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distance from the center-of-gravity of the

G
¢ store to the point of application of the
ejector force (ft.) )

A, F8U-1 Airplane basic aileron,
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A

Cryy™ T30
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Cn. s dCn _

Chy* Ty .

Cp presaurs coefficient.

Cy s8ide force soefficient,

Fx force in 2 lomgitudinel direstion (pounds)
?9 foree in & lateral directien (pounds)
F, forece im & vertiecal direction {pounds)
g gcceleraticon due gravity 32.2-f§/hecz~
'iw wing incidence (aegrees).

LABS low s8ititugde bémbing systen.

¥ash number,




'
. |
REL
7

‘

T S AT T B S BN

AT AN T SRR i SR S,
e we el

ract w012 -5

U l\ \/.3..“- Lain 3IF :ED

momont abeut & lateral axis,
vertical axis.
store fin normel force {pounds).
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Chanes Vought Aireraft, Incerporated has conducted Phaze
XX of an eztefnal atore Qtuﬁy for the Sandis Corporation under
Sendiz Purchage Order No. 51-1360. This phase of the study
wae made for the TX-28 store wing-pylon mounted on the PEU-1
airplens and semi-suberged in the fuselage cavity of the V-395
proposed design. The ob:ect of thisz phese was to evaluate:
{1) stors loading informstion, when the store is carried on the
24rplanes for use in store body and £in design, and'(E) the
airplane-store performanse characteristics of the F8U~1 airplane.
The follewing store loading infcraatien %83 evaluated:

store fin 1cads and fin root bPending moments, maximum lug and

je
.\EW‘GLM!W’“’JH«W-&'W; RIS
‘ .

ty
—

ted

s¥ay dracc loeds, pesk ejector loads, and the quaslitative
affectz of the stere instaliation on store loading indicated by

coEpering the store-insitalled and storz-glong pressure distri-

AACES

Buzidn.,
The following airplans-gstore performance chevracterictles

OReT!

were evaluzted for the.Tx-QB stors wing-pyion mounted on the
P8U-31 airplene: instsiled drag of store, maximum speed and -
seceleration cheracteristies, low speed stadbility and control,

ané siocre deli?ery maneuvars;

L
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Ths-data required to evaluzte the above infcrmation was
" obtained through high speed wind tunnel tests conducted at
gco?nell Aerenautical laberatery and low speed tests conducted

at She C%anse FYought Lircrafd 1ow speed tunnel instellsation.
| T?hrious 9&?%3 of the r2sulis Here ebtained through the use

jﬁem aﬁehina somputatlicon using IBAM,
~;;{f The eritical store fin load cccurred when ths store was
%Lsantgd in the fusslage cavity of the V-395 proposed design.
;&&d@ erit eal f£in iload was encountered with ths bottom store

j f_a in the extended position and is 560 1b/PtC with a ecorrespond-

;f ing £in rest bending moment of 280 1b-£t/rt2 based on the

e

.'aspcseﬁ £in area. ‘
. The eompsrison hstween the presgsure d*Soributions obtgined

';j:f@* t%@ store installed in the fuselage cavity and for the
'ster@ a&cma indicatsz the cavity installetion ellecte produce
,Qieser loading then those exnpected feom ctere alone flight,

 ,:60§§arison 2etween the prion mounted store ané stors &ione data
:_;imﬁ.satae,“ha 2irlecads acting on the store when pyleon mounted
_' 15533 % eritical and enould be used 2long W 1th free vody data
Llf;&; determining the strustural design of the ciore.
. %he eritfcal loads applied to the store through the

"_stcr@ suapensiou gsyster as Geterzinsd in ths lug and sway brace

i'load enaiysis ares )

- - Cacasrml Tesmn . 1) AN 1% Lanadan :
= : &£ WS T n-g -~ g —— wweswmwes =
gg, 'g 2f% iug - 17,500 ib tension g
? forward away brace - 8;100 1b compression {(one side) )

aft sway dbrace - 8,100 1b compression (one side)
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engountezed wag caly 6 ¢95§§@8.»-&& abrupt nose down motion
_ef the store ccours when the sfore is rpleased from the pylem.
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?ééx‘ﬁgect@r loads taguired for suscesaful seBaration
were Getermined to be 20,000 1b, applied 6 iuches aft of the
G.8, of the store for the pylen installetion and 18,000 1d
applied At the c,s. of the store for the oavity installation,

ther gsparatiog of the étoée scours when released from

the eavity installation. The maximum store pitch angle

tore pitch angles of 15 degrees are encountered during separation.

Tne Snstalled dreg oharacteristics of the TX-28 store-

%ing-pyicn mounted on the PEU-1 airplane are verifisd by the
snstailed dreg éaté eveiusted in Phase I of this sztudy., The
mazinum speed of tho FBU-1 with the store on ie greatly re-
duged, The maxmimum speeds at 35,000 £t at mExizmum power for tﬁs
P8U-1 asrplane clesm is (MN/Kte - 1.33/825) and for the FEU-1
airplane with store on 1s {30i/Kts - 1.2%/713), 2 loss in epeed
of 112 knots, The acceleration characteristics are slso reduced
®he instaliation of ths wing pyien mounted atore on the
F3Y-1 airplane groducesesaeatially no changes in the low speed
stabiliity and sonirol aerodynamie parane*er.‘ .
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1,0 INTRODUCTION
This report presents the results for Phase 1II of an

exté;nal store study conducted by Cnance Vought Aircraft,
Incorporated for the Sandia Corporaticn under Sandia Corpora-
tion Purchase Qrder No. 5i-1360. This report consists of

two volumes, Volume I contains the report proper and presents
the results and discussions of the atudy. Voluﬁe II contains
the appendixes to the report where additional data obtained
duriﬁg the study are presented,

