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EXECUTIVE SUMMARY

The University of Dayton Resarch Institute (UDRI) is supporting Federal Aviation

Administrdion (FAA) reseach on tre strudurd integity requirements fa the US coommaecial

transport airaft fleet. The gimary objective @ this resarch is to support thEAA Airborne
Data Monitoring Systems Resarch Pragram, RPD-510, y developiy new and improved
methods and criterior processig and pesentig large commaetial transportaircraft fli ght and
ground loadsusag data. The sce of activities perfomed involved (1) dfining the servte

related factorswhich dfect the operationd life of commercial aircraft; (2) designing an efficient

softwae system to reduce, store and process lar@ quantities of optica quick access reorder

data; and (3) providing processed dda in formats thd will enable the FAA to reassess existing

certification aiteria.  Equally important, these new data will aso enable the FAA, the aircraft

manufactuers,andthe airlines to better umistandand control those &ors which iffluence tte

structural integrity of conmercial transpat aircraft. Presented heein ae anaysesandstatistical

summariesof datacollected fom 3987 flidhts representing 7120 flight hoursrecaded on six
MD-82/83 airceft during typical operational usge. The dita include statisticalinformationon

accelerations, speds, dtitudes, flight durdion and distance, grossweights, speed brake/spoile

cycles, thrust resrser usag, andgust velocities encountered.

Xi/Xii



1. INTRODUCTION.

The Federa Aviation Administrdaion (FAA) has initited an Airborne Data Monitoring Systans
Research Rogramto colect process,and evaliate statistical flight loadsdata from transport
aircraft used in normd commerdal airline opeations. The objectives of this prgram ae to
(1) acquie, evaluate,and compae typical opaationalin-service datawith prior data usd in the
design and qualificationtestirg of civil transportaircraft and @) providea basis to improve the
structuralcriteria and methods ofasign, evaluation, and substantiationfofure arcraft. Since
the ncepton of he FAA’s Airborne Data Monitoring Systens Research Program, the scope of
the program has s#ily increased to include datcollection on additional asraft, different
aircraft models, and additional opors. UDRI has supported thEAA efforts in dataanalysis
and processm tasksand repaot prepaation. In consultationwith aircraft manufaturers and
opeaators, theUniversity has enhanced and improvel the data processing capabilities to alow
redudng, analyzing, and reporting additiond aircraft usage and stdistical loads data from the
digital flig ht loadsrecorders into aform tha will fulfill the requests of theaircrat manufacturers,
the airlines,andthe FAA. The repaot presents @a obtained rom six MD-82/83 aircraft oer
3987 flights and 7120 hourd airline opeations fora sinde operator.

2. AIRCRAFT DESCRPTION.

Table 1 presnts cerin opegtional chaacteistics of the sixMD-82/83 aircraft equippedwith
optical quick acess reorders. Figure 1 shows ffont, top, and side viewsf the aircraft and
identifies its mgor physical dimensions.

TABLE 1. MD-82/83 ARCRAFT CHARACTERISTICS

Maximum Tai Weight
Maximum T&keoff Weight
Maximum Landing Weight
Zero-Fud Weight

Fuel Capaity

2 P&W JT8D-217A/C/219 Enimes
Wing Span

Wing RefeenceArea
Wing MAC

Wing Sweep

Length

Height

Tread

WheelBase

150,500/161,000 Ib
149,000/160,000 Ib
130,000/139,500 Ib
122,000/122,000 Ib
5,840/7,000 U.S.ajons
@ 20,000/21.000 Ibs static thrust each
107.85 ft

1,209.3

11.21 ft

24.5 degrees

147.8 ft

29.6 ft

16.7 ft

72.4 ft




40.2 FT

107.9 FT - |

200%
x
—-Ia.s FT ‘ 1.8 FT (TYPE TID 53x50

’ 875 1155
180
665 20x36 27x60
(TJ:;g21> 53320 53x50 (TYPE IQ {TYPE b

ls4

299 FT

|
QY& YO P
ﬁ%ﬁ{/” ;‘l:r (_ g £ 8! —
@) [}

I-— 16.T FT ~’i T I ! 724 FT —%

136.4 FT

I.__

147.8 FT

FIGURE 1. MD-82/83 THREE-VEW DRAWING

3. AIRLINE DATA COLLECTION AND EDITING SYSTEMS.

The airline datacollection andediting system consists of two major componen(4) the daia
collection gstem installed onboard the amft and (2 the ground data editing station. A
schematic overview of the system is given in figure 2. Therequirements for thedaa acquisition
and proessirg are defined in rderence 1. The collection and diting systems ae disaissd
below.

3.1 DATA COLLECTION SYSTEM

Theonboarddata collection g/stem consists of Bigital Flight Data Acquisition Unit (DFDAU),
a Digital Flight Data Recader (DFDR), and anOptical QuickAccess Recordr (OQAR). The
DFDAU collectssensorsignals and sends pallel data gjnals to both the DPR and the OQAR
The OQAR is prgrammed to start @rding once ertain datasignalsare detected. The OQAR
is equipped with an optical disk whiclarcstore upto 200 hoursof flight datg whereasthe
DFDR uses a 2hour looptape.The optical disk is periodicallrenovedfrom the OQAR and
forwarded to theground pocessiig 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 transkrring the raw fli ght datainto DOS file famat onto hard disk.The most
important of these fundions indudes 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 persecand
Lateral Accderation 4 persecand
Longtudinal Accderaton 4 persecand
Aileron P@ition 1 persecand
Elevator Postion 1 persecand
Rudder Psition 2 persecand
Pitch Trim Positon 1 persecand
Flap Paition 1 per 2seonds
Spoiler Defl ection 2 persecad
EPR #1 1 persecand
EPR #2 1 persecand
Thrug Rewersa Status 1 per 2seonds
Squat Swich (ncse gearstatus) 1 per 2seonds
Gear $atus 1 per 2seonds
Calibrated Airspeed 1 persecand
Mach Nunber 1 per 2seonds
Pressre Altitude 1 persecand
GrossWeight Adjugedfor fuel burn rate
BankAngle 2 persecmd
Pitch Ange 2 persecmd
Magnetic Headng 1 persecmd
Tota Air Tenperatue 1 per 2seonds
Radio Alitude (not aailable on 4l 1 persecand
airplanes)

4.1 DATA REDUCTION.

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

Data editing and verification are performel on the daa as the time histories ae being prepared.

