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Systems Division unless return is required by security considerations,
contractual obligations, or notice on a specific document.
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FOREWORD

This final report on the C-141A Aircraft Flight Loads Data Program
was prepared by the Aerospace Mechanice Research group of the University
of Dayton Research Institute, Dayton, Ohio under Air Force Contract
AF 33(657)-14424. This program was initiated by Mr. Leo A. Wack and
Lt. R.S. Szacik of the C-141 Systein Program Office, Aeronautical Systems
Division, Air Force Systems Command at Wright-Patterson Air Force Base,
Ohjo. In April 1965 Lt. Raymond J. Veldman of the C-141 Syetem Prugram
Office was appointed project monitor and was also responsidle for the
initiation of the Ground Loads Study phase of the program.

The work described herein was accomplished during the period of
19 July 1965 through 31 December 1966. This program was conducted
by UDRI under the general supervision of Mr. Dale H. Whitford, Project
Supervisor, with the author assigned as the project engineer.

The author gratefully acknowledges the cooperation and assistance
provided by personnel of the C-14] System Program Office, MAC Air
Weather Service, Charleston Air Force Base, Dover Air Force Base, Tinker
Air Force Base, Travis Air Force Base, and the 22nd Joint Test Force at
Travis Air Force Base.

This technical report has been reviewed and is approved.

HOWARD E, KUGEL
Chief, Airframe Division
C-141/Materials Handling

Engineering Office
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ABSTRACT

The primary purpose of this report is to present the structural
load history information and the atmospheric turbulence data acquired and
reduced for the C-141A Aircraft Flight Loads Data Program. Also included
in this report are descriptions and discussions of the methods employed
in the acquisition and processing of the data. The C-141A Aircraft Flight
Loads Data Program was a single project which incorporated four separate
concepts: an Interim Flight Loads Program, a Ground Loads Study, a Lead-
the-Force Flight Loads Program, and an Atmospheric Turbulence Study.
A total of from 28 to 35 aircraft at four Air Force Bases were employed at
various periods during this effort to obtain structural load history and
atmospheric turbulence data. Eight aircraft were instrumented for the
acquisition of ground load experience data. A total data sample of 12,430
flight hours of flight loads data, 2, 786 hours of atmospheric turbulence data,
and 174. 5 hours of ground load experience data was acquired and reduced
during this program and is presented in this report. The structural load
history data presented in this report is presently being employed in fatigue
evaluations of the C-141A aircraft by the C-141 System Program Office.
(This Abstract is subject to special export controls and each transmittal
to foreign governments or foreign nationals may be made only with prior
approval of the C-14] Systein Program Office.)
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SECTION 1

INTRODUCTION

This {s the final report for the C-141A Aircraft Flight Loads Data
Program. Included in this report are descriptions of the various aspects
and phases of the program and a presentation and discussion of the resulting
data. The various aspects include: design, fabrication, and installation

of the instrumentation and recording systems; the acquisition of data; and the
reduction and analysis of C-141A aircraft structural load history and

T atmospheric turbulence data.

1.1 OBJECTIVES

The basic objective of the C-141A Aircraft Flight Loads Data Program
was to obtain structural load history information for the C-141A force at
an early date in the life of these aircraft and to investigate the atmospheric
turbulence environment along worldwide Military Airlift Command, MAC,
roates. This program was a single project which incorporated four separate
phases: an Interim Flight Loads Program, a Ground Loads Study, a Lead- 1
» the~-Force Flight Loads Program, and an Atmospheric Turbulence Study. |

o e

¢ 1.1.1 Interim Flilht Loads Prolram

The Interim Flight Loads Program (IFL) was designed to obtain
information used to determine cyclic loads and stresses applied to the air-
craft structure during operational usage. This phase of the C-14]1A Flight
Loads Data Program was conducted primarily to obtain data which would
assist fatigue analysis personnel in the validation of the predicted flignt
loads spectra for the C-141A cyclic tests and in prediction of the structural
service life expectancy of C-141A fleet aircraft. Further, these data may
be used in the establishment of inspection and retrofit schedules, in aircraft
rotation planning, and for technical guidance in the planning of new mission
concepts.

S I i el e

1.1.2 Ground Loads Study

. The C-141A aircraft Ground Loads Study (GLS) was designed to
provide the Air Force with a sample of ground load experience data obtained
during operational use of the C-141A aircraft. This information will be
utilised for the verification of ground loads spectra employed in the aircraft
fatigue analys!s and cyclic test.
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1.1.3 Lead-the-Force Fn‘ht Loads Program

The C-141A Lead-the-Force Program, sponsored by Head-
quarters Military Airlift Command, MAC, is utilizing six C-141A aircraft
which are flying at an accelerated rate compared to the remainder of the
C-141A fleet., The primary purpose of this program is the early authen- .
tication of logistic planning elements and the identification of problem areas
before the remaining fleet experiences them. It will verify and validate
the results of the functional simulator test efforts, investigate sonic fatigue,
and expedite fixes and necessary modifications,

The Lead-the-Force phase of this flight loads program (LTF)
was designed to acquire operational flight load history information on the
LTF aircraft. This information was acquired for the purpose of determining
if the LTF aircraft have experienced an operational load history similar
to the remainder of the fleet but at an accelerated rate. This will be
accomplished by correlating LLTF data with IFL data.

1.1. 4 Atmospheric Turbulence Study

The Atmospheric Turbulence Study, sponsored by Headquarters
MAC Air Weather Service, was conducted as a companion effort with the
Interim Flight Looads Program. This study was designed to obtain data ‘
which will contribute to the climatology of turbulence over MAC routes and
also provide information which will enable meteorologists to study the
association of turbulence with weather patterns. In general, this investi-
gation was conducted to assist AWS in improving weather forecasting
capabilities,

1.2 PROGRAM SUMMARY

The aircraft employed in the C-141A Aircraft Flight Loads Data Program
were located at Charleston, Dover, Tinker and Travis Air Force Bases. A
total of from 28 to 35 were utilized at various periods during this program to
obtain flight load history data. Eight aircraft were employed for the acquisition
of ground load experience data.

The primary instrumentation in those aircraft employed to obtain flight
load history data was an oscillograph recording system, two pressure trans-
ducers, and an accelerometer mounted at the nominal center of gravity of

the aircraft. These transducers were used to obtain time history measure-~ ’

ments for the determination of airspeed (V), center of gravity normal load 3
factor (G), and pressure altitude (H). The six LTF aircraft were instrumented
for the acquisition of VGH data. From 22 to 29 additional C-141A aircraft

. @




were employed for VGH data recording for the IFL phase of this program.
In addition to the VGH instrumentation, all of the IFL aircraft, except those
at Tinker Air Force Base, had turbulence indicator switches installed to
provide a means for correlating the derived vertical gust velocity data with
the atmospheric conditions encountered during flight.

The eight aircraft utilized to acquire ground load experience data, the
GLS aircraft, were instrumented with an oscillograph recording system
and an accelerometer to obtain a time history measurement of center of
gravity load factor (G).

