-VI I f-l I

E-I I n

--’

f

4

B n

c I nw i

D I w I

E

F T {

Averageflightmiles

Figurek.-Averageflightmilesto exceed~,w twiceandthe95-percent
confidencebands.
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Operation:

[{

Ref.3 E-1

12:7 E-V

1941 E-VI

Past) Ref.3

(Ref.31~;8

1950

Rresent

E-VII

[

A

B

c

D

E

F

+ o {

‘1—o—i

‘i

I ! I I t I , I
105 106 107 108 .109

Averagefli&t miles

Figuxe5.-Averageflightmilestoexceed‘dejmx of 50feetpersecond
twiceandthe95-percentconfidencebands.
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Operation
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E —-.—
—..-_

kaign dlagrem * ‘Llzz7
Ranga fur .9Lnilaroperatlono
from 1937to 1950

.

!-LA---S
V. Vm

-3‘ ‘DI I
l%o l&o

1
160 2(!)0 240 ~o 240. 28a

Equivalentalrapeed,mph

Figure6.- Cdcuhted ~st-load enve@e6 for 107flight miles of operation
of the two-engine traneport airplane on each of six different routes, the
range for similar alrpbaes in other tranqort opmations from references 1
to 3, and a design gust-lead diagram.
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Figure 7.-Calculated gust-velocity envelopes for 10( flight miles of
operations of the two-engine transport aLrpMe on each of slx dif-
ferent routes and the range for sirdlar airplanes in other transport
operations fmm references 1 to ~.
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