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FOREWORD

This publication contains the proceedings of and technical papers
presented at the Aircraft/Stores Compatibility Symposium, held at the
Woodlake Inn, Sacramento, California on 18 - 20 September 1973, In ad-
dition, it contains several other techuical papers prepared for the

symposium but which were not presented.

The purpose of the .symposium was to bring together the technlcal
expertise within Government and industry throughout the world to review
and discusg compatibility developments and experiences. ~ Exchanging
methods and ideas is esgential ir present and future systems development.
No one organization holds all the answers to aircraft/stores compatibilsity
problems. Solutions to these problems depend upon coordinated efforts by
both aircraft and store designers who are aware of the other's require-

ments,

The symposium committee wishes to express its appieciation to those
persons regpouding to the call for papers--the authors asd the presenters—-
the session chairmen, and the attendees for their contributivns in making
the symposium highly successful. Special appreciation is extended to Major
General George V. McLaughlin, Commander, Sacrsmento Air Hateriel Avea, Air

Force Logistics Command, for his welcoming remarks in opening the sywposium.
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Acknowledgenent is made to all those people from McClellan AFB
who worked long hours so diligently, cheerfully and efficiently to

give us such a pleasant, professional success,

Publication of this report does not constitute Air Force

approval of the technical papers’ findings or conclusions. It
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is publighed only for the exchange and stimulation of ideas.
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Chairman, Working Party L2
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ABSTRACT

These proceedings contain the technical papers presented at the
Aircraft/Stores Compatibility Symposium held at the Woodlake Inn,
Sacramento, California on 18 - 20 September 1973 which was sponsored
by the Joint Technical Coordinating Group for Air Launched Non-Nuclear
Ordnance (JTCG/ALNNO). Purpose of the gymposium was to bring together
the technical expertise within Government and industry to review and
discuss aircraft/store compatibility developments and experiences.
Technical papers were presented in five different sessions: General,
Structural Loads, Store Separation, Aircraft Performance, and Experi-
mental Techniques., Each paper in the proceedings has its own abstract,
and contains sections including presentation of dava. discussion of
findings, and recommendaticns/corclusions., The compilation of these
papers, each focusing on the compatibility problem, should prove ex-
tremely valuable to aircraft and store designers by making each aware

of the others®' technical problems and possible golutions.
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WELCOME REMARKS

BY
MAJOR GENERAL GFORGE W, MCLAUGHLIN
SACRAMENTO AIR MATERIEL AREA
AIR FORCE LOGISTICS COMMAND

Good Morning, Ladies and Gentlemen. In behalf of the AFLC Commander
and myself, as the SMAMA Commander, I would like to welcome you to
Sacramento and to the symposium that you will be participating in for
the next couple of days.

I had two reasons for being interested in SMAMA hosting this symposium,
One, a selfish reason, in that it gives a lot better opportunity for
more of the SMAMA engineers to attend, participate, and get the benefits
that accrue from a meeting of this kind. As most of you probably know,
we at SMAMA have been the managers for years of many of the fighters.
Weavon stores compatibility involves all aircraft but it most consist-
ently involves the fighters, Although the SMAMA people have worked
with fighters over the vears and have done a good job, there is still
much to be accomplished.

The second reason is personal. I have been in tactical operations
flying fighter aircraft from World War II up thryr Viet Namj and I
always ended up in dive bombing and doing the close support missions.

I have seen munitions bump together on other airplanes in the formatdion.
T have seen our own aircraft blown up by their own bombs. From P47
operations in Europe ir 1944 all the way up thru the F-100 aircraft in
Viet Nam, As the Director of the TACC (Tactical Air Control Center) I
became more familiar with the conditions because of the problems we had
with short rounds. Short rounds result from all sorts of reasons; one,
human beings. They make mistakes in the setting of switches, etc,
Others are duv2 to reasons other than human. Suprisingly, I have seen
50C pound bombs hit the ground and bounce 50 yards arter hitting a rock
and not detonate until it came to a complete stop. This isn't neces-
sarily incompatibility but may be problems in the bomb mecharism or
possibly the attitude of fimpact. A lot of bomba turn end over end and
also, as you know, we have duds. There is no one alive who has flown
300 or 409 missions in close support who hasn't dropped a dud by his
own failure in setting the switches or too low a release. There is
much important work to be done, evern though a lot of outstanding work
has been accomplished in the past., The way I look at it, each new

Preceding page biank

ot anved W Evwon T PR v s

irent




fighter is a new ball game on weapon compatibility and requires more
work.