All of the aircraft employed in this program had additional electrical
circuits in.talled for recording system control, to provide indications of
the occurrence of varicus mission events, and for monitoring the perfor-
mance of the recording system.

A total of 7,602 hours of VGH data was acquired on the Lead-the-Force
aircraft over the data acquisition period., During this same period, 6, 781
hours of VGH data was obtained in the Interim Flight Loads phase. Concur-
rently with the acquisition of IFL flight loads data, a total of 4, 932 hours of
Atmospheric Turbulence Study data was recorded. A total of 196.5 hours
of ground load factor experience data was obtained in the Ground Loads
Study.

Samples of 6,076 and 6, 354 flight hours of VGH data were reduced and
analyzed for the LTF and IFL efforts, respectively. A total of 4,561 hours
of turbulence study data was reduced for the Atmospheric Turbulence Study.
A total of 175 hours of ground load factor experience data was reduced and
analyzed on the GLS phase of this program.

Work on the C~141A Aircraft Flight Loads Data Program contract was
initiated by UDRI on the 19th of July 1965. Instrumentation installation for
the IFL, Atmospheric Turbulence Study, and LTF recording efforts began

in August of 1965 at Tinker and Travis Air Force Bases, By mid-September,

1965, the instrumentation of the aircraft at these bases was completed, and
the recording effort was initiated. In mid-November instrumentation instal-

lation began at Charleston and Dover Air Force Bases for the IFL, turbulence
study. and LTF phases of this program. Recording of data at these two bases

began in January, 1966. The data acquisition efforts for the flight loads

phases of this program were terminated on the 15th of September 1966. Thus,

at Tinker and Travis Air Force Bases the duration of the flight loads data
acquisition pariod was 12 months, while at Charleston and Dover Air Force
Bases the duration was 8 months.

In February, 1966, the C-141 SPO initiated a request for the measure-
ment of ground load factor experience data on eight C-141A aircraft,
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Instrumentation in six of the IFL aircraft was modified and two additional
aircraft were instraumented for the acquisition of ground loads data. The
Ground Loads Study instrumentation installation began in late March, 1966
and was completed in mid-April at which time the recording of data began.
The data acquisition requirements for the Ground Loads Study were com-
pleted by the 4th of August 1966. Thus the duration of the data acquisition
period for the GLS phase of this program was 3 1/2 months.

The distribution of the instrumentation installations for the C-141A
program by phase and Air Force Base is presented in Table 1.
TABLE 1

Distribution of Instrumentation Installations

Prior to After
April 1966 April 1966
LTF IFL*» LTF IFL* GLS
Charleston AFB 1 7 1 7 -
Dover AFB 1 8 1 7 4
Tinker AFB 2 6 2 4 2
Travis AFB 2 8 2 4 2
Totals 6 29 6 22 8

* All of the IFL aircraft except those at Tinker Air Force Base
had turbulence indicator switches installed for the AWS
turbulence study.

The first phases of the overall data reduction effort were initiated in
late September 1965. The final data tabulations were composited on
8 December 1966.

1.3 DESCRIPTION OF THE AIRCRAFT
The C-141A aircraft, manufactured by the Loockheed-Georgia Company,

is a long-range, high-speed, high-altitude aircraft designed for use as a
heavy logistic transport. This high sweptwing aircraft is designed to carry
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various types of cargo as well as fully assembled missiles in the cargo
¢ compartment, It also has an aerial delivery system capability., The
C-141A airciaft is powered by four Pratt and Whitney turbofan jet engines
that are equipped with target-type thrust reverser doors which are used
to assist in decelerating the aircraft on the ground. Aircraft deceleration, f
¢ both in flight and on the ground, is augmented by upper and lower wing

surface spoilers,

In Figure 1 is presented a photograph of a C-14]1A aircraft. A sche-
matic drawing of the aircraft which includes some of the overall airframe
dimensions is shown in Figure 2. In Table 2 is presented some of the
design criteria for the C-141A aircraft. The maximum symmetrical flight 4
maneuver load factor for this aircraft is 2. 5g, 2. 0g under 80 percent
restrictions,
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TABLE 2

C-141A Aircraft Design Criteria

Desi&n Weiiht-

Maximum Ramp Weight -~---ccceccaccacaaa.

Maximum Ramp Fuel Weight ~--ccccccccaaa.

Maximum Flight Weight ~-=ccececciacccaaaa-

Maximum Flight Fuel Weight ~-=-ccccaceca--

Maximum Landing Weight =«--~---- rmmenaen—
(6 ft. /sec. Sink Speed)

Normal Landing Weight =~=ccccccccccacaana.
(10 ft. /sec. Sink Speed)

Maximum Zero Fuel Weight ~«-cc-cccccaaaa

Maximum Design Cargo Weight ~~=~ccwcecan-

Design Speeds

Limit ccecccccccmmmnccncccccaas 410 KCAS to
Maximum Level Flight --«-<c-c-- 350 KCAS to
Rough Air Penetration Speed ---- 270 KCAS to
Spoiler Placard - (Rough Air) -~-- 270 KCAS to

Spoiler Placard -~~~-cenccncca-- 350 KCAS to
Landing Gear Operation ~--«~---- 200 KCAS to
Landing Gear Extended ------w-- 235 KCAS to
T.O. Flap =-=-cecmccccccccnncaa 200 KCAS to
Landing Flap ~=ccercccaccacaa-a- 185 KCAS to

Speeds Under 80% Placards

Limit cceccccccnncccnnnncccccna- 410 KCAS to
Maximum Level Flight --------- 290 KCAS to

Rough Air Penetration ~~-c-ccu-- 225 KCAS to
Spoilers (Rough Air) ~~-=ccceac-- 225 KCAS to
Spoilers -----cccccncnmccnacaa- 290 KCAS to

T.O. & Landing Flap ««~-~ccca-- 185 KCAS

318,000 1b.
150,020 1b.
316,000 1b.
148,120 1b.
316,100 1b.

257,000 1b.

204,620 1b.

70,000 1b.

21,000 ft or M
25,000 ft or M
36,800 ft or M
32,300 ftor M
19,800 ft or M
24,200 ft or M
23,200 ft or M
24,200 ftor M
24,700 ft or M

21,000 ftor M
33,700 ftor M
44,500 ft or M
40,000 ft or M
29,000 ft or M

0

(== -]

[« -3
O

. 825
. 825
. 750
. 750
. 480
. 550
. 480
. 450

. 890
. 825
. 825
. 750
. 750




SECTION II

INSTRUMENTATION AND RECORDING SYSTEMS

A complete and detailed description of the instrumentation and
recording systems employed in this program is described in Reference 1.
A brief discussion of the pertinent features of these systems is presented
here in order to assist the reader in evaluating the resulting data, The
instrumentation and recording system installation locations are schemat-
ically shown in Figure 3.