Messages alet the user Wwen obviousl erroreous dataare removedand/orwhen guestionable
data are retined butneed ® be manualy reviewed pror to their acceptince. Table 3 lists the

limits against whid thedaa are compaed.



TABLE 3. PARAMETER EOTING VALUES

ltem Condiion Min Max
1. | Gross Weipt At startup 75,000 Ibs| 160,000 Ibs
2. | Pressre Atitude(Hp) At all times -2,000 ft 45,000 f
3. | Calibrated Airspeed At all times duing flight opeations 45 Ks 420 Ks
4. | Normal Accekrdion At startup ard shudown in flight -29 +4 g
5. | Lateral Accderation At all times +0.5¢ +0.5¢
6. | Longtudinal Accderaton | At all times +1.09 +1.0g
7. | Flap Hanlle Rosition At all times -1° 45°
8. | Elevator Postion At all times +25° +25°
9. | Aileron Rosition At all times +15° +15°
10. | Rudder Psition At all times +18° +18°
11.| Trim Positon At all times -15° 25°
12.| Spoiler Deflection At all times -1° 60°
13.| EPR 1 and 2 At all times 0.6° 2.5
14.| Thrud Rewerse Pasition Stowed & gartup andshutown 0 1
15. | Autopilot Status Off or on 0 1
16. | LandingGearPostion Down at sartup andshutdown 0 1
Up within 10secmds dter takeoff
Down within 10 minutes befrelandng
17.| Pitch Attitude At all times -20° +30°
18. | Bank Attitude At all times +60° +60°
19. | Mach Number At all times 0 1

Important chaacteistics about ezh set of flghts reeived from the airlineare recaded ina
relationd daabase 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 &t 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 msendtion. Table4
lists thepaameers usel in thedata redudion and for which time histowy files are created and
conpressed onhe megneto-opical disk. Thes paameters are ugd by the summarizaton
softwarefor statistical anaysis and dta presenétion.




TABLE 4. RECORDED PARAMETERS USEIN DATA REDUCTION

Flight Paraneter Sample Rate
GrossWeight Fromflight log, and
adjuged during
flight for fuel burn
Fuel Quatity Fromflight log, and
adjuged during
flight for fuel burn
Pressire Altitude 1 persecad
Calibrated Airspeed 1 persecad
Normal Accekraion (n,) 8 persecad
Lateral Accderation (ny) 4 persecad
Longtudinal Accderation (n,) 4 persecad
Flap Paition 1 per 2seonds
Spoiler Defl ection 2 persecad
Thrug Reverse Status Discrete
Squat Swich (ncse geal) Discrete
LandingGearStdus Discrete
Pitch Ande 2 persecad
BankAngle 2 persecad
Mach Nunber 1 per 2seonds
Magnetic Headng 1 persecmd

4.3 COMPUTED PARAMETERS

Derived gust velociy, Uge, and continuousgust intensity, U, are important stdistical load
parangters which are derived ffom measued nornal accekratons. This derivaton of gust
velocity, Uge, and continuougust intensiy, U, from measured nomal accekrations requies
knowledge ofatmospheric densit equivaént airspeedand d/namic pessure.Thesevaluesare
calculated usirg equations tha express therae 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 énsity p is expressel & afundion of dtitude by
p =p, (1-6.876x107° x H, )**° "

where @ is air densif at seadvel (0.002376%lugs/ft’) andH, is pressurealtitude (ft). Pressure
atitude is arecorded paraneter.



4.3.2 Equivalent Airspeed

Equivalent airspeefV) is a furttion of true airsped {/1) and the saare root of the &tio of air
density at dtitude (p) to ar densiy at sa level po)

v, =V, [ 7
Po

True airseed is deried from Mach number ) and seed of sounda) as
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 xa,%x(1-6.876x10° xH )" *x(1-6.876x10° 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 arspeed (ft'sec)

Jo)
\/

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 -
oW 9

9)
where

p, = 0.002377 slutft®, standard seaVel air censity

equivalent airsped (ft/se¢
aircraft lift-curve sbpe peradian
wing referene aea(ft?)
gross weight (Ibs)

0.88u

53+u

=0 oL
Q

~
Q&
1

= gustalleviation facbr

2W
pgcC,, S
air densiy, sluy/ft®, a pressuredtitude (Hp), from equation 1

32.17 ft/set
wing meangeometric chord (t)

oQ

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 spectal densiy (PSD) functions provide aturbulene desciption in terms of the
probaility distribution of the root-men-squae (rms) gust @ocities. 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, = gustpeakincrenenil normel accekraton
A = aircraft PSD gist esponse fator:MF(PSD) in —* (11)
2w ft/sec

po = 0.002377slugft®, standard sea\lel air censity
Ve = equivalent airsped (ft/se¢
C,, = arcraftlift-curve sbpe peradian
S = wing reference aea(ft?)
W = gross weight (Ibs)



F(PSD) = , dimensionkss 12
(PSD) Jr ELB\110+ 1 (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 c i
N = 0(Oet =re U] , dimensionless (14)
No(0) 203[@, 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 = = : — (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 phes[faul groundphaseqtax 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 he flaps. When tis occurs, he flight loadsdat are combined and presengd in a
sinde flight phase.The UDR software createsa fil e which chronolaggically lists the phasef
flight and theicorrespondingstartingtimes.
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FIGURE 3. DESCRIPTION OF PHASES OF FLIGHT

TABLE 5. PHASE G- FLIGHT STARTING CRITERIA

Phase of kght | Conditions at Start of Phase

Taxi Out Initial condition

Takeoff Roll Computed airspeed > 45 knots @r10.159g

Departue Time at liftoff; flaps exended

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 < -250 ft/min. for & least 1minute

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

Landing Roll Touchdown

Taxi In Magnetic headig charge greater than 13.5 erees afte touchdown

The criteria for the start of thetakeoff roll is ddined as the earlier of (1) the time tha the
computedspeedexceeds45 knots or (2) the time that the Igitudinal acelemtion exeeds 0.15
g prior to liftoff.