In going thru your booklet that Jim mentioned, you have many, many
interesting papers which are going to be discussed on work that you
experts have done on weapon compatibility. So with that, again I
welcome you. Anything that hasn't been done to make vour stay here
enjoyable, be sure to let Jim or some of us know and we will take
cars of it, Have a good sympasium.

s Preceding page blank
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JTCG/ALNNO MISSION AND ORGANIZATTON

by
It Col H. J. Hansman
Principal Member
Ai:» Force Logistics Cormand

" On behalf of the chairman of the Joint Technical Coordinating
Group for Air Launched Non-Nuclear Orcnance, I would like to add my
welcome to that of General HcLaughlin, I am looking forward to this
symposium as a most beneficial event for all of us.

I would like to take a few minubtes to acquaint you with the

~ background and current activities of the Joint Technical Coordinating

Group for Adr Launched Non-Nuclear Ordnance, betier known as the
JTCG/ALNNO. (Next chart, please.) Our parent organization, if yon
will, is the Joint Logistics Commanders (JLC?, the four Commanders
who ave responsible for meebing the material needs of the US operating
forces., Our JTCG/ALNNO operates under the auspices of the JLC, The
JIC principals are the Commanding General of the US Army Muteriel
Command (AMC), General Henry A, Miley, Jr.; the Chief of Naval Material
Command (NMC), Admiral I. C. Xidd, Jr,; the Commander of the Air Force
Logistics Command (AFLC), General Jack J. Catton; and the Commander
of the Air Force Systems Command {AFSC), General Samel C. Phillips.
These four gentlemen meet quarterly to discuss matters of mutual
interest, arrive at a common understanding of each other's position,
and decide on courses of action to be jointly pursued. Theiv
management concept has been endorsed by the Office of the Secretary
of Defense, and continues to reflect sigrnificant inverservicing
accompilishments. (Next chart, pleasgs )

The joint Commanders achieve their objectives through numerous
coordinating groups and panels. One of these is the JTCG/ALNNO,
vhich was chartered by the JLC on 30 October 1964 and is a very
active, continuing organization. Its missiun, as shown here, is
threefold, Much success has been achieved in establishing a high
degree of awareness between the Services at all levels in our
particular area, and in the recommendation of erzzific programs to
meet Jnown requirements, As you can imagine, this total effort is
a continuing activity covering widely divergent areas of technology,
(Wext slide, pleaseg ’

The lead command for the JTCG/ALNNO is Air Force Systems Command.
There are four principal members, reodresenting AMC, NMC, AFLC, and
AFSC, vith Mr. Roger Hartmeyer from AFSC as the overall chairman.
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These four individuals are authorized to speak and act for their
command in their arveas of responsibility. They also manage and
coordinate the activities of the various working parties within the
JTCG/ALNNO,

There are about 330 people in the 15 JTCG/ALNNO working parties.
Thesc working parties are, as their name implies, the prime movers
who actually accomplish the mission of the JTCG/AINNO. Each working
party has a principal member from his command. Each command
representative is a highiy-qualified technical expert in the working
party'!s area of interest, and is aware of the related efforts in his
cormand pertaining to that subject. Through regular neetings, the
JTCG/ALNNO members have established close technical working relation-

ships between the service development communities. (Next slide,
please.)

Shown here are a few of the accomplishments over the recent
months for which JTCG/ALNNO can be justly proud. This list is not
exhaustive, but is indicative of the type of activities in which the
working parties are engaged. As you can see, the activities range
from the elimination of tetryl from munitions, to the design of a
container retrieval system, to the prepuration of a Joint Development
Plan (JDP) for a Target Activated Muniiions System. Again, these
are merely illustrative of the JTCG/ALNNO undertakings.

