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ChanceIought Aircraft, Incorporated has conducted Phase

II of an external store study for the Sandia Corporatton under

Sandia Purchase Order No. 51-1360. This phase of the study

was made for the TX-28 store wing-pylon mounted on the P8U-1

airplane and semi-submerged in ths fuselage cavity of the V-395

proposed design. The object of this phase was to evaluate:

(1) store loading information, when the store is carried on the

airplanes .for use in store body and fin de -sign, and (2) the

airplane-store performance characteristics of the P817-1 airplane.

The following store loading inforseition was evaluated:

store tin loads and fin root bending moments, maximum lug and

sway brace loads, peak ejeator loads : and the qualitative

effects of the store installation on store loading indicated by

compering the store-installed and store-alone pressure distri-

butibn.

The following airplane-store performance cheracterietics

were evaluated for the TX-28 store wing-pylon mounted on the

F8U-1 airplane: instilled drag of store, maximum speed and

acceleration characteristics, low speed stability and control,

and store delivery maneuvers. •

ASSIFIED
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The data required to evaluate the above information was

obtained through high speed wind tunnel tests conducted at

Cornell Aeronautical Laboratory and low speed tests conducted

at .the Chance Vaught Aircraft low speed tunnel installation.

?Aria= parts of .the results were obtained through the use

it:reaching computation using I.

The critical store tin load occurred when the store was
4

mated in the fuselage cavity of the 17-395 proposed design.

/this eritical fin load was encountered with the bottom store

I tin in the extended position and is 560 lb/ft2 with a correspond-

ing fin root bending moment of 240 lb-ft/ft 2 based on the

•exposed fin ar4a.

• The comparison betweet the pressure distributions obtained

ftr the atore installed in the fuselage cavity and for the

store alone indicatea the cavity installation eects produce

lege: loading than those expected from store alone flight.

•*orison between the pylon mounted store and store alone data

•irdleates the airloads aeting on the store when pylon mounted

Mar be critical and should be used along witA free body data

in determleing the structural design of the store.

The ,critical loads applied to the store through the

store suspension system as determined in the lug and sway brace

load analysis are:

nh 	 lhossnotenin
o %ea no moo no ...op

aft lug 	 - 17,900 lb tension

forward sway brace - 8,100 lb compression (one side)

aft sway brace 	 - 8,100 lb compression (one side)

- 	 •

WI/
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Peak ejeetor loads required foii successful - seParation

were determined to be 20 0000 lb. applied 6 inches aft of the

C.O. of the store-for the , pylon installation and 28,000 lb

applied at the C.G. of the store for the cavity installation.

Smoother separatioll'Of the store occurs when released from

the cavity installation. The maximum store pitch angle

encountered was only degrees* An abrupt nose down motion

of the store occurs when the store is released from the pylon.

Store pitch angles of 15 degrees are encountered during separation.

The inatallesd drag characteristics of the X..28 store

 mounted on the P8U-1 airplane are verified by the

installed drag data evaluated in Phase 1 of this study. The

matimum speed of the P8U-1 with the store on is greatly re:.

duged. ;Tizg, ramtmuM speeds at 35,000 ft at maximum power for the

P81171 airplane clean is (NNAts - 1.43/825) and for the P81171

airplane with store on 	 - 1.24M3), a losi in speed.

of 112 . knots. The acceleration characteristics are also reduced

due to the store installation.

The installation of the wing pylon mounted store on the

PJ-1 airplane producesessentiallyino changes in the low speed

stability and control aerodynamic parameter.

, - CLASSIFIED
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1.0 INTRODUCTION

This report presents the results for Phase II of an

external store study conducted by Chance Vought Aircraft,

Incorporated for the Sandia Corporation under Sandia Corpora-

tion Purchase order No. 51-1360. This report consists of

two volumes. Volume I contains the report proper and presents

the results and discussions of the study. Volume II contains

the appendixes to the report where additional data obtained

during the study are presented.

Phase I of this study was made to obtain data that would

enable the Sandia Corporation to ascertain what store design

would be best suited for installation on the F8U-1 airplane

and the V-395 proposed design. Various store configurations

were studied to evaluate their physical compatibility with the

above airplanes and their effects on aircraft performance.

Using this information, supplied by Chance Vought Aircraft,

and similar information obtained from other airframe manu-

facturers for contemporary aircraft the Sandia Corporation was

able to determine the best store configuration suitable for

the various aircraft.

The resulting store configuration of the Phase I study

chosen by the Sandia Corporation is the TX-28.

Phase II of this study was made to evaluate the design

and performance aspects of ins :taninc 	 stud ownswfliervm+o—--- 	 .•• 4•W

tion'tin the F8U-1 airplane and V-395 proposed design. This

phase of the study also was made to evaluate various store

11111111111011111111111M
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loadu that are associated with the two installations for Sandia

Corporation's use in designing the store structure and components.

The information presented in this report was separated into two

categories: (1)_Store loads information, and (2) Aircraft-

store performance. The items investigated and_presented in

this report for the above categories are listed below:

Store Loads 

A. Store Fin Loads

B. Store Pressure Distributions

C. Store Lug and Sway Brace Loads

D. Store Separation Force

Airplane-Store Performance 

A. Store Installation Drag

B. Effects of Store Installation on the

Stability and Control Characteristics

of the F8U-1 airplane.

C. Maximum Speed and Acceleration Character-

istics of F8U-1 airplane with TX-28 Store.

D. Store Delivery Maneuvers for F8U-1 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

z
TI-$40 A r1. -011-771 -rrny‘

PA/

5

presented separately in its section.

C2) A4,,plane-Store Performance. Each item listed above is



,t( CHANC. '1O4.4Ht AIRCeAn

IMPORT n0.10064

INwfmal9•	 UNCLASSIFIED
2.0 DESCRIPTION OF A/RPLAMES AND STORE

2 .1 12114661EMABI

8,275 pounds

2.2 T.tanitinlane 

The V.395 airplane is a development of the r88•1

configuration. The basic changes from the 783-1 are increased

weight and fael capacity s all weather capabilities, semi-

autmerged store cavity in fuselage, and an adVanced Pratt and

Whitney J57 engine. The power plant is the JA7 (amosef 7en)

augmented by afterburnIng s having a wazimum Sea Level Static

Rating of 17 0200 pounds thrust. A general arrangement sketch

The 78127-1 Day righter is a eingle.place, carrier.

based airplane, hexing a high mounted, variable inaidentle s swept .

wing and a low s unit, horizontal tail. The MIT.1 airplane

employed in these studies (for analysis purposes) is a modified

version of the Day righter ineorporating an aft fuselage fma •

oell installation s fuselage "coking% a left wing atore pylon

with fuel provisions ' and LABS equipment. The iirplane's :

power plant is a Pratt and Whitney .157.P.4 (4T314) engine in-

ccrporating afterburning and having a maximum Sea Level Statia 1

Rating of 16 8000 pounds thrust. A general arrangement sketch 	 ;
i 	 g

of this airplane is given in figwe 2.1. Airplane weights that

are pertinent tp thip study are listed below:

Gross Take.off Weight without Store 	 25 520 pounds 	 1

Usable Internal Fuel Lead

Dropable Pylon Weight 	 i 	 177 pounds 	 ' ,'

UNCLASSIFIED
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of this airplane is shown in figure 2.2. Pertinent airplane

weights are as follows;

Gross Teiceftoff. Weight without Store 	 29,695 pounds

Unable Internal Feel Load 	 10.374 pounds

2.3 .10storii5tion f tore 	-

The store considered in this study is the Sandia TX-28
configuration, The dimensions and contours of this store can

be found on the Sandia drawing D8(1326)48806 with two exceptions:-
• -

(1) Store used in tit* study weigiii -1850tpataids, (2) Store moment

of inertia about T and S axes s 1,667 0000 pousid.inches2 .