The criteria for the start of t&i in is ddined & the time when theaircraft turns off theadive
runwagy. The nethod for deécting turnoff is to monitor the ngmetic headingchange for a
charge greater than 13.5 degreéom the landig magietic feadirg. The time when the
heading stats to change in the turnoff direction is then identified as the start of theturn or the
begnning of the &xi in phase. This method can fail to dd#ta shallow turnoffonto a padilel
taxiway. In this casan aerage landimg roll of 32 seonds duration is assumed and thrnoffis
marked as 32exonds &er touchdown.

The crieria for determining the pich argle at takeoff has ben defned as he amle occuring
just prior to the airplane lbemingairborne.
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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 afundion of time

The stge lergth is defingl as the distarcfrom dem@rture airport to destination airpoandis
determined astie 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 theaircraft & the point of liftoff and
the point of touchdown.

Theintegraied flight distane D is obtaned by the numeri@l integation from thetime a liftoff
(to) to the time of touchdown, andV is the averge \elocity during At.

th
D=3% AtV (16)
[

4.4.3 Sign Convention

Acceleraton dat arerecorded n three drections:normal (2), laterd (y), and lomitudinal ). As
shown in figure 4, thepositivez direction is up; thepositivey direction is airplane starbod; and
the positivex direction is forvard.

z
Up
A y Starboard
« /
Forward P Paallel to Fusdage
< p

/ Refererce Line

FIGURE 4. SIGN CONVENTION FOR AIRPLANE ACCELERATIONS

4.4.4 Peak-Vallgy Selestion.

The peakbetween-mens method preentedin reference 2was used to seté the peaks and
valleys in theaceleration data. This method is consistent with past praegsi@and petains toall

aceeleratons (i, n, Ang, An, An, ). Figure 5 depits an eanple of the peak-betveen-nean
criteria. This methodcountsupward events as positive and dowawd eents as negjive. Only
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onepeak or me valley 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 An,, An, and An, , the threshold ane is +0.05 g for lateal

aceeleraton ny, the threshold nne is £0.005 g and for lomwitudinal acelegations ny, the
threshold pne is 9.0025 g

€@ CLASSIFIED PEAK

O ‘“MEAN CROSSING"
(© CLASSIFIED VALLEY

4 & — — — @ —& — — #— - Deadband

Threshold Zone

FIGURE 5. THE PEAK-BETWEEN-MEANS QLASSFICATION CRTERIA

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 aceleraton 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
/7‘ Acceleration

. Value
Previous
Acceleration
/*\Value Deadband

-\ 4
/\*\ */’\ / ~

% *

N Current \ /

Deadband * Current x
Acceleration Previous
Value Acceleration
Value
FIGURE 6a CURRENT ACCELERATION VALUE FIGURE 6b. CURRENT ACCELERATION VALUE
PASSES INTO DEADBAND PASSES THROUGH DEADBAND
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Italicized text in table 6 summazes theaction(s) tken when the various possibilitis ocur.
Notethat when a gevious @cekration value isatainedas a potential @, its coincident time is
also reained.

TABLE 6. PEAK CLASSIHCATION CRITERIA

Prevous Accderation
Vaue Rdative to Current Acceleration Vaue Relative to Deadband
Deadland Below Within Abowve
Current accedration pases | Current accegration Current accedration ison
throuch dealbard. passesinto deadand same sde of deadandas
Abowe Previaus value classifiedas | Previous value classified | previous.
Previous valueis a postive peak. asa postive peak. If current > previous
potertial pasitive peak Current vaue retanedasa | Acceleation value value, etain curent value
potenial neggative peak flaggedasbeing in aspotenial positive peak
deadland and release previous
Within Current accedration pases Current acceération
At start of processing, or | downward out of deadband passe upward ou of
apeakwas egablished Current vaue is retaned as No Action dealbard.
but curent accéeration a potenial negatve peak. Requied Current vaue retdnedas
value has nat sincegone potertial positive peak.
outside of deadbad
Current accedration is on Current acceération Current acceération
same sde of deadbandas passesinto deadand passes through dealbard.
Below previous. Previousvalue is Previousvalue is
Previous valueis If current value < pevious | edablished asa negtive | classifiedas a negative
potential negative peak value, etain current value | peak. peak.
aspotenial negative peak | Acceleation value Current vaue retaned as
and release previousvalue. | flaggedasbeing in potertial positive peak.
deadland

4.4.5 Separation of Manererand Gust oadFactors

The reeorded nomal acceleration (n;) values included the § flight condition. The 1 gcondition
was removedrom each n, readng which was then ecorced asAn,. In order to avoid the
inclusion of peaks and valle associatedvith nonsigificant small load variationsa threshold
zone of M, = +0.05 gwas estblished. An algorithm was then eleloped to etract the
aceeleraton peaks and vaeys.

For each fight the meximum and mnimum fotal acceérationswere determined from just after
liftoff to just before touchdownFor thefive in-flight phases, t 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.

Theincrenmentd aaceleration measued atthe e@nter o gravity (c.g.) of the aircraft may be the
result of either maguvers @ gusts or a combination of bottn order to arive gust statisticsthe
maneuvetinduced acekration is sepated fom the total acelemtion history Most maneuer
induced bads ag assod@ted wih turning maneuves.

13



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 (A”zgus) is cakulated as
An

Zgu

cAnA DN (18)

This approachdoes not sepagte the pitchig maneuers indued by pilot control inputs. In
reference 2,.B. de dnge swggests that accektions resultingrom pitch maneuversducedby
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 beenemoved
during this initial data redection effort. Since tubulence isa more dominant loadginput on
commecial aircraft than maneuvers, orreding for pitch maneuvers at a later time will not
substatially ater thestaistics presented herén.

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

acceleratiorfractionpernauticalmile and @r 1000 flight hours. Separate plots arprovidedfor
each plse of fight and al phases cormined. The An, fraction is the recorded ncrenmentl
normal load factor (airplane limit load factor minus §)0 As a result ofthe threshold zone,
only accekratons greater than #.05 g (measurd from a 1.0 g bas¢ are countedfor dat
presentation.

4.4.6 Flap Deénts.

When flaps areextended, he efecive deflecion is consdered b bethatof the appicablke deent,
asindicaedin table 7. The flap ddlecion ramges and @card sgeds eflect the flap degyn
placards.

TABLE 7. FLAP DETENTS (MD-82/83)

Flap Minimum Maximum | Design Placard
Detent | Flap Séting | Flap Sé&ting | SpeedKIAS)
1 >0.1 <1 280/280
13 >1 <13 280/280
20 >13 <20 240/240
25 > 20 <25 220/220
30 > 25 <30 200/205
40 > 30 <40 195/200
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5. DATA PRESENTATION.