Of prime interest %o us today is another mejor accomplishment -
this symposium - which was arranged by the Aircraft Stores Compati-
eility working parhty, under the chairmanship of Mr. Jim Phillip from
SMAMA, I weuld like to thank Jim, his committee, and all their able
aszisbants for the excellent work they have done in organizing this
event, The success of their efforts is obvious from the murber of
active participants here today. I am most pleased to turn the podium
over tc the AFSC Principal Member for Working Party 12, Mr, Charles
Epstein.
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WORKING PARTY 12 ACCOMPLISHMENTS

BY ‘

»
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I don’t know what Col Hansman has been doing, but I know what I've
been~doinga

P O Ty Ty

1 would 1like to add my welcome to all of you for being here at this
second symposium sponsored by .the JCIG. At ‘this particular time, I
wourd like to. recognize -our foreign visitors. Through:.considerable
efforc and some triala and tribu;ations, we have with us representa—

J T g

we -have Cauadians, Israelis, Germans, and Australians. i hope -x
haven t seen someé -of ‘them yet but’ they sald they wvere ¢oming, It is
our liope that this symposium will institute ‘someiking that we haven't
had in the past - a k;nd of international cooperation in this type of
work, After all; thut's the name of the game; to -put ‘the information
out -before 'you, to make contacts, to find out what the other fellow is
doing. Alteady I have found out some interczsting :hings from overseas

snd am looking forward to addicional participation by -our overseas
friends.
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This symposium is :$ponsored by -the JCTG/ALNNO but primarily Working-
Party 12. Working Party 12 is Aircraft Stores Compatibility, and we in {
the committee are -extremely proud of what we have accompiished - :and i
rightly so. The JCTG for Munitions Effectiveuesu have published the i
JMEM manuals which many of you have secen. Perhsps they have outdone us 0l
in terms of weight in paper work that they have put out, or volume of -
file cabinets. But nevertheless, we have succeeded in-the last three

or four years and recently published several documents. The first of

which was a Military Standard, Mil Standard 1289, which covers all tests

and compatibility tests on the ground for airplane and store. I think

, this was sort of a milestone in that in it we have for the first time

drawn together all Army, Navy, and Air Force requirements for that
subiect,

pp ks

e e

Also not too long ago, the second thing that we published was a handbook,
Guide to Aircraft Stores Compatibility. Msny of you have this handbook
but if you don't and wduld like to have it, please contact me. It is
another first. A design manual, 1if you will, available -to the engineer
who is in the business of compatibility., It fs for the aircraft designer,
the rack designer; and the bomb or weapon designer, Thére is a section
in it for each of you. This volume has been published on a one-time
issue with a blue cover, JTZG/ALNNO. We are concurrently having this

. document made into a Mil Handbook, I think. There seems to be some doubt
about that at timeg but it will be a regular official document and publi-
cation should be within the next year I went ahead and published this
guide in the meantime so that people cwuld be using it.

car et
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The third document, the Aircraft Stores Interface Manual, you will be
able to see out there on the table. This document covers aircraft
stores drawings and interface drawings. I am not going to talk about
it because I -am going to have somebody else up here in just a minute.
We have published these three \locuments within the last year, and we
think that they are very useful. It is the first time that anything
like this has ever been published in our field.

Our committee, Working Party 12, is now looking beyond these documents
for -other tasks. In-our particular committee, we are now starting to
work on standardization of flight testing procedures for aircraft stores
compatibility ‘test. This 1s our n2xt major goal, to :come out with a.
£light test document. <Cur working party is. divided into three work
study groups: an electrical mechanical study group headed by Mr., Hoffman

from the Armament Lab; a structural study group headed by Hr. Bill Steeper,

from NAVAIR, and an aerodynamic study: group, of which I am the ‘head’. w

all work together to put out these documents: ‘and ‘we hope that they will

be of some value to you. They .are not of any value :to any of us, if

you- (I guess you are -pretty much the -customers) do-mnot use them, If

after seeing these documents, you have any comments, it is net .too late’ -
to make changes to them; that is what they are here for. We: invite youf'
participation in helping us to get out a document .that is useful to every-
one, So.please take-it that way. We are receptive -to constructive criti~-
cism. We are not too receptive to some criticism, like everyone else,

so 1 stress ~ constructive, constructive criticism. We would like to

have your participation in helping us get these documents in the test
possible shape., So if there is anything we .can do to improve what we have
now, we would like to know about it.

Now I would like to turn the podium over to Mr. Harolid Washmuth of China
Lake who is going to tell you about this document that, as a matter of
fact, just came out the other day.

As Charlie mentioned, I am Harold Washmuth from the Naval Weapons Center,
China Lake, California. I have juet published and prepared for distribu-~
tion the Aircraft Stores Interface Manual for the JTCG/ALNNO. This is a
copy of the volume and we have several out in the Iobby that you people
can look at during the next few days.

