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Summary
Task F had several elements:

1. The collection of flight loads data from commuter flight operations using a small,

lightweight instrument installed on aircraft.

2. The application of genetic algorithm (GA) approaches for determining worst case
design gust loads for aircraft with significant nonlinearities using the Statistical Discrete
Gust (SDG) method,;

3. An added task of performing a flutter analysis of a modified RC-12D aircraft for the
U.8. Army Aviation and Missile Command (AMCOM) in Huntsville, Alabama. The
latter task was funded through a “nippering” funds from AMCOM through the FAA.

The first task element was accomplished through the cooperation of an operator of
BE-1900D aircraft. Data from digital flight data recorders were obtained and were :
processed by the University of Dayton Research Institute through a subcontract with the
University of Alabama. The results were published in an FAA report as well as in an
article in the American Institutes of Aeronautics and Astronautics Jowrnal of Aircrafi.

The second task element was accomplished with the assistance of a graduate
research assistant (GRA). Results were published in a conference paper, a book chapter,
and were presented at a Gust Specialists Workshop in September 2000. Ft was found that
genetic algorithms could be used to search the parameter space defining gust velocity -
profiles for worst case load responses, but that the procedure was very time consuming

- for nonlinear systems.

The third element was accomplished during the summer of 1999 with the
assistance of two undergraduate students and a GRA. The work produced an applicable
NASTRAN finite element model, flutter analyses, and guidance to AMCOM for further
analyses.



Task Element 1: Flight Loads Data from Commuter Flight Operations

F]ight data was obtained from an operator of BE-1900D aircraft in exchange for
the processing and analysis of the data. The operator had been downloading data from
their Flight Data Recorders (FDR’s) in an effort to determine the source of fatigue
problems. The operator found that the amount of data was overwhelming and that as part
of their participation in this project, they would provide the project with the nearly 600
hours worth of data from their entire fleet of about 30 aircraft - a bonus for both sides.

A draft Systems Requirements Document ' detailing the type of data needed and
desired formats for the data reduction and presentation was completed by the University
of Alabama (U of A) on February 16, 1999, and corrections and comments incorporated
in early March, 15999.

The reduction and collation of the downloaded FDR data was done by the
University of Dayton Research Institute (UDRI) under contract to the University of
Alabama, through a purchase order received by UDRI on April 29, 1999. UDRI has a
great deal of experience with flight data reduction, having done similar work for the FAA
for large transports.

The results of the data collection and reduction are summarized in a Department
of Transportation report 2, and selected data were published in a:n American Institute of
Aeronautics and Asttonautlcs (ATAA) Journal of Aircraft atticle >. A photocopy of the
Journal of Aircraft article is included here as an Appendix.

The instrumentation was developed by Systems & Electronics, Inc. (SEI) under
contract to the U of A, through a purchase order received by SEI on March 26, 1999,
However, SEI encountered numerous delays and the hardware was never incorporated on
any aircraft during the course of this project. The instruments themselves, however, were
delivered to the U of A in early Fall 2001. In late Fall of 2001, the recorders were
requested back by SEI for installations. These have been sent.

Task Element 2: Application of GA’s fo the SDG Method for Systems with
Significant Nonlinearities

, The MATLAB-based A-320 aircraft model and SDG analysis modules developed

by Stirling Dynamics, Ltd. (SDL) under previous FA A-supported work was received by
the University of Alabama from SDL along with associated documentation/reports on
December 7, 1998.

The GRA supported in this element pursued two lines of research and education.
One is that of using and applying GA’s as well as the MATLAB routines received from
SDL. Inthe process of studying and running the SDL routines, U of A has ran into
several instances where additional MATLAB toolboxes were needed or computer



platform differences affected the running of the codes. The problems were resolved. The
second line of pursuit by the GRA is the learning of some applicable physics of the
problem including: random process theory; structural dynamics; gust loading; and

* aeroelastic modeling.

The work accoroplished under this task element were documented in a book
chapter *, in a presentation made at a Gust Specialists Workshop held in Long Beach, CA
in September of 2000, and most fully in the GRA’s MS thesis °.