Phase I of this study was mede to obtain data that would
enable the Sandia Corporation to ascertain what store design
would be best suited for instz2llation on the F8U-1 airplane
and the ¥-395 proposed desizgn, Various store configurations
were studied to evaluate their physical compatibility with the
above alrplanes and their sflfects on aircraft performance,
Using this infgrm;tion, supplied by Chance chghtfhircréff, B
and similar infermation obtained from other airframe manu-
facturers for contemporary alrcraflt the Sandia Corporation was
able ¢o determine the best store'configuration suitable for
the various airoraft,

The resulting store configuration of the Phase I study

chosen by the Sandis Corporation is the TX-28,
Phese II of this study was made to evaluate the design

and performance aspects of installing the TX-28 steore sonfisuna-

tion on the P8U-1 airplane and V-395 proposed design. This

LR IEPECRN i DA ET SR RS AL
.

phage of the stu@y a;sp wes made to evaluate various stose
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load: that are associated with the two instellations for Sandia
0orpor;t;on's use in designing the store structuse and components,
fhe information presented in this report was separatsd into two
categories: (1) Store loads information, and (2) Aireraft-

store performance. The i1tems inveastigated and presented 1n ‘
this report for the above categories are listed belowu:

Stere Loads

A, Store Pin Loads
B. Store Preasure Distributions
C. Staqre Lug and Sway Brace Loads

D; Store Separation Force

Airplane-Store Parformance

A, Storez Installation Deag

B, Effects of Store Instaellation on the
Stability and Control Characteristics
of the PBU-1 airplane,

C. Maximum Speed and Acceleration Character-
istios of F8U-1 airplane with TX-28 Store,

D, Stors Delivery Maneuvers for P3U-l1 airplane,

The above items were evaluated through the use of high
and low speed wind tunnel testing and IBM machine computation,

The results are present in two sections: (1) Store Loads

{2) Aiwpisne-Store Performance. Each item listed above is -

1€: I

presented separately in its section.
. _ TNCLASSIFIED |
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“2.1 28U=) Atrplane
The F8U-1 Day Pighter is a single place, earrier-

besed airplaae, heving & high mounted, variable 1naieeaoe, swept:

wing and & low, unit, horizontal tail. The FEU-1 airplane _
exmpleyed in thase studies (for analysis purposet) is 8 nbdified
vosreicn of the 2ay Pighter imcorporating an att fuasiage fuzl
oeli ingtslilaticon, fusalage “soking”™, a left wing stors pylon
with fuel preovisions, and IABS eguipment, Thg airplane's _
pover plant 1s & Pratt end Wnitney J5T-P-b (ZE3W) engine in-
ecrpereting afterburning and having a Baximum Sea Levol Statie
Rating of 2.,%90_?«43Ca thrust. & gensrsl arranaeaent sketeh
cf this sirplans is given in figwe 2.1. Airp;anz wezghts that
are pertineaﬁ to this study are listed bsiow: 7 _

Gross Take-off Weight without Store 25,520 pounds

Uzable Internal Puel Load’ 8,275 pounds
Dropapis Pylon ¥eight i 17T peunds
2.2 Y-305 Airpians L

The V-355 airplane 15 a development of tas ?88-1
configuration. The basic chanses from the 385-1 are :noreased
%9ight and foel capaoity, all wegther capabilitias, 3eRie
euhﬁersed store cavity in fuselage, and an adwanced Pratt and
Vnitney J57 engine., The power plant is the JST (2mas.2c)
gugmented by afterburning, having 2 masimum Sea Level Static
Rating of 17,200 powsds thrust, A gemsral errangsment ;mécn
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of this sirplane i# shown in figure 2.2, Pertinent m-pnm
weights ive as follews: o
' Gross Take-off ¥eight without Store 29,695 pounds
Uosdble In"eml Pusl loead 1L - 10,37% pounds
2.3 &sg&gt;on of gtm -
The store considered in this study is the Sandia 'rx-ae
configuration.  The dimnsxons and contowra of this stere oan
be :ouma on the Sendia drawing 38(1326)*8806 with two axceptionss
(1) Btore used in thig study weighis 856" ‘pamas (2) Store moment -
of inertis about Y and § exez s 1,667,000 pounid-snohas?,
' * A drawing of the store is meeﬁted in fisuz'v:e‘ 2.3,
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Figure No. 2.1

NOTE > STORE NOT 7O SCALEF
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SANDIA  EXTERNAL STORE  STULY
_ LPHASE T
£RU- _ GENERAL .  ARRANGCENMENT
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- Figure No. 2.2

NOTE : STORE _NOT _JO_SCALE
— = _.CLASSIFIED
R —_

o

AN T SANDIA __EXTERNAL__STORE __STUDY
— LOQWER  EIN _ _FOLOED PHASE T
LURING _ TAKE-DFF ANEG V-395  SENERAL _ARRANGEMENT
LAV, (ATTACK TYPE _[F8Y_ AIRPLANE)
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3.0 STORE LOADS
THa mromtam prasented fn thiz :satiaa waé oviained

_ to.evaluate the store lcada ‘encountered when the ‘!I-QB iem

is carried and dalivareé ?hsse loads were evaluateé feor tno

types of store 1natsllatiens, wing-aylon.mounzed cn the ¥8U-1

airplane and asﬁi suanersea ia the fuselage oavity*ot tun‘v-395.'

proposed design, In detsmming the maximm loads, the %

Fhiloscphy used was that the manimum loads would be those

obteined in seieml £light of the mcratt wnder study. Ko

eonsiﬁeration wag given to aireraft aanauvor& gcnsidered .