In general, it is a compilation of the physical arrangement of aircraft.
There are about 150 1/16-inch scale drawings on aircraft; in goneral,
previev type drawings. There are about 70 drawings on bomb racts. These
give the footprints and the physical geometry of bomb racks {hat would
interface with the store. In the front of the manual is a short text
which basically describes the drawings and their intended use; Also, a
short tekt on how they can be used, I am sure that you penple will -find
ways of your own to use them. I am very interested in your: comments on
this, particularly in any corrections that might be made; errors, things
that need to be added to the drawings and things that you people find in

16
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present an incerference problem. Also in the front of the manual is

a basic description of the ways. to write something up on th‘s aud send
it in to us. As far as T am concetned this can 'be. very informal. But
basically ‘there are a few guidelines given as to what you may wish to
add and some reasons as to why it should be added, I; for omé, am very
happy to add useful .data. There are some plans for making -additions to
the manuval; such as more pylon details, access to the pylons, ete.

A copy of thé distribution liat, which ~8 Just typed and ‘not included

in the manual will be ingerted in the wmanuals out in the hallway.

I would 1ike you to -0 OveYr this list and gee if you are listid and if

the listing is correct. If you would like to be added .to - the distribu- o
tion list, write the informatinn neadéd ‘on the sheet .of paper provided;

distribution ‘will probablv ‘be within the next 30 days. :

In general, the distribution is broken down in this. way. The Army,
AASCOM, St Louis ~ Mr. Cobb has..asked for :the complete Army distribution~
and he will distribute them-within the Army. The Alf Férce ‘has. .esgen- R
‘tially broken their distribution .down to their AMAs and Logistic Com- .
mand. In ‘their System: Command all copie§ will go: to- Mr. Hoffman at !
Eglin. If you are located at Eglin, I would ptefer};hgc you- réquést a -
copy from Mr. Hoffman direct., If for some-reason: this does not work . 3
out, then I would:be glad to have this input. Major airctaft ranu-~
facturers will be on the distribution list.

Is the JTCG organization going to continue to come up with funding for 1
this? 1If so, we will then. continue our work and add to the ‘manual in
thie future. If you have any further questions regarding this matter, i :
I ghall be here at the -symposium and around for the rest of the week Co
and will ba happy to answer them.

At this point, I would like to introduce Mr. Chuck Hoffman from Eglin
Air Force Base, Chairman of the first session and also chairman of our
Electrical Mechanical Section in Working Party 12.
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SUSPENSION EQUIPMENT CONSIDERATIONS )
P2

(0)
(Axrticle Unclas S’fled)

ROBERT L. KYLE

Douglas Aircraft:-Company
Long Beach, California

ABSTRACT (U) i

The Douglas Aircraft Company of the McDonnell Douglas
Corporation has maintained a continuous research and development
Armament Technology Program. One of the products -of this program
is a computer simulation of an ejector rack. Ejector force, pressure
and store position versus time are outputc of this program. A prelimi-
nary error study has been performed in the areas of mechanism design
tolerance, hook loads and temperature effect on ejector operation. At
the present time, this computeér program is being combined with AF .
Flow Angularity Program to obtain a general program for store separa-

tion and ground impact error studies on present and advanced ejector )
concepts.

ANreri we edmeea WA VTP 7

High-density bluff NSRDC Star Fin munitions appear to offer appre- ;
ciable promise when carried conformally. However, in adopting a
completely new weapon, considerable time is required for development

'
dn e At M e Y T u it

and production until the weapon is available in quantity for large-scale S

service usage, Consequently an interim high-density store approach
through conversicn of the existing general purpose hombs to NSRDC )
Star Fin shapes would appear beneficial, The results of a weapon
conversion study indicate that a reasonable NSRDC shape simulation !
can be achieved with the general purpose converted bombs consisting !
of two natural module lengths which allow easy conformal carriage or
multiple carriagc pylon palletization with fixed ejectors.
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The Douglas Aircraft Company of the McDonnell Douglas
Corporation has maintained a continuous research and development
program known as the Advanced Armament 'I‘egb.pology Program. This
program has addressed high-speed aircraft carriage, release and ‘
grovud impact problems associated. with free-fall conventional weapons.
In November 1967, the Douglas A1rcra.ft Company performed a low drag
store carry study whlle under contract to the Naval Ship Research and
Development Center (NSRDC). This study establishéed the aerodynamic
gain associated with fuselage conformal carriage of weapons. Since
this contract, Douglas has performed pumerous supporting studies to