Task Element 3: Flutter Analysis of a Modified RC-12D Aircraft (for AMCOM)

This work was started in May of 1999, and was completed during that summer.
Through earlier coordination efforts with AMCOM, a NASTRAN finite element model
(FEM) of a different version of the aircraft (RC-12P) was obtained and debugged with
assistance from the GRA. The undergraduate student prepared detailed drawings of the
FEM that were used later when the FEM was modified t{o correspond to the pertinent RC-
12 configuration so that correlation with Ground Vibration Test (GVT) data could be
done. Some degree of correlation was achieved, though the FEM produced a larger
number of modes than were observed in the GVT. The GVT performed was relatively
crude. In defense of the tester, 2 more detailed analysis had not been required.

Flutter analysis of the modified FEM was performed with several variations in
modeling details, a single fuel condition, both symmetric and antisymmetric, and both
with and without the special modifications to the RC-12 that were of i mterest to ‘
AMCOM. The analysis results were summarized in a report to AMCOM ° which also .
contained guidance for AMCOM personnel to pursue further apalyses on their own.
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Preliminary Results of BE-1900D Operational
Flight Loads Data Evaluation

Thomas A. Zeiler*
University of Alabama, Tuscalposa, Alabama 35405
and
Daniel O. Tipps, Donald A. Skinn,* and John W. Rustenburg®
University of Dayton Research Institute, Dayton, Ohio 45469

The preliminary resuits of 2 statistical analysis of flight loads data from BE-1904D twin-engine turboprop aircraft
in normal commuter transport operations are presented. Some details of data-reduction procedirres are discussed,
and flight loads data are presented in statistical formats and discussed. Although these data are preliminary, they
suggest that loading spectra typically used in design are generally more severe than those derived from the present
data. An exception to this general result is at the lower levels of incremental maneuver load factor. Some results also
suggest that there are circumstances in which ajrcraft are being flown at speeds in excess of required limits. Some
issues refated to quality and completeness of recorded data are discussed. Recommendations for improvement of

future data gathering activities are made.

Nomenclature
aspect ratio b*/S
speed of sound, ft/s
speed of sound at sea level, fi/s
wing span, ft
aircraft discrete gust response factor
wing lift curve slope per radian
wing mean geometric chord, ft
distance
gravity constant, 32.17 fi/s®
pressure altitnde, ft
gust alleviation constant
discrete gust allevmuon factor, 0.88 /(5.3 + 1)
Mach nember
lift curve slope per radian
load factor, g
normal load factor, g
dynamic pressure, 1b/ft
wing area,
derived gust velocity, ft/s
equivalent airspeed
true airspeed
gross weight, 1b
aircraft mass ratio, 2W/0géCp, S
air density, slug/ft’, at pressure altitude (H,), from

Eq. (3)
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Introduction

URING the decade of the 1990s, there was a strong interest
worldwide in charactcrizing the actual loading cnvironment
experienced by aircraft in typical operations.~® Most attention to
date has been given to large transport aircraft, 2 though there has
been some data collected for special situations® and general aviation
aircraft. Until recently® there has been little loads data collected for
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arapidly growing segment of operational flight operations, namely,
commuter operations. Commuter carriers have beén in operation
for a long time. However, it is only recently that the market share
of these operations has begun to grow substantially as air carriers
centralize large transport operations at hub airports, relying on com-
muter operations to “feed” passengers from outlying areas to these
central operations hubs. Thus it is important that the Federal Avi-
ation Administration (FAA), and the aviation community at large,
have a picture of the loads environment encountered in commuter
operations.

This paper summarizes the preliminary statistical loads data for
commuter operations presented in Ref. 9. The data were collected
from digital flight data recorders (DFDRS) on 28 Beech BE-1900D
wrboprop aircraft, a Part 23 aircraft (Fig. 1 and Table 1),!° rep-
resenting 903 fiights and approximately 585 hours of operation.
Flight and ground loads data, aircraft usage data, and engine data
were collected and analyzed (Table 2), but only the flight loads data
are presented in this paper. Because of the relatively small number
of aircraft and flight hours and the fact that the operations were over
a limited region of the United States, the load statistics may not be
stabilized. However, it is the first such data collected for commuter
operations in the United States. Efforts at acquiring more flight data
are continuing.

=~ Data Reduction
Data Collection and Editing

A solicitation by the FAA for participation in operational loads
meonitoring of BE-1900D aircraft was answered by an operator who
was downloading DFDR data for its own purposes, but needed help
in statistically collating and analyzing the data being obtained. An
agreement was made wherein the DFDR data would be analyzed
under an existing FAA prant and small recording devices would
be installed on several of the aircraft to obtain selected data over
a longer term than the DFDR data represented. The airline ground
data editing station performed a number of functions during the
process of transferring the raw flight data into DOS file formats and
onto hard disks. The two most important functions were an integrity
check of the data and removal .of flight sensitive information. The
aircraft operator removed all sensitive information and forwarded
the desensitized data for processing and analysis.

