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ABSTRACT

This report contains the result of an effort to optimize the format
and procedures for conducting a parametric fatigue analysis of Air Force
aircraft on a flight-by~flight basis. Parameters which affect the environ-
mental loads and those which affect the resulting stresses are discussed.
It is suggested that flights be divided into mission segments of taxi,
ascent, cruise, descent, landing, etc., to take advantage of the stan-
dard operational procedures of the Air Force. Methods of calculating and
presenting the parametric damage charts for each segment are presented
for both heavy bomber and cargo aircraft and for fighter aircraft. It is
suggested that to obtain a resonable accuracy, a statistical counting
accelerometer with a pilot-controlled print-out be installed in all
fighter aircraft. Results indicated that tabular formats are preferred
to graphical formats for manual solution of large volumes of flights. It
is concluded that a parametric analysis can be used to calculate the
fatigue damage on a flight-by~flight basis and that the required pilot
log information is now available. 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 Air Force Flight
Dynamics Laboratory (AFSC), Wright-Patterson Air Force Base, Ohio
45433, ATTN: FDTR.
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SECTION 1

INTRODUCTION

This effort is part of the Air Force Fatigue Certification Program,
which has the overall objectives: a) to provide the Air Force with aircraft
which have specified life capabilities; b) to provide the Air Force with a
rational means of echeduling aircraft for required structural modifications
so that the required life can be achieved with minimum downtime and loss of
combat capability; and c) to provide the Air Force with a means to assess
the life trade-off requirements for various mission mixes and subsequent
long range planning for aircraft replacement.

To achieve these objectives, much time and money have been invested
in refining fatigue analysis procedures, conducting multi~load level
full-scale fatigue tests, and developing flight load recorders. Some
recorders are now being installed on individual aircraft deployed throughout
the various fleets. However, cost for recorders and data reduction
precludes recording data on 100% of the fleet. A sufficient number
(approximately 20%) of the aircraft are being instrumented to provide a
statistical description of the operational load experience. However, the
actual mission mix flown by the majority of the aircraft in the fleet will
not be monitored by a recorder. Therefore, some other means for
economically determining the fatigue damage for individual aircraft must
be devised.

The life expended by individual aircraft can be represented as a
function of two main variables. One of these is the spectrum of input loads,
i.e., the spectrum of gust and maneuver loads actually encountered per
mission segment; and the other is the utilization of the aircraft, or the
mission mix of mission segments actually flown and the response of the
aircraft to the input loads. These response parameters, which allow one
to conve rt gust velocities or maneuver load factors to stresses, are a
function of velocity, altitude, gross weight, and aircraft configuration.
Until recently no attempt was made to account for the mission mix flown by
individual aircraft. Aircraft are currently programmed for modification
on the basis of total flight hours accumulated, regardless of the specific
utilization of the individual aircraft. It is possible to monitor these
uninstrumented aircraft by logging the mission mix actually flown in
sufficient detail (recording gross weight, configuration, velocity, altitude,
etc.), and by using the fatigue analysis computer programs and the
recorded loads spectra to calculate the life expended per individual
aircraft. However, this procedure would be much more time~-consuming
and expensive than a procedure which involved a parametric fatigue
analysis study.



A parametric fatigue analysiy st idy should result in an orderly and
systematic presentation of fatigue damage versus the various parameters
within the mission profile of the aircraft under study. The structural
components which were discovered to be fatigue critical after the completion
of the component and full-scale fatigue tests would be the subjects of
re-calculation of fatigue damage for varying values of gross weight,
velocity, altitude, configuration, etc. » for the input spectrum of each
mission segment. These damage curves presented for various mission
segments such as climb, cruise, refueling, low level penetration, descent,
landing, taxi, etc., could be entered with selected values of the parameters,
thus yielding a damage Prediction for a mission mix of the user's own
choosing. Instead of using flight hours as a basis for modification and
inspection schedules, a detailed pilot's log and the results of a parametric
fatigue analysis could be used to compute fatigue damage for each flight.

Then, damage rather than hours could be used as the criteria for modifi-
cation and inspection.

The magnitude of the error which can be realized by basing aircraft
life on flight-hour criteria rather than on cumulative damage basis was
recently demonstrated during a study of the B-58 fleet usage during opera-
tional Strategic Air Command missions. By means of a parametric
analysis, the damage experienced at a number of fatigue-critical locations
on each aircraft was computed for each flight of each aircraft. Thus, the
total accumulated damage for a number of fatigue critical locations (control
points) and the corresponding total number of flight hours was tabulated
for each aircraft. These damage vs flight-hour data for the most fatigue=~
critical point on the B-58 are presented in the following bi-variate frequency
distribution. This table indicates the number of aircraft that can be grouped
within specified class intervals of fatigue damage and flight hours. For

example, four aircraft had expended between 44% and 46% of their life in
an interval of from 1450 to 1550 flight hours.