- A drawing of the ater2 is presented in figure 2,3. •

samoirwriamt
r"v4 " ASSIFIED















3

...	 .	 .m	
won xo. I 0064

amomia

3.0 TORE LOADS
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The information pros/kw:y:6A 41 IP% 44.4* osvyJAAU WOO

to .evaluate the store loadsencOunteretrinten the14728 stet*
is carried and delivered. These loads were evaluated for two

types of store inietallations, wing-try.lon *muted on t Y8U4
airplane and semi surged inthe fuselage cavity et the "If•395
proposeedesign. In. determining the Stazimum loadb, the Vt,

philosoph7 used was that the vastisitai loads woad be those

obtained in acteal flight'ofthe aircraft Imder study. No

consideration was given to aircraft maneuvers considered_

emergency flight.

3. 1 111Z2.21a.....
?resented in this .section are the results of an

investigation to evaluate the fin bats and fin root healing

moments associated with installation the TX.28 store on the

carrying aircraft. The investigation was made to supply the

Sandia Corporation with data to check the acouracy of basing

fin design on loads obtained fry free body tests against the

loads encountered with the store attached to the airplane.
Two store installations were used; t left wing«pylon of the

nu-a airplane and the fusolage.eavity of the proposed V.395
design. The investigation eoneigted oft (1) wind.tumwo *m"Ita

to eva?mato fin norm41 force coefficients and centers of

eirirmlnimmin
UNCLA
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pressure_for the two installations at various aircraft attitudes

and Mach numbers; (2) calculation and evaluation of the maximum
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loade .--andfin root bendins moments that would be encountered

during flight.

3.1.1 Wind funnel Tests -! Wind tunnel tests to

determine the store fin normal force coefficients and centers

or pressures were conducted at the Cornell Aeronautical Laboratory

during the period November 2-4, 1955. The tests were made using

an 0.042 scale model of the F8U-1 airplane with a left wing

pylon. The tests to obtain data for the store semi-submerged

in the fuselage cavity, for the V-395 proposed design, were

also made with the F8U-1 model, modified for the cavity in-

stallation. The physical geometry of the two aircraft configura-

tions are so similar that the data obtained requires no correction

for application to the 7-395 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 this store was rotated to obtain data foi4 each fin position.

Fin data were also obtained for the cavity installation with

one fin in a folded position. Data were obtained at Mach numbers

of .8, .9, 1.02, 1.2, at yaw angles of zero 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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3.1.1.1 Pylon Mounted Stare - The values of

fin normal force coefficient (based on exposed fin area) versus

angle of attack at the three positions of yaw are presented for

each fin in figure 3.1 through 3.4. The data obtained show

the fin normal force coefficient (C) as 'a function of the

following: Mach number, airplane angle of attack (ocr) and air-

plane angle of yaw (V), and store fin position. The analysis

of these data indicated_thet the critical design tin load

coefficients are obtained from the lower outboard fin. The

effects of Mach number on the normal force coefficient for this

fin can be neglected since they are relatively small. The elope

of the CNF of this fin with airplane angle of attack is

approximately 0.018 per degree. The variation in the value of

kr with airplane yaw is approximately 0.0k per.degree. The flow

about this fin would appear to be essentially parallel' to the

free stream producing approximately zero load at CCr s 0 and

14) 	 0.

The other three fin ELF wales are affected by the flow

field of the airplane. The upper fins have relatively small

changes in (kr with m ir due to the proximity to the lower surface

of the wing. The inboard upper fin shows essentially a cen*tant

value of CNI, 2 -.06 throughout the range of airplane attitudes
wwwww.3.1.4...1* 	 !w 4Whm OIMW
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field produced by the airplane-store installation. The inboard.
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lower fin C changes approximately 0.1 due to 5 doers.* of

yaw but only a small increase with angle of attack.

The 04 of the outboard lower fin data presented in

figure 3,1 was linearized to facilitate the computation of

the design fin_ loads and bending moments. A cross plot Of amp

with airplane angle of yaw at constant values of angle of attack

is presented in figure 3.5. It should be realised that there

is some question as to the validity-of the extrapolation of the

curves beyond 4/ a 454'0 however) the final design loads and

bending moments fall within the limits of knowledge so that

data beyond ty e 15° are of'academic interest only.

Analysis of the loeation of the center of pressure indicated

that for practical desiga oonsiderations the o.p. could be

considered fined at one point. The location of the c.p. is

1.49 ft. ahead on the fin trailing edge and 1.09 ft. measured

spanwise from the centerline of store. This is the value of

c.p. used in calculation of the fin root bending moment.

`3.2.1.2 Semi-submerged Cavity mounted Store

The values of fin normal force coeffIcient (based on exposed fin

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

presented in figures 3.6 through 3.6. The store was mounted in. 

the cavity so that the fins were horizontal and vertical. With

this configuration the top fin was contained within the fuselage
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coefficients were measured as a function of airplane angle of

attack at Muth numbers of .8, .9, 1.02, and 1.20, Data were

obtained for one side tin and the bottom fin since the in-

stallation was symmetrical. The side fin data were obtained

for airplane yaw values of y s 00 and -5°. The bottom fin
in the folded position was teJed at airplane yaw angles of

y m 0°, -5°, and 45°.
Analysis of the teat data indicates that the-bottom fin

in the vertical position produces the critical design tin loads

coefficients, The value of Cyp with angle of attack is

essentially a constant so that the ONF used for design can be

considered as a function of airplane yaw angle only. The effects

of Mach number are small and they can be neglected. The varia-

tion of fin normal force coefficient (Cxy) with airplane yaw

angle is presented in figure 3.9. The slope of .the curve is

.07 per degree of yaw.

Data are also presented for the bottom fin in the folded

position. These data were assumed linear with airplane angle

of attack since.the design conditions occur at the low-values

of oC r . A crcas plot of CNiqw as a function of airplane yaw

angle is presented in figure 3.10.

3.1.2 Flight loads - The loadings that the store fins

will receive during carried flight are a function of the tlisht

maneuvers and flight conditions that the carrying aircraft

ITY'reiT A qqrprpn
:11

c'gTFITED
PAGE P40. 20



CHAtic•i YaUGHT iURCAAF7

IOW NO. 10064

PAGI NO. 29

DYED
encounters. If the strength of the store fins are not to

restrict the performance of the carrying aircraft they 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 data indicate that the maximum store fin loading

will be obtained when the aircraft obtains maximum values of

angle of attack tx4 and sideslip (p) eimultaneously. various
normal flight maneuvering conditions were investigated where

the airplane obtained values of o r and p simultaneously. The
maximum fin loadings occur during the termination of a rolling

pull-out at 15000 feet initiated at a value of b re = -0.87 g's.

Values of instantaneous maximum normal acceleration, (nzz. )

and corresponding side-slip angles (e) for the airplane per-

forming this maneuver are presented as a function of Mach numiee:

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 3.14. The design store fin loading was determined from these

data to be 415 lb/ft 2 with a corresponding value of tin root

bending moment of 150 lb-ft/ft 2 based on the exposed area of

the fin.

Using conditions that exceed the normal operation of the

SIRTT —1 A..., 	 A.

routs, 	 ram sui:rumi-Arrmsi vow.. A.MII.M.4.40114.11M LAB
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loads that could be obtained were also evaluated. These conditions

assume- that limit angles ofocr and 13 are attained simultaneously.
The maximum value of angle of attack that the airplane can obtain

at high values of dynamic pressure is a function of its design

limit load tutor. C ] ) The values of angle of attack correspond-

ing to the limit load factor for the 17811-1 are shown in figure

3.15. The design limit load factor used to calculate these

data is 5.5 ng's" which is lass than that of the basic airplane.

The reduction was necessary to aceount for the increase in combat

weight due to the store and additional equipment carried by the

FSU-1 airplane used for the Sandia EXternal Store Study. The

approximate allowable side-slip angles (43 ) for the 1'80.1
&irplane are presented in figure 3.16. These data are based on

100% limit load on the vertical tail. The results are presented

in figures 3.13 and 3.14 for three altitudes: Sea level, 15000

feet, and 30000 feet as . a function of Mach number. The maximum
loadings occur at 15,000 feet at the high values of Mach number.

3.1.2.2 Cavity Mounted Store - The maximua

store fin loading that will be obtained with the store mounted

in the cavity will occur when the airplane is aide-slipped at

its maximum allowable /5 at a positive angle of attack.