All of the parameters listed in Table 2 except pitch control were
used for statistical analysis and data presentation. Piich control is
the measure of the control yoke in the fore and aft direction and
indicates the amount of elevator deflection being input by the pilot.



H
?2
3
5
3

566 = ZEMER ET AL.

Tablel BE-1900D aircraft characteristicsi?

Parameter Value

Maximum taxi weight 17,060 1b
Maximum takeoff weight 16,950 1b
Maximum landing weight 16,600 1b
Zero-fuel weight 15,060 1b®

Fuel capacity 668 U.S. gallons
2 P&W PT6A-67D urboprops @ 1,279 shp each

Wing span 57fi11.254n.
Wing reference area 310 &2
Wing MAC 53245
Length 57 ft 10 in.
Height 15ft6in
Tread 17ft2in.
Wheel base 23f1951m.

3 Operator provided an “empty weight” of 10,350 lbs.

Tabie2 Recorded flight and loads parameters

Sampie
raie per
Parameter second

Normal acceleration, g
Longitudinal acceleration, g
Fiap position (L.&R), discrets
Pitch control, deg

RPM L, rpm

RPMR, rpm

Prop. reverse (L&R), discrete
Indicated airspeed, kn
Pressure altitude,

Bank angle, deg

Pitch angle, deg

Magnetic heading, deg
Torque L, fi-lb

Torque R, fi-Ib

B e B R e b ke e ew B e B 0O

~
T
t

Fig. 1 BE-1900D three view.

Measurements of pilot input to cable driven systems do not accu-
rately relate to the actual position of the elevator during flight as 2
result of cable stretch. Thus, because of the questionable accuracy
these data were not processed.

All data files were initially screened for missing or incomplete
data before being accepted for statistical analysis. Individual flights
were edited to remove erroneous or meaningless data such as dis-
continuous elapsed time data, evidence of nonfunctional channels

or sensors, multiple fiights on one file, and incomplete flight phases.
Flight files with missing or incomplete data were rejected.

Derived and Extracted Parameters

Certain information and parameters needed in the data reduction
were not recorded and needed to be either extracted or derived from
the available time history data. Some of these parameters had to be

Tabie 3 Phase of flight starting criteria

Phase of Aight Conditions at start of phase

Taxi out Inital condition

Takeoff roll Computed airspeed>45 knsor n; >0.15 ¢

Departure Time at liftoff; flaps extended

Climb Flaps retracted; rate of climb > 750 ft/min
foratleast20 s

Cruise Flaps rewracted; rate of ¢limb < 750 f/min
foratleas;i 20 s

Descent Flaps retracted; rate of descent > 750 ft/min
foratleast20 s

Approach Flaps extended

Landing roll Touchdown

Taxi in Magnetic heading change greater

than 13.5 deg after touchdown

calculated. For example, the lift curve slopes were not available from
the aircraft manufacturer. Because gross weight was not a recorded
parameter, a 45-day average takeoff weight of 14,500 1b provided
by the aircraft operator or the maximurm gross weight of 16,950 Tb
was used in calculations that required weight.

Each fiight was divided into nine phases: four ground phases
(taxi out, takeoff roll, landing rell, and taxi in) and five airbormne
phases (depariure, climb, cruise, descent, and approach). Table 3
lists the conditions for determining the starting times for €ach phase.
An airborne phase can occur several times per flight because it is
determined by the rate of climb and the position of the flaps. When
this occurs, the flight loads data are combined and presented in a
single flight phase. )

In the absence of a squat switch, the approximate time of liftoff
and touchdown was determined by an algorithm that used time his-
tory information of pitch angle, vertical and longitudinal acceler-
ations, and changes in altitude and indicated airspeed. The actual
time at liftoff is determined by calculating the average pitch angle
while the aircraft is on the ground. Then, the point in time when the
pitch angle changes by more than 2 deg from this average is defined
as the time of lifioff. The time of touchdown was selected by using
the best combination of when the pitch angle, vertical and longi-
tudinal accelerations, airspeed, and altitude indicated that contact
with the runway had occurred. The flight duration is defined as the
time from aircraft liftoff to touchdown. The criterion for defining the
start of the takeoff roll is the earlier of 1) the time that the indicated
speed exceeds 45 kn or 2) the time that the longitudinal acceleration
exceeds 0.15 g prior to lifioff. _

The criterion for defining the start of taxi in is the time when
the aircraft turns off the active runway, The method for detecting
turn off is to monitor magnetic heading for a change greater than
13.5 deg from the landing magnetic heading. The time when the
heading starts to change in the turn off direction is then identified as
the start of the turn-or the beginning of the taxi in phase. This method
can, however, fail t detect a shallow turn off onto a paraile] taxiway.
In this case an average landing roll of 32 5 duration is assumed and
the turn off is marked as 32 s after touchdown.