exsrgency £light.
3.1 Store Fin Ioads |
?wesaavsﬁ in this s@etaeﬂ gre ths reauits of an
investigation to evaluate the fin 1oeds and fin root bending
moments asscoiated with installation the TX-28 store on the
 eerrying aireraft. The iﬁ#Qatigation w85 meds to supply'tha-
Sendis Gorporatiom with date to ohsck the acsuracy of basing
fin design on 1@Eds‘ébtainaé.fr¢ngf#ae boéi'testo against the
loads encountered with the store atteched to the airplane,
TF0 sLore installaticna wore usod; the left uing-pylen of ths
FoU-1 airplane and tue fuselagsecavity of the proposed V-395
design. The investigation consisted oft {1) uwind tunme) 4emta
to eveluate fin nqzmgl't¢rc§ coefficlents and centers of

UNC
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pressuré.ror the two installations at verious aircraft attitudes

and Mach numbers; (2) calculation and evaluation of the maximum
fin lozde "and fn root bendinzg moments that would be encountered

during flight,
3.1.1 kind Zunnel Tests - Wind tunnel tests to

determine the store fin normal force coefficients and centers
or pressures were conducted at the Cornell Aerohautical Laboratory
during the periocd November 2-4%, 1655, The tests were made using
an 0,042 scale model of the F8U-1 airplane with & left wing
pylon. The tests to obtain dats for the store semi-submerged
in the fuselage cavity, for the V-395 propeosed design, were
2150 made with the PFBU-1 model, modified for the cavity in-
stallation, The physical geometry of the twe aircraft configura-
tions are sc similar that the data obtained requires no correstion
for application to the V-3895 proposed design.

The fin data were obtained by instrumenting one of the
four store fins with a small strain gage balance., The aft end
of thls store was rotsted to obtain data fo§ each fin position,
Fin data vere alsc obtained for the cavity installation with
one fin in & folded position, Data were obtained at Mach numbers
of .8, .9, 1,02, 1.2, at yaw angles of gero and plus and minus
5 degrees., The types of store installations used are shown in
figure 2,1 and 2,2, Analysis of these data follows.
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3.1.12.1 Pylon Mounted Stere - The valwas of
£in normal force coefficient (based on exposed £in aroi) versus
angle of attack at the three positions of yaw are presented for
each fin in figure 3.1 through 3.%. The data cdtained show
the fin normal force cosfficient (Ca?) a8 ‘2 funstion of the
following: Nach number, airplsne angle of attack (o< ) and air-
‘plane angle of yaw (¥ ), and store £in position, The analysis

2 these data indiceted that the critical design fin lcad

cosPficients ere obtained from tho lower outboard fin. The
offects of Hech nmumber on the normal force cosfficient for this
fin can be neglected since they are relativeliy emall, The glope
of the fmp of this {in with airplana angle of attack is
approximately 0.018 per éagsse. The variation in the valun of
i With sirplane yax i3 appreximately 0.0% per dsgree. The flow
about this fin would appear to be essentially parallel to the
free streaa.;roducing approximately zero logd &t oCy = O and

y 2 O,

The other three fin Cyy valﬁgs sre affectsd by the flow
field of the airplans, The upper fins have relatively smsll
changes in Ogp with oCp due to the proxinmity to the lower surface
of the wing. The inbcerd upper £in ahowa'easentially'a sonitant
value of cN? z -.06 chroughogt the range of airplane attztudcs

a -v 1:,— ‘—A“‘ “‘ & en OM ”~

field produced by the airplane-stors installation, Thc inboard .

b1 aid

B
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lower fin Cup changes spproximately 0.1 dus to 5 decrees of
yaﬁ bt only a small increase with angle of attack,

-“The Chp of the outbeard ldwer fin data presented in
figure 3,1 was linesrized to facilitate the computation of ,
the design fin loads and bendirg oments, A crose plot of dg’
¥ith airplane angle of yaw at oconstant valuss of angie of attsck
is presented in figure 3.5, It should be realised that thare ,
13 soms question as to the validity-of thg extrapolation of the . j?
curvee beyond y s 45°, however; the £ins1 doaign loads and B
benéing momente fall within the limits of imewledge se that
@ata beyond Y = 35° ere of academic intorest only. :

Analysis of the loeaticn of the center of pressure indicated &
thet for prastical desiz: sonsiderations the o.p. oeuld be E
conpidered fized at ome point, The location of the c.p. is
1.23 £t. shead on the fin trailing edge end 1,09 £t. moasured -
spanwise from the centerline of store. This i3 the valus of
c.p. used in calculation of the fin root bending moment.

3.1.1.2 Semi-gubmerged Cavity Mounted Store -

The values of fin normal forse coefficient (based on ezposed fin

UNCLASY)

area) versus angle of attack for the cavity mounted store are’

pressnted in figures 3,6 through 3.8, The store was mounted in
with

this configuration the top fin was contained within the fuselage

the cavity so that the fins were horizontal and vertioszl.

b T wamed PaS.B P
while thae hattem £In was gssunsd foldins.
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a function of airplane angle of
attack at Maoch numbers of .8, .9, 1.02, and 1226. Data were
obtained for one sids fin and the bottom fin since the in-
stallation was symmetrical. The side fin data were obtained
for airplane yaw values of § z 0° and -5, The bdottom fin
in the folded position was teJted at airplane yau angles of
Lpzoo, -59, and 450, _

Anslysis of the teat data indicates that the bottem £in
in the varticesal position prcéuzes the eritical design fin loads
cosfficiente. The value of (gp with angle of attack is
essentially & constant 8c that the GEF ugsed for design can bde
considsred as & functicn of sirplane yaw sngle only. The effeots
of Kach mumber are small snd they ocan be neglected. The varia-~
tion of f£in normel forsce coefficient {cxg) with airplane yew
angle is presented in {igure 3.9._ The slope of .the curve is
907 per degree of yavw, .

Data sre also presented for the bottom fin in the folded
position, These data were assumed linsar with airplane angle
of attack esince the design conditions occur at the low. values
of «Cp. A crcss plot of Gy, as a function of girplane yaw
angle is presanted in figure 3.10.