Table 8 lists the statistical data pres&oh formats for whth data vas procesed andncluded
in appendixA of this report.

Figures A-1 throwgh A-78 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, hoursor nautical
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-10.

5.1.1 Weight Data

Statistical data on operational takegross veghts, 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 ingdiire A-5. The fli ght distancesn figures A-4 andA-5 are based on
the geat crcle distane between deprture and aival points. Figure A-6 provides the
correktion betweenthe takeof gross weght and tke landirg gross weght. The correlation
showsthat for most flights with light takedf weights (kess than 110,000 pounds) the lagdin
weight is within 10,000poundsof the taleoff weight. For the nedium takeoffweights from
100,000-130,000 pounds, the landing gi#s ae from 10,000-20,000poundsbelow takedf
weight. For the heaw weight takeoffs from 130,000-150,000 pounds, the larglimeights are
from 20,000-30,000 pounds below thedafik weight.

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 percent offlights. The dita show that owehalf of all flights are
flown at a maxnum altitude between 30,000 and 35,066tf Also, regardlesd dlight lengths
most flights are flown in this samatitude band.For flight lengths greater than 250 miles over
70 percentof thefli ghtsareflown between 30,000 and 40,008et altitude. Less than 1 peent
of flights ae flownabove 40,000¢fet.

15



TABLE 8. STATISTICAL DATA FORMATS

Data Degription 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

Correlation of Takeoff Fuel Weight andHight Distance Pecentof Hights A-4

Correlation of Takeoff Gross Weight and Hight Distance, Pecentof Flights A-5

Correlation of Gross Weight a Liftoff ard Touchdwn, Per@ntof Hights A-6

ALTITUDE DATA

Correlation of Maximum Altitudeand Hight Distance, Percet of FHights A-7

Percert of Total Distancein Altitude Bands A-8

FLIGHT DISTANCES

Cumulative Probability of Great Circle Hight Distance A-9

Cumulative Probability of Integrated Hight Distance A-10

GROUND LOADS DATA

LATERAL LOAD FACTOR, n,

Cumulative Frequencyof Maximum Side Load Factor During Ground Turns A-11

LONGITUDINAL LOAD FACTOR, n,

Cumulative Frequencyof Longitudind Load Factor During Ground Tax A-12

Cumulative Frequencyof Longitudind Load Factor During Landng Roll A-13

Cumulative Probability of Maximum Longitudinal Load Fador During Takeoff A-14

Cumulative Probability of Minimum Longitudinal Load Fador During Landing A-15

VERTICAL LOAD FACTOR, n,

Cumulative Frequencyof Incremental Vertical Load Factor During Tax Operations A-16

Cumul ative Frequencyof Incremental Vertical Load Factor During Takeoff Rall A-17

Cumul ative Frequencyof Incremental Vertical LoadFactor During Landing Rdl A-18

Cumulative Probablity of Minimum andMaximum Incremental Vertical Load Fador at Touchdown and | A-19

Spoiler Deployment

Coincident Increnental Vertical LoadFactor andToudidown Gross Weight A-20

AIRSPEED DATA

Cumulative Probability of Airspeedat Liftoff A-21

Cumulative Probability of Airspeedat Touchdown A-22

FLARE DATA

Cumulative Probability of Airspeeda FHare A-23

PITCH/ROTATION DATA

Cumulative Probability of Pitch Angle a Liftoff and Touchdown A-24

Cumulative Probability of Maximum Pitch Rate at Liftoff ard Nose GearTouchdown A-25

Cumulative Probability of Pitch Angle a Touchdown PeakVertical Load Fador A-26
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TABLE 8. STATISTICAL DATA FORMATS (Continued)

Data Degription Figure
FLIGHT LOADS DATA
GUST LOADS DATA
Cumulative Occurences of Vertical Gust Load Factor per 1000 Hours by Hight Phase A-27
Cumulative Occurences of Incrermrental Vertica Gust LoadFacbr per1000 Hours, Combined Flight A-28
Phases
Cumulative Occurences d Vertical Gust Load Factor per Nautical Mile by Hight Phase A-29
Cumulative Occurences of Incrermrenta Vertica Gust LoadFacbr perNautical Mile, Combined Hight A-30
Phases
Cumul ative Occurrences of Derived Gust Velocity per Nautical Mile, <500 Feet A-31
Cumulative Occurrences of Derived Gust Velocity per Nautical Mile, 500-1,500 Feet A-32
Cumul ative Occurrences of Derived Gust Velocity per Nautical Mile, 1,500-4,500 Feet A-33
Cumul ative Occurrences of Derived Gust Velocity per Nautical Mile, 4,500-9,500 Feet A-34
Cumul ative Occurrences of Derived Gust Velocity per Nautical Mile, 9,500-19,500 Feet A-35
Cumul ative Occurrences of Derived Gust Velocity per Nautical Mile, 19500-29,500 Feet A-36
Cumulative Occurrences of Derived Gust Velocity per Nautical Mile, 29500-39,500 Feet A-37
Cumul ative Occurrences of Derived Gust Velocity per Nautical Mile, Haps Extended A-38
Cumulative Occurrences of Derived Gust Velocity per Nautical Mile, Haps Reracted A-39
Cumulative Occurrences of Continuous Gust Intensity per Nautical Mile, Haps Extended A-40
Cumulative Occurrences of Continuous Gust Intensity per Nautical Mile, Haps Reracted A-41
MANEUVER LOADS DATA
Cumulative Occurences of Incrermrental Maneauver Load Factor per1000 Hours During Departure by A-42
Altitude
Cumulative Occurencss of Incrementl Maneauver Load Factor per1000 Hours During Climb by A-43
Altitude
Cumulative Occurencss of Incrementdl Maneauver Load Factor per1000 Hours During Cruiseby A-44
Altitude
Cumulative Occurences of Maneuver Load Fador per 1000 Hours During Descent by Altitude A-45
Cumulative Occurences of Maneuver Load Fador per 1000 Hours During Approachby Altitude A-46
Cumulative Occurences d Maneuver Load Factor per Nautical Mile During Depaitture byAltitude A-47
Cumulative Occurences of Maneuver Load Fador per Nauical Mile During Climb by Altitude A-48
Cumulative Occurences of Maneuver Load Fador per Nauical Mile During Cruise by Altitude A-49
Cumulative Occurences of Maneuver Load Fador per Nauical Mile During Descent by Altitude A-50
Cumulative Occurence d Maneuer Load Factor per Nautical Mile During Approachby Altitude A-51
Cumulative Occurence of Maneuver Load Factor per 1000Hours by Hight Phase A-52
Cumulative Occurence of Maneuver Load Factor per 1000Hours, Conmbined Hight Phases A-53
Cumulative Occurences d Maneuwer Load Factor per Nautical Mile by Flight Phase A-54
Cumulative Occurences d Maneuver Load Factor per Nautical Mile, Combined Flight Phases A-55
COMBINED MANEUVER AND GUSTLOADS DATA
Cumulative Occurences of Combined Maneuer ard Gust Vertical Load Factor per 1000 Hoursby A-56
Flight Phas
Cumulative Occurences d Vertical Load Factor per1000 Hours Combined Hight Phases A-57
Cumulative Occurrences of \ertical Load Factor per Nautical Mile by Flight Phase A-58
Cumulative Occurences of Vertical Load Fador perNautica Mile, Combined Flight Phases A-59
Cumulative Occurences of Lateral Load Facior per 1000 Hours, Combined Flight Phases A-60
Coincidert ManeuwersLoad Factor andSpeed Versus V-n Diagam for Flaps Retraded A-61
Coincidert ManeuversLoad Facior andSpeel VersusV-n Diagamfor Haps Extended A-62
Coincident Gust Load Fador andSpeeal Veraus V-n Diagam for Flaps Retracied A-63
Coincident Gust Load Fador andSpeal VerausV-n Diagam for Haps Extended A-64
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TABLE 8. STATISTICAL DATA FORMATS (Continued)

