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PREFACE
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EXECUTIVE SUMMARY

The Universiy of Dayton is supportig Federal Aviation Administration (RA) reseach on the

strudurd integity requirements for theUS commaercial transport arplane fleet. The primary

objective of this resech is to supporthe FAA Airborne Data Monitoring SystemsResearch

Progam by developing new and improved methods armiteria for praessig and presentiry

large commercial transpoairplaneflight andground loads usage datd@he scope bactivities
performedinvolved (1)defining the servie related factors whichaffect the opeational life of
commercia aircraft; (2) desgning an efficient sofware system to redue, sbre, and proess
large quantities of optical quick accessrerder daa; and (3) poviding processal data in formats

tha will enable the FAA to reasess eisting certification aiteria. Equdly important, these new
data will also enable the FAA, eéhaircraftmanuacturers,andthe airlinesto betterunderstand
and oontrol thosdactorswhich influence the strudurd integity of commercial transportaircratft.

Presented hein are aralyses and statistical summariesf data collected from 11,721fli ghts

repregnting 19,105 flicht hours of 17 typical B-737-400 aicraft during opestional usage

recorded by a single arline. The staistical daa presented includes theinitial recorded daa

previousy reported inFAA report DOT/FAA/AR-95/21. The data includ statisticalnformation

on accelerations, speels, dtitudes, flight durdion and distace, gross weghts, sped

brake/spoiler gcles, thrust resrser usag, andgust velocities ecountered.

Xi/Xii



1. INTRODUCTION.

The Federa Aviation Administraion (FAA) has an orgoing Airborne Data Monitoring Systans
Research Rogramto colect process,and evaliate statistical flight loadsdata from transport
aircraft usal in normd commerdal airline opaations. The objectives of this prgram ae (a) to
acquire, evaluae, and utilize typical operdiond in-sevice dda for compaison with theprior
data used in the degi and qalification testingof civil transport aicraft and (b) to provide a
basis to improve the structuraiteria and nethods of degn, ewaluation, and substantiation of
future arplanes. Since theinception of theFAA’s Airborne Data Monitoring Systans Reseach
Progam, the scopefahe prgram has steadilincreagd to includedatacollectionon additional
aircraft, different aircraft models, and additional optors. The University of Dayton hes
supported the &A’s efforts and las responsibilif for the dataanalysis andprocessig tasksand
reportpreparation. In consultatiorwith airplane maniactuersand opeastors, the Univesity has
enhanced and improved the data processing capabilities to dlow redudng, analyzing, and
reporting additiond aircraft usageand stdistical loads daa from thedigital fli ght loads reorders
into aform tha will fulfill the requests of thearcraft manufecturers, thearlines, and the FAA.
The report pesents dat obtained fom 17 airplanes a@r 11,721fli ghts and 19,105 hours of
airline opeations for the B-737-40Qircraft of a sinde operato.

2. AIRCRAFT DESCRPTION.

Tablel preentsceriain opeitional chaacteistics of the 17 Being 737-400 aicraft which weae
equipped with optical quick aess ecorcers. Figure 1 shows fint, top, andside views of the
aircraft and identifies its mgor physica dimensions.

TABLE 1. BOEING 737-400AIRCRAFT CHARACTERISTICS

Maximum Tai Weight 143,000 Ib
Maximum T&keoff Weight 142,500 Ib
Maximum Landing Weight 121,000 Ib
Zero-Fud Weight 113,000 Ib

Fuel Capaity 5311 U.S. gllons
2 CFM56-3 Egines @ 22,000 Ibs static thrust each
Wing Span 94 9in

Wing RefeenceArea 980 ft

wWing MAC 11ft2.46 in
Wing Sweep 25 degrees
Length 119ft7in
Height 36ft6in

Tread 17ft2in
WheelBase 46 ft 10 in
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FIGURE 1. BOEING 737-400 HREE-VIEW DRAWING

3. AIRLINE DATA COLLECTION AND EDITING SYSTEMS.

The airline datacollection andediting system consists of two major componen{d) the data
collection ystem installed on board the @aaft and (2 the ground daa editing station. A
schemaic overviewn of the systan is given in figure 2. The requirements for thedaa acquisition
and proessirg are defined in rderence 1. The collection and aliting systans ae disasse
below.

3.1 DATA COLLECTION SYSTEM

The on-board datacollection system consistsof a Digital Flight Data Acquisition Unit
(DFDAU), a Digital Flight Data Recorde (DFDR), and an Opical Quick Access Recorcer
(OQAR). The DFDAU collects sensor ghals and sendsamllel data sgnals to both the DFDR
and the OQAR. The OQAR is prgrammed to start @ording once certain datasignals are
detected.The OQAR is equipped withan optical disk which an store up to 200 hours @ig ht
data, wheeas theDFDR usesa 25-hour looptag. The opti@l disk is periodicajt removedfirom
the OQAR and fovarded to theground preessimg station.
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FIGURE 2. AIRLINE RECORDNG AND EDITING SYSTEM

3.2 DATA EDITING SYSTEM

The airlineground dita editirg station consists of a Pentium computemagreto-optical(MO)
disk drive, and flight data editing software The software paforms anumbe of functions during
the processof transkrringtheraw fli ght data into DOS file fomat onto the hard diskThe most
important of these fundions indude a daa integity check and removd of flight sensitive
information. Dataconsideredensitiveare those Wwich can le used to eadily identify a specific
flight. The desensitized daa are forwarded to the University of Dayton Reseach Institute
(UDRI) for flight loadsprocessng and anajsis. Table 2 pesens the recaded daa paameters
provided ly the airline to UDR

4. UNIVERSTY OF DAYTON RESEARCH INSTITUTE DATA PROCESSING.

The daa paameters of ble 2are povided ly the arline b UDRI for each recordedflight. The
data are providedl on mageto-optical disks ontaning binay files for multiple flights for
different airplanes.These da are proessed § UDRI to extract the paameters equired for
statisticalflight loads preserdtion. This section descrigs the redation of the dataand the
derivation of requied paametes.



TABLE 2. RECORDED PARAMETERS PRONDED TOUDRI

Paraneter Sample Rate
Normal Accekrdion 8 persecad
Lateral Accderation 4 persecad
Longtudinal Accderaton 4 persecad
Aileron P@ition 1 persecand
Elevator Postion 1 persecand
Rudder Psition 2 persecand
Pilot Trim Positon 1 persecand
Flap Hamlle Rosition 1 persecmd
Speed Bake Podiion 1 persecand
N; Engne -Left 1 persecand
N; Engne -Right 1 persecad
Throttle #1 Peition 1 persecand
Throttle #2 Peition 1 persecad
Thrug Reverse Position Discrete
Autopilot Status (onor of) Discrete
Squat Swich (main geal) Discrete
Gear Porion Discrete
Calibrated Airspeed 1 persecand
Ground Sped 1 persecmd
Mach Nunber 1 per 4seonds
Pressire Altitude 1 persecad
GrossWeight 1 per @l seconds
Bank Angle 2 persecad
Pitch Ande 4 persecad
Magnetic Headng 1 persecmd
Totd Air Tenperatue 1 persecad
Radio Alitude 1 persecand

4.1 DATA REDUCTION.

Each file provided by the arline contans multipleflights foreach airplane. These files are first
separated into individua flight files and subsgquently into individud time historyfiles for each
flight. The time histoy files are compmssed and sted on the sam230 MB mageto-optical
disks for later ecall by the flight loads proessimy softwae.

Data editing and verification are performel on the daa as the time histories ae being prepared.
Messaes alert the user that obviougleroneous dat have leenremovedand that questionable
data have &en etained but ned to be marally reviewed prior to their eceptane. Table 3lists
thelimits against whid thedaa are compaed.



TABLE 3. PARAMETER EOTING VALUES

ltem Condiion Min Max
1. | GrossWeight at gart up 75,000Ibs | 150,500bs
2. | Pressre Atitude(Hp) at dl times -2,000 ft 45,000 f
3. | Calibrated Airspeed at dl times duing flight opeations 45 ks 420 Ks
4. | Normal Accekrdion at dart up andshutdown in flight 0g +4 g
5. | Lateral Accderation at dl times +0.5¢ +0.5¢
6. | Longtudinal Accderation | at dl times +1.09 +1.0g
7. | Hap Handle RPosition at dl times 0° 45°
8. | ElevatorPaostion at dl times +25° +25°
9. | Aileron Rosition at al times +25° +25°
10. | Rudder Psition a al times +50° +50°
11.| Trim Positon at dl times 0° 20°
12.| Speed Bake Handé at dl times 0° 60°
Position
13.| Throttlesl and 2 a al times -5° 75°
14.| Thrug Rewerse Position stowedat stat up am shudown 0 1
15. | Autopilot Status off or on 0 1
16. | Squat Swich (main ¢ea) | closed at Sart upandshutdown 0 1
17.| LandingGearPostion down atstat up am shudown 0 1
up within 10 secondsafter takeoff
down within 10 minutesbefare landing
18. | Pitch Attitude at dl times -20° +30°
19. | Bank Attitude at dl times +60° +60°
20. | Mach Number at dl times 0 1
21.| Ground Sped at al times 0 kts 800 Ks

Important chaacteistics about ezh set of flghts reeivedfrom the airlineare recaded ina
relationd database Airline identifier, arcraft tal numbe, and disk identifier of the disk
receved from the arline ae in the dah. Each fight is assgned a urgue flight sequene
number. The flight sequeoe numbe assgned to the first fight of the st andthe numberof
flights in thesd are dso enteral. Also recorded is thedisk identifier of the MO disk, which
contans thecompressed time historyfiles d al flig hts in thesd.