3.1.2 Plight loads - The loadings taat the store fins -
will receive during carried flight are a function of the flirht
maneuvers and £light conditions that the carrying aircraft

TTNCLASSIFIED
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encounters, If the strength of the store fins are not to
restrict the performance of the carrying aireraft thy must be

capable of withstanding the highest loads encountered for all

flight maneuvers and conditions.,
3.1.2.1 Pylon Mounted Store - The wind tunnel

-

coefficient datae indicate that the maximm store f£in loading
will be obtained when the aireraft obtains maximum values of
angle of attack (%) and sideslip (8) simultanecusly. -Various
normal £light mansuvering scnditions were investigated where

the sirplane obtained vaiues of o; and 8 simultanecusly. The
maximum £in loadings ocour during the tarminktion of & rolling
pulleout at 150C0 feet initiated at a2 value of 7, = <0.87 g's.
Values of instantansoug maximum normal acceleration, (7z: )

and corresponding side-slip angles gﬁ } for the airplane per-
forming Ehis maneuver are presented as a functien of Mach mumber
in figures 3.11 and 3,.12. The fin loadings and root bending
moments obtained for this condition are shown in figures 3,13
and 3.1%, The design store fin loading was determined from thess
data to be 415 1t/ft2 with & corresponding valus of fin root
bending mament of 150 1b-ft/ft2 based on the expesed area of

the fin,.
Using conditions that exceed the normal operation of the

34 »Tam - B v cvmn
limits -]

Gt nai the strostunal
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loads tngt gould bhe obtained were also evaluated, 7These senditions

assume’ tbat 11:1t angles of oc.and {8 are attained umltmmly
Ths meximum value of aagle of attack that the sirplane ocan ebtain
at high values of dynenmic pressere is & funstion of ta design
1tuit load factor.(1) The valuec of angle of attack correspond-
ing to the limit lo2d faotor for the F8U-1 are shown in figure
3.15. The design 1limit load fastor used to calculate these
data 48 5.5 "g's” which is 1s8g than that of the basic airplane,
The reduction was necessary (o aseount for the inerease in combat
¥eight Gus to the store and additional equipment carried by the
F8U~1 airplane used for the Sendia Externsl Store Study. The
approximste aliowadble sids~slip angles (Q } for the P8U-1
#rplane are presented in figure 3.15. These Geta are based on
100% iims.t lcad on the vertical ¢tzil. The results are presented
in figures 3.13 and 3.1% fer three altitudes: Rea Level, iS000
feet, and 30000 feet 28 a fumction of Kaech number. The maximum
loadings oceur at 15,000 feet at the high values of Mach number.
3.2.2.2 Cavity Mounted Store - The maximum
gtore fin loading that will be odbtalned with tho' store mounted
irl the oavity will coceur when the girplane is side-slipped at

its maximum allowable & &t a positive angle of attack,

{1) Geonditions not limited dy maximum Iifc,
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In tnsv-b:ence of maneuvering data for the V-39% urphm(z)
the design flight condition for the store fin was assumed to
necur at the maximum side-slip. The conditions for maximum
side-slip of the V:395 propoasd design are uﬁun.d for this '
study to be the same as those of the F8U-1 airplane, since the
airplences are very similar in perf‘ormce and coiafiguration. I
The fin loadings for the fin in the folded and extended position . §
are presanted in figures 3.17 and 3.18. The corresponding fin
reot bending moments are presented in figures 3.19 and 3.20.
The fin in the extended position has a design fin loading ef _
560 1b/ft.S, and a corresponding bending moment of 280 lb.-ft./ttz.
The f£in in the foléed positions has =2 design leading of 280
1b/ft.2 end a sorresponding fin root dending moment of 120
1v,-rt./ft.2. These lcadings sre based on the exposed fin
areas,

3.1.3 gConelusions - The maximum fin loading and
“bending moments occurred on tﬁe bottor fin in the ex.tonded

position when the store was mounted in the fuselsge cavity of
the ¥-385 proposed design: S60 1.‘t>./1'f:.2 and a corresponding fin
root bending moment of 240 1b-£t/fi.%, However, this maximum
loading loses its importance if the bottom fin is actuated to
the open bosition upon releass of the store sinee the maximum
loading obtained with the fin folded is 280 1b/rt.Z with

This information is not avsilable since the V-395 is still
in the proposal stage.
UNCL
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corpesponding fin root bending moment of 120 lh-ft/ft.2.
The maximum £in loading would then be 'cncouﬁtc_ud ‘with the
store pylon mounted on the left wing of the P8U-1 airplane.
This meximum loading ocours of the lower outboard fin; 415
1b./ct.2 with a corresponding fs.n root bend:.ns no-tnt of 150
1b./rt2 based on the exposed tin area,
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3.2 -Store Pressure Distribution .
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The information presented in this sectlion was
obtained to assist the Sendie Corporation in determining the
advisability of vasing the structural deslgn of the store on
wind tunnel data derived from body-alone tests against changes

in deslgn that migﬁt be necessitated due to store instailation

en the
sented for
the p8U-1
oo the V=3

The

w

e

through high sp2ed wind tunnel tests conducted at the Cornell

deronzutigal Lavoratory.

model was modifiled

Progsure date were obtained at 21 points on the store at Mach

Laboratory have been analyzed,

nation ars

H

presgure 4

Oasn o L8 n st SHGRE LT DL CUTE S
COTPROTRELLON &¢ BLOWH LI Ilzures

s

airplene, Siore body pressure distridbutions are pre-

sirplane a2nd semi-submerged in the fuselage cavity

S5 propos2d design,
pr

medel of the

s0 obtein the data required for the V-395 airplane,

the TX~-28 steore pvion mounted on the 1ift wing of

ggaure distributions for tha store were cbtained

Thnese tests were made using an 0.042
FRU-1 airplane and store. This sirplane

for fuselage-cavity installation of the

0.80 and 1,20 a8 a function of airplane angie cf

arg presented in Appendix A, Voliume II of thnis report.
re8ts ac obiained from Cornell Aeronsutical

Sunmery plots of the infor-

presented in figures 3.21 through 3.26. Free body
2ta for the TX-28 store obtained from the Sandia

-

3.2

3.2,% Cavity Instellation - The pressure data for

semi-submerged in the fuselage cavity of the V-395
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proposed design are as expected. The pressure distribution i

acting *on the store is essentially the same 28 for- the fuselage

of the sirplane at the same pcint. A ocomparison of the
resgure distribution agting over the store with that acting

over the fuselédge of an NACA tests configuration of 2 wing-

body combinstion (1) similar to the V-395 is presented in
figure 3.29, This plot indicates that the pressure distri-
bution over the store installed in the fuselage cavity could
be predicted from the pressure diatribution over the airplanes
fuselage.