2.1 FLIGHT LOADS INSTRUMENTATION

The VGH instrumentation and recording systems installed in the LTF
and IFL aircraft were identical. To determine aircraft airspeed (V) and
altitude (H), the dynamic and static pressure histories of each flight were
recorded by use of a differential pressure transducer and an absolute
pressure transducer, respectively. Both of these units were unbonded-
strain-gage, diaphragm-type transducers which received pressure inputs
from the co-pilot instrument pressure system. The differential pressure
transducer yielded an electrical output proportional to the difference between
the pitot and static pressures, i, e., the dynamic pressure, and the absolute
pressure transducer yielded an electrical output proportional to the static
pressure, The pressure transducers were mounted in the avionics compart-
ment immediately aft of the FAA flight data recorder.

An accelerometer having a bonded strain-gage-type sensing element
was employed to obtain a time history of normal load factor (G) at the nominal
center of gravity of the aircraft. The accelerometer was installed near
the fuselage centerline in the center wing box at Fuselage Station 925.

2.2 GROUND LOADS INSTRUMENTATION

Each GLS aircraft was instrumented with an accelerometer at the
nominal center of gravity of the aircraft. The accelerometer was employed
to obtain a time history of normal load factor during taxi, take-off, and
landing of the aircraft. The accelerometers employed in the GLS phase were
of the same type and installed in the same manner as those used in the
acquisition of VGH data. The response characteristics of these acceler-
ometers were sufficient to accurately record load factor data at all frequen-
cies encountered during aircraft ground operations as well as during flight,
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F.STA. 23! REF.

ACCESS OPENING IN
LOWER WING STRUCTURE

CENTER
WING FLOOR
INSTRUMENT APPROXIMATE
DESIGNATION FUSELAGE STATION
@ ACCELEROMETER 925
X AIRSPEED AND
LTITUDE TRANSDUCERS 410
4 TURBULENCE INDICATOR
SWITCH 300
= RECORDER 410
® VGH CIRCUIT BREAKER 406

Figure 3. Schematic Illustrating Instrumentation and
Recording System Locations
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In order to assist in the interpretation and reduction of the GLS data,
the position of one of the aircraft touch-down relays and the output of one of
the anti-ekid detectors were recorded. The data from the anti-skid detector
provided a continuous history of aircraft ground speed which was monitored
to determine the times at which the aircraft was standing still, taxiing, or
taking-off. For this program, thLose durations during which the ground
speed was less than 20 knots were defined as the Taxi mission phase, The
position of the aircraft touch-down relay was monitored to facilitate the
determination of the time of lift-off or touch-down during data reduction,

2.3 TURBULENCE INDICATOR SWITCH

In order to accomplish the objectives of the AWS Atmospheric
Turbulence Study, turbulence indicator switches were installed on the
co-pilots side console in those aircraft instrumented for the Interim Flight
Loads Program at Charleston, Dover, and Travis Air Force Bases,

This switch provided for an electrical signal, which identified the switch
position, to be recorded. The VGH data acquired was thus identified by
the position of the switch (Storm or Non-Storm) which indicated the nature
of turbulence being encountered. The switch was monitored during flight
by the aircraft co-pilot according to criteria established by MAC Air
Weather Service. These criteria are discussed in Section 3. 4

2.4 RECORDING SYSTEM

The recording systems employed throughout the course of this program
were comprised of three-channel bridge balance units and oscillograph
recorders.

The functions of the bridge balance units were to provide a means for:
adjusting input voltage and balancing the various bridge circuits; obtaining
resistance calibration; obtaining event indications; and for providing power
for the recorder and the various electrical bridges.

Century Electronics, Inc. Model 409H, oscillograph recorders were
employed in this program. This recorder is a fourteen-channel instrument
which utilizes light beam galva. )meters to record on 3-5/8-inch-wide photo-
sensitive paper film, The recorders employed in the VGH phases of this
program were operated at a film speed of 6 inches per minute. A film speed
of 24 inches per minute was used for the Ground Loads Study phase of this
effort. The higher film speed was amployed for the GLS phase to facilitate
the visual resolution of the higher frequency load factor data encountered
during aircraft ground operations.

11
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The drive systems of the oscillograph recorders employed in the IFL
and LTF programs were actuated by one of the aircraft's touch-down relays.
Thus, data was acquired fram lift-off to touch-down. The recorders used
in the GLS phase were actuated by relays of the pressure door and landing
gear position indicator circuits. The recorder operated from closing of
pressure doors until the main landing gear was retracted and locked. During
training missions, the entire touch-and-go segment of the mission wase
conducted with the landing gear extended. To conserve oscillograph film
at Tinker AFB where a majority of the flights were training missions, a

manual switch to turn on and off the recorder was installed on the flight
engineer's console,

In all aircraft the recording system was mounted in the avionics

compartment on the center equipment rack aft of the FAA flight data recorder.

Both 100-foot and 400-foot oscillograph magazines were employed
during this effort. At a film speed of 6 inches per minute the 100-foot
magazines, utilizing 150-foot rolls of thin base oscillograph paper, pro-
vided a continuous recording capability of approximately 5 hours. At this

film speed the 400-foot magazines provided approximately 13 hours of
continuous recording capability.

12
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- SECTION 1l

DATA PROCESSING TECHNIQUES AND CRITERIA

This C-141A flight loads program required the reduction of the
recorded data into frequency distributions of peak normal load factor, N
and peak derived vertical gust velocity, Ud,. It was required that these
data be coded in such a manner that they could be sorted and presented
by any combination of a number of flight or mission parameters.

3.1 DATA PROCESSING TECHNIQUES

The data reduction system employed for this program was one which
has been developed and proven by the University of Dayton Research
Institute over the course of many years on a number of similar flight
loads programs. This system utilizes an editing section, a manual data
reduction section, a semi-automatic data reading section, a digital computer,
and a quality control section, The overall objective of the manual and
semi-automatic efforts was the preparation of the data into the form in
which it was automatically reduced and analyzed. The actual reduction,

classification, sorting, and storage of the data was accomplished by the
computer.

3.1.1 EditinLSection

The function of the data editing section was to monitor the
quality of the instrunentation systems, evaluate the quality and complete-
ness of the raw data, scan all oscillograph records for evidence of unusual
flight conditions or of the effects of changes in aircraft utilization, and to
specify which portions of the data were to be processed.

All oscillograph records were first reviewed to insure that the
instrumentation system was functioning properly and that the traces were
of the proper intensity and sensitivity for data reduction., If a need for
instrumentation corrective action war suspected, the necessary data was
immediately supplied to the instrumentation engineers.

After the quality of the oscillograph data was assured and the
completeness of the supplementary data was checked the general nature of
the flight was evaluated and the presence of unusual occurrences were noted
and recorded. This supplementary data, generated on various forms by
the flight crew and UDRI field representatives, included the fuel utilization
history, a brief descript.on of the mission, and identification of the instru-
mentation employed. The final stage in the editing of the data was to establish
which portions of the recorded data were to be processed.

13
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3.1.2 Manual Data Reduction Section

The functions of the manual data reduction section were: to
prepare the oscillograph data for semi-automatic reading; to prepare the
data for computation; and to check the results of both of these efforts,

The initial preparation of the oscillograph chart included a
number of manual operations prior to the digitizing of the data. The mean
position of the normal load factor trace was established throughout the
oscillograph record, and load factor peaks were marked. The times at
which the aircraft changed from one mission phase to another and the
times at which the turbulence switch position changed were recorded. All
of the above operations were checked independently by a data processing
technician other than the technician who initially performed the operation.