4.2 RECORDED PARAMETERS

Not all parametes listedin table2 are used for sttistical analsis and data @senétion. Table4
lists thepaameers usel in thedata redudion and for which time histoly files are created and
compressed onhie megneto-opical disk. Thes paemeters are ugd by the summarization
softwarefor statistical anaysis and @ta presendtion.




TABLE 4. RECORDED PARAMETERS USEIN DATA REDUCTION

Flight Paameter Sample Rae
Gross Wight 1 per 64 seconds
PressureAltitude 1 pa second
Calibrated Airsped 1 per second
Normal Ac@leration (n,) 8 per second
Lateral Accderation (ny) 4 per second
Longitudinal Acceleaation () | 4 per second
Flap Handle Position 1 pea second
Spead Brake Handle Position | 1 pe second
Thrust Reerser Position Discrete
Autopilot Status (on or off) Discrete
SquatSwitch (main gear) Discree

Landing Gear Position Discrete

Pitch Ande 4 per second
Bank Angle 2 per second
Mach Number 1 per 4 seconds
Ground Speed 1 per second
Magnetic Heading 1 per second
N; Engne -Left 1 per second

4.3 COMPUTED PARAMETERS

Derived gist velociy Uge and continuous gt intensy U, are important stdistical load
parangters which are derived ffom measued nornal accekratons. This derivation of gust
velocity Uge and continuouggust intensy U, from measured nomal accekrations requres
knowledge ofatmospheric densit equivaént airspeedand d/namic pessure.Thesevauesare
calculated usirg eguations tha express therate of change of density as a function of altitude
based on thinternational Standardtmosphere.

4.3.1 Atmospheric Densjt

For altitudes below 36,08@et, the @nsity p is expressel as a fundion of altitude by
P =p, (1-6.876 x10 6 % H, )4.256 0

where p is air densi at seadvel (0.002376%lugs/ft®) and H is pressurealtitude (ft). Pressure
atitude is arecorded paraneter.



4.3.2 Equivalent Airspeed

Equivalent air speefl/e) is a furction of true air sped(V+) and the sqare root of the atio of air
density at dtitude (p) to ar densiy at sa level (o)

v, =V, [ 7
Po

True airsed is deried from Mach number ) and sged of sounda):
V; = Ma. 3

Mach numberis a dimensionlessecorced paamete. The sped of sound 4) is a function of
pressuredtitude (Hp) and the sp&l of sound at selevel and is

a=2,,/(1-6.876x10° xH )

4)
Substituing equéaions 1 ad 4 into guation 2 gves
V, =M %, x(1-6.876x10° xH )" x(1-6.876x107° xH , )***° (5)
and
2.626
V, =M xa, x(1-6.876x10° xH ) (6)
where the sped d sound at sea lelvay is 1116.4 fps or 661.5 knots.
4.3.3 Dynamic Pressureq).
The d/namic pressured) is calcuéted from theair densiy and velaity
= v ™

where
air density at dtitude (slugg/ft®)
true air sped (ft/sec)

o)
\/

4.3.4 Derived Gust Mocity (Uge).

The derived gist velaity, Uge, is conputed fromthe pek vales ¢ gustincrementa normdl
aceleraton as
An
U,=—% 8
de C ( )
where An, is gustpeak incremenial normal accekraton andC is the aircaft respons fector

considerimgy the plurge-only degree of freedom and isalculatedrom



PoVeCy, S K

C-= 9
Ko 9)
where
po = 0.002377 slug/ft®, standard seaVel air censity
Ve = equivalent airsped (ft/se¢
C,, = arcraftlift-curve sbpe peradian
S = wing referene aea(ft?)
W = gross weight (Ibs)
Ky = 0.88u _ gustalleviation facor
53+u
_ 2W
H pgcC, S
p = air densiy, sluy/ft®, a pressuredtitude (Hp), from eqution 1
g = 32.17 ft/set
C = wingmeangeometric chord (t)

In this prgram, thelift-curve slope C,_, is theuntrimmae flexible lift-curve slopefor theentire

airplane. For the flaps retacted condtions, he ift-curve sbpe s givenas a fuition of Mach
numbe and dtitude; for flaps etended, thelift-curve slopeis afunction of flap deflection and
calibrated airspeed &S).

4.3.5 Continuous Gustnitensity (U,).

Power Spectral Bnsity (PSD) functions provide a toulene desciption in termsof the
probaility distribution of the root-men-squae (rms) gist velocities. The root-men-square
gust veocities, U, , are computel from thepeak gust vdue of hormd accderation usirg the
power spetral densiy technige as dexibed in eferene 2. The praedue is

An
U, =—= 10
=5 (10)
where An, = gustpeakincrenenl normel accekraton
A = aircraft PSD gist esponse fator = MF(PSD) in (11)
2W ft/sec

Ppo = 0.002377slugs/ft?, standard seavel air density
Ve = equivalent airsped (ft/se¢
C,, = arcraftlift-curve sbpe peradian
S = wing reference aea(ft?)
W = gross weight (Ibs)



F(PSD) =— 53— , dimensionkss 12
(PSD) Jr BLE 110+ (12)
C = wingmeangeometric chord (t)
L = turbulence sale lergth, 2500 ft
= EW , dimensionles (13)
pgcC S
p = air density (slugs/ft®)
g = 32.17 ft/set

To determine the numbef occurrenceqN) for Uy, calculate

46
N, (0 nc O : i
_ No(O)er _ EIQIJD , dimensionless (14)

No(0) _203D00 O

where T, p, po, andu are definedabove. Then e&h U, peak is counteés Ncounts at that),
value. This number otounts is used to determine the number of counts per nauticahmjle (

counts N
or =5 : — (15)
nm istancdlown in countirg intervd

Finally, the numberof sud countsis summed from the lgest plus or minus value towardeth
smallest to produce the cumulatis®unts per nautical mile.

4.4 DATA REDUCTION CRITERIA.

To processthe meaured data into stdistical flight loads fama, speific daa redudion citeria
wereestblished foreach rameter. These citeriaare dscussd in this secton.

4.4.1 Phases of light.

Each flight was divided into nine phesi] four groundphaseqtaxi out, takeoffroll, landingroll
with andwithout thrustreverser, and taxn), and five airbme plases (degrture, climb, cruise,
descentand approeh). Figure 3 showsthes nine phass of a ypica flight. The phases of
flight were not defined by the airline but had to & detemined from the dat Table 5 lists the
conditions for determining the stamgitimes for each pdse. It shouldbe notedthatanairborre
phase can occur severd times pe flight beauseit is daermined by the rate of climb and the
postion of the flaps. When tis occurs he flight loads da are conbinedand pesengd in a
sinde flight phase.The UDR software createsa fil e which chronolaggically lists the phasef
flight and theicorrespondingstartingtimes.
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TABLE 5. PHASE G- FLIGHT STARTING CRITERIA

Phase of kght | Conditions at Start of Phase

Taxi Out Initial condition

Takeoff Roll Acceleration > 4 kts/sefor a minimum of 12 seconds

Departue Time at liftoff; flaps exended (squat switch Rf

Climb Flaps reracted; rate of climb = 250 ft/min. for at least 1 minute

Cruise Flaps reracted; rate of climb < 250 ft/min. for at least 1 minute

Descent Flaps retacied; rate of deseent< -250 ft/min. for at least 1minute

Approach Flaps exended; rate fodesent< 250 ft/min. for at least 1 minute

Landing Roll Touchdown; (squat switch on)

Tax In Magnetic headig charge greater than 13.5 efyrees afte touchdown or
deviation from runwg centeline greater than 100det

The criteria for the stat of the taleoff roll have bea redfined from those used ineference 3.

In reference 3, the start of takeoff roll was ddined as thetime when the calibrated arspeel

exceeded 50 knots and the tgindinal aceleration exeedd 0.15g. It wasfoundthatin most
cases whn theseriteria were met, the airplamhadalread beenacelerating for 6 to8 seconds
and the initial portion of thetakeoff roll was lost. The present aiteria beter defines theinitial

start of takedfroll. When the acelegation remains abe 4 knots perexond fo a minimum of
12 seconds, the takiéooll phase begins.