Comparing the pressure data obtained for the store in the
cav. ty with those cbtained from the free boedy tests indicates
that the free body pressure data are acceptable for use in store
structural design, TRis statement is mede assuming the pneseuraz§
acting on the store surface inside the airplane sre never ]

severe.

3.2.2 Hing-Pylon Installation - The pressure die-
tridbutions for the store wing-pylon mounted on the PSU-1

irpiane are presented in figures 3,21 through 3.24%. Analysis

W

of these data indicates that the airlocads acting on the store
tend to cause the store’s forward section to bend down and
the aft section to bend up, This is consistant with the force

data for the store presented in figure 3.345. whish show 2 5ose

down pltching moment acting on the store. The variaticn in

{1} Donzld L.Loving and Claude V Williams "Basic Pressure‘Neasure-
ment on a Fuselage and a 45° sweptback wing-fusselage Combing~ :
tion 8t Transonic Speeds in the slotted Test section of the g
Langley 8-ft.High Speed Tunnel"NACA R¥ LS1F05. Sept.14,1951., &

A, T O s p

LI = D S fed L7 7 e e SN,

At et Ak
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§ pressure distribution acting over the store 18 éus mainly to : E
g the stora veing located im the {iow field produced by the wing. E
% Ccmparison of the pressure data for the gtore mounted on the &
§ wing-pylon with the dats from the free boldy tests indicates : -
; that store 40&“1P°S obtained when the store 18 mounted on the : g
5 pylon shoulé be considered in the stcre stpuctural design. g
i The data presented herein is believed accurate and compre- g
g B
;-.g nensive enough for the Sandia Corperation to use in evalu&ting %
R :
3 the loads scting on the store when wing-pylen moummted. ;
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investigats.cn of 1::5 mﬁ uzy moo loads on thc rz-aa store
eonfiguration m been cenducted in ucomnu with Peumph
3 of 3tem B of SMa Gorporation Purchase Orar Fe, 51-1360 o
mstox«emmudineuomium (1) .nahfts:ng—_ -
pyien of the ?88-1 and (2) aeni-nuwe in 2 mm eavity
'ef the V-395 arcaoaed dasign. The looations of the atore on.
the airplane ave given en figwes 2.1 and 2.2 tar the pylen and i
aavity m\mts respoets.veq. : , e
- The stm sume systen ccuists of two Im and two pam
of away mes erranged as shcnm 4n figure 3. 31, ?c:' tha ?80-1
zastallatim the from msay me 48 losated teur mchu are” _' .
of the front las. ?his musomnt was choun ucme thu pylon :
leaﬁns edse sweep and mam&ns sre. such ‘that 4nnm4.4.m. :
ms& is amilab&e within tbs wlcn contoims ter mulhtion of

the eway brace forvard of the fromt lug. This mount app.urs to
- ub@ =03t praotieal for an ?86-1 wing pylom mmuuen.
Betaile of the es.vitx stmpewaen cystem are undeteras.ud ut

: thia tims anﬁ in order te ai.nplix‘y the aalculatianl molnd,
the cavity muateé stm m usmd to: have the sm mmt .
system as en. m pym mt. "'h.ts usmtim m-uts in the

salcwiated ioads on the cavity mount being slightly consorvtttwo,
. 83nse in the e.e‘mel uvity mtauatien there 13 mquta tpaca
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within the airplane ruseiase for more efficient pdsiticning

of the sway braces. The data obtained are certainly valid
for a-éeneral comparison of the cavity and pylon installations,
3.3.2 Method of Soclution - The method used to solve

for the forces qP the lugs and sway braces 1s outlined in
MIL-A-8591A (AER}., Briefly, the procedure is as follows:
Expressions were derived for each lug reactioﬁ in terms of the
total forces and moments a2cting on the store. Four sets of
equations are necessary for complete solution of the problgm,
repregenting the four possible variations of the loads in the
support members: (1) both luge acting in tension (2) forward
lug only loaded in tension, (3) aft lug only in tension, and
(4) neither lug loaded in tension. These equations were set up
for solution in the IBM 650 computer and arg presented in
figure 3,32, The IBM input consists of values for the total
forces (Fx, Py, and Fz) and moments (My and Mz) acting at the

- Minom mmsem - | v
v [¥4 i

- o o -on e
ViC9D Wik

-

store are shown on figure 3.33 and contaln dboth aerodynamic

and inertia effects, The aerodynamic contributions to the total
loads on the store were obtained from the curves on fisurea

3.46 through 3.53. These curves were plotted from data
obtained from Cornell wind tunnel tests of the .042 size F8U-1
and store., The wind tunnel installation used for obtaining s

these data 1is presented in figures 3.44 and 3.345,
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The lug and sway brace loads were dctem.md'fot various

combinations of forces on the store during several maneuvers of
the P8U-1 at altitudes ranging from sea level to 47,000 feet.
In all cases, either airplane design load faotors oF maximum
loads obtainahle in flight were used to caleulnte the total
forces o> the atarc In order to siwplify tho calculntion of
input forces, only maximm and serc values ncre used for the
angulsr velocity and acceleration contributions to the store
inertia loads. It is highly improbable that the laxinnn
velocities and agcelerdtions in pitch, yavw, and roll would ovcr
be expericnced simltaneoully m tli;h?; ; howsver, sy romaont -
the limits of the airplane's performance eapabili:ion sqd thus

form the boundaries for the store load analysis.