During the second phase of the manual data reduction operation,
the data reduction control information was assembled and transcribed onto
punched cards. This control information included calibration data, air-
craft weight and fuel expenditure information, historical parameters as a
function of time, and other control information. This information was
merged and tabulated with the digitized time history data for the flight.

The tabulated data was checked against the raw data for completeness,
accuracy, and proper format.

Following computation and reduction of the data in an IBM 7094
computer, the reduced data in the form of computer output tabs were
returned to the manual data reduction section for final inspection. The
purpose of this inspection was to locate any errors in format which might
have occurred, to check unusual trends, to verify the magnitudes and
distributions of the parameters, and to compare the computed airspeed,
altitude, and weight histories with the flight log data. All acceptable and
approved data was taen permanently stored on magnetic tape.

3.1.3 Semi-Automatic Data Readinl Section

The oscillograph records were read and digitized using Benson
Lehner OSCAR's equipped with an IBM 024 keypunch. The OSCAR was
utilized to measure the displacement of an oscillograph trace from a
reference line. In reading the data, the machine operator manually aligns
two hair lines on the point to be measured and presses a button. The machine
then automatically digitizes the displacement value and punches the value
into a card. The operator also used the keypunch to punch identifying infor-
mation into the cards for use in computing and sorting. For this C-141A
flight loads program, the OSCAR's were st to read the oscillograph trace
displacements to a resolution of 1/200 inch.

14
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3.1.4 Computer

The IBM 7094 electronic digital computer, located at Wright-
Patterson Air Force Base, was used on this program for the reduction,
analysis, and compilation of the data. In addition to performing the
specified calculations and coding of the data, the computer programs
provided for checks of the data by comparing computer values with the
normal operating ranges and the performance limitations of the C-141A
aircraft. Values or combinations of parameters such as gross weight,
altitude, and Mach number which were near the limits or exceeded the nor-
mal operating range of the aircraft were noted on the computer output. This
data was manually checked to insure accuracy. High or low values of load
factor or derived vertical gust velocity also were noted and later were com-
pared manually with the oscillograph trace.

3.1. 5 Quality Control

In the interpretation and processing of the data from the
oscillograph traces, significant errors can be introduced at three stages:
during measurement of pre-flight calibration data, during establishment of
the position of the 1.0 g mean line throughout the record, and during the
digitizing of the load factor trace. The first two of these operations were
accomplished manually and then were independently checked and verified.
Thus, errors introduced during these operations were within an individual's
capability to read a scale accurately.

The third majc. source of error was in the reading and
digitizing of the oscillograph data on the Benson-Lehner OSCAR's, In
order to maintain these reading errors within acceptable limits, statistically
determined samples of the data were selected for checking, ard the mean
and standard deviation of the errors was determined. If either the mean or
the standard deviation of the reading errors for a given sample e:.ceeded
specified limits, the flight record was returned to be reread. Before a
record was reread, an explanation of the reason for rejection was also
given to the reader who had read the record initially. The quality control
section maintained a continuous record of the progress of each OSCAR
operator in order to monitor his performance and accuracy.

3.2 FLIGHT LOADS CRITERIA
The data reduction and analysis techniques employed in the Interim

Flight Loads and Lead-the-Force Flight Loads phases of this program were
identical. These techniques are discussed in this section.
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3.2.1 Peak Criteria

The aircraft nominal center of gravity load factor history was
reduced into peak count form. A peak was defined as the maximum excursion
of the load factor trace between successive trace crossings of either of the
threshold limits, Peak values of load factor within the threshold interval
were considered to be insignificant and were not to be reduced. The threshold
interval for those peaks which were the result of loads induced by atmospheric
turbulence was V.9 < Nz < 1.1, The threshold interval for load factor peaks
resulting from pilot induced, maneuver, loads was 0.8 <N, < 1.2,

The load factor peaks caused by atmospheric gusts were identi-
fied by the following criteria:
(a) airspeed trace was rough,

(b) load factor trace was rough, and peaks were sharp and
irregular

(c) peak exhibited a rapid rise and exponential decay, and
(d) duration of peak was less than two seconds.
A load factor peak was identified as a maneuver peak when the peak:
(a) did not meet gust peak criteria,
(b) exhibited smooth, long-duration shape,
(¢) corresponded with a change in altitude or airspeed, and

(d) duration exceeded two seconds.

3.2.2 Flight Parameters

Each reduced load factor peak and the corresponding discrete value
of derived vertical gust velocity was categorized by data block and mission
phase, A data block is a flight condition defined by the combination of one
class interval each of gross weight (W), pressure altitude (H), and equivalent
airspeed (A). The time and air distance traveled during each data block was
also computed and coded. Pressure altitude and equivalent airspeed were
calculated utilizing the dynamic and static pressure trace readings taken at
sufficiently short time intervals to reasonably satisfy the assumption of con-
stant airspeed and altitude over the interval.

The aircraft gross weight was determined at the same times as
altitude and airspeed. The gross weight was calculated utilizing initial air-
craft weight data and actual fuel expenditure information obtained from logs
prepared by the flight engineers during each flight, The time durations between
gross weight determinations were sufficiently short to insure that weight
changes during the interval were small.
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The mission phases used to segment the various aspects of
each flight were:

(1) First Climb

(2) Second Climb

(3) First Cruise

(4) Second Cruise

(5) First Descent

(6, Second Descent .

{(7) Low Level - Prijor to Air Drop

(8) Low Level - Subsequent to Air Drop
(9) Air Drop

The Second Climb, Second Cruise, and Second Descent mission phases applied
to the climb, cruise, and descent segments which followe the air drop phase
of a logistics drop mission. Low level as applied to mission phases (7) and
(8) referred to altitudes of 1,500 feet and below.

3.2.3 Mission Parameters

The mission parameters by which the reduced data distributions
were coded are listed below.

(a) Aircraft tail number {
(b) Date of flight
(c) Season of the year: i

(1) Winter - December through February
(2) Spring - March through May ]|
(3) Summer - June through August

(4) Fall - September through November

(d) Air Force Base (Base to which aircraft was assigned):

(1) Tinker Air Force Base, Oklahoma | {
(2) Travis Air Force Base, California |
(3) Dover Air Force Base, Delaware

(4) Charleston Air Force Base, South Carolina |

(e) Route Flown u
(ff Type of Mission:

. (1) Logistics, Medlum Range

(2) Logistics, Long Range
) (3) Training ' ‘
) (4) Logistics Drop, Short Range

(5) Miscellaneous Air Drop
(6) Flight Test
(7) Airborne Training

|




— W W

- e e my

—T

The coding of the reduced data sample by route flown was accom-
plished using major route segments. For example, a flight from Travis
Alr Force Base to Wake Island which stopped at Hickam Air Force Base
would constitute two major route segments: Travis to Hickam and Hickam
to Wake. The data acquired over each s gment was identified by the route
flown code for that segment.