Bi-Variate Distribution % of Life vs. Flight Hours
B-58 Fleet, Bathtub Fitting, Control Point 10

Accumuhud.Damn'- - % of Life
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From this table, one can readily see that there is no correlation
between flight hours and fatigue damage. There is a spread of from about
1500 flight hours to about 2100 flight hours between two aircraft having
used nearly 75% of their total life. Also, within the 1450-hour to 1550-hour
interval, the damage scatter varies from about 39% to 77%. Thus, it is
evident that if inspections or modifications were scheduled on a flight-hour
basis, two possible errors would be realized: some aircraft would receive
unnecessary modifications and inspections, and some aircraft could actually

experience failure before they accumulated the specified number of flight
hours.

It is believed that the above example shows a scatter that is
smaller than that of most aircraft fleets because: (1) the B-58 aircraft
is used on relatively few different types of mission; and (2) the effects of
environmental variation (gust and maneuver spectra) on a flight by flight
basis were not included in the damage calculations represented in the
bi-variate table.

Therefore, it is concluded that damage accumulation, rather than
flight hours, is a much more rational method for evaluating the age of an
airframe. In addition, continued use of the pilot's log and the parametric
fatigue analysis would result in a superior basis for the retirement and
replacement of individual aircraft. Another advantage of this procedure
is that it would yield damage vs mission data that could be used for schedul-
ing mission mixes that would minimize structural damage. Further,
logistics problems related to structural maintenance for combat and
noncombat situations could be worked out in advance, and specific recom-
mendations for time between inspections could be given.

There are several feasible means of accomplishing a parametric
fatigug¢ analysis study, and the results can be arranged in many different
formats. The specific approach employed and the relative importance of
the pertinent parameters are likely to change with different types of air-
craft and with the various locations of the fatigue critical components.

Since many calculations are involved, a parametric analysis study must

be based on a computerized fatigue analysis program. However, the
parametric charts which result from the study can have great utility without
being automated.

The first edition of the parametric fatigue analysis study for a
particular aircraft would be prepared after the full-scale fatigue tests have
identified the critical components. A fatigue analysis program would be
used to calculate the damage for these critical components for the various
parameters, using the best input load spectrum available at that time.
Subsequently, the fleet aircraft which are instrumented will yield data more
closely defining the load experience of the fleet and may also yield additional

3



breakdown8 of the loading spectra. That is, the loads data from the
instrumented aircraft may show a significantly different spectrum of gust
or maneuver loadings for different geographical locations, or the landing
or taxi damage may be significantly different for various air bases. Using
the improved measured load spectrum, the fatigue analysis program would
generate revised damage calculations. Therefore, it is important to find
a convenient means of changing the parametric fatigue analysis study to
include the revised damage calculations.

A parametric fatigue analysis study in the form of a report (collection
of charts) can be used manually to predict the life expended per aircraft.
A detailed pilot's log would be interpreted in terms of the defining param-
eters and the damage due to this particular mix of mission segments;
parameters can be read from the various charts and summed to yield the
life expended for that particular flight. However, it would be more
advantageous to automate the parametric fatigue analysis study and thus
achieve greater accuracy with fewer man-hours. .

The primary objective of the present study is to provide the optimum
format for the parametric fatigue analysis study for each general class of
aircraft. This optimization will be based on a study of those parameters
which must be considered to calculate the damage within acceptable
accuracy for each general class of aircraft, mission segment, and critical
component. The optimization is generally in the presentation of the charts,
so that by manual means a person can conveniently and quickly calculate the
damage on a tail number basis. Also, certain assumptions are suggested
that will result in a minimum amount of data being required on the pilot's
log. The two secondary objectives are: first, to suggest a design of the
pilot's log sheet that will contain the required data to permit the damage
calculations; and second, to suggest a design of a semiautomatic pilot's
log recorder for the fighter or fighter-bomber aircraft type.