The maneuvers considsred in this study consisted §f~§hb
follewing: |
(1) Symmetrical flight pull-ups at maximum plus and
mirns "g" and maximuwm and minimm flizht smd.
(2) Rolling pullouts at mazimys plus and minus "g"
and maximum and minimmn flight speed with all possiblo
combinations of maximum angular velocitises and
accelsrations abeut the piteh, roll, lnn.ynw axes,
Deceleration effects caused by afterburner eutout
. and speedbrake extensicn were als0 sonsidered.
(3) Arrested landing ' o
{%) Catapulted talke-off
A 1ist of the cases evaluated in determination of the nnximun
lug and sway brace loads is presented in Appendix C,
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. 3.3.3 Discussion of Resylts - The resulis of the IMM
computations are shown in figures 3.34 through 3.37. The

eritical load for each member is pregentsd for flight, landing,
and take-off conditions with desoriptiv.is of the maneuvers
yieldisg these loads, Also shown on these figures are values
for the ma:inunvtofe and aft load on the stere fer the flight,
1anding, and take-off conditicms. This load represents the '
maximum shear load obtained on the eritical lug, sinoe in
sccordance with Paragraph 5.5.1, Item (2) of NIL-A-8591A (AER),
the fore and aft losd is resisted engirely by the lug which is
sustaining the larger down load. | Lo

8tore design load factors are given in figure 8 of MIL-A-
85914 (AER) for both fuselage and wing pylon nqyntod,otcrnl.
Comparisons of the maxismum calculated loads on the store with
store design 10ads are shown in figures 3.38 through 3.33,
Thas pvanis oo vim inertia load diagrams repressnt the totdl

inertis lcadz on the store for the maneuvers produsing the

highest loads in each of the lugs and sway braees. Storo inertia

leads are determined by subtracting the serodynamic effects
from the total foreces on the store.

3.3.% Suemary of Results
3.3.4.1 Pylen Mountsd Store

A. Plight Condition, Oritical loads oa the luss

and sway braces in the flight condition are all prodused by scme
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variation of 2 rolling pull-out at sea 1gve1.- The largest
lug load for the {light condition is 14,4126 tension with a

16554 Shé;é load on the forward lug. As shown-on figure 3.38,
the inertie loads on the store which produce this lug load are
within the store design load diagram. The maneuver producing
the critical loa; on the aft Jug causes inertia ioadb on the
store outside the design load diagram even thcﬁgh he tension
4in the aft lug for this condition is less than the ofltidhl
load on the rorsard lug.

B. Arrested Lauding Condition. The 'largest lug
load obtzinsd for the arrested landing condition is 16,8074
tension with 13,330 shear on the'art lug. This condition
ocours when maximum values of longitudinal deceleration and
nermal force are :pplieﬁ to the airplane siuultaheddsly.‘;lt
is the only cahditipn producing store inertia loads greater

than the store design values on figure 3.39.

C., Catapulied Talte-off, Loa btsined in the

catapulted take-off condition are all less than the maximum
loads for flight and arrested 1anding. A1l critical store
onditions fell within the design load 4iasgram on figure 3.%0,
3 3.4,2 Cavitynnqynted Store
A. Flight Condition. °All lug and sway brage
loads for the flight condition were found to be less than those

for the pylon mount in the flight condition. Store inertia

UNCLASSIFIED
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loads, however, exceed the design loasds on figure 3.%1 for
critical;valuas of both aft lug and aft sway brace reactions,.
Since the cavity mounted store center of grivity is delow and
behind the airplane c¢.g., both rolling ard yawing accelerations
of the airplane produce side forces on the store {Ref, eq. (2)

of figure 3.33). These forces add to produse a total store side
lcad of 1.75 "g" as compared to the store design gide load of

15""

B. Arrested Landing Condition., The highest lug
load obtained in the analysis oceurs when the aft lug is critical

in the landing condition, As on the pylon mount, the store load
falls outside the design diagram on figure 3.2 due to the
simzltaneous application of maximm normal force and lonsitudiual
deceleration. The load on the lug for this condition is 17,885#
tension with 13,570# shear, as shown on figure 3.37. |

C. Catapulted Taks-off Condition. The oritical

loads on the store support members for the cavity néunt, tals-of
condition are of the same magnitude as those obtained for the
pylon mounted stere in the take-off condition., Plgure 3,43

shows that when the aft lug and forward sway brace are oritical,

an inertia load of 2.9 "g" down occcurs on the store. All other
lozds fall within the design load diagranm,
3.3.5 Conclusions - Loads present on the store support

members of the cavity mounted store are in most cases lower than

e

| REVISION DATE: |

i
i

[ e o

ASST F‘TFD




A -
REVISION DATE: | 7

=
Coe

S

. UNCLASSIFTED

those on -the ?ylon m&xt. This 1s psrti;uhrly significant
when noting that the V-395 airplane is structurally designed
to‘au ng of 7 "g" in symmetrical f£ilight and 6 "g" in the rolling
pull-out mansuver. With tke store pylon mounted, the FSU-1 is
liuted to 5.85 "g" in symmetricsl flight and 4,69 "g" for
rolling pull-outs. Other design sonditions, Sush as waximm
speed, angular velccities and aecelerations, and &llowabla

rack no.7T}

 landing loads are the same for both a:.rplanea.