The criteria for the start of taxi in has ado beenedefinedfrom the citeria usedn reference 3.
In reference 3 thestart of t&i in was ddined as thetime when thrust reersas werestowel after
initial deployment on landing This definition did noaccountfor casesvhenthethrustreversers
are not deployed during the landing roll or the thrust reersers ae stowed bBfore or dter the
airplaneturnsoff theactive runway. In the nev criteria, the start ofaxi in has been refieed as
the time when the airaft turns off theactive runwg. The primary methodfor detectirg turnoff
is to monitor magetic headig charge for a charge greater than 13.5 egrees from the landing
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magnetic heading. The time when the heading stats to dange in the turnoff direction is then
identified asthe startof theturn a the bginning of the &xi in phase. This method can fail to
detect a shdlow turnoff onto aparalel taxiway. In sud cases a substitutecriteria tha identifies
a lateraldeviation greaer than 100 éet fom the landig centrline is used to det¢ the turnoff
point.

The crieria for determining the pich argle at takeoff has ben chaged fromthat used in
reference 3. In reference 3 the pich angle attakeoff was defned as he maximum pitch andge
occurrirg between 5 sconds bre and 10 seands afte the squaswitchmovedfromthe closed
to the openposition. Usingthis time increment forekection of the pitchande at taleoff results
in pitch anges at the instant of tekeoff that would causethe arcraft aft fuselage to strikethe
ground. For this repot the pitch agle is ddéined as theangle ocurring just prior to the squat
switch chame.

4.4.2 Flight Distane.

The flight distane can be obtaineckither ly deermining the sége length of the flight or by
integrating therange with resped¢ to changes inaircraft velocity as a fundion of time

The stge lergth is defingl as the distarcfrom degrture airport to destination airpoandis
determined aste greatcircle distance n nauical miles betveen he pont of liftoff (departure)
andthe point of touchdown(destination). Appendix B descriles the @lculation of great circle
distance. The time histories of longitude and lditude are mached aganst theUDRI generated
phaseof flight file to deerminethegeographical locdion of thearcraft & the point of liftoff and
the point of touchdown.

Theintegraed flight distance D is obtaned by the numeri@l integation from thetime a liftoff
(to) to the time of touchdownt and V s the aveage velocity during At.

t

D=3 AtV (16)
t

4.4.3 Sign Convention

Acceleraton dat arerecorded n three drections: normal (2), laterd (y), andlongitudinal (x).
As shown in figire 4, thepositivez diredion is up; thepositivey direction is airplane starbod;
and thepositivex direction is forward.
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FIGURE 4. SIGN CONVENTION FOR AIRPLANE ACCELERATIONS
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N

4.4.4 Peak-Vallgy Seletion.

The peakbetween-mens methodpreentedin reference 2was used to seté the paks and
valleys in theacceeleration data. This method is consistent with past praesi@nd petains toall
aceeleratons , ny, An,, An, .00, ). Figure 5 deptts an eanple ofthe peak-betveen-nean

criteria. This methodcountsupward events as positive and dowavd eents as negativeOnly
onepeak or me vallg is couned betwen two sucessive oossing of the mean. A threshold
zone is used in the data reductiondodre irelevant loads variationsraund the meanFor the
normal aceleratons Ang, An, and An, , the threshold ane is +0.05 g for lateal

aceeleraton ny, the threshold nne is £0.005 g and for lomwjitudinal acelgations n,, the
threshold mne is 0.0025 g

Mean Gossng
0 Classfied Peak
o ClassfiedValley

I % — — — 9 —G — — #-y-— } Deadbad

Threstold Zone

FIGURE 5. THE PEAK-BETWEEN-MEANS ALASSFICATION CRTERIA
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A peak isgenerated ony when the aceleration datacross into othrough the dealband. Two
situaions must be consideed: the position of thecurrent acceleration vdue reative to the
deadband anthe position of the previous eceleration vale relative to the dedand. In the
peak-betveenmeans coumbg algorithm, the prevous aceleration vale is that value in a
consecutive set ofalues all of wheh lie eitherabove thedeadbandor belowthe dealband. The
previous value is established agpeak when thecurrent value hascrossednto or through the
deadband. Figures 6a and 6b demonstate the cooept of current and pevious aceleration
values. In figure 6a thecurrent acelemtion value pass into the deadbandhereas in fgure 6b
the curent value pass throgh the dadband.

Current
/# Acceleration

. Value
Previous
Acceleration
/ *\Value Deadband /

N 7
/\*\ */’\ / ~

% *
Deadband \* Current \*/
Acceleration Previous
Value Acceleration
Value
FIGURE 6a. CURRENT ACCELERATION FIGURE 6b. CURRENT ACCELERATION VALUE
VAL UE PASSES INTO DEADBAND PASSES HROUGH DEADBAND

Italicized text in table 6 summazes the action(s) tken when the various possibilitis ocur.
Notethat when a gevious @cekration value isatainedas a potential @, its coincident time is
also reained.

4.4.5 Separation of Maneserand Gust.oad Factors.

The reeorded nomal acceleration (n,) values included the § flight condition. The 1 gcondition
was removedrom each n; readng which was then recorded asAn,. In order to avoid the
inclusion of peaks and vaile associatedvith nonsigificant small load variationsa threshold
zone of M, = H0.05 gwas estblished. An algorithm was then éveloped to etract the
aceeleraton peaks and vaeys.

For eachflight, the maximum andminimum total acceératons wee deermined fromjust after
liftoff to just before touchdownFor the five in-flight phases, th An, cunulative ocurrenes
were dterminedas cumulative counts per nautical mile anunulativecountsper 1000 hous
usingthe pak-between-neans countig method ofreference 2 eylained in section 4.4.4.

Theincrementd aaceleraton measued atthe eenter o gravity (c.g.) of the aircraft may be the
result of either masuvers @ gusts or a combination of bottn order to arive gust statisticsthe
maneuvetinduced acekration is sepated fom the total acelemtion history Most maneuer
induced bads ae assod@ted wih turning maneuves.
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TABLE 6. PEAK CLASSIHCATION CRITERIA

Previous Acceleration

Value Relative to CurrentAccelerationvalue Relative to Deadbash
Deadand Below Within Above
Current acceleratiopases | Current acceleration Current acceleratiors on
throuch deadbad. pases into deadbad. same side ofdeadbad as
Abowve Previaus value classifiedas | Previous value classified | prevous.
Previous vdue is a postive peak. asa postive peak. If current > previous
potertial positive peak Current vaue retanedasa | Acceleation value value, etain curent value
potenial negative peak flaggedasbeing in aspotenial positive peak
deadland and release previous
Within Current acceleratiopases Current acceleration
At start of procesing, or | downward ou of deadbad. pases upward ou of
apeakwas egablished Current vaue is retaned as No Action deadbad.
but curert acceleratia a potenial negatve peak. Requied Current vaue retdnedas
value has nd since gone potertial positive peak.
outside of deadbad
Current acceleratiois on Current acceleration Current acceleration
same side ofdeadbad as pases into deadbad. pases through deadbad.
Below prevous. Previousvalue is Previousvalue is
Previous vdue is If current value < pevious | edablished asa negtive | classifiedas a negative
potertial negative peak value, etain curent value | peak. peak.
aspotenial negative peak | Acceleation value Current vaue retaned as
and release previousvalue. | flaggedasbeing in potertial positive peak.
deadland

The increment dueto aturning maneuver (Am) is ddgermineal usingthe bank angle mehod
discussed in refence 2 to elculate the masuver accelaation An, as

An, = (sech-1) a7)
where¢ is the bank agle. The emaining peaksand vallg/s are assumed to bgust indued,
wheregustnormel aceleration (Anzgus) is cakulated as

An, =An,An, (18)

Zgugt

This approachdoes not sepagte the pitchig maneuers indued by pilot control inputs. In
reference 2,.B. de dnge swggests that accektions resultingrom pitch maneuvernsducedby
pilot input to counteracturbulencecan beconsideed as pe of the aicraft system response to
the turbulence.Accelerations that @ indued by the pitch manewer atthe specific points of
rotationand flae durirg takedf and climb and apprach and tochdown hae not been emoved
during this initial data redction effort. Since tubulence isa more dominant loadginput on
commecial aircraft than maneuvers, orreding for pitch maneuvers at a later time will not
substatially dter thestaistics presented herén.

Once @lculated, hemeasuement of An,, An, o andAn, are naintained ashree ungque dita
streans. The An, . and An, ~ da@ are pbtted as cumlaive cccurences of a given

acceleratiorfractionpernauticalmile and @ 1000 flight hours. Separate plots arprovidedfor
each plse of fight and al phases cormined. The An, fraction is the recorded ncrementl
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normal load factor (airplane limit load factor minus §)0 As a result ofthe threshold zone,
only accekratons greater than +0.05 g (measued from a 1.0 g bas¢ are countedfor dag
presentation.

4.4.6 Flap Deénts.

When flaps areextended, he efecive deflecion is consdered b bethatof the appicabk deent,
asindicaedin table 7. Theflap ddlecion rarges and @card sgeds &fl ect the flap desgn and
cockpt placads.

TABLE 7. FLAP DETENTS (B-737-400)

Flap Minimum Maximum Design Placard | Cockpit Placad

Detent [ Flap S&ting | Flap Séting | SpeedKIAS) Speed KIAS)
1 >0 <0.5 250 250
5 > 0.5 <5 250 250
10 >5 <10 218 215
15 > 10 <15 213 205
25 > 15 <25 206 190
30 > 25 <30 199 185
40 > 30 <40 162 162
45 >40 162 162

5. DATA PRESENTATON.

Table 8 lists the statistical data preséioh formats for whth data ves procesed andncluded
in gppendix A of this rgoort. Similar stdistical loads daa, but ofa reduced swpe and based on
fewer flights for asingle arcraft, were previously presented in reference 3. To facilitate
compaisons of the present dda formas with this erlier data, the data formats available in
reference 3 areidentified by an asterisk in thelistings of table 8.