SECTION II

FATIGUE DAMAGE PARAMETERS

1. INPUT PARAMETERS

In this report, input parameters are defined as those parameters
which cause an alternating load to be induced into the aircraft structure.
These parameters may be gust velocity, maneuver load factor, sinking
speed at touchdown, runway roughness, turning radius and velocity during
taxi, maintenance procedures, store release or ejection loads, special
environments or events such as thermal stresses, cabin pressurization,
drag chute loads, nuclear weapon delivery, etc. Each of these input
parameters will be discussed in relation to the remote parameters which
affect its frequency of occurrence or magnitude.

a. Gust*

The history of gust analysis originated with a discrete-gust
approach (Uq,) involving the concept of a rigid airplane and a ramp-type
gust with a gradient distance of 10 chords and a specified maximum vertical
velocity., A somewhat arbitrary alleviation curve was used to attempt to
adjust for differences in such factors as wing chord and pitching effects.
This alleviation curve was expressed in terms of the design parameter W/S,
the wing loading. This curve, when applied to the gust load formula, gave
results which were, in effect, the same as if the airplane had encountered
a step-type gust of less magnitude than the maximum design velocity used
in the ramp gust; hence, the concept of '"sharp-edge gust encounters' was
frequently mentioned. Later, the design procedure was changed so that
the alleviation curve was expressed in terms of the more fundamental
parameter b, the mass ratio. It was also decided to define the discrete
gust shape as a (1-cosine) type with a gradient distance of 12.5 chords.

The discpete gust is, in principle, a convenient and simple way of relating
the vertieal accelerations experienced by one airplane to those likely to be
experienced by another aircraft. This concept is acceptable as long as the
aircraft in question have essentially the same response characteristics or
if both aircraft can be assumed rigid bodies and are used in the same
manner. Later work has increased the accuracy of the Uq, approach by
using actual 1lift curve slopes (C,,) of the aircraft (References 1 and 2).
Some work was performed to include aeroelastic effects on a Ude basis
(Reference 3).

With the advent of aircraft with higher speeds and altitude
operation, greater airplane flexibility, and the wing sweep angle,

* Details of gust analysis have been taken from reference 4.
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a more general approach was needed. The power spectral techniques

of generalized harmonic analysis were introduced by Press, Clementson,
Wiener, Rice, Tukey (References 4, 5, 6 and 7). At present, design
philosophy makes use of both the discrete gust and the spectral approach.
Many times they are used as checks against each other; in fact, the
discrete gust concept normally constitutes the nucleus of the design
approach, with the power spectral portion used to bring out dynamic-

response effects more rationally, or possibly to uncover unusual response
effects.

The spectral approach takes into account the number of exceedances
of load levels, variation of severity of turbulence with altitude, and
proportion of time spent in moderate and severe turbulence at each altitude.

To illustrate the concept of the spectral approach, consider a model
made up of discrete patches of disturbances of different mean square

intensity where each patch is Gaussian and stationary in character (Figure 1).

This model is then replaced in a limiting-process by a model which has a
continuously variable distribution of root mean square (rms) gust velocity
(Figure 2). It should be understood that the patches are encountered in
random fashion, not necessarily in the succession shown in Figure 1.

Several features must be pointed out before this pseudo representa-
tion is continued. The vertical gust data in Figure 1 represent many
flight samples at the same altitude, weight, and airspeed, and include
what is considered a representative storm operation. Also, Figure 1 shows
an accumulation of the distance traveled in non~turbulence (do) which was
obtained from all runs. Figures 2 and 3 show the density distribution of
the rms gust velocities in discrete and continuous form for the segments
shown, plus a breakdown in smooth air, nonstorm, and storm turbulence.

A composite (rms) value 0. of vertical velocity of the discrete model would
be

| 82 83
C,CZ: :li- f Wo2 (s) ds + f WIZ (s8) ds + f WZZ {s)ds + ...{1 (1)
80 8, 5,

where: W(s) is the vertical gust intensity as a function of distance and s is
the distance flown.

After integration of Equation 1 the result in terms of the distances
shown in Figure 1 is

2 1 2 2 2 2 '
%= 2 [doco +d1c71 +d2°2 ""dnon] (2
but dp/d is the percentage of distance in each patch, therefore
2 2 2 2
= o ifa o ST
Oc P,0, + P,9 H + - (3)
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where: p represents the proportion of distance in the nth patch aud o
the associated rms gust velocity of the nth patch. For the limiting casec
in which the turbulence model is represented by a continuous variation in
rms gust velocity, Equation 3 above becomes

%2=Jozpw)dw) (4)

In order to build up the model of Figure 1 the proper proportion of storm
and nonétorm turbulence and of smooth air would have to be included in
the model for the same altitude and speed. In addition to these restric-
tions, a proper proportion of terrain levels, wind levels, geographical
areas, and time of day should be included.