Data Desription Figure
MISCELLANEOUS OPERATONAL DATA

FLAP USAGE DATA

Cumulative Probability of Maximum Airspeedin Flap Detent During Departure A-65

Cumulative Probability of Maximum Airspeedin Flap Detent During Approach A-66

Percenof Timein Flap Detent During Deperture A-67

Percert of Timein Flap Detent During Approach A-68

Cumulative Probability of Maximum Dynamic Pressure in Flap Detent During Departure A-69

Cumulative Probability of Maximum Dynamic Pressure in Flap Detent During Approach A-70

SPEED BRAKE/FLIGHT SPOILER DATA

Cumulative Probability of Maximum SpeedDuring Speed Brake Depoyment A-71

Cumulative Frequencyof Sped at SpeedBrake Deployment A-72

Cumulative Frequency of Altitude a Speed Brake Depoyment A-73

Cumulative Probability of Maximum Defdoyment Angle During SpeedBrake Depoyment, Haps A-74

Retracied

THRUST REVERSER DATA

Cumulative Probability of Time With Thrust Reversers Depoyed A-75
LANDING GEAR EXTENSION/RETRACTION DATA

Cumulative Probability of Time With Landing GearExtended After Liftoff A-76

Cumulative Probablity of Time Wth Landing GearExtended Priorto Touchdown A-77

Cumul ative Probability of Maximum AirspeedWith Gea Extended A-78

Figure A-8 presents thepecent of totd flight distance spent in vaous dtitude bands & a
function of flight distarce. The flight distanes in figure A7 reflect the stge lengths, wheeas
the flight distanes in figure A-8 are based on thnumerial integrationapprach mentionedin
paragraph4.4.2. The combinednformationin figuresA-7 and A8 provide acompehensive
picture of the flght profile distribution.

5.1.3 Flight Distane Data.

Flight distane statisticsusefulin the gengation of flight profiles were derived and ae pregnted
here. The cumulaive probability of flight distances flown is presented in figures A-9 and A-10.
The great circle distarce reflects the gounddistance btween two points as obtained from the
great circle distane calculation but does notnecesarily reflect the actual distance flown.
Deviation from dire¢ flight beween departure and arrival points resulting from traffic control
requirements will ina@ase theactual distance flownybsome unknowramount. To a much
lesse extent, the climb and descent distances are slightly larger than the level fli ght distance.
Heador tail winds also a unknowncontributors. The intgrated distane accounts for sah
variables. The figure povides agraphical pesentation of the dérenes in flight distane
obtained ly the two appraches.

5.2 GROUNDLOADS DATA.

The ground loads data incledfrequerty and probabiliy information on vertical, lateral, and
longitudinal accelemtions, speeds,and pitch rotation associatedvith takeoff, landig, and
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ground oprations. Thesedataare d primaly importarce to landiig gear and landing gear
backup structuer and to a legs exent to the wingfuselaye, and empenage.

5.2.1 Lateral Load Factor Bta

Lateral load factorstatistics resultingfrom ground turnig during tax were derived andre
presented. Figure A-11 shows thecumuldive frequency of maximum sideload factor durirg
groundturns. The informationis preented for pe- and postflight tax, as well as, I and rght
turns. The turning load fadors durirg taxi in ae shown to bemore severe than those
expeienced during turning while taxiing out. This is likdy the result of hgher taxi in speds.
There & no sgnificantdifference letween he nunber of Eft and rght turns.

5.2.2 Longitudinal Load Fator Data

Longitudinal loadfactor statistics werderived for all phases ofround ogeration, includig pre-
and postflignt tax, and takeoffand landiig roll. Figures A-12and A-13 pesentthe cumulative
frequerty of longitudinal load fa&tor durirg ground oprations. Figure A-12 shavs the datdor
pre- and postfght taxi. The hidher number & occurences of rgative longitudinal loadfactor
lessthan-0.15 gduring the tax in phase are possibldue to baking action ocurring at the
higher &xi in speeds.Figure A-13 shows the landgrollout with andwithout thrustreversr
deployment. Figures A-14 and A-15 present the cumulaive probability of the maximum
longitudinal load fator measwd durirg the takeoff and landiig rolls resgctively.