Figures A-1 throwgh A-83 present theprocesseal daa. 1t will be notal that the data presented in
thesefigures arenot always basedn an identical numireof flights. During datarediction it
was found that thecaeleration masurements in ct&in flights exhibitedrandomerrorsandwere
unrdiable. When this occurred, thoseflights werediminated from thestdistical daa for any
paraneters assoaited, directly or indirecly, with the unrelable acceleraon measuements. As
a result, not all figres ae based on datdrom identical numbis of flights, hours, onautial
miles.

5.1 AIRCRAFT OPERATONAL USAGE DATA.

The arcrdt usagedaa include flight profile staistics sut as weights, altitudes, speeds, and
flig ht distanceinformation. This information is useful in the derivation ofgical flig ht prdiles
and in defining ground-airground cycles fa structual durability, damage tolerance anajses,
future desgn criteria, andfor use in theanalysis of airline oratirg economics. Aircraft usae
data ae pregnted in fguresA-1 through A-12.
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TABLE 8. STATISTICAL DATA FORMATS

Data Desdption Figure
AIRCRAFTUSAGE DATA

WEIGHT DATA

Cumulative Probability of Takeoff Gross Weight A-1

Cumulative Probability of Takeoff Fuel Weight A-2

Cumulative Probability of Landing Gross Weight A-3

Correlationof Takeoff Fuel Weight ard Flight Distance, Rercert of Flights A-4

Correlation of Takeoff Gross Weight and Flight Distarce, Rrcert of Flights A-5

Correlation of Gross Weight at Liftoff and Touchdown, Percenof Flights * A-6

ALTITUDE DATA

Correlation of Maximum Altitude ard Flight Distarce, Rercert of Flights A-7

Percert of Total Distarce inAltitude Bands A-8

Coaincident Altitude at Maxmum MachNumber, Cruise fhase A-9a

Coaincident Altitude at Maxmum Equivalent Airspeed Cruise thase A-9b

Coaincident Altitude at Maxmum MachNumber, All Flight Phases A-10a

Coaincident Altitude at Maxmum Equivalent Airspeed All Flight Phases A-10b

FLIGHT DISTANCES

Cumulative Probability of Flight Distances A-11

AUTOPILOT OPERATION *

Cumulative Probability of Percert of Flight Time on Autopilot A-12

GROUND LOADS DATA

LATERAL LOAD FACTOR, n,

Cumulative Frequency of Maximum Side Load Factor During Ground Turns A-13

LONGITUDINAL LOAD FACTOR, n,

Cumulative Freguency of Longitudina Load Facor During Grourd Taxi A-14

Cumulative Frequency of Longitudind Load Factor During Landing Rall A-15

Cumulative Probability of Maximum Longitudinal Load Facta During Takeoff A-16

Cumulative Probability of Minimum Longitudinal Load Facta During Landing A-17

VERTICAL LOAD FACTOR, n,

Cumulative Frequency of Incremental Vertical Load Factor Dring Taxi Operations A-18

Cumulative Frequency of Incremental Vertical Load Factor Dring Takeoff Roll A-19

Cumulative Fregiency of Incremertal Vertical Load Factor Dring Landing Roll A-20

Cumulative Probability of Minimum and Maximum Incremertal Vertical Load Facta at Touchdown ard | A-21

Spoiler Deployment *

Coincident Incremental Vertical Load Factor ath Touchdown Gross Weight A-22

GROUND SFEED DATA

Cumulative Probability of Ground SpeedDuring Taxi A-23

Cumulative Probability of Airspeedat Liftoff and Touchdown * A-24

FLARE DATA

Cumulative Probability of Airspeedat Flae A-25

PITCH/ROTATION DATA

Cumulative Probability of Pitch Angle atLiftoff and Touchdown * A-26

Cumulative Probability of Maximum Pitch Rate at Bkeoff Ratation * A-27

Cumulative Probability of Pitch Angle at Touchdown PeakVertical Load Facta * A-28

*Denotesdata brmats from referemce 3.
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TABLE 8. STATISTICAL DATA FORMATS (Continued)

Data Desdption Figure
FLIGHT LOADS DATA
GUSTLOADS DATA
Cumulative Occurrercesof Vertical Gust Load Facor per1000 Hours by Hight Phase A-29
Cumulative Ocaurrercesof Incremental Vertical Qust Load Factor per 1@Hous, Combined Flight A-30
Phases
Cumulative Ocaurrences d Vertical Gust Load Facta per Nautical Mile by Flight Phase A-31
Cumulative Ocaurrercesof Incremental Vertical Qust Load Factor per Ndical Mile, Combined Flight A-32
Phases
Cumulative Ocaurrerces d Derived Gust Velcacity per Nautical Mile, < 500 Feet A-33
Cumulative Ocaurrerces ¢ Derived Gust Velccity per Nautical Mile, 50041,500 Feet A-34
Cumulative Ocaurrerces d Derived Gust Velocity per Nautical Mile, 1,5004,500 Feet A-35
Cumulative Ocaurrerces ¢ Derived Gust Velccity per Nautical Mile, 4,5009,500 Feet A-36
Cumulative Ocaurrerces ¢ Derived Gust Velccity per Nautical Mile, 9,50019,50 Feet A-37
Cumulative Ocaurrerces ¢ Derived Gust Velccity per Nautical Mile, 19,50029,30 Feet A-38
Cumulative Occurrercesof Derived Gust Velocity per Nautical Mile, 29,50039,30 Feet A-39
Cumulative Ocaurrences d Delived Gust Velcacity per Nauical Mile, Flaps Exended A-40
Cumulative Ocaurrercesof Derived Gug Velocity per Natical Mile, Flaps Retracted A-41
Cumulative Ocaurrences d Continuous Gust Intensity per Nautical Mile, Flaps Exterded A-42
Cumulative Ocaurrercesof ContinuousGug Intensity per Natical Mile, FlapsRetracted A-43
MANEUVER LOADS DATA
Cumulative Occurrercesof Incremental Maneuver Load Facor per100 Hours During Departure by A-44
Altitude
Cumulative Occurrercesof Incremental Maneuver Load Facbor per1000 Hours During Climb by A-45
Altitude
Cumulative Occurrercesof Incremental Maneuver Load Facor per1000 Hours During Cruise by A-46
Altitude
Cumulative Ocaurrences ¢ Maneuver Load Facta per 1000 Hours Duing Descent by Altitu de A-47
Cumulative Ocaurrences ¢ Maneuver Load Facta per 1000 Hours Duing Approachby Altitude A-48
Cumulative Ocaurrences & Maneuver Load Facta per Nautical Mile During Departure by Altit ude A-49
Cumulative Ocaurrences ¢ Maneuver Load Facta per Nauical Mile During Climb by Altitude A-50
Cumulative Ocaurrences ¢ Maneuver Load Facta per Nauical Mile During Cruise ty Altitude A-51
Cumulative Ocaurrences ¢ Maneuver Load Facta per Nauical Mile During Descert by Altitude A-52
Cumulative Ocaurrercesof Maneuver Load Factor per Ndical Mile During Approachby Altitude A-53
Cumulative Occurrences of Maneuver Load Factor per 1000 Hours by Flight Phase A-54
Cumulative Ocaurrercesof Maneuver Load Factor perd00Hous, Combined Fight Phases A-55
Cumulative Ocaurrercesof Maneuver Load Factor per Ndical Mile by Flight Phase A-56
Cumulative Ocaurrercesof Maneuver Load Factor per Ndical Mile, Combined Flight Phases A-57
COMBINED MANEUVER AND GUST LOADS DATA *
Cumulative Occurrences of Combined Maneuver and Gust Vertical Load Factor per 1000 Hours by A-58
Flight Phase
Cumulative Occurrercesof Vertical Load Facor per 1@0 Hours, Combined Hight Prases A-59
Cumulative Ocaurrences d Vertical Load Facta per Nauical Mile by Flight Phase A-60
Cumulative Ocaurrercesof Verticd Load Factor per Naical Mile, Combined Flight Phases A-61
Cumulative Occurrercesof Lateral Load Facor per D00 Hours, Combined Hight Phases A-62
Coincident MareuversLoad Factor ath Speed Verss V-n Diagram for FlapsRetracted A-63
Coincident MareuversLoad Factor ath Speed Verss V-n Diagram for FlapsExtended A-64
Coincident Gug Load Factor ath Speed Verss V-n Diagramfor FlapsRetracted A-65
Coincident Gug Load Factor ath Speed Verss V-n Diagramfor FlapsExterded A-66

*Denotesdata brmats from refereme 3.