The profiles of the types of mission listed above correspond to
mission profiles employed by Lockheed-Georgia Company in fatigue analyses
of the C-14]A aircraft (See Reference 2). A total of eleven mission profiles
were utilized in the fatigue analyses and were coded for data reduction, How-
ever, the seven types of mission listed above were the only ones encountered
during this effort. The determination of the type of mission for each recorded
flight was based upon the comparison of each flight's mission profile with
those presented in Reference 2.

The data samples to be reduced and analyzed were selected from
the recorded data sample in order to provide a representative sample of
service usage, particularly with respect to mission mix. Insofar as was
practical, the amount of reduced data for each month of the year was equal,

3.2.4 Derived Vertical Gust Velocity

The derivation of the equation for derived vertical gust velocity,
Udgs in terms of various aircraft flight and performance parameters, air-
craft geometry, and gust factor is presented in Reference 3. This equation
is also presonted in Reference 4. The form of the U4, equation employed
after substitution of the C-141A aircraft geometric constants, substitution
of the subsonic gust factor, and upon rearrangement was

Udq = - [4279.138\/&‘ + 0.0051698 ;—‘—”F] ,
where

U4, = derived vertical gust velocity, ft/sec,

Vi = true airspeed, ft/sec,

W = aircraft gross weight, 1b,

¢ = ratio of local air density to standard or sea level air
density,

An = incremental rormal load factor, g's, and
m = slope of lift curve, per degree.

The slope-of-the-lift curve data employed in this program was
based on the clean configuration of the C-141A aircraft. This data was obtained

18
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as a function of Mach number from data generated by the Lockheed-Georgia
. Company. The slope~of-the-lift curve for 35 percent flaps is as much as
15% greater than that for the clean configuration. However, since the flap
and spoiler positions were not recorded, the University was directed to use
5 the clean configuration lift data throughout this effort.

3.3 GROUND LOADS CRITERIA

The data reduction and analysis techniques employed in the Ground
Loads Study phase of the C-141A aircraft Flight Loads Data Program are
presented in this section.

3.3.1 Peak Criteria ’

The aircraft center of gravity normal load factor history during
ground operations was reduced into peak count form. A peak was defined
as the maximum excursion of the load factor trace between successive trace *
crossing of either threshold limit. This is the same peak criteria which
was used for the IFL and LTF phases of this program. Peak values of load
factor within the threshold interval, 0. 95 < Nz < 1.05, were considered to
be insignificant and were not to be reduced.

L 4
- —

No attempt was made in the GLS phase to classify load factor
. peaks in terms of gust, maneuver, or runway roughness. All peaks were
classified as ground loads data.

3.3.2 Ground Operations Parameters

Each reduced ground operations load factor peak and the assoc-
iated time data was categorized by data block and mission phase.

A GLS data block is a ground operation condition defined by a
class interval of cargo weight and a class interval of fuel weight., The cargo
and fuel weight histories for each flight were determined from initial aircraft J
weight information and from actual fuel expenditure data obtained from logs
prepared by the flight engineers during each flight. Only data recorded while {
the aircraft was in motion on the ground was included in the GLS data sample. '

. The mission phases utilized to segment the different aspects of |
the ground experience of each aircraft were:

. (1) Taxi,
(2) Take-off Run,
(3) Landing Roll-out, |
(4) Touch-and-Go Rell, and |
(5) Landing Impact. i
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The Landing Impact mission phase included both full stop and
touch-and-go landings. The duration of this segment was defined as the
first three seconds following initial runway contact by the landing gear.

The duration of the Landing Roll-out mission phase was defined
as the period of time from the end of the L.anding Impact mission phase until
the time at which the aircraft's ground speed decelerated to 20 knots. The
end of the Touch-and-Go Roll mission phase was defined as the time of
lift-off.

3.3.3 Mission Parameters

The mission parameters by which the reduced ground loads
data were coded included all of those listed in Section 3. 2.3. In addition,
the ground loads data were identified by the Air Force Base or air terminal
at which the data was acquired.

3.4 ATMOSPHERIC TURBULENCE CRITERIA

The turbulence indicator switch (refer to Section 2. 2) provided the means
by which the recorded data was identified as having been obtained under either
storm or non-storm conditions. The turbulence indicator switch was moni-
tored by the aircraft co-pilot, and he used his best judgment to determine
the proper position of the switch, i.e., Storm or Non-Storm.

All data acquired when the aircraft was in the immediate vicinity of
convective activity was identified as having been obtained under storm condi-
tions. Convective activity included cumuliform cloud structures (non-stratus),
thunderstorms, squalls, hail, tornadoes, etc. An aircraft was considered
in the "immediate vicinity' of a stormm when it was within a 25-mile horizontal
and a 5,000-foot vertical distance from a storm. Data acquired at altitudes
below 15,000 feet was not pertinent to the Air Weather Service studies. This
data, by AWS direction, was classified as Storm data. For all other condi-
tions not specified above including flight in clear air, stratus clouds, haze,
and cirrus clouds, the daia was identified as having been acquired under non-
storm conditions.

Insofar as data reduction was concerned, the turbulence study condition
(storm or non-storm) was an additional flight parameter by which the
appropriate Interim Flight Loads Ude distributions were coded.

CAUTION - Because of the storm and non-storm criteria employed for
this study, this data should not be used for structural calculations. The use
of the terms storm condition and non-storm condition in the Atmospheric
Turbulence Study were utilized for the sake of brevity and, unfortunately,
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may be misleading. The data for this study was coded with regard to the
existance or non-existance of atmospheric convective activity in the vicinity
of the aircraft at the time at which the data was recorded. The data was
coded in this fashion for meteorological studies, and the definitions of the [
storm and non-storm conditions differ from those normally employed in the
generation of gust input spectra used for aircraft structural design and .
analysis. Thus, it is recommended that the Atmospheric Turbulence Study

Data not be used for structural calculations. 4
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SECTION 1V

RESULTS

During the data acquisit.on phase of this program a total of 7,602
hours of reducible VGH data was acquired on the C-141A Lead-the-Force
aircraft. This sample represents approximately 80 percent of the flight
time logged by the LTF aircraft during this period. 4 reducible VGH data
sample of 6, 781 flight hours was collected on C-141A aircraft instrumented
for the Interim Flight Loads phase. Concurrently with the collection of
the IFL data sample, 4,932 hours of usable data was acquired for the
Atmospheric Turbulence Study phase of this effort. About 98 percent of
all the flight loads data recorded during this effort was reducible,

The reducible data yield for the Ground Loads Study was 196.5
hours of ground load experience data. This sample represents 99 percent
of all of the ground loads history data collected during the 3 1/2 month GLS
data acquisition period. In Table 3 are presented the distributions by Air
Force Base and program phase of the recorded reducible data samples

acquired during this program.