The highest lug load obtained for the TX-28 store con~
figuration for the installations conl:l._dcred was found to be
17,885# tension with 13,5704 ibear. .'i‘he load occurs on the
aft lug of the cavity mounted store in the arrested landing
mansuver. | | | | |

Le.rgost load ¢n the forward lug i 14,220 tension ﬁith
1655¢# shear. This load is obtained on the pylon mounted ttora
during a rolling pull-out mansuver,

Maximwz loads in the sway braces represent the meximunm
loads in the store sway brace Ma Critical loads are 8,1k0
and 8,096 sompression in the forward and aft swey brages

respectively.
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SANDIA EXTERRAL ATOR: 3TUDY
SIGK CONV‘ WNTICN US:ZD IN LUG
LOAD ANALYSIS

- 7
+
‘;L) *hﬁq
o
O The following sign corvention {s used througnout the ’lugrload analysis:

1. Vertical up loads are positive.
2. Forwardioads are positive. | »
3. 3ide loads to the right are positive lookirg forvard.-
L, Noce up pitching mcments arc'a positive. » |
5. Nose right yaving momenis are pos itive looking forwvard.
4. Roll to tie right is positive looking forward.

7. lug reactiorn is positive wren 1ug is in tension.

8. 3way brace reaction 18 positive when sﬁay brace is in cdnpres;idn.

-w=s
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SANDIA EXTERNAL STORE STUDY
LOCRTION OF STORE SUPPORT MEMBERS
TX-28 STORE

£ WD ' AFT
SWAY BRACE SWAY BRACE
P
!

T'Y § R—

L e L . N

PERTINENT DIMENS IONAL DATA

1. S’IORE WEIGHT e 1350#
2. STORE LENGTH = 170 IN,

3. MOMENT OF INERTIA (I6 1;'3 1.667 x 10° #-m.?- &

4, MAXIMUM DIAMETER & 2
5. STORE C.G, =z F.S. 445 (PYLON MOUNT )

6. STORE C. G. « F.S. 833.5 (cavrr! MOUN"‘)

UNC‘ ?L f‘ﬁ,
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SANDIA EXTERNAL STORE STUDY
__FOR SOLUTION OF 1UG ¢ SWAY BRACE REACTIONS

¥ - - — -~ e - e | '
Ry-—375F, - 444F, ~%0333 My 3L ¢36Fy, +.027: %)
- - - p= — . -
Ry= 375 Fx ~ 5547, + 033511y + €15 Fy —.047 Mz ]
' 3
- CEASEX i EASE IR :
-, - ~ . # - D s .
___rp\: =Y, qu_—("/] . _——J R -(") Rg “(*)L————— ' -
. -y - - - ; =7 _ M
R, T - 331§~ 515 -0234 My t r-s_é =0 -
+ [.5527, ».2227™M,;] :

; R =.433F; —. 485 F; +.02835 My
Ry = O : +[.539Fy - 0443Mz]

|
sway Eraczs] : [swAay BRACES

:?‘ - R - ; ' :-J %
R o= [.B6JF, +.0498M;;] | R=.252F¢ + 390F; +.0224 My
—a | + 0236 R} + L. 423 Fy + 624714y
ST = 52 % s a8 F, -Ciis a\‘l/ . s |
~c216 75 +[34Ty 02490 ! R'=C.627Fy — 0498 Mg ] |
} : . J -
r ! i 1 T
Rn: = R Rra; = = ,» Ra = B Ruw) = K , {
_; - Q L - : -7 - . .
R = D F?.:t:'_r.'...é}"—ff _ R F" "6€:FY R'{_hj o) ||
-0 M0 -}04%'-11] ; L
3
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, ¢ SWAY BRACE REACTIONS Flgure No.3.32

- 4
1
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- f R 5
LUGS AL TiNG }

1333 r»\,n ¢36Fy +.027: M)

pe My + [.éi.) l’y—-.O4'7Mz:i

e . e mas =

— IR R0l — . TRj=o el

1
Ry =90 - NEITHER LUG ALTS 1IN
< - - . R 32
Ry =.433F -.485F; +.0285 My .| TENSION & Rz S R3;=0
+(.529Fy —.0428M;] :

| [ sw/Ay BRACES . [ sway ®BRACES| |
=7 : =* -
W= 252 F. +.390F; +.0224 My R = .22 F +330F4+c224mMmy
+ 0236 R + . 423 Fy + cas5t4,] ‘ +{.432 F +.0249 Mz ]
R'=[.627Fy - 0498 My ] | R ==252 5 +. 28,«.5-—0224\%,
B +L.21¢F/~ 2249 Me]
l 1
-2 -—7 -—a Y ! ’ 2 - i —a -_—a,
Rax = R i) T 0w RE) = R” Rp; = R
! -7 2 - -2 -7 =3 . - - =~ r
Rz B-L3sR) | RL 2 O wi=R-L8edh i Rz R-Lezer
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EQUATIONS FOR TOTAL FORCES OK STORE

. K14

Fe-

F

Cx85 - MxW - WA, § - Wat 8

F, = CgS - 'h,W-'W/s"Yd’:' Q-W/Sréib' * WAy
Fa=CegS - n,W ~Wsery & - W/g"'*df +W/3r"-.é
My=CngSs - I 8
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oo | o Figure Nog3.34
SANDIA EXTERNAL STORE STUDY - - o+
MAXIMUM LUG AND SWAY BRACE
' LOADS OBTAINED IN FLIGHT
PYLOR MOUNTED STORE

Critical Loed Description of Maneuver
Merber (#)
#7 [

Fvd lug 14220 Rolling pullout at sea level, 4.69 "g", M = 1.1.
Rolling velocity = 3.81&2Rad. /sec: Pitching ac-
cele: ~tion = 3 Red./sec®. -Yawing acceleration =
1 Rad./sec2. Rolling acceleration = 15 Rad./secZ.
Shear on lug = 1655#. ’

Aft Lug 12107 Rolling pullout at sea level, 4.69 "g", M = 0.k,
Rolling velocity = 3.84 Rad./sec. Pitching ac-
celeration = -3 Pad./sec?. Yawirg acceleration
a-l'Bad./seca. Rolling acceleration = 15 Rad./

_ gec, Shear on lug = 590#. -

*Fvd Sway 8140 Rolling pullout at sea level, -1 "g", M = 1.1

Brace Rolling velocity = 3.84 Rad./sec. Pitching ac-
celeration = O. Yawing scceleration = 1 Rad./
gecS. Rollirz acceleration = ~15 Rad./lecz.