17




TABLE 8. STATISTICAL DATA FORMATS (Continued)

Data Desdption Figure
MISCELLANEOUS OPERATONAL DATA
FLAP USAGE DATA
Cumulative Probability of Maximum Air speedin Flap Detent During Departure A-67
Cumulative Probability of Maximum Air speedin Flap Detent During Approach A-68
Percent of Time in Flap Detent During Departure A-69
Percert of Time in Flap DetehDuring Approach A-70
Cumulative Probability of Maximum Dynamic Pressuie in Flap Detert During Departure A-71
Cumulative Probability of Maximum Dynamic Pressue in Flap Deteri During Approach A-72
SPEED BRAKE/FLIGHT SPOILER DATA
Cumulative Probability of Maximum SpeedDuring SpeedBrake Depoyment A-73
Cumulative Frequency of Speed at Speed&e Deploynent A-74
Cumulative Frequency of Altitude at SpedBrake Depoyment A-75
Cumulative Probability of Maximum Dedoyment Angle During SpeedBrake Depoyment, Flaps A-76
Retracted
THRUST REVERSER DATA
Cumulative Probability of Time With Thrust Reversers Depoyed A-77
Cumulative Probability of Speedat Thrust Reerser Dedoyment and Stowvage A-78
LANDING GEAR EXTENSION/RETRACTION DATA
Cumulative Probability of Time With Landing GearExtended After Liftoff A-79
Cumulative Probability of Time With Landing GearExtended Prior to Touchdown A-80
Cumulative Probability of Maximum Air speedWith GearExtended A-81
PROPUL3ON SYSTEM DATA
Cumulative Probability of Percert of N; at Takeoff A-82
Cumulative Probability of Percert of N; A-83

*Denotesdata brmats from referemce 3.

5.1.1 Weight Data

Statistical data on operational takegross veights, landing gross wghts, and fel weights are
presentedn this section. These weghts ae also carelatd to flight distane. The cumulative
probailities of takeoff gross weght, tekeoff fuel weight, and landing weight are presented in
figures A-1 throgh A-3 respectivey. The corelation betwen fuel weight at takedf andthe
flight distance is presented in figure A-4. A similar corrdation for tekeoff gross weght and
flight distance is shown ingiire A-5. The fli ght distancesn figures A-4 and A-5 are based on
the great circle distance between departure and arrivd points. It is intgesting to notetha the
small difference in the number ¢ flights betweerfigures A4 and A5 has an ingnificant
impact on the fligt distane distribution as indicatedyba comprison of the numlbys in theright
end columns of thesedfires. Figure A-6 povides the coelation between tla takeof gross
weight andthe landing grossweight. The comrelation shows that for most flights with Hig
takeoff weights (less than 100,000 pounds) the lagdieight is within 10,000 pounds of the
takeoff weight. For the nedium takeoff weights from 100,000-130,000 pounds ttaading
weights ae from 10,000-20,000 pounds below taleweight. For the havy weight takedfs
from 130,000-150,00@oundsthe landing weights ae from 20,000-30,000 pounds below the
takeoff weight.
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5.1.2 Altitude Data

Measured operationd dtitudes and ther corrdation to flight distance and maximum spesd are
presented. Figure A-7 shows thecorrelation baween the maximum dtitude attained in flight and
the flight distane flown in percentof flights. The dita show that foshort flights of less than
250 nautical miles, the memum alttude is gnerally below 30,000 et withthe mostflights
occurrirg from 20,000-25,000eet. For flights from 250-500 nautical miles the altitudeyma
range from 25,000 to 40,000 feet, whiler flights above 500 nautical miles the maxmum
altitude can be considered abov&0,000feet. Figure A-8 preents the pearent of total flght
distance spent in various dtitude bands as a function of flight distance The flight distances in
figure A-7 reflect the sage engths, wheeas he flight distancesm figure A-8 are basedon the
numerical intgration appoach mentioned in pagraph 4.4.2. The combinedinformation
in figures A-7 and A-8 provide acompehensive picture of the flight prdile distribution.
Figures A-9a and A-9b show thecoinddent dtitude a the maximum Mach numbe and the
maximum equivdent arspeed atained in the cruise phae of the flights respedively. Figures
A-10aand A-10b show th meximum Mach number or the miamum equivalent airspeed with
respect to thedesign cruiselimit regardless of flight phae In other words,the speed that most
closdy gpproated the speed limit in a flight was identified as the maximum sped. As an
example, in oneflight themaximum sped with respect to the limit might have been attained in
theclimb phaseg while in anothe flight themaximum sped with respect to thelimit speed might
have ocurred in the cruise @se. The data in fgures A-10a and A-10bare fairly evenly
distributedbetweenthe climb, cruise,and desent phass with onl a sinde occurerce in the
departue andapproach plases. The desgn speed limits aralso shown in the dures. It should
be noted that maxmum Mach number and maxum equivalent airspeed do notceesary
occur simultaneougl

5.1.3 Flight Distane Data.

Flight distane statisticsusefulin the gengation of flight profiles were derived and ae pregented
here. The cumulative prohbility of flight distance$lown is preserad in figure A-11. Thegreat
circle distane reflectsthe gound distane ketween two points as obtaith from thegreat cicle
distance calulation, but does not necesby reflect the actual distanceflown. Deviation from
direct fli ght between departureand arrival points resulting from tréfi ¢ control requirements will
increa® the actual distance flowry lsone unknown amountTo a much ésserextent, theclimb
and descentlistances ae sightly larger han te level flight distance. Heador tail windsalsoare
unknowncontributors. The integrated distane accaints for such ariables. The figure provides
a graphiel presengtion of the diffeences in flght distance obtainedytihe two appraches.

5.1.4 Autopilot Usa@.

Autopilot usag is detemined ty the opeational proeduresemployed. Figure A-12 shavs the
cumuldive probaility of percent fli ght time flown on aitopilot. Compaison with theautopilot
data preenied in reference 3 shws thataubpilot usage hasicreagd sgnificanty.
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5.2 GROUNDLOADS DATA.

The ground loads data incledfrequerty and probabily information on vertical, lateral, and
longtudinal accelemtions, speeds,and pitch rotation associatedvith takeoff, landig, and
ground oprations. Thesedataare d primaly importarce to landig gear and landing gear
backup structue and to a legs exent to the wingfuselage, and empenage.

5.2.1 Lateral Load Factor Bta.

Lateral load factorstatistics resultingfrom ground turnig during tax were derived andre
presented. Figure A-13 shows thecumuldive frequency of maximum sideload factor durirg
groundturns. The information is premnted for peflight and postfight tax, as well as, left and
right turns. The turning load factors durirg taxi in ae shown to bemore severe than those
expeienced during turning while taxiing out. This is likdy theresult of hghe taxi in sped as
shownin figure A-23. Thereis no sgnificant diffeence betwen the number foleft andright
turns.

5.2.2 Longitudinal Load Fator Data

Longitudinal load &ctor statistics werderived for all phasesof ground operation, including
preflight and postflight taxi, and takedfand landing roll. Figures A-14and A-15 pesent the
cumulativefrequengy of longitudinal load &ctor durirg ground opettions. Figure A-14 shows
thedata for pe- and postflignt tax. The hidher numbe of oacurrences 6 negative longitudinal
load factor éss than —0.1§ during the tax in phasearepossiby dueto braking actionoccurring
at the higher tax in speeds. Figure A-15 shows the landarollout with and without thrust
reverser deployment. Figures A-16 and A-17 present the cumuldive probebility of the
maxmum longtudinal load factor m&sured dring the take®i and landiry rolls respectivel.

5.2.3 Vertical Load Factor Bta.

Vertical loadfactor statistics durm all phags of ground ogration with and without thrust
reverer were derived andare preented. Figure A-18 peseaits the cumulative &équenyg of
incrementd vertical load factor duing preflight and postflght taxi. Figure A-19 presents the
cumuldive frequency of incremental vertica load fador during the takeoff roll, while
Figure A-20 presents the cumuldive frequency of incrementd vertical load factor during the
landing roll for operation with and without thrust reverser. As can be seen theris little
difference in the frequency of vertical load factor oacurrences resulting from taxi, tekeoff roll,
and landingoll except for positive ocauences during landing without thrust reverser. It is
noteworthy (seefigure A-15) thd thereis dso inceasal longitudind load factor adivity during
landing without thrust reversers. Figure A-21 presents the cumulative pratlity of the
minimumand maximum incremental vertical loaatfors assoated with touchdowandground
spoier depbyment. As can ke seen lte minimum load factors measued at spoier deployment
reman positive FgureA-22 shows thecoinddent inaementd vertical load fador and gross
weight at touchdown for laflig hts.
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5.2.4 Ground Speed 8a

The cumulative pradibilities of gound sged fo tax in andtaxi out operationsare presentedn
figure A-23. The tax in speeds areegn to beconsiderabl higher than the taxout speeds.
There can beseveral reasons for this differace First, thearplanemay still be movingat afairly
high sped shorty after turning off the active runway. Departure from theactive runway has
beenusedas tte criteion for start of &i in. Second, movement of inbound traffic to the
terminal after landing is gererally acconplished fster than smilar movernrent from the terminal

to the takeoff positionFigure A-24 shows the&umulative probabilities of airged at liftof and
touchdownrotation. The liftoff speeds g appoximately 20 knots higer than the touchden
speeds.The figure indicates tat a consideble numbeof touchdownsare performedat speeds
well above published stall speeds.