Of this usable data, a total sample of 12,430 hours of flight loads
data was completely reduced into peak count distributions cf center of
gravity normal load factor and derived vertical gust velocity. This sample
includes 6,076 hours of VGH data acquired on the C-14lA Lead-the-Force
aircraft, and 6,354 hours of VGH data obtained from those C-141A aircraft
employed in the Interim Flight Loads phase. Concurrently with the reducticn
and compilation of the IFL data, 4, 562 hours of the IFL derived vertical gust
velocity Jata was coded by atmospheric condition and sorted for the Atmos-
pheric Turbulence Study. For the GLS effort a sample of 174.5 hours of
ground load experience data was completely reduced into peak count distri-
butions of ground load factor. The distributions of these reduced data sam-
ples is presented in Table 4 by Air Force Base and program phase,

To justify the use of the VGH data acquired during the Interim Flight
Loads phase of this program in fatigue analyses of the C-141A airframe,
the reduced data must be representative of the total C-141A fleet load history.
The load history of a fleet of aircraft depends upon the manner in which the
aircraft are utilized and upon the environment in which the aircraft are flown.
A study was conducted to determine whether or not the flights included in
the reduced data sample would be representative of the usage and the environ-
ment experienced by the entire fleet,

Not all of the aircraft in the fleet were instrumented. Early in the
program approximately seventy percent of the fleet was instrumented, but as
new aircraft were delivered during the course of the program, the ratio of
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Distribution of Recorded Data Samples (Hours)
by Air Foi-se Base and Program Phase
\

TABLE 3

N

\ Air Force

Chafle_lton

Base Dover | Tinker | Travis | Totals

Program

Phase
Interim Flight Loads 1,295 1~, 362 1,849 2,275 | 6,781
Lead-the-Force

Flight Loads 742 1,103 | 2,537 3,220 | 7,602
Ground Loads

Study ccca 95.0 69.5 32.0 [ 196.5
Atmospheric

Turbulence Study 1, 295 1, 362 - 2,275 | 4, 935

TABLE 4
Distribution of Reduced Data Samples (Hours)
by Air Force Base and Program Phase
Air Force
Base Charleston | Dover | Tinker | Travis | Totals

Program

Phase
Interim Flight Loads 1, 200 1,221 1,792 2,141 | 6,354
Lead-the-Force

Flight L.oads 646 960 | 1,949 2,521 | 6,076
Ground Loads

Study @ | @ mee-- 84.5 69.5 32.0 | 174.5
Atmospheric

Turbulence Study 1,200 1,221 | -==-- 2,141 | 4,562




instrumented aircraft to the total fleet dropped to about twenty-five percent,
However, since a large number of aircraft were instrumented, it was assumed
that the instrumented fleet usage was representative of the total fleet usage. 0

A ot

Not every flight of the instrumented aircraft was recorded; however,
historical flight information records were maintained for each flight of every S
instrumented aircraft during the entire recording period. Thezefore, a ¢ 4
complete record was kept of the activities of the instrumented aircraft in (
! addition to that portion of the instrumented fleet's activity represented by
the reduced data sample.

The degree to which the reduced Interim Flight Loads data sample
[ reflected fleet usage was determined by comparing the mission mix of all 4
g flights of the IFL instrumented aircraft at each base with the mission mix at
T each base in the reduced IFL data sample. The results of this comparison is
presented in Table 5, which indicates that the reduced IFL data sample is {
in general quite representative of the C-141A aircraft fleet usage during the
data acquisition period. At all of the bases except Dover Air Force Base the
percentage of the flights flown for a given type of mission differs by less
ttan five percent from the corresponding percentage in the reduced data. At
Dover Air Force Base the percentages of the total number of flights of training
, and logistice missions for which data was reduced are approximately 10 per-
cent greater and less, respectively, than the percentages flown.

The determination of the similarity of environment experienced by ‘
the fleet as compared to that experienced by the Interim Flight Loads aircraft :

* was beyond the scope of this program. Data are available to make this eval- . ]

uation if the Air Force should decide to do so. The atmospheric turbulence l

is a function of geographical area, season, and climatological parameters.

Inasmuch as the data in the reduced data sample were acquired over a 12-

month period, and since the month by month IFL samples were appropriately

selected to reflect fleet activity, it is believed that the effects of season and

climate are adequately represented in the data sample, Further, since no

scheduling preference was given to instrumented aircraft, there is no reason

to believe that the average environment encountered by the instrumented air-

craft is different from that experienced by the fleet,

From this analysis, it was concluded that the Interim Flight Loads
reduced data sample does adequately represent the service load experience i
of the C~141A fleet in terms of mission mix and of flight environment,

The reduced Lead-the-Force data sample was acquired during approxi- .
mately sixty percent of the total mission time of the LTF aircraft during
the data acquisition period. Historical flight information records were main-
tained, however, for each flight of every LTF aircraft during the entire
recording period. A comparison was made of the mission mix of all flights
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of the LTF aircraft at each base with the mission mix at each base in the
reduced LTF data sample. The results of this comparison are presented
in Table 5, which indicates that the LTF reduced data sample is in general
quite representative of the Lead-the-Force aircraft utilization during the

data acquisition period.

The reduced data samples are presented in the Appendixes of this
report in the form of tabular distributions and cumulative frequency graphs
of peak maneuver and gust load factors and of peak derived vertical gust
velocity. The tables are reproductions of the computer output tabulations.
The total times and distances shown may not agree in the last significant
figure with the sum of the values given by data block categories because of
rounding. Histograms representing the airspeed and altitude usage of the
C-141A aircraft for the various missions flown are also included in the

Appendixes.

This data was previously presented in the final periodic data reports
which were submitted to the C-141 System Program Office (References 5, 6,
and 7). These periodic data reports contain historical flight information for
every flight for which data was recorded as well as listings of unusual exper-
ience that were encountered during the flights for which the data was reduced.
The load factor and Uq, data distributions in the final periodic data reports
for the VGH phases of this program are presented by jross weight, altitude,
airspeed, base, mission, and mission phase. Also contained in these reports
are tabulations of maneuver load factor exceedence data by mission phase and
tabulations of derived vertical gust velocity exceedence data by base and
mission phase. Inquiries concerning data presented in the finai periodic
data reports must be directed to the C-141 SPO. The final reduced data
samples are presently being employed in fatigue evaluations of the C-141A
aircraft,

The data contained herein is described in the following paragraphs.

4.1 INTERIM FLIGHT LOADS DATA

The final data presentations for the Interim Flight Loads phase of the
"C-141A Aircraft Flight Loads Data Program' are included in Appendix A
of this report. This structural load experience data sample is summarized
in the maneuver and gust spectra presented in Figures Al and A2. Figure Al
is the cumulative frequency (exceedence curve) for the total positive maneuver
load experience without regard to any mission parameter or fiight condition,
and Figure A2 presents the positive derived vertical gust velocity spectrum
by altitude obtained during the IFL phase of this program.
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The distribution of the reduced Interim Flight Loads data by Air Force
Base .d mission type is presented in Table 6. It should be noted that the
number of hours of reduced data shown in Table 6 does not necessarily
equal the total number of flight hours associated with the number of missions
indicated in Table 6. In some cases the oscillograph film was completely
exposed before the end of the flight and thus the data associated with the
end of the flight was not recorded or consequently, reduced. In a few
cases, data from only portions of a recorded flight could be reduced because
the lack of sufficient fuel utilization information prevented the processing
of the later portions of the record. Therefore it is possible that, at a
given base and for a given type of mission, the number of flight hours
experienced by the aircraft for the number of missions indicated in Table 6
could be greater than the number of hours of reduced data, Thus, the reader
should use caution in using the information in Table 6 to determine average
mission durations.