5.2.3 Vertical Load Factor Bta.

Vertical loadfactor statistics durm all phags of ground ogration with and without thrust
revergr were derived andare preented. Figure A-16 peseits the cumulative équeny of
incrementl vertical load facor duing pre- andpostlight taxi. Thereis no significantdifference
betveenthe occurencesfor thetaxi in and &xi out phases.Figure A-17 presens the cunulative
frequerty of incrementalvertical load factor duing the takeof roll, while figure A-18 presents
the cumuldive frequency of incrementd vertical load fador during the landing roll for opeation
with and without thrust reverserAs can be seen, there is little difference in tlemfiercy of
vertical load factor occurrences resulting from taxi, takeoff roll, and landing roll except for
positive occurreces durig landing without thrust reerser. It is notewortly (see figure A-13)
thatwhile thelongtudinal load factor a&tivity during landing without thrust regrsers is less than
for opeiation with thrustrever®rs,the oppositeis true fa the vetical load fators. Figure A-19
presents the cumulaive probaility of the minimum ad maimum inaementd vertica load
factors ass@iated with touchdown andground spoiler dployment. FigureA-20 shows the
coincident increrantal vertial load fator andgrossweight at touchdown foall flights.

5.2.4 Airspeed Dia

Figures A21 and A-22 she the cumulative pradilities of airspeed at liftofand touchdown
rotation respectivgl The liftoff speeds ae approxmately 20 knots hgher than the touchdown
speeds.
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5.2.5 Hare Data

Figure A-23 presents thecumulaive prolsbility of arspeed at flare. Since the adud instant of
flareis diffi cult to deermine with any greataccuracy, the sart of flare wasassuned to occu 3
seconds prior to maigear squat switch closer

5.2.6 Pitch/Rotation Data

The cumulaive probability of maximum pitch angle at takeoff and landing is presented in figure
A-24. Figure A-25 presents the cumulativegbability of maxmum takeoff pitch ratat takeoff
rotationandat nose @ar touchdown. For liftoff the pitch ate is for nose upatation while for
the nosegear touchdown condition the pitclate is for a wse down rotation. Figure A-26
presentghe cumulative mbability of pitch angle that occurs at touchdowregk \ertical load
factor.

5.3 FLIGHT LOADS DATA.

The flight loads data include the stdistical daa tha describe the gust aaxd 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 continuousuggt intensiy are computed vakes as desibed in setion 4.3. Since the
1950’s, it has been commonrggtice to pesent flght loads datascumulativeoccurrences.Data
that were previously recorded on theB-737 are repated in rderences 4and 5 as cumulative
occurenes per 1000 has. To compae to data fom different referenes, the normal
acelerationdata are plotted two wgs, as cumulative occuences pe 1000 hours andas
cumuldive occurrences per natical mile.

5.3.1 GustLoadsData

The qust cta ae presented in the fon of derived gust velocl, Uge, and continuougust
intensities, U,. The magitudes of the derivedust velocitiesandthe continuousgustintensities
werederived from the nmeasued gust accelerations n acordarce wih the pracedues presnted

in pargraphs 4.3.4 and 4.3.5xigure A-27 pregntsthe cumulativeoccurrencesof incremental
verticalgust load fator pe 1000 hours.The cita ae presented Y phase of flght. Figure A-28
showscumnulative occurences of ncrement vertical gust load fcor for the btal combined
airborne plses pel000 hours.Figure A-29 presentghe cumulativeoccurencesof incremend

vertical gust load factor pe nautical mile ly phag of flight, and fgure A-30 shows tk
cumulaive occurrences of increnentd vertical gust loal factor for the totd combinel arborne
phases per nautical mile. In figures A-31 throgh A-37 thederivel gust vedocity, Uge, is plotted

ascumulativecountsper rautical mile foraltitudes from sea levto 39,500 feet. The figures
also present therepeded gust véocities from rderence 6. The gust \elocity data from reference
6 are fequenty used inestablishingstructual design critaa for commecial aircraft. As canbe
seenthe gustvelocity datapresented in this repbexceeds the @a fromreference 6 ataltitudes
below 4500 feet.At higher altitudes the dataom refeence 6becones more sewere than that
obtained from the nasurements psented in this reportFiguresA-38 and A-39 pesentthe
derived gust velociy, Uge, @s cumulative counts pelautical mile with flapsextendedand
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retractedrespectively. FiguresA-40 and A-41 pesent theeumulative occrrences ofcontinuous
gust intensi per nautical mile for flapgxtended and flapstracted conditions respectivel

5.3.2 Maneuver_oads Dai

The echngue ugd b identfy maneuves assures that maneuvers ae assocated primarily with
turning conditions and that the impadtmitch maneuers is insigificantand @n 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-42 through A-46 present theeumulative occrrences of maauver load factor pe 1000
hoursby altitudefor eachof the airborm fli ght phases, i.e., departyrclimb, cruise, escent, ad

approach.Figures A-47 throgh A-51 show the cumulativecourrences of manuver lcad factor
by dtitude per naitical mile in the arborne phases of flight. Figure A-52 presents the totd

cumulativeoccurenaes of incrementalmareuver load factor per 1000 has for each plase

flight, regadless ofaltitude. Figure A-53 shows theotd cumuldive occurrences ofincrementd

maneuvetoadfactor per 1000 has forall flight phags combined.Figure A-54 shavs the total
cumuldive occurrences of increnentd maneuver load fador pe nautical mile for each phae of

flight regadless of dtitude. Figure A-55 presents the totd cumulaive ocaurrences of

incrementd maneuver load factor pe nautical mile for al flig ht phases combined.

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-56 showsthe cumuldive ocaurrenas of totd combined maneuver and gust
normal load fator per 1000 has by phases bflight, and figure A-57 shows the ccurences for
all phasescombined. Figures A-58 and A-59 show the data b figures A-56 and A-57 as
occurencesper nautical mile. Figure A-60 presents the cumulativeecurences pefl000 hours
of the lateral load factors measured durirg the flights. Assumingtha normd banked turnsare
flown as coordireted maneuvers, thelaterd load factors are the result of latera turbulence
inputs.

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

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

requirements.

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.@t speedsup to V¢ , vaying linearly with spees 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,__ .

21



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 GQJST VELOCITIES

Gust Velociy
Aircraft 0-20,000 [eet 50,000 feet
Design Speed Altitude Altitude
Vg 66 fps 38 fps
Ve 50 fps 25 fps
Vb 25 fps 12.5 fps
Flaps Exended 25 fps 1

Sufficient data togenerate V-n diagams for all weight and altitude conditions wernot
avalable. Therdore, sealevel data wereusel to devéop therepresentaive diagams, and dl of
the recoded mameuvers ad gusts were plotted on thes A weight of 115,000Ibs, the most
frequentaveiage landirg weight, was used fo the @lculations required in developig these
diagams.