5.2.5 Hare Data

Figure A-25 presents thecumulaive prolsbility of arspeed at flare. Since the adud instant of
flareis diffi cult to deermine with any greataccuracy, the sart of flare wasassunaed to occu 3
seconds prior to maigear squat switch closer

5.2.6 Pitch/Rotation Data

The cumuldive probebility of maximum pitch angle a takeoff and landing is presented in
figure A-26. The pitch angledor takedf presented in this fure are onsideably lower than
those previously repored in reference 3. It has been dermined hat the ime increment
previousy usedfor sekcting the pitch angle attakeof was too lowg, resulting in pitch arlgs at
the instant of takeoff t#t would have esulted inthe aircraft aft fuselge striking the ground.
This increment waseduced for the pesent dta rediction effat as discussed in sion 4.4.1.
Figure A-27 presents the cumulaive probability of maximum takeoff pitch rate at takeoff
rotation. Figure A-28 preents the cumulative prability of pitch amle that occus at
touchdown peakartical loadfactor.

5.3 FLIGHT LOADS DATA.

The flight loads data include the stdistical daa tha describe the gust ad maneuver
environment The gust envronment is presenéd in the fam of cunulative ocurrences of
derived gust velociy, continuousgust intensiy, and \ertical load factor. The derived gust
velocity and continuousigst intensiy are computed vaks as desibed in setion 4.3. Since the
1950’s, it has been commonagtice to pesent flght loads datascumulativeoccurrences.Data
that were previously recorded on theB-737 are repated in rderences 4and 5 as cumulative
occurenas per 1000 has. To compae to data fom different eferences, the normal
acelerationdata are plotted two wgs, as cumulative occurences pe 1000 hours andas
cumuldive occurrences per natical mile.

5.3.1 GustLoadsData

The qust cita ae presented in the fan of derived gustvelocity Uge and continuousgust
intensities U,.  Figure A-29 preents the cunulative ocurrences b incremen@ vertical gust
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load factor per 1000 hours. The dataare peseneéd by phase b flight. Figure A-30 shows
cumulaive occurrences of increnentd vertical gust loal factor for the totd combinel airborne
phases per 1000 hau Figure A-31 presents theumulative occrrences ofincrementalvertical
gust loa factor per naticd mile by phase of flight, nd figure A-32 shows the cumulaive
occurenas of incremeni@ vertical gustload factor for the btal combined airborne phags per
nautica mile. In figures A-33 throwgh A-39 tre deived gust vdocity Uge is plotted as
cumulative counts perantical mile for altitudes fromesalevel to 39,500feet. FiguresA-40 and
A-41 present the @lived gust veloci Uge as cumulative counts peautical mile with flaps
extended and reacied respecively.

5.3.2 Maneuver.oads Dad

The echngue ugd D idenify maneuves assures that maneuwers ae assocated primarily with
turningconditions and that the impadtmitch maneuers is insigificant and an beignored. As
aresult, maneuvers resulting from push down opull up maneuvers are ignored and only positive
maneuve load factors resulting from banked turns ae identified.

FiguresA-44through A-48 present theumulative occrrences of maauver load factor pe 1000
hoursby altitudefor eachof the airbore fli ght phases, i.e., departyrclimb, cruise, escent, ad
approach. Figures A-49 throgh A-53 preent the cumulative aurrenes of maneuer load
factor by atitude per nauticd mile in thearbornephases of flight. Figure A-54 presentsthetotd
cumulativeoccurenas of incrementalmareuver load factor per 1000 hag for each plse @
flight, regadless of dtitude. Figure A-55 presents the totd cumuldive ocarrences of
incremental maguver loadfactor per 1000 hag for all flight phags combined. Figure A-56
presents thetotd cumuldive ocaurrences of incementd maneuver load factor per nautica mile
for each phase of flight regadless of dtitude. Figure A-57 presents thetotd cumuldive
occurrences of inaementd maneuver load factor per rautical mile for dl flight phases combined.
The maneuvedata pesengd in this report etend beyond load factor magnitudesavailable in
reference 3. However, at identical load factor levels, the daa trends béween this report and
reference 3 arequitesimilar.

5.3.3 Combined Maneuvemal Gustloads Dad

For the dita pregnted in this section, the maneuandgust load &ctors vere not sepaated, but
the totd load factor occurrences regadless of the cause were usal in the derivation of the
figures. Figure A-58 showsthe cumuldive ocaurrenes of totd combined maneuver and gust
normal load fator per 1000 haws by phases bflight, and figure A-59 shows the ccurenaes for
all phasescombined. Figures A-60 and A-61 show the data b figures A-58 and A-59 as
occurrences pe nautical mile.

Federal Aviation Regulation FAR) 25.333 equires that air@ne structual opesting limitations
be established aaehcombination of airsped and loaddctor onand within the boundariesf

maneuverig and gist loadenvelopegV-n diagrams). For purpogs of displging the coincident
maneuvepr gustacceelerations, fourepresntative V-n digrams wee deeloped fom the AR

requirements.
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The requied limit load factors for raneuvers a spedied in FAR 25.337. The positivelimit
maneuverig load factor (1) may not be lessthan 2.5, and theegative limit maneuverig load
factor mg not ke less than -1.0 afpeedsup to V¢ , vaying linearly with speed to zeo & Vp.
FAR 25.345 speci@is that the positive limit maneuver load factor is @ @hen theflaps ae
extended. The stdl curve on theleft side of the envdopes is determinad by the maximum lift
coeffi cient. The curve was atimated by using the1 g stdl speed to estimate C,__ .

Therequired limit load factorsfor gustsresult from gust velocities as specified in FAR 25.341.
The FAR spedfies positive (up) and negative (down) ar gust design requirements for thre
different drcraft design speds: mximum gqust inteasity (Vg), cruising speed(Vc), and dive
speedY/p). Betweensealevel and20,000 €et, thegust requiement is constant, vging linearly

to the value gven for 50,000 feet. FAR 25.345 sets sequirenent of positive, negive, and
head-on fo 25 fpsgusts whenflaps ae exended. Thesegustdesign requrements are shan in
table 9.

TABLE 9. FAR REQUREMENTSFOR DERVED DISCRETE GUST VEOCITIES

Gust Velociy
Aircraft 0-20,000 Feet 50,000 feet
Design Speed Altitude Altitude
Vg 66 fps 38 fps
Ve 50 fps 25 fps
Vp 25 fps 12.5 fps
Flaps Exended 25 fps O

Sufficient data togenerate V-n diagams for all weight and altitude conditions wernot
available. Therdore, sealevel data wereusel to devéop therepresentaive diagams, and dl of
the recaded mareuvers ad gusts were plotted on thes A weight of 90,000 Ibs., the losst
recorced weght, was used for thealculations required ineeloping these digrams.

Figure A-63 through A-66 shows ta V-n diggrams for maeuver and fa gust with flaps
retracted and exended. Coincidentaceelerationand sged masurementarealso plotted on the
V-n diagrams. As can be sen in fgure A-66, a largenumberof gust accelerationsoccurred
outside the gst V-n diggram for the flapsextended case.

5.4 MISCH. LANEOUS OPERATONAL DATA.

The miscelaneous oprationd data includes stdistical usa@ informaion for flaps, sped
brake/spoilersthrust reveses, and landig gear operations. Although aileron and rudde
deflection information wa available it vas not processl beause it wasdeemedthat the slow
sanpling rates prevented the redudion of rdiable stdistical usae informaion for these
components.
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5.4.1 Hap Usae Daa

Flap usge statistics of value in the dgsiof flap structue, backupstructure, and other flap
componentswere redwed from the measued data. Figure A-67 presents the cumulative
probability of maxmum airspeed exounteed in various flap dehts during the departure phase
of the flights. The flap degénts are dfined in table 7.The single pointsfor detents40 and45 at
160 knotsindicatea singe occurence of these settigs during departure.Figure A-68 presents
similar daa for theapproad phaeof theflights. Figures A-69 and A-70 present the perent of
time spent in vaious flgp dedents durirg the departure and approad phases of flight,
respectivey. As shown infigure A-69, flap deént 5 was the deht used in almost all cases
during departue. Previous data nesented inreference 6 showed that detent1 was used
approxmately onethird of thetotd time. Discussion with thesirline confirmed tha a change in
flap opemting procedue for depature had occured letween tle two repoting periods.
Compaison of thedaa in figureA-70 with simila daa in reference 5 showstha athough
charges in flap usge for apprach ted occured, hese clnges were notas damatic as hose
seen for the departure phase. Figures A-71 and A-72 show thecumulaive probdility of
maxmum dynamic pessureencounteed while in diferent fap detentsfor the depature and
approactphasesespectively. The sinde points for detents 40 and 45figure A-71 indcate a
sinde ocaurrence of these settings during departure.