(1) Conditions not limited biaszleum Lift.

eNi -r=v-irT.N.r u)D
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hIn te of maneuvering data for the V-395 airplane (2)

the design flight condition for the store fin was assumed to
occur at the maximum side-slip. The conditions for maximum

side-slip of the V..395 proposed design are assumed for this

study to be the same as those of the F811-1 airplane, since the

airplanes are very similar in performanos and configuration.

The fin loadings for the fin in the folded and extendediposition

are presented in figures 3.17 and 3.18. The corresponding fin

root bending moments are presented in figures 3.19 and 3.20.
The fin in the extended position has a design fin loading of

560 lb/ft.`, and a corresponding bending moment of 240 lb.-ft.*:

The fin in the folded positions has a design loading of 280

lb/ft. 2 and a corresponding fin root bending moment of 120

lb.-ft./tt. 2 . These loadings are based on the exposed fin

areas.
3.1.3 Conclusions - The maximum fin loading and

bending moments occurred on the bottom fin in the extended

position when the store was mounted in the fuselage cavity of

the V-395 proposed design:. 560 lb./tt. 2 and a corresponding fin

root bending moment of 240 lb-ft/rt. 2 . However, this maximum
loading loses its importance if the bottom fin is actuated to
the open position upon release of the store since the maximum
fin loadinm obtained with the fin folded is 280 lb/tt. 2 with

0 (2) This information is not available since the V-395 is still
in the proposal stage.

CLASSIFIED
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a corresponding tin root bending moment of 120_1b-ft/rt. e .

The maximum fin loading would then be encountered with the

store pylon mounted on the left wing of the 18U4 airplane.
This maximum loading occurs of the lower outboard fin; 415

lb./ft,2 with a corresponding fin root bending moment of 150

lb./ft2 based on the exposed fin area.

-11111,-11111
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3.2 -Store Pressure Distribution

The information presented in this section was

obtained-
to assist the Sandia Corporation in determining the

advisability of basing the structural design of the store on

wind tunnel data derived from body-alone tests against changes

in design that might be necessitated due to store installation

on the airplane. Store body pressure distributions are pre-

sented for the TX-28 store pylon mounted on the lift wing of

the F8U-1 airplane and semi-submerged in the fuselage cavity

o; the V-395 proposed design.

These pressure distributions for the store were obtained

through high speed wind tunnel tests conducted at the Cornell

Aeronautical Laboratory. These tests were made using an 0.042

scale model of the F8U-1 airplane and store. This airplane

model was modified for fuselage-cavity installatitn of the

store to obtain the data required for the V-395 airplane.

Pressure data were obtained at 21 points on the store at Mach

numbers of 0.90 and 1.20 as a function of airplane angle of

attack and are presented in Appendix A, Volume 11 of this report.

Data from these testa as obtained from Cornell Aeronautical

Laboratory have been analyzed. Summary plots of the infor-

mation are presented in figures 3 0 21 through 3.26. Free body

pressure data for the TX-28 store obtained from the Sandia

Corpe.ration art ehewn in figures 3.27 and 3.28.

3.2,1 2eylt.Lon - The pressure data for

the store semi-submerged in the fuselage cavity of the V-395

7.ASSIFIED

••■

- 400.94.1.4•1YF .04 	 ,



m=c=cs=%nVnatr"--xr^-%•-•.A-,,r,,x,tsvsarssa ariSca====== VIrtfaltiOr", 	 ZaTEr3==CET

hy 	 tt'O11 NO 10064
A

TwrIT 'SIFTED
	 FAG. NO 54

proposed design are as expected. The pressure distribution

acting `onthe store is essentially the same as for• the fuselage

of the airplane at the same point. A oomparison of the

pressure distribution acting over the store with that acting

over the fuselage of an NACA tests configuration of a wing-

body combination ( 1 ) similar to the V-395 ie - 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 distribution over the airplanes

fuselage.

Comparing the pressure data obtained for the store in the

cav2.ty with those obtained 'from the free body tests indicates

that the free body pressure data are acceptable for use in store

structural design. MI5 statement is made assuming the pressures

acting on the store surface inside the airplane are never

severe.

3.2.2 ItLyzialorlUcra - The pressure dis-

tributions for the store wing-pylon mounted on the F5U-1

airplane are presented in figures 3.21 through 3.24. Analysis

of these data indicates that the airloads acting on the store

tend to cause the store's forward section to bend down and

the aft section to bend up. This is consistent with the force

data for the store presented in figure 3.45 : whiAh ..vac

down pitching moment acting on the store. The variation in

(1) Donald L.Loving and Claude V.Williams "Basic Pressure•Neasure-
ment on a Fuselage and a 450 sweptback wing-fuselage Combina-
tion at Transonic Speeds in the slotted Test section of the
Langley 8-ft.High Speed Tunne1 UNACA EX L51F05. Sept.14,1951.

ASSIFIED 1111111111111111.1101

1



t=zzsztxmzsmEgEzmnandaft	

.ASSIFIED
erolompuit

7,1:111240:102112e 

"tinDaT " 1006 4 

CLASSIFIED VAG/ Mo. 55

•

3	 it

-

9

A

pressure distribution acting over the store is du mainly to

the store being located in the flow field produced by the win.

Comparison of the pressure data for the store mounted on the

wing-pylon with the data from the free body tests indicates

that store loadings obtained when the store is mounted on the
-

pylon should be considered in the store structural design.

The data presented herein is believed accurate and compre-

hensive enough for the Sandia Corporation to use in evaluating

the loads acting on the store when wing-pylon mounted.
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Atgalisjaftzmfe Loads -
3.3.1 legittemfasima&WarMAltdm - La

investigation of lug and sway brace loads on the TA-28 store
configuration has been conducted in accordance with - Paragraph
3 of Item 3 of Sandia Corporation Purehase Order. No. 51-1360.
The store was meted in , two peeitions: (1) On .a left wing-

Won of thole1-1 and (2) semi-submerged in a . fuselage

of the V-395 proposed design. The locations of the store on

the airplane are given on figures 2.1 and 2.2 for the pylon and
cavity mounts respectively.

The store support Brit= consists of two lugs and two pairs
of swig, braces arranged at sheen in flare 3.31. Per the ratir44
-installation the front sway brace is located four lashes aft
of the front lug. This arrangement was chosew 'imagist: the pylon
leading edge sweep and thiekness are . . such that 4nariffiwlant

Vie. is avetilable within tha pylon contours for installation of
the sway braes • forward of the front lug. This mount appears to
b the most practical for an ?8U-1 wing pylon installation.
Details of the cavity suspension system are undetermined at
this time and in order to simplify the calculations involved,
the cavity 	 lted store was mooned to have the Sane support
system as on the pylon *went. This assumption results in the
czls-..1.at.74 iva u fan the cavity mount being slightly conservative,
since in the actual cavity installation there is adequate space

UNCLASSIFIEDersurimmunmmummimummo
tle
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within the airplane fuselage for more efficient positioning

of the sway braces. The data obtained are certainly valid

for a general comparison of the cavity and pylon installations.

3.3.2 Method of Solution - The method used to solve

for the forces on the lugs and sway braces is outlined in

MIL-A-8591A (AER). Briefly, the procedure is as follows.:

Expressions were derived for each lug reaction in terms of the

total forces and moments acting on the store. Four sets of

equations are necessary for complete solution of the problem,

representing the four possible variations of the loads in the

support members: (1) both lugs 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 are presented in

figure 3.32. The IBM input consists of values for the total

forces (Fx, Fy, and Fz) and moments (My and Ms) acting at the

vitygra.^."*." &Um.
alac catutau4A/u= tyr wAy ,orces on ulse

to,

store are shown on figure 3.33 and contain both aerodynamic

and inertia effects. The aerodynamic contributions to the total

loads on the store were obtained from the curves on figures

3.46 through 3.53. These curves were plotted from data

obtained from Cornell wind tunnel tests of the .042 size F8U11
and store. The wind tunnel installation used for obtaining

these data is presented in figures 3.44 and 3.45.

