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SITYM' ARY

A inectrum of loads for t-he r-i :ing Outer Panel
fatli~le test" 'as '-een der .,,ed, based ,-n the Spectrum used

by Gr zin =r _he Aircraft :,9q test )F. the F-14A fuselaze.
and.h z .ro)und load dis~ribut .. rs :)n the tiin, v

34

*-een !eveloned corresponding to chose in that t e St, and -'ie:. ,
Aircraft "8spectrum ,;as simplified where significant fuselage .

loadi-ng conditions would have negligible effect on 0,e wing outer
panel. In addition, requirements for sweeping the wing under '
load have been incorporated based on fleet operational d.ata.

1%

1,



NADC-8705
6-6 0

IYRODUCTION

A fatigue test is planned, under Naval Air Systems Corand (:AVAI)
sponsorshio, for the F-14 Wing Outer Panel, including the wing pivot ana
the structure of the variable sweep panel outboard of the pivot. This part
of the F-14 airframe had not been included in the Aircraft #98 fatigue test
conducted by Grumman, and so is the remaining structure to be demonstrated
to full service lifetime under a realistic flight-by-flight block loading.

AIRCRAFT #98 FATIGUE TEST CONDITIONS .

The so-called Aircraft 498 Fatigue Test was conducted by Grumman under
NAVAIR Contract beginning in 1977. The purpose of the test was to
demonstrate the structural integrity of the fatigue-critical portions of
the F-14A airframe, such as the aft fuselage, under a realistic spectrum of
loads. The original F-14A fatigue test had undergone many structural beef-
ups and spectrum changes in -id-test, so that a re-test to a more complete
soectrum. reoresentative of actual ser'rice oneration was required. in
addition, _odern testing philosonhies such 's flight-by-fliaht block
loading were incorporated in the Aircraft -98 test. The test article was
the fuselage of F-14A shop No. 9P, (BUYO 159432) which had sustained damage
in a ground accident. The fuselage was repaired and brought to current ECP
status by Grumman. The wings were considered less fatigue-critical than
the fuselage, and were not included in the test.

it should be noted that since the wing was not included, test loadings
were selected based on their criticality to the Fuselage. Tor any given
loading condition in the spectrum, the aspects of that condition
significant to the fuselage structure were included. Also, onlyi the loads
at the wing ?ivot - shear, moment and torsion - were needed for the
Aircraft 498 test; wing outer panel load distributions were not
constructed.

a,.2

Soectrum

The fatigue test spectrum for the Aircraft 498 fatiue test was
described in references (a) through (c). The test was intended to
demonstrate a fatigue life of 12000 hours. Grumman 'eveloned their
soec:rum in terms of a i80 hour block, a repeatable flight-by-flight
3eauence -with a selected wing sweep schedule. Each 480 hour block
consisted of L40 flights. Flight loads consisted of symmetric maneuvers,
level rolls, and turn reversals (rolling maneuvers at 3.5 a or greater).
The soectrum of flight maneuvers, derived in oart from the 7-' A Fleet Or
FLi ht Loads Survev as reported n reference (d), included i "-radown into
:7re 4i n 3w Jeo -osi:ons, and i total mf L.23 oaneu'er-- .er . .our
L c f :Pe n .i'ht, ,) inclded -arrier :akea'fffs ':at:a:u' 3 and

irrestments. - >e remaining 230 .,er_ Cid landings nd iei .artier
ani r-c:±e '"L. Th'ich-ind-.Zo' 3 -ere c:de-, n aot rr.±r ind

1. %



NADC-87056-60

Table I, extracted from reference (e), lists the 378 load conditions
that made up the Aircraft #98 spectrum. The actual sequential spectrum for
a A30 hour block is included in Appendix (A). 'This snectrum is the one
finally applied in the Aircraft :98 test, after some of the lower leve.
loads in the original spectrum were truncated out.

Flight Loads

Derivation of the balanced loads for flight conditions of the aircraft
#98 test was documented in reference (b). The contractor measured net
loads on a flight test aircraft, extracted airloads from these net loads
so as to construct a rational aero model, and then used the aero model and
known inertias to develop balanced loads.

A symmetric maneuver load cycle consisted of a peak N of 3.5g or
greater ollowed by a valley N of less than 1.0g. Wing loads in symmetric
maneuvers were found to peak at about 80 angle of attack. At higher N 's
:he additional lift was 'enerated by the fuselage. Therefore, for eacn
"Iing sweep ingle, the peak wing load occurred at a different N which was
3enerall '? lower than the na:-imum N in the spectrum. The airoraft :!98
:atizue test load secuence included this peak in the incrPasing N oortion
of the cycle. A complete symmetric maneuver sequence was as shown below:

1. Og N for Maneuver N I.Og
peak wing N peak valley
load z j

An as,,-metric maneuver load cycle consisted of a sy=etric Na
condition with an antisymmetric (roll acceleration) component superimposed
'n each direction seauentiallv. For a-turn reversal, which is an
asymmetric maneuver at 3 .5g or -reater, this sequence was as shown below:

S.. " - Maneuver N - Maneuver N - Maneuver N -"N - I.)g
-0 'Vllev

:7r level rolls, the maneuver 'I was I There .er3 no "N valleys
issociated with level rolls.