5.4.2 Speed Bake/Spoiler Usge Dat.

Information on speed brake operations during flight was determined to beof primay interest to
various usersof the data. Therefore, satistics on speed rake usge as a funabn of sgeed,
altitude, and deflection gte were derived rbm the meased data. To be countedas a
deploymentcycle the sped bake had to eflect more than 7 dgreesfor a peiod of 3 €£conds.
Dataon spoileropeaationsoccuring during the landig roll are awailable, but wee not redced
into sktistical format Figure A-73 preent the cunulative occurrencesof maximum speed
encounteed while the spml brales wee deplyed, while figure A-74 presents theumulative
occurenas of speedat the moment of spd brale deplyment. Figure A-75 pregents the
cumulaive occurrences of dtitude a the moment of sped brake deployment. Figure A-76
presents the cumulaive probaility of maximum degloyment angle reached durirg the time
that the speedbrakeswere deployed for the flaps retacted confguration. As can le seen in
figures A-73through A-76 speed brake cyclesoccuron aveaage lessthanonce perflight. Speed
brake cycles occured but wee not countedfor the conditions of flaps eflected in various
detents.

5.4.3 Thrust ReverseData

Cumulaive probailities of duréion and sped assocated with thrust revieser operaons wee
derived from the measureddaa. Figure A-77 presents thecumuldive probebility of totd time
tha thrustreversersare deployed. Figure A-78 presents thecumulaive probability of the sped
a the time when thethrust reersers weredeployed or stowd. Although normadly the thrust
reversers aredeployed and stowel a singe time for each landing, the meaured data showed two
cycles of thrusteverser opeation on a éw occasions. This accountsfor the rare occurence of
thrust reversedeployment at speds as low as 45 knots irgtire A-78. The dataprocessig did
not evauate the engine powe lever angles exsting at these spcific low-speed hrust reverser
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deployments. Howeve, at such low speEls, exaust gas rngesting becomesa conern.
Normally the engine mantacturer speifies a thrustreverser cutoff speed, typically about
50 knots, below which thrust rengers should not be used.

5.4.4 Landing Gea Extension/Retraction Data

Landing gearoperaing statistics were reduced fromthe measuweddaia. The nformaton can be
used to support desigevaluation, and monitorgnof the landig gearand associad structure.
Figure A-79 shows theumuldive probability of totd time with thelanding gea extended after
liftoff. Figure A-80 showsthe cumulaive probdility of time with the landing ger extended
prior to touchdown.As is expected, the time with geartexded durig apprach is considerabpl
longer than the time after liftoff wlan the pilot retracts thgear within secondsafter liftoff.
Figure A-81 presents thecumuldive probebility of the maximum arspeed during the time tha
the gear is eended fo both the depdure andapprach phass of flight.

5.5 PROPUILSION SYSTEM DATA.

The cumulaive probability of engine fan speed N; assocated wih thrustrever®r opgatons was
derived from the masurd N; engine paameer. Figure A-82 presents the cumuldive

probaility of engine fan speed N; at takedf, at thrust reerser deplyment, ad the maxmum

fan speedN1 encourgred duing the time that the thrust reverser is dgld.

6. CONCLUSIONS.

Incorpordion of the additiond data formats provide rew and informaive staistical informaion
to theaircraft manufadurers, @lines, and the FAA.

Comparison of theugt loadfactor acurence daa of this reportbasedon 13,916hourswith the

same data bad on 817.7 hours ineferene 3 showsgyeneral agreenent for incementalload

factor lews to plus or minus 0.5.g At higher load factors the new data shows reduced
occurrencelevels, indicating tha the extrapolaion of limited dda samples may lead to eroneous

results. An identical condusion is drawn whecompaing the maneuver load factor results. The

FAA goalis to collect aminimum of recoréd flight hours equal to oneesign life to provide a
reliable daabase It would sem prudent to ontinuethe daa gathering for sometime, until a

stable databa&ss obtained.

The autopilot and flap usage presented in this report differ significantly from earlier usags
presented ingferene 3. This siggests that th@pemtional proceduresemployed charge over
time. Changes in operéiond procedures would beexpected to gply to al identicd aircraft in
the airline fleet. To track the impat of suchcharges a sinde repesentative iacraft should
remain installed with a fjht loads reorde throughout its life.

The dat in figure A-66 shows hat the measued gust load fators for he flaps exended
configuration often @cur outside the edign V-n diggram. The dita swggests that the psent
gust degin requirements for ta flaps exended cofiguration mg nesd to be reviewed for
adequay. An assessmentf ahe appropgateness othe continued usef dJye values spedied in
FAR 25.345 for hyh-lift devices appars to be justified.Derived gust velocity, Uge, values
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obtained from this efid show deviation from theath presated inreference6. In general, for
altitudesbelow 1,500 feet thB-737-400 dat show hgher leels of occurencesor the upvard
gusts ad fewer for thedownward gusts tha presented in rderence 6. For the dtitude range
from 1,500-9,50Geet the occurrences fronthe B-737-400compare ey well with the reference
6 data. For levels aboe 9,500 fet the B-737-40(ccurrences are below thosepredictedby
reference 6. In as mudc as reference 6 represented a rather preliminary effort to ddine
atmospheric turbuleean powe specta format, theB-737-400 datasshouldalsobe compaedto
other stug results to provide a moreomplete asssment of theB-737-400 d@ta and its
influence on futue desgn requirements.

Furthermae, alculation of turbulene field mrametrs, Pandb values,basedon the B-737-400
data is considereddesirable andshould be included in futwe dataredwction efforts. The
resultingvalues should be compeda with turbulence field parameters spexfiin reference 6
and AppendixG to Part 25 of theAR.

Thetechniqueused in this rgort to sparate gust and maneuver accderations resultsin positive
maneuver ocurrenaes only. The most common method previopsised to segrate maneuve
and gistaceelerations has been the salled 2-gcond rule.From reviews ofmeasued dataand
studies of air@aft respons to elevato motion it was determined that fderger aircraft
essential} all of themaneuerloadfactorpeaks can bexpected to be countedaftime between
zero crossing greagr than2 seconds is usedLoadfactor peaks with ero crossing less than 2
secondwvill mostly all begusts. This approach resulted in theeittification of both positive and
negativemaneuer occurrenas. A cursay review of theB-737-400 acelerdion data shows that
pitching maneuvers resulting in both positiveand negtive accelerations do ocur with some
frequerty and magiitudein the climbphase. Unfortunatel these ocurences a countedas
gusts. A study to evaluatethe impact of diferent maneuveandgust sepeation criteia is vey
important and should be done befanuch is madef the diferencesin the gustfrequeries
noted and beie turbulere field paranaters aie deived.

Statistical information on fligt control surfae activity is a \eluable input to thedesgn
requirements fo these sumces and theirassociatedcomponents. Flight control suface
deflections a& recorced at two samples psecond2 sps) anctaneasily be redwedto provide
the desired informtion. Unfortunatey, theae ae doubts about thadequay of the sampling
rates to providediable results. For this reason the fljht control surfae dflection datawere
not processed. A study to detemine the samplig ratesas a fuition of control surhce
deflectionrate neessay to provide aceptabé statistical surige ddlection information would
be invaluable.
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Takeoff Gross Weight (1000 Lb)

| 11398 Flts I 80-90 | 90-100| 100-110| 110-120| 120-130( 130-140| 140-150| Total

0-250 0.14 2.343 6.413 5.782 2 16.678

250-500 0.044 2.676 9.203 13.397 10.177 0.035 35.633

500-750 0.132 1.904 5.027 9.589 1.105 0.009 17.766

750-1000 0.079 1.237 3.834 9.037 4343 0.009 18.538
s
g

3 1000-1250 0.149 0.886 2.062 2.316 0.105 5519
5
2
o

% 1250-1500 0.026 0.307 0.404 0.658 0.07 1.465
2

1500-1750 0.053 0518 15 0.912 2.983

1750-2000 0.009 0.035 0.123 0.842 0.316 1.325

2000-2250 0.018 0.088 0.088 0.193

Total 0.184 5.229 18.942 | 29.321 33.927 10.888 1509 100

FIGURE A-5. CORREIATION OF TAKEOFF GROS WEIGHT AND FLIGHT DISTANCE,
PERCENT OF FUGHTS

Gross Weight at Liftoff (1000 Lb)

11398 Fits | 80-90 | 90-100| 100-110| 110-120( 120-130| 130-140( 140-150| Total
§ 80-90 0.184 1.193 0.132 1.509
o
S)
S]
a3
c 90-100 4.036 11.046 1.939 0.114 17.135
g
°
S
E 100-110 7.765 19.635 4.834 1.044 0.035 33.313
T
=
f=4
g 110-120 7.747 28.356 9.116 143 46.649
1]
1%2]
o
© 120-130 0.623 0.728 0.044 1.395
Total 0.184 5.229 18.942 | 29.321 | 33.927 | 10.888 1.509 100

FIGURE A-6. CORRELATION OF GROS WEIGHT AT LIFTOFF AND TOUCHDOWN\,
PERCENT OF FUGHTS



Maximum Altitude (1000 Feet)