the conformal carnage effort under the Advanced Armament Technology b
Program. TG
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Special weapon suspensicn equipment considerations are encoun- ;
tered with fuselage conformal carriage pallets. A high-energy ejection P
system is advantageous to ensure safe store separation from the pallet
and reduce the influénce of the interference flow field on the entire tra-
jectory and eventual impact point on the ground. In addition, the ground
handling accessibility is very limited in pallets especially for the center
row of ejectors when three or more rows are used. Upon noting these
requiremex.ts, a design study was initiated to develop an ejector rack
that is completely compatible with conformal or pallet mounting of

ejectors. From this study, the Submerged Profile Ejector Racks ;
(SUPER) design was conceived. :

Er e

et o kb

[P R

The SUPER-14 rack uses a unique lug restrammg principle that
eliminates conventional sway bracing without requiring changes in the
standard MIL-A-8591 C or D-bail lugs. Instead of conventional sway
bracing, a self-adjusting wedge provides the necessafv sway-bracing
restraint when the rack hooks are latched durmg store loadmg. This
automatic sway-bracing feature is essential in minimizing aircraft
turnaround time. Closely spaced ejector unit installations are feavible
where conventional sway-bracing techniques are impractical, In addi-
tion, totally submerged conformal carriage applications are possible.

A patent was granted Douglas for the SUPER principle on August 10,
1971,

To obtain the technology necessary to design bomb racks with

greater flexibility, an ejector rack gas dynamic analysis was initiated.

Current cartridge-actuated~device gas-dynamic theory was applied

and evaluated with respect to existing ejector unit empirical data. This

theory was then modified to form an analytical base for future designs.

This analytical apprecach was used to design the SUPER~14 high-energy g

ejection system. SUPER-14 prototype units were fabricated and ejec~ Lt
E- tion tests were performed which substantiated the gas dynamic theory
' : employed in the analysis.

This paper describes the Douglas research and development ejector
rack gas dynamics computer program that developed from these efforts. o

23 Preceding page blank
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In addition, a palletized suspension equipment arrangement study is
presented and discussed which further complements conformal carriage
of weapons.,

N

EJECTOR RACK COMPUTER SIMULATION

To obtain the complete force versus time curve of the ejector, the
gas dynamic analysis was programmed for the IBM 360 digital .com-
puter, In addition, the release mechanism characteristics were simu-
lated to obtam release time information. SURER-14,1810 (MER- 00},
LODE-14 (BRU-3A) and 9610 (MER-7 or MER~10) bomb rack charac-
teristics were determined which provides ejector simulation of the
newer Douglas designed racks. With this computer model, which simu-
lates cartmdge actuated bomb rack operation; the effect of hook loads,
environment, tolerances and cartridge variations canbe ana.lyzcd to
detérmine the magnitude of bomb rack error contributions.

COMPUTER VARIABLES

A number of cartridge, ejector unit and store variables are input
to the 2jector rack model., A partial list of these variables is given
below.

Cartrid ge Variables:

Type used
Number used
Booster charge weight
Booster charge density
Booster charge burning rate
3ooster charge average molecular weight
Booster charge gas constant volume specific heat
Main charge weight
Main charge web- thickness
Main charge density
Main charge burning rate
Main charge average molecular weight
Main charge gas constant volume specific heat
Total volume of empty cartridge
_Ambient ai: temperature
Ambient air pressure

Ejector Unit Variables:

Breech total volume

Breech heat loss characteristics

Aft end housing initial volume
Forward end housing initial volume
End housing heat loss characteristics
Aft orifice diameter

2 Preceding page blank
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Forward orifice diameter

First piston stroke length ~ s
First piston area

Second piston stroke length

Second piston area

Release characteristics of ejector unit

Store Variables:

‘Store weight

Store radius

Pitch mass moment of inertia

Yaw mass moment of inertia

Roll mass-moment of inertia

Distance cg to aft piston .
Distance cg to forward piston - -
Inertial initial loading

Aerodynamiic loading

TEST DATA GOR’RELATI,ON

-~

Excellent correlation with test data has been obtained with this
computer simulated ejector rack model. Figure 1 shows a comparative
-plot of computer model obtained data versus test data for the SURER-14
- ejector unit. Similar correlation has been obtained for other store
weights and the 9610, ,LODE-14 and 1810 ejector racks. In addition to
force versus time data, breech and ejector pressures are detcrmined
and can be output as a function of time. Vertical and lateral store
positions and angular position and velocity are also computed and output
to further describe the ejection event, Through this theoretical com~-
puter approach, the effect of environment and external loads on the
ejection system can be determined at low cost without expensive instru-
mented tests being performed.