4
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The lug and sway brace loads were determined for 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 factors or maximum

loads obtainable in flight mere used to calculate the total •

forces (17!. the store. In order to siaplify the .calculation of

input forces, only maximum and zero values were used for the

angular velocity and acceleration contributions to the store

inertia loads. It is highly improbable that the maximum

velocities and actelardtions in pitch, yaw, and roll would ever

be experienced simultaneously in flight; however o bsy -represent

the limits of the airplane's performance capabilities and thus

-farm the boundaries for the store load analysis.

. The maneuvers considered in thit study consisted of the

followings

(1)Symmetrical flight pull-ups at maximum plus and

sidAns non axed maximum and minimum' flight snood.

(2)lolling pullouts at mazimum' plus and mimes "g"

and maximum and minimum flight speed with all possible

combinations of maximum angular velocities and

accelerations about the pitch, roll o amd:yaw

Dedeleration effects caused by afterburner cutout

. and speedbrake extension were also considered.

(3)Arrested landing

(4)catapulted take-off

A list of the cases evaluated in determination of the

lug and sway brace loads is presented in Appendix C.

UNCLASSIFIED
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3.3.3 DieoussiOm of Res,lts - The results of the IBM

computations are shown in figures 3.34 through 3.37. The

critical load for each member is presented for flight, landing,

and take-off conditions with descriptive ss of the maneuvers

yieldiLg these loads. Also shown on these figures are value*

for the maximum fore and aft load on the store for the flight,

landing, and take-off conditions. This load represents the

maximum shear load obtained on the critical lug, sins. in

accordance with Paragraph 5.5.1, Item (2) of MIL-A-8591A (ASR),

the tore and aft lead is resisted entirely by the lug which is

sustaining the larger down load.

Store design load factors are given in figure 8 of MI10.4-

8591A (AMR) for both fuselage and wing pylon mounted stores.

Comparisons of the maximum calculated loads on the store with

store design loads are shown in figures 3.38 through 3.43.

Th.; 7..44,7sto oa 	 inersia ioad diagrams represent the total

inart40 load: on the store for the maneuvers producing the

highest loads in each of the lugs and away braces. Store inertia

leads are determined by subtracting the aerodynamic effects

from the total forces on the store.

3.3.4 Summary of Results 

3.3.4.1 Pylon Mounted Store

A. Flight Condition. Critical loads on the lugs

and sway braces in the flight condition are alt produced by some

UNCLASSIFIED
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variation of a rolling pull-out at sea level. The largest

lug load for the flight condition is 14,4120 tension with a

1655# shear load on the forward lug. As shown-on figure 3.38,

the inertia loads on the store which produce this lug load are

within the store design load diagram. The maneuver producing

the critical load on the aft lug causes inertia loads on the

store outside the design load diagram even though the tension

in the aft lug for this condition is less than the critical

load on tIe forvard lug.

B. Arrested Landing Condition. The‘largest lug

load obtained for the arrested landing condition is 16,407#

tension with 14,430e shear on the aft lug. This condition

occurs when maximum values of longitudinal deceleration and

normal force are applied to the airplane simultaneously. It

is the only condition producing store inertia loads greater

than the store design values on figure 3.39.

Catapulted Talpg.—^ef . Letamein obtained in the

catapulted take-off condition are all lees than the maximum

loads for flight and arrested landing. All critical store
•

conditions fall wI lphin the design load diagram on figure 3.40.

3.3.4.2 Cavity .Mounted Store

A. Flight Condition. 'All lug and sway brace

loads for the flight condition were found to be less than those

for the pylon mount in the flight condition. Store inertia

SWIM
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loads, however ; exceed the design loadi on figure 3.41 for

critical-values of both aft lug and aft sway brace reactionS.
3

Since the cavity mounted stares center of gravity is below and

behind the airplane e.g., both rolling and yawing accelerations

of the airplane pr6duce side forces on the store (Ref. eq. (2)

of figure 3.33).. These forces add to produce a total store side'

load of 1.75 "g" as compared to the store design side load of

1.5 "g".

B. Arrested Landing Condition. The highest lug

load obtained in the analysis occurs whoa the aft lug is critical

in the landing condition. As on the pylon mount, the store load

falls outside the design diagram on figure 3.42 due to the

simultaneous application of maximum normal force and . longitudIna

deceleration. The load on the lug for this condition is 17,885#

tension with 13 ;570# shear, as shown on figure

C. Catapulted Take-off Condition. The critical

loads on the store support members for the cavity mount, take-off

condition are of the same magnitude as those obtained for the

pylon mounted store in the take-off condition. Figure 3.43

shows that when the aft lug and forward sway braee are critical,

an inertia load of 2.9 "g" down occurs on the store. All other

loads fall within the design load diagram.
3.3.5 Conclusions - Loads present on the store support

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

q,STPTFT)TT
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those on the pylon At. This is psrtioularly significant

when noting that the 1-395 airplane is structurally designed

to an 112: of 7 "g" in symmetrical flight and 6 "g* in the rolling

pull-out maneuver. With the store pylon mounted, the 11110..1 is

limited to 5.85 "e in symmetrical flight and 4.69 "g" for

rolling pull-outs. Other design conditions, such 411 maximum

speed, angular velocities and accelerations, and allowable

landing loads are the same for both airplanes.

The high at lug load obtained for the TX-28 store con-

figuration for the installations considered was found to be

17 0885# tension with 13,570f shear. The load occurs on the

aft lug of the cavity mounted store in the arrested landing

maneuver.

Largest load en the forward lug is *Imo tension with

1655# shear. This load is obtained on the pylon mounted store

during a rolling pull-out Maneuver.

Maximum loads in the sway braces represent the maximum

loads in the store sway brace pads. Critical loads are 8,140

and 8,096 compression in the forward and aft sway braces

respectively.
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3.111ti . CONVENTION USED IN LUG.

LOAD ANALYSIS

The following sign convention is used throughout the lug. load analysis:

1. Vertical up loads are positive.

2. Forward loads are positive.

3. Side loads to the right are positive looking forward.

4. Voce up pitching moments are positive.

5. Nose right yawing moments are positive looking forward.

6. Roll to the right is positive looking forward.

7. Lug reaction is positive when lug is in tension.

8. away brace reaction is positive when sway brace is in compression.

emenimems
UNCLASSIFIED













SANDIA EXTJ1NAL .STORE STUDY
MAXIMUM LUG AND SWAY BRACE
LOADS OBTAINED IN FLIGHT
PYLON MOUNTED STORE

Critical
Merber

Load
(#)

Description of Maneuver

Fwd Lug 14220 Rolling pullout at sea level, 4.69 "g", M - 1.1.
Rolling velocity . 3.84 Rad./sec. 	 Pitching ac-
celetion m 3 Rad./sec2. .Yawing acceleracion -
1 Rad./sec 2 . 	 Rolling acceleration m 15 Rad./sec2 .
Shear on lug . 1655#.

Aft Lug 12107 Rolling pullout at sea level, 4.69 "g", M = 0.4.
Rolling velocity = 3.84 Rad./sec. 	 Pitchingac-
celeration = -3 Rad./sec2 . 	 Yawing acceleration
m-1 Rad./sec2 . 	 Rolling acceleration = 15 Rad./
sec2 . 	 Shear on lug - 59C#.

*Fwd Sway
Brace

8140
. 	 .

Rolling pullout at sea level, -1 "g", M - 1.1
Rolling velocity = 3.84 Rad./sec. 	 Pitching ac-
celeration = O. 	 Yawing acceleration = 1 Rad./
sec2 . 	 Rolli:4 acceleration . -15 Rad./sec 2 .

*Aft Sway
Brace

8096 Rolling pullout at sea level, -1 "g", M = 1.1.
Rolling velocity m 3.84,Rad./sec. 	 Pitching ac-
celeration =„3 Rad./see. 	 Yawing acceleration
= 0 Rad./sec2 . 	 Rolling acceleration m -15 Rad./
sec2 .

Maxima
Fore and
Aft Load

1666 Symmetrical flight at sea level. -2.75 "a" : M .. 1.1
Pitching acceleration = 3 Rad./sec2 . 	 Yawing ac-
celeration = 1 Rad./sec2.