The peak-between-means method*! was used to select the peaks
and valleys in the acceleration data. This method is consistent with
past practices and pertains to all accelerations (n,, An;, ARpp,,,
Ang,,). This method counts upward events as positive and down-
ward events as negative. Only one peak or one valley is counted
between two successive crossings of the mean, A threshold zone
(dead band) is used in the data reduction to ignore small variations
about the mean. For the normal accelerations An; the threshold zone
is £0.05 g; for longitudinal accelerations n; the threshold zone is
+0.005 g.

The incremental acceleration measured near the ¢.g. of the air-

 craft may be the result of either maneuvers or gusts. The accelerom-

eters used by the flight data recorder are near the true c.g of the
vehicle. Though the true ¢.g. actually moves from one loading con-
dition to another and as fuel is consumed the variation is sufficiently
small, as is the error in accelerometer position, only unreasonably
high angular accelerations would be needed to introduce significant



Tabie 4 Absole pressure

altitude bands
Band Distance, ft

<500
501-1,500
1,501-4,500
4,501-9,500
9,501-14,500
14,501-19,500
19,501-24,500

=~ CnLh Ao R

crror between the recorded accelerations and the actual c.g. ac-
celerations. To derive gust-and maneuver statistics, the maneuver-
induced acceleration and gust-response accelerations must be sepa-
rated from the total acceleration history, As aresult of Ref. 12, it was
recommended and accepted by the FAA that a cycle-duration rule
be used to separate gusts and maneuvers. A cycle duration of 2.0 s
was recommended for nse with B-737 and MD-82/83 aircraft. Re-
view of the BE-1900D response characteristics has shown that this
cycle duration can also be used with the BE-1900D data. To avoid
the inciusion of peaks and valleys associated with very small load

variations that are insignificant to the aircraft structuore, a threshold ©

zone of An;===20.05 g was established. An algorithm was then
developed to extract the acceleration peaks and valleys. As a re-
sult of the threshold zone, only accelerations greater than =£0.05 g
(measured from a 1.0-g base) arc counted for data presentation. For
a flight any bias occurring in the vertical (i.e., normal) accelera-
tion measurement is removed by adjusting the difference between
a known 1-g level and the actual acceleration recorded value. This
difference is the correction/bias that will be added/subtracted from
all measured load factor values for the flight.

In Ref. 6 some data for the departure and approach phases of
Hight were sorted according to altitude above the departure or arrival
airports, respectively, For the data presented in this paper, only the
absolute pressure altitude (2 recorded parameter) is pertinent. The
pressure altitude bands shown in Table 4 were used.

The fiight distance D is obtained by numerically integrating true
velocity Vr from the time of liftoff # to the time of touchdown z,.
If Vr is the average true airspeed during the time increment A:,
then

. In
D=EA:-V,.- m
I

This computation does not give actual geometric distance, but rather
the amount of air that the vehicle is flown through (e.g., “air miles™).
For a perfect speed indicator the indicated airspeed equals the cal-
ibrated airspeed. In this report the indicated airspeed is assumed to
equal the calibrated airspeed. Assuming incompressible flow and
neglecting the small effects at low Mach numbers, the true airspeed
can be found as .

Vr = Ve oo/p 2

where gy is air density at sea level (0.0023769 slugs/f®). For al-

titudes below 36,089 ft the density is expressed as a function of
altitude based on the International Standard Atmosphere by

p = po(l — 6.876 x 107% x H,)*2% (&)}

~-—- - Flight Data

The gust loads data are presented as cumnlative occurrences of
vertical gust load factor and as cumulative occurrences of derived
gust velocity. Gust load factor data are also compared with recorded
data from other aircraft types and with other published data. Figure 2
presents the cumulative occurrences of incremental vertical gust

ZEILER ET Al. . ]
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Fig. 2 Cumulative occurrences of incremental gust load factor per
1060 hours by pressure altitude (combined climb, cruise, and descent
phases).