The Ude spectra by altitude for each Air Force Base are presented for
positive and negative gusts separately in Figures A3 through A6. These
spectra of derived vertical gust velocity generally show the usual decrease
in the severity of atmospheric turbulence with increasing altitude. However,
the data acquired from aircraft stationed at Charleston Air Force Base
indicate that the severity of turbulence is greater in the range of altitudes of
from 20,000 to 25,000 feet than in the range of 15,000 to 20, 000 feet. Further
the data acquired at Tinker Air Force Base indicate that the severity of
turbulence for altitudes above 25,000 feet is about the same as for the
altitude range of 15,000 to 25,000 feet. In as much as the missions flown
from Tinker Air Force Base were primarily of a training nature, less
than 8 percent of the data yield from Tinker was acquired at altitudes above
25,000 feet. Therefore, the data sample acquired above 25,000 feet from
aircraft stationed at Tinker Air Force Base is not believed to be an all
inclusive sample of high altitude gust load experience.

Comparisons of the gust spectra of Figures A3 through A6 by Air Force
Base reveal expected variations in the severity of turbulence with geograph-
ical location. The low altitude gust experience acquired at Tinker Air Force
Base is significantly more turbulent than that acquired at the other three
bases., For altitudes between 25,000 and 35,000 feet the turbulence experi-
encod by aircraft stationed at Charleston Air Force Base was more severe
than that expericnced by aircraft assigned to Dover and Travis Air Force
Bases.

As the result of the magnitude of the gust load factor threshold limits
established for the reduction of the load factor time histories, all of the
derived vertical gust velocity data for the first Uq, bands (5 < |Ug, | < 7.5)
was not obtained. The U4, data not included in these bands was that obtained
during flight conditions of combined high gross weight and low airspeeds.
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Distribution of the Reduced Flight Loads Data

TABLE 6

Samples (Nummber and Hours) by Air Force Base and Mission

INTERIM FLIGHT LOADS PHASE

Air Force

Base Charleston Dover Tinker Travis Totals

Mission
Logistics, Medium No. 189 173 20 288 670
Range Hrs. 882.8 881.3 44.5 1,245.6 3,054.2
Logistice, Long No. 3 --- .- 43 46
Range Hrs. 30.7 --- --- 424. 4 455. 1
Trainin No., 64 95 449 128 736
T 8 Hrs. 238.8 313.8 | 1,744.0 470.4 | 2,767.0
Logistics Drop, No. --- 3 Dod DOc 3
Short Range Hrs. .- 9.4 --- --- 9.4
No. 12 5 - .- 17
Miscellaneous Hrs. 44.7 16. 3 . L 61.0
No. 2 1 2 1 6
Edlight) Tast Hre. 1.2 0.6 3.5 0.6 5.9
No. 1 -~ --- --- 1
Airborne Training Hrs. 1.5 . . e 1.5

LEAD-THE-FORCE FLIGHT LOADS PHASE
Alir Force

Base Charleston Dover Tinker Travis Totals

Mission
Logistics, Medium No, 98 137 22 400 657
Range Hrs. 613.2 766.7 82.7 1,903.1 3,365.7
Logistics, Long No. --- 2 .- 42 44
Range Hrs. --- 23.1 - 430.9 454.0
No. 3 45 455 60 563
Training Hrs. 23.5 166.0 | 1,862.0 181.4 | 2,232.9
No. 2 .- --- e 2
Miscellaneous Hrs. 8.6 - B - 8.6
No. 1 5 3 4 13
Flight Tast Hrs. 1.4 4.4 4.2 5.4 15. 4




This combination is normally only prevalent at take-off and thus only the low
altitude data of Figures A2 through A6 is significantly affected. The aftect
of the load factor threshold limits on these U4, exceedence curves is demon-
strated by the change in slope of the curves above -7.5 feet per second and
below +7.5 feet per second for the lower three altitude ranges. Thus, the
data reduction limitation imposed by the load factor threshold limits affects
only the first Ug, band on both sides of threshold for the low altitude curves.
All of the data 1n the derived vertical gust velocity data bands above +7. 5
and below -7.5 feet per second is complete and unbiased.

Tabular distributions of peak derived vertical gust velocity versus
altitude for each of the four Air Force Bases involved in this effort are
presented in Tables Al through A4.

In Figures A7 through A20 is presented histograms which show separately
the percentages of flight time in selected airspeed and altitude ranges. These
histograms for airspeed and altitude are presented in pairs for each of the
seven types of missions encountered during this effort. Comparisons by
mission of the histograms presented in terms of the percentage of flight
time in the various altitude ranges provide an indication of the differences
in the mission profiles of the different types of missions. Tables A5
through All present the distribution of flight time in the various combined
altitude and airspeed increments for each type of mission.

Tabular peak distributions of maneuver load factors, gust load factors,
and derived vertical gust velocity versus data vlock by Air Force Base and
mission type are presented in Tables Al2 through A65 in Appendix A, A
data block is a flight condition defined by one clasf interval each of gross
weight (W), pressure altitude (HH), and equivalent airspeed (A). In order to
limit the physical size of this report, the data blocks are given in coded form.
The codes employed are identified in Table 7,

The loacd factor and derived vertical gust velocity class intervals are
also presented in coded form as shown in Table 8. For load factor class
intervals, the distribution headings represent:

(1) The lower load factor boundary of the class interval for
load factors greater than 1.0, and

(2) The upper load factor boundary of the class interval for
load factors less than 1. 0.

For example, load factor, class interval codes of 1.8 and 0. 6 refer, respec-
tively, to the class intervals 1.8 < N; <2,.0and 0.5 <Nz <0.6. Thus, it can
be seen that the value of load factor presented in the headings corresponds to
the absolute lower incremental load factor limit of the class interval. For

the U4, distributions the absolute lower limit of the data band is presented in
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TABLE 7

Description of the |
Weight, Altitude, and Airspeed Band Codes

ﬁv‘,_,_ﬂ,,- e g

WEIGHT AIRSPEED {
‘ Weight Ranges w Airspeed Ranges A ,
' (1000 1bs. ) Code (KEAS)  Code !
W <130 1 0 Ve <100 1
130< W< 170 2 100 < Ve < 150 2
170 < W < 210 3 150 s Ve < 200 3 ‘
210 s W < 250 4 200 < Ve < 250 4
250 s W < 290 5 250 = Vo < 300 5 |
290 s W 6 300 s Ve < 350 6
‘ 350 s Vg < 400 7 .
| 400 s Ve 8 -
ALTITUDE oo
| Altitude Ranges HH =
(1000 f£t.) Code ‘ ,
g h< 1 1 |
| lsh< 2 2
2<h< 5 3
| 5<h<10 4
) 10sh<15 5
15s h< 20 6 {
20< h< 25 7 . |
25s h <30 8 |
30s h< 35 9
35<h 10

-
—_—




TABLE 8

N, Band

Gust Maneuver
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o
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Description of the
Load Factor and Derived Gust Velocity Bands

Factor Range gg's)

A

A

N

A
WNN I~ ===~ O000Oo
CUVMOPA A RWNDO®ITUVOWL

incremental

Acceleration Range fS"l

An <

U4, Range (ft/sec)

Ude
-35.0 < Ugqg,
-30.0 < Uq,
-25.0 < Uq,
-20.0 < Uq,
-17.5 < Ud,
-15.0 < Ud,
-12.5< Uq,
-10.0 < U4,
- 71.5<Uq,
+ 5.0= Ude
+ 7.5 Uy
+10.0 = Ugq,
+12.5 S Ud,
+15 0=

u
55U
+zo 0s U
$25.0 < Udgq
+30.0 5 U
$35.0< U

de
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the distribution headings. Thus, the U4, distribution headings 10 and -15
represent, respectively, the class intervals +10 < Uy, < 12.5 and

-170 5 5 Ud. < -150 o.