PRELIMINARY ERROR STUDY

A preliminary error study has been performed in the areas of mech-~
anism design tolerance, hook load effect and temperature effect on
ejector operation. As an example of this application, Figure 2 shows
the effect and manufacturing tolerance on the release time to hook open-~
ing for the 9610 and SUPER~14 bomb racks, Three manufacturing
tolerance conditions were investigated with the computer model: (1) the
tolerance extreme that provides minimurmn locking; (2) the nominal tol-
erance condition that provides average locking; and (3) the folerance

extreme that provides maximum locking. An examination of these curves
shows that release fime and release time spread for tolerance variation
for the SUPER-14 is considerably less than that of the 9610, The
SUPER~14 utilizes a new hook release mechanism which is superior to
the 9610 release mechanism as shown by the results of Figure 2.
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FIGURE 1. SUPER-14 COMPUTER VERSUS TEST DATA
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FICURE 2. MANUFACTURING TOLERANCE EFFECT
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High hook load effects are shown in Figures 3 and 4 for the 9610 and ) 4
SUPER-~14 respectively, Although very little variation in end-of-stroke :
(EOS) veloc1ty was obtained with the 9610 of SUPER-14, an appreciable
variation in overall impulse time resulted for the 9610 but not for the

! SUPER~14, As before, the SUPER~14 superior release mechanism is

i illusirated by these results. Very little température effect was obtained

; for the 9610 or SUPER-14. However, Figures 5 and 6 demonstrate a i
subtle temperature effect for the LCDE-14 without, and with orifices. ;
Figure 5 shows that without orifices the LCDE-14 ECS velocity varies
by 3.5 ft/sec from -65 to 160°F. When 0.089 orifices are installed this
temperature effect is reduced to a2 1,2 ft/sec variation as shown by Fig-
ure 6. This observation indicates that even if orificing is not reqmred
for pitching, equal orifices are beneficial toward. eliminating a major
portion of the temperature effect with the LODE-14.

TR R T

GROUND IMPACT ERROR )

An investigation of the ground impact error associated with the

effects of mechanism tolerance, hook lpad and temperature was per- ;
formed using an Eglin error analysis based on a free-stream ballistic . '
approach. This study indicates that an 18-foot impact error can result '
for typical MER hook loads for the 9610 due to mechanism tolerance.
Whereas, a 2-foot impact error is associated with the SUPER-14 for
identical loading conditions. The high hook load effect on total impulse
indicates a 15-foot error for the 9610 and zero error for the SUPER-14,
A T7-foot temperature effect impact error is indicated for the LODE-14 )
without orifices and a L2-foot error is indicated for 0,089 orifices. ;
However, this free-stream ballistic impact error treatment leaves a

great deal to be desired, because the aircraft interference flow field has f
been ignored totally. . '
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) 'i / —8,00018 TOTAL LOAD ON HOOKS f
I8 : — t ; } ] '
e | 531 LB TOTAL LOAD ON HOOKS
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FIGURE 3. 9610 HIGH HOOK LOAD EFFECT
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INTERFERENCE FLOW FIELD

In reality, the aircraft interference flow field may reduce or
aggravate any or all of these errors. In addition, the treatment of the
self-stabilizing effect of dual ejectors and new advanced ejector concepts

. is difficult without taking into account the aircraft interference flow

field. As a consequence, the research and development technology
effort is being directed toward combining the Douglas ejector rack com-
puter simulation with the Air Force Flow Angularity computer program.
When the two computer programs are combined, the interference flow
field features of the Air Force program will produce representative
weapon loading so that the ejector rack operation can be simulated
realistically., Through this approach, an improved general program
will be obtained with which store separation and ground impact error
effects can be studied for present and advanced ejector rack concepts.

INTERIM PALLETIZED CARRIAGE

Since the inception of external carriage of stores on tactical air-
craft, appreciable change in combat aircraft conventional munition arma-
ment requirements has occurred. Prime requirements have evolved for
increased accuracy, improved performance, and increased carriage and
delivery flexibility. As a result, numerous store carriage studies have
been performed to provide solutions for these needed improvements.