This is the load on the critical side of the
sway brace.

UN: 4
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SANDIA EXTERNAL STORE STUDY
MAXIMUM LUG AND SWAY BRACE
WADS OBTAINED IN ARRESTED

LANDING AND CATAPULTED TAKEOFF
PYLON MOUNTED STORE

A. Arrested Landing Condition

Critical
Mamba:-

Load
(#)

Shear
on Lug

Description of Maneuver
7),, 77,

Fwd Lug 10167 3330 0 1.5 6.5 12 6

Aft Lug 16407 14430 -6 1.5 6.5 -12 -6

Fwd Sway
Brace

4988 - -1.5 0 -12 6

Aft Sway
Brace

3212 - 0 -1.5 0 12 . 6

Max. Fore &
Aft Load.

- 14430 t1.5 0 -12 -6

B. _Catapulted Take-off Condition

Critical
Member

Load
(#)

9802728T7=

Shear
on Lug

Description of Maneuver
ii,

5.55
-Y)), 

1.5

77*

2.0

- ii
12

yr

Fwd Lug

Aft lug 3407 7697 5.55 1.5 ...., _10

Fwd Sway
Brace

3260 - 5.55 ±1.5 0 t12 +

Aft Sway
Brace

5084 - 5.55 -1.5 0 12 4

Max. Fore &
Aft Load

- 12823 5.55 t1.5 0 12

uNr1T "-°TrIED
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SANDIA EXTERNAL STORE STUDY
MAXIMUM LUG AND SWAY BRACE
LOADS OBTAINED IN FLIGHT
CAVITY MOUNTED STORE

Critical
Member

Load
(#)

Description of Maneuver

Fwd Lug 10373 Symmetrical Flight at 17,000 feetA 7 "g", N = 1.52.
Pitching acceleration = 3Rad./sec4 . 	 Shear on Lug
= 390#.

Aft Lug 9760 Rolling pullout at sea level, 5.6 "g", if = 0.42.
Rolling velocity = 3.84 Rad./sec. 	 Pitching
acceleration =", -3 Rad/sec2 . 	 Yawing acceleration

e= -1 Rad./se. 	 Rolling acceleration = -15 Rad./
see. 	 Shear on lug = 591#.

*Figd, Sway
Brace

3235 Rolling pullout at sea level, -1 "g", le= 1.1.
Rolling velocity = 3.84 Raddeec. 	 Pitching
acceleration = i 3 Rad./secz. 	 Yawing acceleration
= 15 Rad./sec2 .

*Aft Sway
Brace

3243 Rolling pullout at sea level, -1 "g", X= 1.1.
Rolling velocity = 3.84 Rtd I/sec. 	 Pitching
acceleration = Z 3 Rad./sec4 . 	 Yawing acceleration
= -1 Rad./sec2 . 	 Rolling acceleration = 0 Rad./
see.

Max. Fore &
o. 	 .4AP+ T.

1091 Symmetrical flight at sea level, 6,"g", M= 1:21.
P1Whing acceleration = 3 Rad./aeo"..

• 	 - *This is the load on the critical side of the sway brace.

TINT( :ASSIFIED
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Figure No.337

A. Arrested Landing Condition

Critical
Member

Load
(I)

Shear
on Lug

Description of Maneuver
1-) Y 7)s 6

Fwd Lug 8899 2470 0 -1.5 6.5 12 -6

Aft Lug 17885 13570 -6 1.5 6.5 -12 -6

*Fwd Sway
Brace

6169 - 11.5 66

*Aft Sway.
Brace

3812 - 0 Z1.5 0 12 Z6

Max. Fore &
Aft Load

- 13570 Z1.5 6.5 Z6

B. Catapulted Take-off Condition

Critical
Member

Load
(#)

Shear
on Lug

Description of Maneuver
7.)* by ?) a 6 ;4.0

F" 	 Tmg 	 I 8561 12720 5.55 Z1.5 2.0 12 14

Aft Lug 4683 7780 5.55 i1.5 2.0 -12 Z4

*Fwd Sway
Brace

2763 - 5.55
- 1.5 2.0 /12 f4

*Aft Sway
Brace

5777 - 5.55 -1.5 0

Max. Fore &
Aft Load

- 12270 5.55 Z1.5 2 12 i4

*This is the Iowa on the critical aide c Usti tway
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3.4 Release end_Separation

The information presented in 	 section is

the result of an investigation :made_to evaluate the release

and separation characteristics of the TX-28 store, This 	 .

investigation was made for . the =728 Store Wing-pylon mounted

on the F8U-1 airplane and seat‘subsergad in the. -Tdadylpf cavitys

of the Y'395 proposed design. The release and separation
. 	 .

characteristics of the ?X-28 store were evaluated to - ascertain -

if'etore ejection:Would be required4- where it should be

applied on the store, and possible load:cyele :otthe:ejeStOr;

The criterion ueed.pr'thii:investigation was that . :.thelevel

flight releases would represent the most difficult releate7 , :
. 	 . 	 _

•

The aerodynamic forces aeting . en the store dOring .,

separation were determined from h'ighlipeed wind .tmmeitests

• and included the interference effects -between the airplane

and the store. Using these data the store motion was eval.

tutted for ttabee degrees of freedom during separation using -a

step by step calculation programmed for machine computation.

f c:!

The validity of the method of calcuIation was substantiated

through the use of low speed wind tunnel. drop teats. The

ejection forces required for successful separation were

determined over the altitude and speed range where store

delivery from the airplanes used in the investigation was
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3.4.1 Store Force Data - The method used in this

study to - evaluate store release and separation characteristics

is a step by step calculation of store motion during separation.

In order for these calculations to correctly predict the actual

store motion, the interference effects between the store and

the carrying aircraft must be taken into !..zouni. To obtain .

data for the store that would include these effects, a high

speed wind tunnel test program was conducted at the Cornell

Aeronautical Laboratory. The desired data were obtained by

separately sting mounting the store and measuring the forces

acting on it at various store-airplane separation distances

and at various store pitch angles. Pictures of the wind tunnel

test setup are presented in figure lB thru 3B of Appendix

B, Volume II of this report. The airplane model was fixed

at 3 degrees of fuselage angle of attack, which corresponds

to an average airplane attitude for the flight range within

which the store would be dropped. These tests were conducted

using an .042 scale model of the F8U-1 airplane having a

left wins pylon and modified for the fuselage cavity in-

stallation. The data were obtained at Mach numbers of 0.8,

0.9, 0.94, 1.02, 1.10, 1.20 for both the wing-pylon and the

fuselage cavity installations. Additional data were obtained

for the cavity installation with the bottom fin of the store

folded as shown in figure 2.2 of section 2.2.

The force data obtained from these tests used in the analysts

of the store separation calculation are presented in Appendix B

Volume II of this report. The' values of store
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normal force and pitching moment coefficients are presented:

for the wing-pylon installation in figures 4B-through 13B,

for the cavity installation in figures 14B through 23B,

and for the cavity installation with the bottom fin folded

in figures 24B through 35B.

3.4.2 Method of Calculation - The method of

calculation used to evaluate the release and separation

characteristics of the TX-28 store as previously stated is a

step by step procedure for the store motion in three degrees

of freedom. The motion of the store was limited to motion in

the vertical plane since very little motion of the store in a

sideward direction or yaw would be expected under normal

separation conditions. The equations of motion used for these

calculations are:

The axis system used in the calculations is shown sketched

below:

umminummon UNCLASSIFIEDD
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	Axes 	 for Calculations

The forces acting along the X and Z axes were calculated

using the following equations:
= —D — m g sin y

F = —L m g cosy

	

where: 	 L =CLciSr

D =CD qS/y.

where: C L = Cm'cos. a s — C.xsin.q,

C D = Cx cos.a 5 + Coin a s

The moment acting about the C.G. of the store was

calculated using the following equations.

M c.g. M pitching 4 M damping 4 M ejection

where

011111=111111001 	 -.1

m pitching = C
ms

qS-rds UNCL ASSIFIEDM damping s c mafV- q 

z0
5
tue
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The values of store normal force and pitching moment -

coefficient (C ND a Cms ) were obtained :'rem the wind tunnel

test data. The value of Cx for the store was assumed to be

the store's free flight C at the corresponding Mach number.