Figures A-61 through A-64 show te 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-64, a largenumberof gust accelerationsoccurred
outsidethe gust V-n diagam for the flaps etended case. This is onsisteit with the daa of
figures A-31 to A33, which indicat laiger andmore frequentgust velocitiesat altitudesbelow
4500 feet.

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 es not processl becauseit wasdeemedthat the slow
sanpling rates prevented the redudion of rdiable stdistical usa@ informaion for these
components.

5.4.1 Flap Usae Daa

Flap usge statistics of value in the dgsiof flap structue, backupstructure, and other flap
componentswere redwed from the measued data. Figure A-65 presents the cumulative
probability of maxmum airspeed exounteed in various flap eéentsduring the departure phase
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of the flights. Detents 30 and 40ra not shown bexise only a singe occurence was identified
duringall theflights. Theflap ddents aredefined in teble 7. Figure A-66 presents simila daa
for the approach phese of theflights. Figures A-67 and A-68 present thepeacent of time spent in
various flap detents during thepdrture andappro&h phass of flight, respetively. As shown
in figure A-67, flap detent 13 as the detent used mmost all cases dugndeparture. From
figure A-68 it gppears thd very little timeis spat in dgent 25 duringthe approat phaeof the
flight. Figures A-69 and A-70 showthe cumuldive prokability of maximum dynamic pressure
encounteed while in diffeent flap dtents for the gparture andapprach phass resgctively.

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 nake 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 spoileropaationsoccuring during the landing roll are a\ailable but wee not redaed
into sktistical format Figure A-71 pregnt the cunulative occurrencesof maximum speed
encounteed while the spml brales wee deplyed, while figure A-72 showsthe cumulative
occurenas of speedat the moment of spd brale deplyment. Figure A-73 preents the
cumuldive occurrences of atitude a the moment of sped brake deployment. Figure A-74
presents the cumuldive probaility of maximum deployment angle reached durirg the time tha
the speed laikes vere deployed for the flaps etracted confguration. No speed fake cycles
werecounted for tk conditions of flaps defletl in various detents.

5.4.3 Thrust ReverseData

Cumuldive probailities of duréion and sped assocated with thrust reerser operaons wee
derived from the measureddaa. Figure A-75 presents thecumuldive probebility of totd time
that thrust reverses ae deplyed.

5.4.4 Landing Gea Extension and Retraction Data

Landing gearoperaing statistics were reduced fromthe measuweddaia. The nformaton can be
used to support desigevaluation, and monitorgnof the landig gearand associatedrsicture.
Figure A-76 shows theumuldive probability of totd time with thelanding gea extended after
liftoff. Figure A-77 showsthe cumulaive probaility of time with the landing ger extended
prior to touchdown. As is expected, the time withegar exended durig apprach is considerapl
longer than the time after liftoff wlan the pilot retracts thgear within secondsafter liftoff.
Figure A-78 presents thecumuldive probebility of the maximum arspeed during the time tha
the gear is eended fo both the depdure andapprach phass of flight.

6. CONCLUSIONS.

Incorpordion of the additiond daa formas in this r@ort alds consideable vaue to the FAA
Airborne Data MonitoringSystems Resach Prgram. The dita provides vey usdul statistical
information to the air@at manufctuers, airlines, ad the FAA.
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The data in this report is baon 7120 hoursFor military aircraft arule of thumb has beedhat
a minimum of recordedlight hoursequal to one degn life is recesary to provide a reliable
database However, military aircrat generdly fly a vaiety of different mission profiles. In
contrast,the commecial aircraft is used in a faigt well defined mission, esept for duation.
Thusrecoraed flight hoursequal to one ebign life may not be ecesary. What this number
shouldbeis not quite clearatthis time. At the same time the numbefr floours on which th data
in refelence 3 was bsed vas found to be insuffieint to providemeanirgful results. It would
seem prudent to ontinuethe data gathering for sometime until astable daabaseis obtaned.

The dat in figure A-66 shows hat the neasued gust load fators for he flaps exended
configuration often a@cur outside théelesign V-n diagram. Idential datain referenee 3, basedn
fewer flight hous, do not show such ocurrences. However, data in eferene 7 basd on
consideably moreflights show simila exceedances of theV-n diagam. Again, this points to
the need fo data lased on amadequat number offlight hours ad the dager of dawing
condusions baal on limited dda samples. Furthemore, the daa suggests thd the present gust
desig requirements fothe flapsextended confjuration mg need to beeviewed for adequacy.
An assessment of tlappropriateessof the continueduseof Uy values spedied in FAR 25.345
for high lift devices gppears to ke justified. Derived gustvelocity, Uge, Values obtainettom this
effort show @viation from the dat preented in redrence 6. In general, fa altitudesbelow 1500
feet the MD-8/83 data show bher levels of ocurrenas for the upward gustsandfewer for the
downward gists than msented inaference 6.For altitudes from 1500-450f@et the ew datis
slightly higherthan tha of reference 6 for both downwad and upwardyusts. For the dtitudes
above 4500 fet the MD-82/83 ocurrenas ae below those mdicted ly reference6. In asmuch
as reference 6 represented arather préiminary effort to defineamospheic turbulencein powe
spectral fomat, the MD-82/83 datshould also be comped to other studresults toprovidea
more complete asssment of the MD-82/83ath and its influene on future dsign requiements.

Furthermae, alculation of turbulere field mrametrs, P and b valudsasedon the MD-82/83
data, is considereddesirable and should be included in freudataredwction efforts. The
resultingvalues should be compad with turbulence field parameters speifiin reference 6
and appendix; to Part 25 of theAR.