4.2 LEAD-THE-FORCE FLIGHT LOADS DATA

The final data presentations for the Lead-the-Force flight loads phase
of this program are included in Appendix B. The structural load experience
data acquired during this effort is summarized in the exceedence curves of
Figures Bl and B2. In Figure Bl is presented the total positive maneuver
load factor spectrum. The positive gust load spectrum is presented by
altitude in Figure B2. Comparisons of these LTF spectra with those obtained
in the Interim Flight Loads effort (Figures Al and A2) indicate that the over-
all maneuver load experience of the LTF aircraft and the IFL aircraft were
essentially identical and that the gust load experiences of the two sets of
data were very similar. The turbulence encountered by the LT F aircraft
at lower altitudes is slightly more severe than that encountered by the air-
craft instrumented for the Interim Flight Loads effort. The opposite trend
is observed for higher altitudes. The distribution of Lead-the-Force Flight
Loads data by Air Force Base and mission type is presented in Table 6.

Lead-the-Force aircraft Ud, spectra by altitude for each Air Force
Base are presented for positive and negative gusts separately in Figures B3
through B6. These curves are comparable with the same data obtained for
the IFL phase of this program. The same data trenda noted in section 4.1
apply to the LTF gust spectra. The turbulence experienced below 10,000
feet by the aircraft assigned to Tinker Air Force Base was more severe than
that encountered by the LTF aircraft at the other three bases., For altitudes
between 25,000 and 35, 000 feet the gust load experience of the aircraft
assigned to Charleston Air Force Base was more severe than that experienced
by aircraft from Dover and Travis Air Force Bases.

The Lead-the~-Force flight loads data was reduced according to the same
criteria employed in the reduction of the IFL flight loads data. Thus, the
Ud, data reduced during the LTF phase is also incomplete in the first bands
(5 < |Udg | < 7. 5) for the high gross weight and low airspeed flight conditions.
All of the data in the derived vertical gust velocity data bands above +7.5 and
below -7. 5 feet per second is complete,

Tabulations of the peak distributions of derived vertical gust velocity
sorted by altitude for each Base are presented in Tables Bl through B4.

The histograms of Figures B7 through Blé6 illustrate the percentages

of flight time in the various airspeed and in the various altitudes ranges.
These bar graphs for airspeed and altitude are presented in pairs for each
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of the five types of mission encountered during the Lead-the-Force flight
loads effort. As would be expected, the Lead-the-Force rircraft mission
' profiles, as indicated by the bar graphs of the percentage of flight time in
' the various altitude ranges, agree well with those obtained for the same

type of mission for the IFL phase of this program. Tables B5 through B9
present the distribution of flight time in the various combined altitude and 4
airspeed increments for each type of mission.

Tabulationa of the peak distributions of maneuver loal factors, gust
load factors, and derived vertical gust velocity versus data block by Air
Force Base and mission are presented in Tables B10 through B54 in
Appendix B. The data block codes utilized in the presentation of this data 1
are identified in Table 7. The data bands headings are precisely defined
in Table 8.

4.3 GROUND LOADS STUDY DATA

The data acquired and reduced for the Ground Loads Study phase of |
this program is presented in Appendix C of this report. This data is pre-
sentad in the form of tabular distributions by mission phase of incremental
ground load factors versus data block. For this phase of the program a data
block is an aircraft condition defined by one class interval each of cargo
. weight (CW) and fuel weight (FW). As in the case for all load factor distri-
butions presented in this report, in the table heading is presented the value
. of load factor corresponding to the absolute lower incremental load factor
! limit of the data band, see Table 9. Table 9 also contains the codes for the
cargo weight and fuel weight bands utilized in presenting the data. '

A total reduced data sample of 174. 5 hours of ground load experience
data is presented in Appendix C. The number of occurrences and the number
of hours in this data sample for each of the five mission phases are presented ‘

in Table 10.
TABLE 10
Distribution of the Reduced Ground
Loads Data Sample by Mission Phase
Number of Number of ‘:
. Mission Phase Occurrences Hours ‘
e Taxi 1,218 155. 1 |
‘ Take-off Run 725 5.8 i
. Landing Roll-out 679 8.8 |
Touch-and-Go Roll 682 3.7 l
Landing Impact 1,360 1.1 | ?
l




{ TABLE 9
: |
; Ground Loads Study |
Weight and Load Factor Band Descriptions *
CARGO WEIGHT FUEL WEIGHT . )
| Cargo Wt. Range Fuel Wt. Range [
(1000 1lbs) Code (1000 lbs) Code
Cs10 1 Fs1l0 1
10<Cs20 2 10<F =20 2 I
, 20< C s 30 3 20< F <35 3
30< C = 40 4 35<F =50 4
: 40 < C s 50 5 50 < F 5 65 5 ‘
50 < C 560 6 65 < F s80 6
60<C =70 7 80 < F =95 7 .
70<C 8 95 < F 5110 8 1
110 < F =125 9 1
125< F 10

LOAD FACTOR

Load Factor Incremental Load

Ng Band Range (g's) Factor Range (g's) .

0.0 Ngs0 An = -1.0 .

0.30 O0<Ng= .30 -1.0 <An= -0.70 .

0.50 «30<N_,s .50 -0.70 < An s -0.50

0.60 «50<N;s .60 -0.50 < An S -0, 40

0.70 .6U<Nz= .70 -0.40 < An = -0.30 1
0.75 +.T0<Ngs .75 -0.30 < An S -0. 25 ‘
0.80 .T5<Ngs .80 -0.25<An s -0,20

0.85 .80<Nz=s .85 -0.20 < An = -0.15

0. 90 .85<Ng= .90 -0.15<An = -0.10

0.95 .90 < N, s .95 -0.10 < An = -0,05

1.05 1.05Ss Nz <1.10 0.05= An< 0.10

1.10 1.10S Ng < 1.15 0.10= An < 0.15 |
1.15 1.155S Ng < 1.20 0.15= An< 0.20

1.20 1,20 S Ng < 1,25 0.20 = An< 0.25

1.25 1.25S Nz<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>