The value of the slope of pitching moment coefficient of the

store's fins with store angle of attack 	 Cm cif 	) was

estimated to be -2.84 per radian. The ejection force was

included in the calculations in the following form.

ge.ig 	 b

The value b is the ejection force at the beginning of

the ejector's stroke, K is the rate of change of ejector force

with stroke and Z is the amount of.stroke at any instance. The

value of Z for ejector is a function of the store-airplane

separation distance ( n ) and store-pitch angle relative to

the initial position. The value of Z was waculated using

the following, expression.

Z = 	 + O e Sin (9 — 80 )

where

Co is the store pitch angle at the beginning of

ejection. 	 a

1 

These calculations were made step by step as a function of

time. The increment between each step was .01 seconds. The 

UNCLASSIFIED     
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distance the store moves along the flight path during the

time between ti and tj was calculated using the following

equation:
AX i - j ViAt + !/2V. At z

The angle the store pitched during the time between ti to tj

was determined as follows:

= 0; At + I/2 iii_j Atz

The separation distance obtained in a given time incre-

ment t4 to t j was determined assuming that the airplane

continues on a level flight path when the store is released

The distance the store has separated fromthe airplane in the

vertical direction (n ) and moved relative to it horizontally

_ 	 ) were determined using the following expressions:

77: 	 . n• [	 + Ar-j
• X	

2R 	1

•

=X i _ j COS. [ y. 	"V-74-] V At

where 	 A Xi_i=
	 t- A

3.4.3 Validation of Separation Calculation - Before

the results for the calculated store motion could be considered

as valid, an independent *check was believed necessary. This

check was accomplished by comparing the store motion obtained

from low speed wind tunnel store drop tests with that
ric

UNCLASSIFIED
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predicted by calculations for similar drop conditions.

Drop tests were made using 4the TX-28 store configuration

scaled for simulation of full scale separation. Tests were

made for bothystore installations being investigated. The

comparlion data were obtained from the drop tests by taking

multiple exposure photographs of the store "odel during

separation. The distances and store pitch angles were then

scaled from these pictures. A complete description of the

drop tests program is presented in. Part II of Appendix E,

Volume II of this report.

In calculating the store motion under similar drop

conditions for comparison with the wind tunnel drop data the

small effect of Reynolds number was neglected. Mach number

effects were also neglected since the aerodynamic data used

in the calculations were obtained at a Mach number of 0.8

where compressibility effects are small. To obtain calculated

data that would be directly comparable with those of the wind

tunnel drop tests requires the use of the correctly related

values of air density (p) and velocity (V). The important

parameters for comparing the full sca.,e calculated store

separations with those obtained from the wind tunnel are:

m -713- - Tarr

F

1111111111111111.111.1111=11

(1)

UNCLASSIFIED
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2

Froude number) 	 (2)
727--
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These parameters require that if the computed store motion is

to be comparable to the wind tunnel drop tests then the

following must be true:

(3)r m  1
- 13 imodel	 1.1 L p 13 ifull scale

Using the conditions obtained from equation (3) and (4)

calculations were made and the results compared with the wind

tunnel data. Comparison plots of the store pitch angle versus

store-airplane separation distances are presented in figures

3.54 through 3.57. Data are presented for four effective

values of dynamic pressure (q = 142, 284, 556, and 890) with

and without ejection for both installations. Data presented

for the high effective values of dynamic pressure (q = 556

and 390) do not represent actual flight conditions since the

effective air density for these cases (p 	 .0072) cannot be

obtained in flight.

As previously stated the object of comparing the cal-.

culated data with wind tunnel drop data was to check the

validity of the calculations for predicting actual store motion

during separation. For this check to be useful, the effective

and

r v2 
g "model	

VtET---]g full scale

UNCLASSIFIED
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forces acting on the wind tunnel drop model must be the same

as obtained full scale at the same conditions. There were,

however, some forces encountered during the drop tests that

would not be obtained full-scale. The most important of these

forces was the preloading of the store obtained when it was

attached to the airplane model. This preloading caused the

store model to have initial pitching velocities that would

not be obtained in an actual full-scale drop. Due to the nebul-

ous nature of these preloadings, no attempt was made to correct

for them. The effects of store preloading were reduced as the

dynamic pressure (q) is increased since the store motion be-

comes more a function of the aerodynamic forces. It therefore

follows that at the higher values of q the wind tunnel drop

tests data should more nearly represent full-scale store motion.

The comparison of the calculated data with the wind tunnel

data at the high values of q should be the best. The data

presented in figures 3.54 through 3.56 show this to be true.

The calculated and wind tunnel test data do not agree

as well for the cases with ejection as for those without.

This is due to difficulties encountered in determining the

ejection forces to use in the calculations that would match

those used for the drop tests. The exact ejection force used

in the drop tests could not be determined due to fabrication

tolerances and friction in the model's spring ejector. The

UNCLASSIFIED
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ejection forces used for the calculations were, therefore,

only approximately equal to those. used in the drop tests.

In the light of the above, the comparison of the two

sets of data is very favorable. The conilusion drawn frog

these comparisons is that the.sethod of calculation used will

predict store notion during separation to the accuracy desired

in order to predict ejection forces required for use in store

design.
3.4.4 Store Separation. Characteristics - The store .

separation characteristics were evaluated for boththe fuse-

lage cavity and Wing-pylon installation. The separation ,

characteristics were first calculated for the store separation

with to.ejectiWand_then with various amounts of ejection -

force until the desired characteristics were obtained. In •

evaluating the store separation characteristics consideration

was concentrated on the store pitch angle as a function of

vertical separation distance. The store motion aft relative

to the carrying airplane was in all cases of such small

magnitude in the vicinity of the airplane that, it -has little.

significance in the store separation problem. It should be

realized that this is true for the WX-28 store and the particular -

flight range of the caerying Airplanes usedin this study.

Less dense stores, higher speeds, or different types of

NCLASSIFIED
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installations could cause the store motion aft relative to

the carrying airplane to become important.

3.4.x.1 Cavity Installation - The store

separation from the cavity installation with no ejection is

shown in figure 3.57 for four Mach numbers: 0.8, 1.02, 1.10,

1.20 at four altitudes 5000 ft., 15,000 ft., 25,000 ft., and

35,000 ft. The tabulated data for these calculations are

presented in runs 1 thru 15 of Appendix D, Volume II of this

report. The calculations were made for only these Mach numbers

since the store force data are essentially constant below a

Mach number of 0.94. For all conditions shown, the store

pitches only slightly (maximum of 8 degrees) as it separates.

This installation could possibly be used with no ejection;

however, it is believed desirable to apply some ejection force

to the store to account for release conditions that were not

investigated. An ejection force of a constant 9000 lbs. acting

through an ejector stroke of 0.5 ft. was chosen. The separation

characteristics for the store with ejection are shown in

figure 3.58 and the tabulated data for these calculations-are

presented in runs 16 thru 30 in Appendix D. The ejection

force acts at the c.g. of the store, thus the store motion is

very similar to the no ejection drops.

The TX-28 store when carried in the cavity of the V-395

proposed design must have its bottom vertical fin folded

during takeoff and landing as shown in figure 2.2 or s‘ation 2.2.
The folded fin can be either opened during flight, before the

store is dropped, or made to open automatically upon release.

The store separation char =c ristics discussed above are for
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the case where the bottom fin is actuated to the open position

before_release. To evaluate the separation characteristics of

the store when the bottom fin is folded at release and auto-

matically actuated as it separates, force data were. obtained

for the fin folded at various separation distances from the

wind tunnel tests as shown in figures 24B through 35B in

Appendix B. Separation calculations were, however, not made

for this case since the force data for the fin folded or open

are essentially the same indicating that the separation

characteristics would also be the same.