,round Loads

Jeri'.,ation of the balanced loads f£r ground :ondizijnq s f -he Airzr--
:98 :est "was documented in reference :c). The zontractor conducted an

extensive series of transient analyses and correlated his model with the
resul:s of full scale drop tests and instrumented airzraft landing tests.
:n -he final load sequence, each landing was a Zunction if sinking ;peed
ind andin2 attitude and included -ip to sour )es )f load.

7"r in irrisitd landing,, the Ingizudina" "ad : re rr2st.nent :er.

'S.

: nsiierec t fo.llow e')araite..7 :- r the v.ertizal l~acs if the landin.

"L'.?_.e t rc to - .,ads w4as 1Oitie.C0
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DERIVATION OF WIMG OUTER PANEL TEST CONDITIONS

The spectrum for the F-!A "4ing Outer Panel fatigue test has heen
derived primarily from the Aircraft 198 test spectrum. In addition, this
test is to evaluate the effects of wing sweeping, and so provisions for .-:
sweeping the wing under load have been added. Since the Aircraft 498 test .
wing loads consisted of net loads at the pivot only, a set of distributions
has been developed using theoretical aerodynamic analysis. Finally, the
Aircraft #98 spectrum has been shortened, primarily in the ground loads
area, by simplifying the loading conditions.

The sign conventions used throughout this report are shown in
Figure 1. Aircraft #98 test condition loads were derived in an unswept
coordinate system for application to the fuselage. However, for this test
of the Wing Outer Panel, a coordinate system that remains attached to the
wing as it sweeps is useful. Therefore, the wing quarter chord (approxi-
mately) line, which passes through the pivot and is at an angle of -3.5 ° to
the leading edge line, is used. This axis system is shown in Figure 'c.

',ads for each test condition consist of ii-!ot locati3n resultants-
S.hown in Table 1I, with distributions that can be constructed from
comoonent distributions provided in various other Figures. Wing pivot
rusultants have five components; no lateral loads are included.

Flight Loads

Derivation of the wing pivot loads for symmetric flight conditions
followed the procedures used by Grumman. Table III contains these
calculations, and the resulting net pivot loads are considered identical to
those that were applied in the Aircraft -98 test. The values of shear,
lending moment and torsional moment about unswept axes through the pivot
ire olotted in Figures 2 through 6 for the various sweep angles. The V

:alues of these loads at M 's other than those calculated were obtained by
linear interpolation. z

n)r'er to det2rmine :he iistribution 'of the airloads over the ing=
3uter ianel, a theoretical airloads analysis vas performed using the
?A?!DLOADS computer code, reference (f). The aerodynamic model of the wing S
in the _ 3 sweed position is shown on Figure 7. The .iodel included the
2__:!c:s )f camber, twist, dihedral, and fuselage interaction. As with
,runman'3 Aircraft 98 zonditions, no maneuvering -lans )r slats were ised. Iii
7ne cignt conditions for 25)' weep were at 'lach ).*;, *],O00 feet
iititude. The agreement of this analysis with Grumman's Aircraft :98 data,
for the linear region up to in angle of attack = 3.2 , can be seen in

Tzue3.

"t ";jA, er 6 t3a 7- dn bi O nbi2i the- ii c ads 3 - t4 inertia

-;ei. t Y, -m. ni z ' r ont 1 ;aneu,.,er, 3 t t he e, 31. n:-'; s vee - 2 _3= : ,' :n!:2rnal 3ui ' : ' i n - e f se l-1 ez •

r~~~~S -I r i ' :
S ~ * p4 S - ' ... . . . .... . . • . . ... . ......... "
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The loads shown in Tables II and III are in the unswept axis system
and in the wing outer panel axis system illustrated in Figures lb and 1c,
respecti'el:r. The net loads shown in Figure 9 are located along the WJin"
Outer ?anel quarter chord (Y' axii) illustrated in Figure ic, rotated into
bending and torsion of the quarter chord (Mx ' and M ' respectively). This
figure, therefore, represents a distribution in suitable format for testimplementation.

In order to avoid the necessity to derive individual distributions for
each flight maneuver condition (which would also complicate the test), an
assessment was made of the similarity of these distributions for different
N and sweep values using Grumman's flight data. Aero data from reference
(i) was used to determine the variability of the center of pressure in the
axis system that moves with the wing. This variability is shown in Table
IV, and illustrated on Figure 10. Inertia load, the other component of the
net load distribution, is of course invariant with wing sweep. Therefore,
the variation was concluded to be small enough to Justify using the same
3panwise load distribution for all symmetric flight maneuver load
conditions. Scaling the spanwise load distribution will not necessarily
-atch the root torsion value: however, the torsion distribution of Figure 9
should be scaled separately to match the rout value.