1¢ 1 1
=5 FProwert BE-19000 Dutn
+ ——TI7400, 19105 hra
T e MO-E83, 7120 brs
et
5 FE | e L
£
g =%
e 13 :‘ L
E_ 10° -
g X
 J Ay
§ 7 T\
1 L
S ==_r =0
-] L Y L
3 i i X A Y
] *
3 10 -
£ E— X
o — e =
Zz ~ X X
1w L4 v LY bl
/ %
ri X
10" L9 Pd,
10°
15 -1 05 0 oS 1 18
Incremental Load Facter, an_ (g)

Fig. 3 Cumalative occurrences of incremental gusi load factor per
1000 hours, present data, B-737-400, MD-82/83 (combined flight
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load factor per 1000 hours by pressure altitude for the combined
climb, cruise, and descent phases of flight. Figure 3 shows the differ-
ence in severity of vertical load factor for gust between a commuter
aireraft, the BE-1900D, and two large transport aircraft, the B-737
and the MD82/83 during routine commercial: operations, obtained
from Refs. 4, 6, and 7. The BE-1900D aircraft ioad factor response
to gust is more than twice the severity of the B-737, It was found that

the difference in responses is larpely accounted for by an analysis
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Fig. 4 Cumuiative occurrences of incremental gust load factor per
nautical mile, present data and AFS-120-73-2, (combined flight phases).

of the aircraft discrete gust response factor (see the following). The
wing loading of the BE-1900D is roughly 1wice that of the large
transports. Also, the BE-1900D operates at lower altitudes where
turbulence is more severe,

The gust and maneuver load spectra specified in Ref .13 arc ex-
pressed in terms of the ratio of the incremental load factor at operat-
ing weight to the incremental design limit ioad factor at maximum
gross weight. Therefore, in order to compare the BE-1900D gust and
maneuver flight toad factor spectra with the Ref. i3 flight load spec-
tra the aircraft design limit load factor for both gust and maneuver
had to be estimated. To compare gust spectra, the incremental gust
design limit load factor was calculated as specified in Ref. 13 using
the maximum gross weight of 16,950 ib. Figure 4 shows that the
twin-engine general spectra for gust is more severe than the present
BE-1900D specira.

The derived gust velocity, Us. was computed from the measured
gust acceleration data using

Ug = An,/C 4)

where An, is gust peak incremental normal acceleration and C is
the aircraft response factor considering the plunge-only degree of
freedom and is calculated from

= _ PoV.CLS
C= W K, 3
For this study the wing lift curve slope was obtained from the one-
dimensional approximation® given by
2 A,
C, = (6)

a4 [4+ 42621 + tan A /59

where § = /(1 — M?) and A is the quarier chord sweep angle. Mach
number is d_erivcd from true airspeed and speed of sound a:

M=Vr/a 0!
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Fig. 5 Cumulative occurrences of derived gust velocity per nantical
mile for flap extended.

The speed of sound a is a function of pressure altitude H, and the
speed of sound 2t sea level and is

a = ag/(1—6.876 x 10 x H,) &)

M = Vr fay\/(1 — 6.876 x 10~¢ x H,)

where the speed of sound at sea level ag is 1116.4 fps or 661.5 kn.
Equation (6} provides an estimate of the wing lift curve slope. Air-
plane gust-response calculations are based on the use of the airplane
lift curve slope. Reference 15 suggests using an average factor of
1.15 o represent the ratio between the airplane lift curve siope and
the wing lift curve slope. Therefore, the estimated wing lift curve
slope.values were multiplied by 1.15.

Figure 5 shows the cumulative occurrences of derived gust ve-
locity per nautical mil¢ (flight distance) with the flaps extended.
The average takeoff gross weight of 14,500 1b was used in these
calculations. Even with only 903 flight hours of data, the plot
shows there are a few occurrences of derived gust velocity that
exceed the FAR 23.345 requirement of 25 fifs. Comparisons, not
shown in this paper, of the derived gust velocities for the com-
muter aircraft and the larger commercial aircraft show no major
differences.’ _