3.4.4.2 Wing-Pylon Installation - The store

motion during separation from the wing-pylon installation with

no ejection is presented in figures 3.59 and 3.60 and the

tabulated data from the calculations are presented in runs

31-50 of Appendix D. The store upon release pitches nose

down. This nose down motion increases in magnitude as the

dynamic pressure and Mach number are increased. Separation

characteristics for these drops with no ejection force are

unsatisfactory since damage to the airplane or store or both

would probably result. The problem incountered with the

pylon installation is a severe nose down motion of the store.

To overcome this an ejection force was applied behind the

C.G. of the store. The store separation motion was evaluated

for various ejection forces applied at various points on the

store. Because the store's separation motion is a function

UNCLASSIFIED
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of Mach number and release altitude, the ideal ejector would

vary the point of application and the force to fit the

condition of release. This type of ejector is not considered

practical and an ejector with a fixed load cycle and point of

application te_the store was chosen. The ejector design

picked was a compromise betweerithe ideal ejector design

required for high-speed-low altitude releases and the ideal

ejector required for low speed-high altitude releases. The

use of an ejector design based upon high speed-low altitude

release requirements would cause the store when released at low

speeds-high altitudes to pitch nose up to such a degree as to

be unexceptable. Likewise if the ejector design were based

upon the low speed-high altitude release requirements, the

nose down pitching tendency at the high speed-low altitude

release condition would not be corrected. The compromised

ejector design chosen for use throughout the release flight

range has a constant force of 10,000 lb. and acts 0.5 ft.

aft of the store's C.G. with a stroke of 1.0 ft. The store

separation motions using this force are presented in figures

3.61 and 3.62 and the tabulated data for the calculations

are presented in runs 51-70 of Appendix D. The store motions

obtained for a Mach number of 1.20 at the low altitudes and

Mach number of 0.8 at the high altitudes represent the worst

conditions. These release conditions are, however, not within

the flight range where store releases from the F61.1-1 airplane

are considered practical. 7rLA c."ST
p
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The F8U-1 airplane has no bombing equipment providing level

bombing 'Capability at any altitude and flights will not be

made at Mach numbers of 1.20 at low altitudes with the store

on.

3.4.5 Ejector Load Cycle - The ejector load cycles

used in the calculations are presented in figure 3.63. These

load-stroke cycles are not what would be expected for an

actual ejector. To evaluate the peak ejector force the store

would receive from an actual ejector an ejector system similar

to that employed on the Chance Vought F7U-3 airplane was

assumed applicable. Typical load-stroke cycle for the F7U-3

ejector rack are presented in figure 3.64. Using these curves

as a guide the peak ejector loads acting on the store to

produce essentially the same separation characteristics as

calculated were estimated to be approximately twice the values

presented for the constant load-stroke cycles used in the

calculations. The cavity ejector would therefore apply a

peak ejector load to the store of 18,000 lb. and the pylon

ejector a peak value of 20,000 lbs.

UlASSIFIEL
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4,0 PPMFORMANCE

This section presents information dealing with the

performance of the F80-1=airPlane oarrying the TX-28 store

wing.pylon mounted on the loft wing. The following Phases

of airplane-stors performance are diseussedt

Installed Drag . of'the TX-28 store.

Stability and Control Characteristics of

the4.8704.airplane with ,TX-28- store.-
• Mazimum'Speed and Acceleration Characteristics

of the 1,817-1 with the TX-28 store installed.
- Delivery Maneuvers of the P8!J-1 airplane

• with' the TX-28 store.

4.1 Inetalled Drag of Store
Chance Vought Aircraft t under Item A of Sandia

Corporation Purchase Order Np: 51-1360, has Evaluated the zero

- lift drag due to wing pylon mounted stores. Two stores were

inve.stigated,-the TX-28 and.a - 15 in. diaineter-finenens ratio
store 	 to the Sandia store configurations investi-

gated in -Phase I. ( 1 )

The drag data for these stores were obtained through
high speed wind tunnel tests conducted at the Cornell Aeron-

autical Laboratory. These testa were made using an 0.042
I;

(1) Thomas, I.L. "Final Report, Phase I External Store Study,
Sandia Contract 51-1360" Chance Vought Aircraft Report0 919 (15 June, 1955), 171-183.7. 1...",

5
IAA
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scale *Wel of the P8VV-1 airplane having a Fookee'fUselage

and a left wing -pylon. The store installation used is shown

in figure 2.1 of section 2.1. This installation is the same

as used in the-Phaie i study. ( 1)

The preliminary data from ihe-wind tunnel tests :have been

analyzed and the installed drag characteristics at zero

left of the stores were evaluatedTbe installed drag ( Ac )Do
is the difference between the model drag with and without

the store pylon.

ACD0 STORE 4 PYLON 	 PDo AIRPLANE+ SRTOE +PYLON CDO:AMUMME

The installed drag data for these two stores are presented

for comparison purposes along with the data previous/7 obtained.

in *Phase I (2) in figures k.l through 14.3, These data are shown

as a function of store frental area and rineness...ratio.atilaoh' :

nuMbers of 0.80, 0.90, 0.94, 1.02, and 1.20. The final values -

.
of ACD0 are presented for the Sandia Final Store Configuration

(TX-.28) in figure 4.6 and the 15 in. diameteii.fineness ratio
•

store in figure k,7.

The data obtained for the two stores of:the.Phase II

tests compare favorably with the 'value of tiCp v that would
be predicted based en the Phase I test -information: The

variation between the two sets of data are within the limits

of accuracy expected for this type of testing.
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4.2 F8U-1 Maximum Speed &Aceeleration with TX-28 Store
41- •

In accordance with Item A of Sandia - Purchase Order

No. 51-1360 for the Phase II external store study, the maximum

speed versus altitude and the time to accelerate to maximum

speed were calculated for the F8U-1 airplane carrying the

TX-28 store, pylon mounted on the left wing. The variation of

maximum speed with altitude at normal, military, and maximum

power,is presented in figure 4.8. The accelektion character-

istics are presented in figure 4.9.

Comparing these data with the performance of the basic

F8U-1 airplane 
t
kl

)

 shows the reduction In maximum speed due .

to the store pylon installation at maximum power, at 35,000

ft. altitude to be 112 knots from that of the basic airplane

(NN/kts. - 1.43/825). In figure 4.10 the maximum speeds at

35,000 ft. at maximum power for the F8U-1 airplane carrying the

TX-28 store are compared to the maximum speeds obtained with

the various store contgurations of the Phase I study. Compar-

ing the acceleration characteristics of the clean airplane and

the airplane with store indicates a loss in acceleration at

35,000 ,ft. as shown in figure 4.9.

(1) Thomas, I44*. "Final Report, Phase I External Store Study,
Sandia Contract 51-0923" Chance Vought Aircraft Report
9819 (15 June, 1955) 41. /".-
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4,3 Stability and Control Characteristics of the F8U-1

-Airplane with TX-28 Store

The effect of the final store installation on the lcw

speed lateral and directional stability and control of the

F8U-1 airplane hiVe been evaluated as requested under Item A

paragraph 3 of Sandia Corporation PUrchase Order No. 51-1360.

To obtain sufficient data to make this evaluation, low

speed wind tunnel tests were conducted at the Chance Vought

Aircraft low speed wind tunnel .installation. The tests were

made using an 0.15 size model of the F8U-1 airplane with the

TX-28 store pylon mounted on the left wing. Data were obtained

for the airplane in the high speed and landing configuration.

A more detailed description of this _test is presented in

Part I of Appendix E, Volume II of this report. The results

of the tests indicate the following:

4.3.1 Longitudinal Stability - There is a small

change in the pitching moment characteristics due to the store

installation in both the high speed and landing configuration.

Comparisons of tile pitching characteristics for the airplane

with and without the store are shown in figure 4.11 for the

landing configuration and in figure 4.12 for the ,high speed

configuration. These comparisons indicate that there is a

small trim change due to the store; however, these changes are

of such small magnitude that they can be neglected. There is

also a small variation in the aerodynamic center location due

•to the store installation as shown on figures 4.13 and 4.14.
UNCLA
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These variations in a.c. -location cane* . a reduCtion in the - .-

static maigin of the order of l'to 2 percent.
*■3•2Direlii.nal 8tabi1i ► - There Is essentially

no change in the low speed directional stability of the
*airplane in the high speed and landing Configuration due to
the store as shown in..fisure 4.15.-and .16

Laterai -Stability The *tore installation did
not effect the tow speed laterai-etability . .elisracteristics .

of the ‘airplane im tl h gh speed aontiguration asshown- in
_•..

figtire 417. There 	 :in the lateral
stability for thg airplane in the Aandint.cOnfiguration as _Shown-
in figure 4 .18. Theise-eha:nges .: -do:'no_t- present a Critical
problem.