11723 Flts 0-5 5-10 | 10-15| 15-20( 20-25 | 25-30 | 30-35 | 35-40 Total
0-250 0.051 | 0.563 | 1.638 | 2.602 | 9.068 2.269 0.392 0.136 | 16.719
250-500 0.017 | 1.689 | 14911 | 10.663| 8.249 | 35.528
500-750 0.068 0.768 8.462 8.436 | 17.734
§ 750-1000 0.06 0.478 9.733 8.317 | 18.587
]
< 1000-1250 0.034 0.094 3.062 2.32 5511
2
[a)]
E@ 1250-1500 0.026 0.631 0.793 1.45
=
1500-1750 0.026 1.467 1.476 2.969
1750-2000 0.026 0.887 0.384 1.297
2000-2250 0.171 0.034 0.205
Total 0.051 | 0.563 | 1.638 | 2.619 | 10.919 | 18.596 | 35.469 | 30.146 100

FIGURE A-7. CORRELATION OF MAXIMUM AL TITUDE AND FLIGHT DISTANCE,
PERCENT OF FUGHTS

Total Flight Distance (NM)

11723Fis | 0-250 | 250-500| 500-750| 750-1000| 1000-1250| 1250-1500| 1500-1750| 1750-2000| 2000-2250| 2250-2500
29,500-39,500 | 009 | 2003 | 514 64.46 70.11 76.33 80.4 81.79 81.63 83.56
19,500-29,500 | 28.14 | 4266 | 266 20.27 17.95 14.44 116 1132 1254 1217

g 9,500-19,500 | 4213 | 2202 | 12.76 8.69 6.94 5.67 471 3.99 3.44 24

'y

2

& 45009500 | 1673 | 86 526 3.66 2901 2.05 213 177 125 0.92

3

2

= 1500-4500 | 1031 | 524 3.00 2.18 16 1.19 0.93 0.93 0.89 0.71

500-1,500 2.04 1.07 0.68 0.49 0.34 0.23 0.18 0.17 0.18 0.16
0-500 056 | 0.38 0.21 0.24 0.16 0.08 0.05 0.04 0.06 0.08
Total 100 100 100 100 100 100 100 100 100 100

FIGURE A-8. PERCENT OF TOTALDISTANCE IN ALTITUDE BANDS
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FIGURE A-63. COINCIDENT MANEUVER LOAD FACTOR AND SPEED VERSUS V-n
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FIGURE A-64. CONCIDENT MANEUVERLOAD FACTOR AND SPEED VERSUS V-n

DIAGRAM FOR FLAPS EXTENDED
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FIGURE A-65. COINCIDENT GUSTLOAD FACTOR AND SPEED VERSUS V-n
DIAGRAM FOR AHLAPS RETRACTED
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FIGURE A-66. COINCIDENT GUSTLOAD FACTOR AND SPEED VERSUS V-n
DIAGRAM FOR FLAPS EXTENDED
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APPENDIX B GREAT CIRCLE DISTANCE CALCULATION

North Pole
¢
[ 0
= )
Given:

Latitude and Logitude p= distance fom cener
of Departue and ¢ = ande from North Pole
Destindion Airports 0 = ande E/Wof prime meridian

Procedure: (see skatt)

The standard mathematical sysem for spheical coordnates is shown, wherehree vaiables
specfy locaion: p,¢, and6.

Let a= Gret Circle Distane in angillar measue.
Latitude is measured awalyom the Equatof0°) to the North Pole (+90%ndthe SouthPole
(-90°); wheeas in the standa spheical coodinate system, the North Pole, Equator, and South
Pole lie at 0°, 90°, and 180°, respeely. Therefore,

¢ = 90° - latitude

transforms lditude realings into equivdent angles (¢) in the standal spherial coordinde
sydem

Then

c = 90° - Latitudepes

whereb andc are vdues of ¢for the depeure and destination locationgspectively.
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Longitudeis measured away from the prime meridian (0°). Longitudes to theeast are positive
andto thewestnegative. Howewer, the saindard spheical coadinake system measues ts argles
in the opposite directionTherdore,

0 = - longitude
transforms logitude readings into equivaént argles @) in the standard smnical coordinate
system.
Then

A (- Longitudepes) - (- Longtudepep)
Longitudepe, - Longitudepes

whereA is thevalue of 8 between tle depature and destination locations.

Thefollowing equation, based ondtspherial coordinae system, allows the computation of the
GreatCircle Distancea. (Law d cosines fooblique spherid triangles)

cosa = cosb cosc + sinb sinc cosA
Substituing for b, ¢ andA from the abovequalities,
cosa = cos (90% Latpep) €OS (90° - Lates)
+ sin (90° -Latpe) Sin (90° - latpes) COS (LONpep - LONpes)

Since

cos (90° 4 atpey) = sinLatpep
c0s (90° L atpes) = SinLatpes
sin (90° -Latpey) = coSLatpep
sin (90° -Latpes) = cOSLatpes

by replacement one obtains
cosa = sh (Latpep) Sin (Latpes) + COS(Latpe) COS (Latpes) COS (LONpes - LONpep)

Thus a, the angular measure 6 the great circle arc conrecing the depdure and desinaion
locations, is obtained as
a = co$' [sin (Latpep) Sin (Latbes) + COS (Latpep) COS (Latpes) COS (LONpes - LONpep)]

So, for aexpressed in radians

GCD = aradlansD18Odeg 0060 min. DD 1nm D énosooa@nm
O radiang] 1deg DDlmm D

and fora expressed in digrees,

oo 0
GCD = adegeesi%Bomm DDlnm =60anm
O1deg OO min. D
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Appendix — List of FAA Technical Reportts Publishedin FY98

Report Number

Title

R&D Highlights 1998

Highlights of the major accomplishments and applicatio

r—=4

DOT/FAA/AR-TN97/50

Comparison of Radial andi&s-PY Tire Heatingona B-727
Aircraft

DOT/FAA/AR-97/99

Fire-Resstant Materials: Reseach Owerview

DOT/FAA/AR-95/18

User’'s Manal for theFAA Reseach andDevelopment
Electromagetic Database (FRED)

DOT/FAA/AR-97/7

Advanced Pasment Degjn: Finite Element Modeling for
Rigid Pavementalnts, Reportl: Model Development

DOT/FAA/AR-97/26

Impact of New Large Aircraft on Airport Desgn

DOT/FAA/AR-97/64

Operational Egluation of a lalth and Uage Monitoring
Systems (HUMS)

DOT/FAA/AR-TN98/15

Fire Testing of Ethanol-Based Hnd Cleane

DOT/FAA/AR-95/111

Stress-htensity Factors for Elliptical Craks Emanding
from Countersunk Rivet Holes

DOT/FAA/AR-97/9

An Acoustic Emission Test for Adgraft Halon 1301 e
Extinguishe Bottles

DOT/FAA/AR-97/37

Development of atmproved Magneto-Optic/EddyCurrent
Imager

DOT/FAA/AR-97/69

Automaed Inspetion of Aircraft

DOT/FAA/AR-97/5

Marginal Aggregates in Fexible PavementsField
Evduation

DOT/FAA/AR-97/87

A Predictive Methodolgy for Delamination Growth in
Laminated Composites, Part Theoreti@al Development
and Prdéiminary Experimentd Results

DOT/FAA/AR-TN97/103

Initial Development of an Exploding Aerosol Ca Simuldor

DOT/FAA/AR-97/56

Applications of Facture Mechanics to theDurability of
Bonded Compositeoints
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Report Number

Title

DOT/FAA/AR-96/97

Stress-htensity Factors Alorg ThreeDimensiona Elliptical
Crack Fronts

DOT/FAA/AR96/119

Vertical Drop Test of 8Beeclrraft 1900C Airliner

DOT/FAA/AR-98/22

FAA T53-L-13L Turbine FFagment Containment Test

DOT/FAA/AR-97/85

Response and Failure of Composite Plates with a Bolt-H
Hole

DOT/FAA/AR-98/26

A Review of theFHlammability Hazard of Jt A Fud Vapor
in Civil Transport AircraftFuel Tanks

DOT/FAA/AR-TN97/108

Effects of Cortentraed Hydrochloric Acid Spills on
Aircraft Aluminum in

DOT/FAA/AR-TN98/32

Carg Compatment Rre Proection inLarge Commecial
Transport Aicraft

DOT/FAA/AR-98/28

StatisticalLoads Dad for Boeing 737-400Aircraft in
Commecial Opeaations

DOT/FAA/AR-97/47

Development of Adanced Computational Modelsrfo
Airport Pavement Degn

DOT/FAA/AR-98/34

Health Hazards of Combustion Products&m Aircraft
CompositeMaterials

DOT/FAA/AR-97/81

Bioremedation of Aircraft Deicing Fluids (Glycol) at
Airports

DOT/FAA/AR-TN97/8

Heats of Combustion of HigTempeature Poymers

DOT/FAA/AR-95/29

FACT SHEETS

Fiber Composite Anghbis and sign: Composite
Materials and Laminates, Volumel

Note: This document’s PDks unique fom the above
documents in that some of the Adolaeigational tools
cannot be used sh as se&hing and mokmarkirg. To
navigate in this document, gedown to the &ble of
ContentsList of Fgures, andList of Tablesvhere the
entries ae linked to the boglof the d@ument.
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