In the Aircraft #98 test, asymmetric maneuver loads were made up of a
symmetric load component, as previously derived, and an antisy,,etric
component due to rolling acceleration. Since the F-14 uses spoilers and
differential tail for roll control instead of ailerons, the additional load
in a roll acceleration was considered to come from inertia only. The
distributed inertia load due to a unit roll acceleration is shown in
.igure 11. This distribution is applicable to both level (I q) rolls and
turn reversals, and can be added to the-symmetric load distribution.

ground Loads

During landing, the wing experiences a reversed loading as it -oes
:rnm in joward airload to a dowward inertia load. The relationshi,
5erween sinking speed and s shown in Figure 12 was used. The wing is
*:onsidered to be empty of fuel and in the fully forward 20 sweep position.

ing weight is 2019 ib, from reference (gj). The unit distribution of
inertia load is shown in ?igure 13. While the ircraft 4'98 test used a
niumber of load applications ier landing, and a aistribution of landing
itti-udes, for the Wing Outer ?anel test only one cycle ner landing was
assumed, and the acceleration was taken as a function of sinking speed
',nl,7.

'L.ad factors for arr:.stnent conditions were Y-jen in reference 'C',
inc are: enroduced here . e ". T'e -inZ "ias ,:onsidered to he t- -
f Je" .nd -ogi:i~ned at -he 2Cr)ar sweet )os::ion, :he same is far .h
-in-:,n :ondi:ions. :he inertia 'oad distribution f 71%ure 13 can be

, - -o the rooer ' "'iue nd ionlied :n -he lon:.dina. irec:itn.



NADC-87056-60

Catapult conditions were also described in reference (c) and are
reproduced here in Table VI. For catapult, the wing was considered to be
.."I of fuel, 2103 lbs ier wirng, reference (3), and at the 200 sweeo
posi:ion. The unit distribution of inertia load for the full fuel
condition is shown in Figure 14. While the Aircraft #98 test used a series
of spotting, buffing, tow and release loads to represent a catapult, just
one load application per catapult was used for the Wing Outer Panel test.

Spectrum

The Aircraft #98 spectrum in Appendix (A) was modified to produce the
F-14 Wing Outer Panel spectrum.

First, simplifications applied to the catapult, landing, and arresting
load conditions resulted in deleting some conditions and combining others.
Then, any sequential duplications of the same load within a flight were
removed. The resulting spectrum is given in Appendix (3), and is available
)n computer tape. The number of applications of each condition in a -.80
'our block is shown in Table 1!, along with the corresnonding number from
-he oriinal ;-ec:rum. Since in as'!mmetric maneuver involves a iequenca )f
,:onditions including a 3ymmetric maneuver case, the number of actual
maneuvers in the spectrum is not readily apparent from Table U. Table
VII, however, gives a summary of the maneuvers included in the spectrum,
and the normalized total N exceedance curve is plotted in Figure 15.

z

Pivoting

The amount of wing sweep movement during normal F-14A flight

4 oerations was tabulated by Grumman from ?-14A Fleet Flight Loads Survey
data. The Grumman data is included herein as Table V!!!. It is noted that
pivoting from forward to aft positions usually occurs during lightly loaded
faccelerating in level flight) conditions, while pivoting from aft to
forward positions often occurs in higher g maneuvers, when the drag slows
:he airplane down.

:t was decided, for simplicity with no loss of lenerality, :3 imoose
pivoting under load only on the symmetric flight conditions. Each time a

3ymetric maneuver (. - 3.5% or 3reater) is ioosed, a wing ?ivot c-:cle
-4ill be imoosed as iescribed in Figure 16. All ivot cvcleS will he r

0 exc ot those 2t . 253 which will be for th this zest
procedure, ail rampinj-u or down of load will occur with the wing
stationar!, and the number of pivoting movements under load will
approximate the total shown in Table VIII for j.',-

J, .J. . e. .r," ",t.e
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TABLE I Description of Flight and Ground Loading Conditions, Aircraft #98
Fatigue Test

F-14A A.C. 98 FATIGUE CONDITIONS
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TABLE I Description of Flight and Ground Loading Conditions, Aircraft #98
Fatigue Test (Continued)
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TABLE I Description of Flight and Ground Loading Conditions, Aircraft #98

Fatigue Test (Continued)
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TABLE I Description of Flight and Ground Loading Conditions, Aircraft #98
F.atigue Test (Continued)
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TABLE I Description of Flight and Ground Loading Conditions, Aircraft #98
Fatigue Test (Continued)

CONDITION NUMBERING
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TABLE I Description of Flight and Ground Loading Conditions, Aircraft J98 0

Fatigue Test (Continued)
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TABLE I Description of Flight.and Ground Loading Conditions, Aircraft #98 v
Fatigue Test (Continued)
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TABLE V SUMMARY OF C.G. LOAD FACTORS FOR ARRESTED LANDING CONDTTTONS:
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APPENDIX (A)

SEQUENTIAL SPECTRUM FOR AIRCRAFT #98 TEST

NOTE: Appendices (A) and (B) contain a flight-by-flight random sequence of
load levels for 440 flights (480 hours). All printout lines (records)
have the same format, which is described below:

Columns Format Description

'-4 14 Flight number identification (I to 440)
5-7 3X Not used
3-9 12 The number of loads in this line
10-69 2013 These numbers identify the load conditions to

be applied to the test article.
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