4 .3 .4 lateral. -.Control- Dt# to tie ". store I s proximity
to the aileron the effects of the - install lion on the aileron

, 	 .
effectiveness• were also evaluated. ----The_ results of this in-
vestigation as shown ialigure! 5+.19, indicate that the store
installation causes negligible changes in 	 aileron effect-
iveness .

4.3.5 Concluskion - The installation of the TI: -28
store on a wings!pylon on the 17811-1 -airplane•causes little or.
no changes in the airplane aerodynamic -stability parameters.
The effects on stability and control due to the .agisemsetric
weight concentration of the store were not evaluated since
these effects were beyond the_ -scope of this investigation.
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4.4 Sto...z......e.3.14..vems.........DeFlaneuvers . the store deliverY-...
maneuvers for the F811-1 airplane carrying the TX.28 store are

presented in this section. Of the twenty (.20), maneuvers
requested under Item C of Sandia Purchase Order No. 51-1360'

nineteen maneuvers were calculated. The twentieth, a turn

at 40,000 ft. at greater than 4 0's was not done as the 4 G
turn represented the maximum lift condition. Table I presents

a description of the maneuvers ealeUlated.
In making the calculations the airplane weight was

assumed to be constant (Combat weight with store on gip.24,237

lb.). with,the exception that weight was reduced for dropping-

the store and pylon at the bomb release point. The effects.

of thrust angle and angle of attack were assumed to be negligible:

The equations of motiowwere adapted to these assumptions

and mechanized for•use on the INN Model 650 digital computer.
The maneuvers mere considered to be .made up. of three parts:

the approach, the attack, and. the escape.

Time histories of the maneuvers are presented in Figures

4.20 through 4.38. Where applicable, the following quantities.

are shown:
1. longitudinal distance

2. lateral distance
3• altitude
4. velocity

5. turn angle
6. wive or climb angle

UNCLASSIFTET)
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In the coordinate system used, angular Measurements

were assumed from 0 to 43600 measured as a change from the

initial approach position in level.flight: As a result, a

heading of 180° represents a reversal of direction from the

approach and a 225 ° climb angle indicates a 45° dive angle

away from the target. Ordinarily, a positive dive-or-climb

angle indicates a climb and a negative angle indicates a dive.

The following brief summarias may serve to amplify the
figures:

Figures 4.20 . 4.27 - Self-explanatory-

Figure 4.28 - Following the labs delivery the 4 0's of

the wingover were used to bank and pushover, about 404 of the

0's being used tnr banking and 0% to nose down until a dive

angle of 20° was reached. During the constant 20° dive all
4 0's were applied to turn to 135° , and then the dive was
continued straight ahead to 1000' at which point a 5 0 pullout
was made.

Figure 4.29 - Following the labs delivery'the 5 G . pullup
was continued to 225° followed by a constant angle dive to
2000 1 at which point a 5 0 pullout was made.

Figures 4.30 - 4.33 - Self-explanatory.

Figure 4.34 - Following the release of the store during

the dive a 4 0 diving turn is done at a constant dive angle

of 20° to. a 135° ;Relative heading at which point a pullout is

made.
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FlgOre 4.35 - Following the release of the store during

the dive, a 4 0 diving turn is made, about two-thirds of the

Vs being used for banking and the remainder to nose up.
-

When 1350 was reached all the 0's were used to pullout.

Figure 4.36 - Following the release of the store during

thedive, a 4 0 diving turn is made, about 42% of the 0's

being used for banking and the remainder to nose up. When

135° was reached all the 0's were used to pull out.

Figures 4.37 - 4.38 - Self-explanatory.

-14 I V Ist 



Figure Number
	 Approach

	4.20
	 Acceleration to V-max

at 40,000'

	4.21	 Acceleration to V-max
at 40,000'

	4.22	 Acceleration to V-max
at 20,000'

	

4.23 	 Acceleration to V-max
at 20,000'

	4.24	 Acceleration to V-max
at 20,000'

	

4.25 	 Acceleration to V-max
at 10,000'

	

4.26 	 Acceleration to V-max
at 10,000'

Bea level entry, 4c
puP 0.30' •

Sea:level entry, Ita
pulitip to 30'

Y.Bea level entry, 5G
.041up to 30°

- Sea level entry, 4G
pullup to 60*

Bela level entry, 40
PUllup to 90°

;.15eit level entry, 4G
pulleeto,10'

'

 h% Annt 	 trir

TABLE I 	 UNCLASSIFIED
Description of Maneuvers Presented 	 drir

Attack

Drop store from level flight

Drop store from level flight

Drop store from level flight

Drop store from level flight,

Drop store from level flight

Drop store from level flight

Drop store from level flight

Drop store from 30 °

Drop store from 30'

Drop store from 30 °

Drop store from 60"

Drop store from 90 °

Drop store from 110' •

eilM 0 	nAni

Escape

40 level turn through 135'

3G leiel turn thrOugh 135 °

4G level turn through 135'

3G level turn through 135°

50 level turn through 135°

4G level turn through 135°

4G immelmann

Complete pullup in 4a immelmann

4Ovingover

_Complete pullup in 50
half Cuban 3

Complete pullup in 40 immelmann

Complete pullup in' 4G Jumbo.=

Complete pullup in 4G immelmann

UNCLASSIFIED



	

. 29	
teallup to 30 °
Sea level entry, 50

	

4.30 	 ' Sea level entry, 4o
pullup to 60'

	4.31
	 Sea level entry, 4G

pUllup to 90'

See level entry, 4G
pu1luto.110 °

•

entry, MN = .3262
rover to. 20' and.. 

Drop store from 30' 	 _Complete pullup in 50
half Cuban 3

Drop store from (0°
	

Complete pullup in 4o immelmann

Drop store from 90°
	

Complete pullup 1.n . 4G immelmann

Drop store from 110" • 	 Complete pullup in 4G immelmann

Drop store . at 20 °, 15,000' 	 Pullout ,.n 4G immelmann '

UNCLASSIFIED
' 1 1000 , 'entry, MN = .8262

A *sac .pushbver to 20° and
constant , eagle dive to

Drop store at 20 °, 15,000' 4G duiing turn

41j000". enWY; -...MN . 71.: 8262
ASx...pusboVerto 40 °.'and
eenitant angle dive to

400'

too,! entry, MN lc .8262
sskx pushover to 60! and,

' olt Cant eagle dive to "'

far:, I•iff i.13262•
60' tad'► 	VushOer - to•

U4Vintangle.dive to

	

Drop Store at hie, 20,000' 	 40 during turn

	

store at 60 °, 25,000' 	 1'G during turn

	

Drop store at 60°, '25,000' 	 4G pullout with roam at
optimum rate of climb

	

Drop store at 80', 30,000' 	 40 pullout with room at
optimum rate of climb

, 	 .t 	 •
UNCLASMTFID
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4.5 Pismion Profiles

The only mission profile investigated unaer Phase

II was the High Altitude-Radius Mission ( 1), The P811-1 •

airplane with the 15 in. diameter-fineness ratio 9.0 Sandia

store configuration wing-pylon mounted was programmed thiiongh

this nission. Tne weight of store was assumed to be 3,000

lb. A comparison of this radius_of action and those obtained

in the Phase I study are shown in figure 4 39. As expected,

the radius of 523 na. mi. is eseleaialLlythe same as for the

other configuration (520 na. mi). The relatively minor

effects of the store configuration on the radius of action

is due to the small variation in airplane drag at crOing

speed for the various store installations.

(1) Thomas * I.L. "Bina]. Report Phase I External Store.Study,
Sandia . Contract 51-0923" Chance VoUght Aircraft Report
9819 (15 June 1955) p 28.
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