Two equations have been used to represent the power spectral density
(PSD) of the gust velocityé

2 _2
4,“'(”):0“’]" 1+3LQ] (5)
5 1407 172 :
and
dw(l) = Ow’ZL 1+ 8/3(1.339 L @)%
[ 2111/6 (6)
1+ (1.339 L Q) ]

where: o is the mean square value of the vertical gust

{0 is the reduced frequency
and L is the scale of turbulence.

It is debatable which of the above expressions is the most appropriate
for expressing the power spectral density in terms of the reduced fre-
quency of the sinusoidal components which make up the gust disturbance.
The choice of either Equation 5 or 6 and the value for L. must be based on
the best fit for the various combinations of patches, i.e.,various power
spectral density curves of individual flight segments at the same altitude.

For a complete model an equation for approximating the average
number of vertical gust peaks which exceed a given level of rms velocity
(c) is

= 2 2
-w< /20
G(w) =G, [ p(o)e do (7)
o

where: p (0) is the probability density distribution of o(w) for a
given altitude

and Go is the average number of times per unit distance that the
gust velocity goes through the zero value with positive slope.



i

Based on airplane operational data, p(c) may be approximated with
good accuracy by

1 2 ey 2
plo) =3 & e /% (8)

By substituting Equation 8 into Equation 4 it can be shown that the
composite rms gust velocityo  is equal to b. Also by substituting the
expression for p (0) into Equation 7 and integrating the resultant expres-

sion, G(w) becomes
- w/b
G(w) =G e 8 (9)

If one were to apply Equation 9 to a discrete patch representation such
as Figure 1, a value of b would exist for each patch. Thus the total
spectrum would be the sum of the various patches,

~w/by -w/b, -w/b,
G(w) = GOPIe + Go Pze Go Pne . (10)

Equation 10 will yield the number of times that a given gust velocity

(w) is equaled or exceeded per unit distance.

The complete turbulence model for a given altitude band has usually
been divided into two parts: nonstorm and storm, with P; being the
percent of time in nonstorm turbulence and P, the percent of time in
storm turbulence.

At the present time for design considerations it is generally assumed
that the values of p and b for a given altitude apply worldwide. For
increased accuracy of damage calculations on a flight-by-flight basis, it
was felt that the effect of geographical and seasonal variations on the p and
b valties should be investigated. Comparison of V-G-H (i. e., velocity,
vertical load factor, and altitude) flight loads data were made on the basis
of Ud,. These comparisons are presented in the Appendix. The Appendix
also presents an outline of a method for determining the p and b values
from conventional V-G-H data. As shown by the graphs in the Appendix,
there is a considerable variation in the frequency of occurrence of Ugq
levels for different geographic locations and seasons, particularly for
low altitudes. In looking at V-G-H data it was observed that if one takes
data from all geographical areas in the United States over a period of one
or two years and compares the data by seasons, he may not see any varia-
tion by season. However, when the data are divided into both seasonal
and geographic areas there is an obvious variation. The reason for this is
that some parts of the United States have more turbulence during the spring
and summer, but other parts have more turbulence during the fall and
winter.



It has generally been accepted that atmospheric turbulence is isotropic
and therefore very little difference is expected between the input spectrum
for lateral gust velocities and that for vertical gust velocities.

b. Maneuver

The maneuver load input spectrum used herein is defined as the
rate of occurrences or exceedances of specified cyclic load levels within the
segment environment. Exceedances are defined as the number of times
that a given load level is equaled or exceeded per unit time or distance.

Take for example, a symmetric maneuver input spectrum expressed

in terms of exceedances per 1000 hours vs. positive center of gravity (cg)
vertical load factor (n,) for a flight segment.

¥ Cycles 2n, '
or Exceedances
per 1000 hours

By

Figure 4. Maneuver Load Exceedance Curve

This input spectrum can be obtained directly from operational V-G-H data.
Because maneuvers are usually nondynamic in nature, only the aero-
elastic effects need be considered in the cg-structural element relationships
(i.e., a dynamic magnification (DMF) is not involved).

The major concern is to determine the effect of varying parameters
on the spectrum of Figure 4. This exceedance curve is highly dependent
on the mission segment and possibly type of mission, i.e., pilot training,
combat, autopilot, etc.; on the type of aircraft; on the gross weight of the
aircraft; and possibly on the external stores arrangement.