The techniqueused in this rgport to s@arate gust and maneuver accelerations resultsin positive
maneuver ocurenaes only. The most common method previousisedto serate maneuve
andgustacelerations has been the-salled 2 gcond ruleFrom reviews d measued dataand
studies of airaft respons to elevato motion, it was determined thdor larger aircraft
essential} all of themaneuerloadfactorpeaks can bexpected to be countedaftime between
zero crossing greagr than2 secondsis used.Loadfactor peaks with Bro aossing less than 2
secondwill mostly all be gusts. This approach resulted in thentfication of both positive and
negative manewer ocurrenes. A cursoy review of the aceleration datashowsthat pitching
maneuves resulting in both positiveand negéive acceleraions do ocur with somefrequency
and maqitude in the climb phase. Uortunatel/ these ocurences are coued asgusts. A
study to evaluag the impact of diferent maneuer andgust sepration aiteria is vey important
and should be done foee much is mael of the differenes in thegust frequenciesnotedand
before turbutncefield pamametersare drived.
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Statistical information on fligt control surfae activity is a \eluable input to thedesgn
requirements fo these suaces and theirassociatedcomponents. lkght control surface
deflections a@ recorced at two samples psecond?2 sps) andaneasily be redwedto provide
thedesirednformation.Unfortunatey, thee ae doubts about thedequay of the smpling rates
to provide relable results. For this reason he flight contol surface dflection dat were not
processedA study to detemine the samplig rates as afunction of control surface deflection
rate necessay to provide aceptble shtstical surfae deflecion informaton would be
invaluable.
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Takeoff Gross Weight (1000 Lb)

3665
Flights 80-90 | 90-100 | 100-110 | 110-120 | 120-130 | 130-140 | 140-150 | 150-160 | Total

0-250 0.027 | 0.055 1.664 5.703 6.739 3.383 0.327 0.027 | 17.926
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IS
£
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c
g
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=
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o 1000-1250 | 0.027 0.027 0.273 0.628 0.546 0.655 2.156
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FIGURE A-5. CORREIATION OF TAKEOFF GROS WEIGHT AND FLIGHT DISTANCE,
PERCENT OF FUGHTS

Gross Weight at Liftoff (1000 Lb)
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Maximum Altitude (1000 Feet)

3987
Flights 0-5 | 510 | 10-15 | 15-20 | 20-25 | 25-30 | 30-35 | 35-40 | 40-45 | Total
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FIGURE A-7. CORRELATION OF MAXIMUM AL TITUDE AND FLIGHT DISTANCE,
PERCENT OF FUGHTS
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FIGURE A-52. CUMULATIVE OCCURRENCES OF
MANEUVER LOAD FACTOR PER 1000 HOURS
BY FLIGHT PHASE
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FIGURE A-53. CUMULATIVE OCCURRENCES OF
MANEUVER LOAD FACTOR PER 1000 HOURS,
COMBINED FLIGHT PHASES
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FIGURE A-61. COINCIDENT MANEUVER LOAD FACTOR AND SPEED VERSUS V-n
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FIGURE A-62. CONCIDENT MANEUVERLOAD FACTOR AND SPEED VERSUS V-n

DIAGRAM FOR FLAPS EXTENDED
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FIGURE A-63. COINCIDENT GUSTLOAD FACTOR AND SPEED VERSUS V-n
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FIGURE A-64. COINCIDENT GUSTLOAD FACTOR AND SPEED VERSUS V-n
DIAGRAM FOR FLAPS EXTENDED

A-36



! \\ —— Detent 1 ||
N\ --— Detent 13 ||
\ —|— Detent 20
\ ---+--Detent 25 ||
0.8 ot
L v \
\
\‘ \ \

> \ N\

= \

3 0.6

Qo

]

o

()

=

8

>

E 0.4

>

e)

0.2
0 —
140 160

180 200 220 240 260
Calibrated Airspeed (Knots)

FIGURE A-65. CUMULATIVE PROBABILITY OF MAXIMUM AIRSPEED N FLAP
DETENT DURNG DEPARTURE

1 < ‘ ‘ ‘ ‘
" Detent1 |
}_\ N \ -— Detent 13 ||
A AN — — Detent 20
IR \ \ \ ————— Detent 25 i
0.8 | "\ \ \
H "\
. | ! A \ \
\ \ \
> |3 A
= ! " \ \
e} "y \
@ 0.6 A \ \
o) \
o [ \ \ \
% _‘\ \ \
; H "I \
© K "
s L o\
S , A \
E 0.4 L } \ \ \
o -:\\ \ \
"._ N \ \
I Lo Voo
0.2 P N <
N BN
i SN
L ‘..‘ . N \ \
L .. N \
_ : = . ~
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ : ‘ ‘ ‘ ‘ ‘ ‘
100 150 200 250 300

Calibrated Airspeed (Knots)

FIGURE A-66. CUMULATIVE PROBABILITY OF MAXIMUM AIRSPEED N FLAP
DETENT DURNG APPROACH

A-37



100
R hnRRaEEE -~ A59HrS -l ---- =) ---Percent of Departure Hours (50:5-Hrs) - - -- |4

,,,,,,,,,,,,,,,,,,,, Py - |---- 1} .__Percent of Total Flight Hours (7120-Hrs) - -||

80

60

\
§
N\
§\
40 §
\
.
N\

Percent of Time

20 | RS |
Carks NN
7\\\ ——————————————————————— 0AHrs 0.09HFS - 0.00THrs 0004 H
0
1 13 20 25 30 40
Flap Detent
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APPENDIX B LGREAT CIRCLE DISTANCE CALCULATION

North Pole
¢
[ 0
= )
Given:

Latitude and longitude p = distance from cener
of Departue and ¢ = argle from North Pole
Destindion Airports 6 = argle E/Wof prime meridian

Procedure: (see sketh)

The standard mathematical system for spherical coordnaies is shown, wiere tree \ariables
specfy locaion: p, ¢, and®é.

Let a = Gret Circle Distane in argular measue.
Latitude is measured awalyom the Equatof0°) to the Noth Pole (+90°)andthe SouthPole
(-90°); wheeas in the staradd spheical coadinate gstem, the Nagh Pole, Equator, and South
Pole lie at 0°, 90°, and 180°, respeely. Therefore,

¢ = 90° - latitude

transforms laitude realings into equivdent angles (¢) in the standal spherial coordirete
system.

Then

b = 90° -Latitudepe
c = 90° - Latitudenes

whereb andc are values of ¢for the deprture and destination locationgspectivey.
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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,

6 = - 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=a radians% , [ -
(1 radian deg CIdmin.

80deg LLB0 min.L.Ifinm L] %OSOCB
[] LF %m
m

and fora expressed in digrees,

in. |
GCD = adegeesE:aomIn %an [F 60anm
ldeg I min.
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