Figures 6 and 7 show the coincident gust load factor and air-
speed during approach for half and full flaps along with gust V-n
diagrams. The V-n diagrams in Figs. 6 and 7 are for illustration only
and correspond to a gross weight of 14,500 1b and sea level altitude.
The V-n diagrams are drawn using airspeed limits of 188 KIAS for
flap detent position 1 (half) and 154 KIAS for fiap detent position 2
(full), which are the operationzl placard limits.’® Figures 6 and 7
indicate that the half-flap placard speed is only occasionally being
slightly exceeded during approach with the flaps at half position and
that the full-flap placard speed is being exceeded with the flaps at
full a lirtle more frequently. Similar data for half-fiaps at departure

~ showed no exceedances of the flap placard speeds. Operator practice
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Fig. 7 Coincident gust load factor and speed doring approach and V-n dizgram for full flaps,

is that full flaps are never used for departure, and there was evidence
that indications of full-flap usage during departure were the resalt
of instrument malfuncioning. Hence, there are no reliable data for

the use of full flaps at departure. Cases in which flap indicator mal--

functions were evident were also removed from consideration for
Figs. 6 and 7.

Figure 8 shows the maximum speed attained vs coincident altitude
sorted by altitude band. Each data point represents the maximum
airspeed attained within each 1000-ft band of altitude; therefore,
the actual poing is plotied for the maximum speed and the corre-
sponding altitude where the maximum speed oceurred. Also shown
is the aircraft design aperational speed line obtained from Ref. 16.
This plot shows that this limit is occasionally being exceeded, These
exceedances were found to occur during the cruise a.ud descent
phases of flight. .

Figures 9 and 10 show the cumulative occurrences of maneuver
load factor per 1000 hours and per nautical mile by pressure altitude
for the combined climb, cruise, and descent fiight phases. Depar-
ture and approach phases are not included becausc altitude above
the a:.rpurt is mcm: pcn.mcm than absolute almudc i these phases

Generally, the curves in these figures show that the most severe ma-
neuvering occurs at lower altitudes, as might be expected. There is,
nonetheless, an anomalous bulge for the positive incremental load
factor for the hi ghcst altitude band. However, it must be reinembered
that these statistics may not be stabilized as a result of the sample
size.

Earlier it was shown in Fig. 4 that the design piist spemform'in-
engine aircraft in general usage given in Ref, 13 are more severe than
what the present data indicate. Reference 13 does not specify the
methed for determining the incremental maneuver design limit load
factor. Therefore, this load factor was calculated in accordance with
the approach specified in FAR 23.337 using the maximum takeoff
gross weight of 16,950 1b. Figure 11 shows a similar comparison
for incremental maneuver load factor. These data show that there is

- less difference between the maneuvering spectra in Ref. 13 and the

present data than there is for the gust spectra presented earfier in
Fig. 4. Though, the present data actua]]y show h:gh:r ﬁ'equcncy
of occurrence zt the lower load factors. -

Comparisons of usage were made bctwecn'datarwm’dcd on ot.hcr
commuter autrafr. and othcrpubhshed smaIl amaﬁdata.ﬁgurc 12
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Fig. 8 Maximum speed and coincident altitude (all flight phases).
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Fig. 9 Cumulsative occurrences of incremental maneuver load factor
per 1000 hours by pressureaititude {combined climb, cruise, and descent

phases).

provides a comparison of the relative severity of vertical load fac-
tor for gust and maneuver combined between five commuter-type

aircraftr the BE-1900D; the Canadair Challenger CL-601, and the -~ -

DeHavilland Dash-8 aircraft (Ref. 2}, the Fokker F-27 (Ref. 5), and
the Fairchild/Dornier 328 (Ref. 8). The spectra from Ref. 2 are for
aircraft engaged in low-aliitude operations and are similarly and
understandably more severe than the spectra from Refs. 5 and &,
which arc for general usage. It can be seen that the present spec-
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Fig. 10 Cumulative occurrences of incremental maneuver load fac-
tor per nautical mile by pressure altitude (combined climb, cruise, and

descent phases).
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Fig. 11 Comparison of cumulative occurrences of incremental maneu-
ver load factor per nautical mile, present data and AFS-120-73-2.

tra are most similar, and nearly identical, to the two general usage
spectra as would be expected.

In Fig-13-isshown-a comparison between the-present BE-1900D -
spectrum for combined maneuver and gust and sirnilar spectra de-
veloped by the aircrafi manufacturer.”” The load spectra in Ref. 17
were developed based on Refs. 13 and 1820, These results show the
present total spectrum to be Jess severe than the two manufacturer-

developed total spectra.