It was determined that the mission segment parameter with
various configuration and flight regime subdivisions as listed below would
have the most effect on the input spectrum:

Mission Segment (including pilot capability and/or operational
conditions ) with subbreakdowns of,

10



(a) Stores Arrangement (if necessary) and Wing Sweep Setting
(b) Speed Categories (subsonic, supersonic).
The effect of gross weight (and possibly external stores arrangement)

on the input spectra may be considered by changing the abscissa of
Figure 4 to percent design limit load (PDLL) where

HZi . Wi
PDLL = ————— . 100, (11)
DZd‘ Wd

and
ngyq = design limit load for the configuration involved.

W4 = design weight for the configuration involved.
W, =instantaneous weight at the load factor encountered.

ng, = load factor encountered.

NOTE: ng,4 ° W4 = Constant (for each stores arrangement).

To formulate the symmetric maneuver load input spectrum, it is
essential that design weights and design limit loads be specified for each
possible external configuration type. In addition to this, a method must
be devised to correlate the recorded n,, values with the gross weight
(Wj). With these changes a representative maneuver input spectrum
might be shown as Figure 5.

Aircraft Type - Fighter

Mission Segment - Cruise Training
External Stores - Outboard >600 lb.
Speed - 0.8 2>2M 2 0.9

Exceedances
1000 hrs.

PDLL
Figure 5. Percent Design Limit Load Exceedance Curve
Some typical exceedance curves based on this approach are shown

in Figures 6 through 9. The data were obtained from Reference 8, which
deals entirely with the F-5A aircraft. These curves show that there is a

11
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difference in input spectra due to external configuration; however, in many
instances the number of hours recorded is quite small.

An additional restriction which must be imposed on Figure 5 is the
lift capability of the aircraft. As an extreme example, a fighter aircraft

at M 0.5 and 35, 000 feet altitude cannot pull 7 g's. According to Equation 11,

the product (n;;) (W;) is equal to the normal loading on the aircraft. Thus

it is possible to plot constant (qS) lines as a function of Mach number and
altitude (Figure 10) where

q = dynamic pressure

S = reference area used in calculating Cy or CL

Mach Number

Altitude

Figure 10. Constant (qS) Lines as a function of (Mach No., Alt.)

Since Cme may be expressed as a function of Mach number for

the vehicle and configuration involved, one can plot constant normal load
capability also as a function of Mach number and altitude (Figure 11).

Const. Normal Load Lines

% per (Configuration, CNmax)

Mach Number

Figure 11. Constant Normal Load Lines as a function of (CNma
Mach No., Alt.)

Altitude
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It is therefore possible to determine a table of PDLL max as a function of
Mach number, altitude, and configuration so that an upper limit on

Figure 5 is defined for each combination of the foregoing parameters. This
feature is represented by Figure 12.

PDLL (max)

Hxceedsness for Alt, <Mach-Config.
1000 hre.

PDLL
Figure 12. Upper Limit for Percent Design Limit Load

Another parameter which should be discussed is the pilot input. The
same pilot could record a segment of V~G~H data under the same environ-
mental conditions for two different days, yet because of a change in his
disposition have two recognizably different spectra. This situation is
compounded by the fact that '""hot rodders' and '""overly conservative'' pilots
exist. The only solution to this is to rotate the pilots and to obtain suf-
ficient data, so that stabilized parent distributions can be found.

The mission segment is a most important parameter for maneuver
input spectra. As a consequence, each mission segment must have a
different spectrum. It is most likely that additional breakdown will be
necessary according to type of mission, such as instruments or autopilot,
trainjng flights, peacetime operational flights, and wartime operational
flights., The mission segment exceedance curves are usually dependent on
time or distance; thus it is essential that some uniform ground rules be
made and adhered to when defining and extracting data from each time
period involved (i.e., each type of mission segment) from the V~G-H
flight history. It is also necessary, on noninstrumented aircraft, that
the pilot log utilize the same ground rules as those used in formulating
the spectrum. Studies of the pilot's log and V-G-H data for the same
flight has shown that fairly large discrepancies exist in defining mission
segments and time spent in these segments. For example, Figure 13
shows a histogram of the percent difference between the time used to
determine the low level environmental spectrum and the time which the
pilot recorded on AFTO-~70 forms for this same low level segment.
Figure 14 shows a typical flight history and various methods which could
be used to define the low level segment. Figure 15 is a bar graph showing
the increments of time recorded for low level flight for various flights
and is used as an intermediate step for determining Figure 13. Figure 16
is a histogram of number of flights vs. percent deviation in time for re-
fueling segments.
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In the following paragraphs the various in-flight mission segments
will be discussed in greater detail. In using the segmented mission
approach, note that for fighter aircraft very little data is available in
report form by this method. Table I and Figure 17 have been reproduced

from Reference 9. These input spectra are for total missions (i.e., they

include ascent, cruise, descent, etc.). The questions that arise from
this approach are:

(1) These spectra reflect a specific mix or usage for the aircraft.
What happens if this usage changes?