*APt Sway 8096 Rolling pullout at sea level, -1 "g", M = 1.1.

Brace 'Rolling velocity = 3.8 _Rad./sec. Pitching ac-
celeration = 3 Rad./sec®. Yawing acceleration
=0 Rnd./sece. Rolling accelerstion = -15 Rad./
sec?, '

Maximum 1666 Symmetrical flight at sea level, -2.75 "2". M = 1.1

Fore and Pitching acceleration = 3 Rad./sec. Yawing ac-

Aft Load celeratior = 1 Rad./sec”.

*This is the load on the critical side of the
gwey brace.




- MAXDMM LUG AND SWAY BRACE - - -

_”:.”1 e 3 $$
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~ FigureNo.3.35

SANDIA

> LOADS OBTAINED IN ARRESTED. .
LANDING AND CATAPULTED TAKEOFF
PYLON MOUNTED STORE

Arrested landing Condition -

Critiral load | Shear Description of Maneuver. .

Membe: (#) _ on lug ~ - - 5 3
Fwd Lug 10167 | 3330 ) 1.5 6.5 12 6
Aft lug 16407 | 14430 -5 1.5 6.5 -12 5
Fwd Svay 4988 - -6 -1.5 0 12 6
Brace _

Aft Sway | 3212 - o -1.5 o 12 6
Brace '
‘Max. Fore & - |30 -6 1.5 o .12 -5
Aft load
.Catapulted Take-off Cordition

Critical Losd | Sheer " Description of Maneuver

Member (#) on %Fg e * 7, -~ 5 3
Fvd Iug 9802 | 12823 5.55 | 1.5 2.0 12 L
ATT Tug 40T | 7697 5.55 ( 1.3 2.c -12 b
Fwd Sway 3260 - 5.55 | *1.5 0 +12 +4
Brace
Brace

Max. Fore & - {12823 | 5.55 | #.5 0 12 | 4
Aft losd !




Fignre No 3 36

- SANDIA EXTERKAL STORE STUDY
MAXIMUM LUG AND SWAY BRACE
LOADS OBTAINED IN FLIGHT
CAVITY MCUNTED STORE

Critical Load Description of Maneuver
Member (#)
Fwd Lug 10373 | Symmetrical Flight at 17,000 feet2 7 "g", X = 1,52,
‘ Pitching acceleration = 3Rad./sec®. Shear on Lug
= 3908,
ATt Lug 9760 | Rolling'pﬁ'ilo’ut at sea level, 5.6 "g", XK = 0,42,

Rolling velocity = 3.84 Rad./sec. Pitching
,acceleration‘ = -3 Rad/sec?. Yawing acceleration
— -% Rad./sec?. Rolling acceleretion = -15 Rad. /

~ sec®, Shear on lug = 591#.

*Fwr. Sway 3235 Rolling pullout at sea level, -1 "g", M= 1, l.
Brace Rolling velocity = 3,84 Rad,/sec. Pitching

: acceleration = £ 3 Rad./sec<. Yawing acceleration

‘= 15 Rad./secZ,

*Aft Sway 3243 Rolling pullout at sea level, -1 "g", M= 1.1,
Brace Rolling velocity 3.84 Red, 2/sec’:. Pitching = .
‘ acceleration = £ 3 Rad,/sec<. Yawing acceleration
% Rad./sec?.” Rolling acceleration = £3 Rad. /

sec
Max. Fore & 1091 Symnetrical flight at sea level, 6 _"g", k= 1.21,
4% To22 Fivéuing ucceieration - 3 naa./sec" : :

- #This 1s the ioad on the critical side of the sway brace,

' P
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SANDIA EXTERNAL STORE. STUDY -

. MAXTMUM LUG AND SWAY ERACE . PageNo.79
: - LOADS OBTAINED IN ARRESTED T
' LANDING AND CATAPULTFED TAKEOFF - FigureNo.337

CAVITY MOUNTED STORE

A. Arrested Landing Condition

Critical Load Shear Description of Maneuver
Mexbe> #) 1 on Lug M n, 7, 3 Wy
Fwd Lug 8895 2470 0 -1.5 6.5 12 )
ATt Iug 17885 13570 -6 1.5 6.5 -12 =6
#Pwd Sway 6169 - -6 £1.5 0 -12 £
Brace '
*Aft Sway. 3812 - 0 £1.5 0 12 £6
Brace
¥ax. Fore & - 13570 -6 £1.5 6.5 -12 £6
Aft Load

B, Catapulted Take-off Condition

Critical Load Shear Description of Maneuver
Member (#) on Lug ~ oy — 3 \P
Pud Lug 8561 | 12720 5.55 | £15 2.0 12 £h
At Lug 4683 7780 5.55 | £1.5 2.0 -2} 4
#Fwd Sway 2763 - 5.55 551.5 2.0 A12 Zh
Brace . -
*Aft S'llay 5777 - 5055 “105 0 12 £‘; .
Brace
Max., Fore & - 12270 5.55 £1.5 2 12 P
Aft Load

#This is the Load on the critical side oi Lus sway Lrads,

FINOT ASSIFTED
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Figure No. 3,44

- SANDIA EXTERNAL STORE STUDY PHASE II
WIND TUNNEL TEST INSTALLATION

This test installation was used to cttain the loads acting

on the store when wing-pylon mounted o.. FBU-1 airplane,
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