(2) What should be done when a mission involved a combination of
special maneuvers (e.g., low angle bombing, air to ground
gunnery and on the cruise back segment, air tactics)?

Figures 18 through 23 give representative input spectra based on the
mission segment approach. These figures will be referred to in the
applicable paragraphs,

(1) Ascent

In addition to making the previously mentioned breakdowns for
maneuver input spectra representation, it is advisable to investigate the
difference between nominal and full power climb input spectra. There is
a possibility that the two input spectra may plot as parallel lines on
semi-log paper. This situation would indicate that the occurrence rate of
one spectrum was a constant multiple of the other.

Several maneuver climb input spectra are presented to show the

various formats and to show relative comparison for the various vehicle
classes.

Nominal Climb

Fighters - Figure 18 (F-105D)

Bombers -~ Figure 19 (B-58)

Tankers and Transports - Figures 20-22
(C~135 A/B)

Full Power Climb
No data available.

(2) Cruise

In addition to the proposed general breakdown of input spectra,
two or three optimum cruise conditions (i.e.,, Mach number and altitude)
should sufficiently define representative input spectra. The choice of
these conditions will be a function of the aircraft design requirements, In
addition to the optimum cruise conditions, representative spectra for low

22
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Z(Ag/AgL)/ 1000 hrs

SEE TABLE I FOR MISSION
IDENTIFICATION

Figure

1%

(Ag/AgL)

Fighter Maneuver Spectra for Different Missions
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level penetration runs should also be included. In all, there will be the
following additional breakdowns:

Supersonic 1 Optimum Mach=~Alt Combination
Subsonic 1 or 2 Optimum Mach~Alt Combination(s)
Low Level Penetration
Terrain Clearance Mach=-Alt Conditions as required
Terrain Following Mach-Alt Conditions as required

Representative cruise maneuver input spectra are shown for:

Fighters ~ Figure 18 (F-105D)
Bombers - Figure 19 (B-58)
Tankers and Transports - Figures 20-22 (C=135 A/B)

(3) Descent

Descent maneuver spectra will have a breakdown similar to the
ascent spectra. Two breakdowns should be made so that nominal descent
and full-powered dive are considered.

Typical descent maneuver spectra are presented for:

Fighters - Figure 18 (F~105D)
Bombers - Figure 19 (B-58)
Tankers and Transports - Figure 21 (C-135 A/B)

(4) Refueling

The environmental conditions under which refueling will occur
will be a function of the flight characteristics of the tanker and the aincraft

being refueled. A fixed Mach number and altitude condition can be assigned,

according to the aircraft combination involved. The capability and ex-
perience of both pilots, plus the downwash effects, will be the most im-
portant parameters for this input spectrum (the possibility of tanker auto-
pilot must be considered). On many occasions experienced pilots accom-~
plished a refueling segment for fighter aircraft with no recorded g's

above the 2-g threshold (References 9 and 10). However, for large bomber
aircraft the refueling mission segment can be one of the most severe
flight conditions,

(5) Special Maneuver Segments

There are special maneuver segments which must be considered
for fighter and in certain instances for all aircraft. The breakdown of
anticipated special segments is as follows:
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Air to Ground

Bombing
Low Angle
High Angle
Ground Gunnery
Rocket Launch
Photography and Reconnaissance
Special Weapons Delivery
Cargo Drop
Other

Air to Air
Air Tactics
Air to Air Gunnery

Missile Launch
Other

Qther Operational Segments

Loiter
Practice Landing

In order to achieve as fine a breakdown of maneuver input spectra as
that shown above, more data than V-~G~H will be required. For instance,
for input spectra which are expressed as a function of time, some method
must be devised to define accurately the entry and exit times and the type
of segment involved. To acquire these data, a considerable amount of

pilot assistance and/or instrumentation will be required. This is especially

true when it is realized that the external configuration and gross weight
change abruptly when stores or munitions are dropped or fired. It has
been found that input spectra for conventional bombing, ground gunn<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>