Of these studies, the high~density bluff weapons appear to show appre-~
ciable promise. The NSRDC Star Fin bluff shape, AF BLU-58 and con-
verted M-117TM-6 are examples of current noteworthy high-density
weapon develcpments.,
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BLUFF MUNITION CONSIDERATIONS

NSRDC studies of the high~density Star Fin store show cunsiderable
aerodynamic, delivery, and ballistic improvements. Through the aero-
dynamic improvements, increased aircraft performance in the form of
increased range or speed are obtained, Delivery improvements of the
NSRDC shape allow the safe separation and weapon release envelope to
be expanded to increase delivery maneuver flexibility., Greater store
stability during and after ejection provide ballistic improvements which
result in decreased baliistic dispersion with subsequent increased
accuracy,

in adopting a completely new weapon system such;as new high~
density munitions, considerable time is requirer for development and
production until the weapon is available in quant: y for large~scale ser-
vice usage. In fact, large quantities of the new weapon will probably not
be procured until the existing stockpile of conventional munitions has
been reduced substantially, This delay in obtaining high-density store
advantages is unfortunate., Consequently, an interim high-density store
approach through conversion of existing weapons would appear beneficial.

WARHEAD REVERSAL .

The reversal of the M~117 warhead and the addition of a modification
kit to form the M-117M-6 is an excellent example of obtaining a high=
density munition from the conversion of an existing high-quantity muni-
tion., These considerations have prompted Douglas to study the possi-
bilities of converting the family of general purpose bombs {MK-81, MK~
82, MK~83 and M~117) to NSRDC Star Fin shapes. The results of this.
study indicate that rcasonable NSRDC shape simulation can be achiuvved
for these bombs by reversing the warhead and adding a nose plate and
star fin, In addition, he four converted general purpose bombs consist
of two natural module ler ;ths which allow easy palletization with fixed
ejectors.

This high~density conversion of the MK~81, MK-82, MK-83 and
M-~117 bombs does not result in as high a density as the ideal NSRDC
shape. dHowever, considerable improvement over the current low-drag
strean:lined MK-80 series is obtained, Consequently, conversion of
the existing munitions appears to offer an interim approach for palletized
carriage on existing and future aircraft while retaining a sizable portion
of the aerodynamic, delivery, and balhstn. improvements of the ideal
NSRDC shape.

MODIFIED STORE SIZING

In determining the modified store length, a matrix pallet with a
fixed ejector arrangement that does not require ejection relocation for
different weapon loadings is desirable. In fact, this fixed zjector com-
patibility is desirable for unmodified existing conventional munitions as
well as the Converted High-Density MK-81, MK-82, MK-83 and M~117
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stores. With these considerations as design goals, the basic high-
density shapes of Figure 7 were determined, Two basic lengths are
obtained: 47-inch length for the MK~81 and M-117, and 71.5~inch length
for the MK-82 and MK-83. Examination of Figure 7 shows the shorter
gize is primarily detérmined by the length of the M~117 warhead,

whereas the MK~83 establishes the length of the longer size.

-

.y
TP,

In addition to two length sizes, the high-density warheads consist
of two diameter groupings. The M-117 and MK-83 are 16 and 14 inches,

in diameter; respectively, and the MK-~81 and MK-82 are 9 and 10,75 4
inches, respect:.vely. In Figure 8, a fixed ejector repeating sidé~by- :
side arrangement is shown for the MK-81 and MK-82 high-density con- 3

figurations, The two outside ejectors are utilized for the MK-83 and
M-117 high-density stores. These side-by-side arrangements are-also
compatible with conventional multiple carriage-type munitions with the

NOSE PLATE

-

STAR FIN
4

smaller stores carried threé abreast and the larger stores two abréast.

H

R

7 TN . T .
13 160 — N M7 i
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FIGURE 7. BASIC HIGH-DENSITY CONVERTED SHAF<S f
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i Since carriage considerations were made in determining the basic

, shape of thé high-density ¢onverted stores, considerable carriage flex~
ibility ca b@ obtained. Pallet arrangements can be designed which have
fixed ejector locations compatlble with high- den51ty converted stores or
the present unmodified fa.mlly of multiple carriage weapons., Figures 9
and 10 show a conformal carriage arrangeme:nt for fuselagé mounting
and a palletized eJec.tor arrangement for pylon mounting. Special bomb
rack requirements are encountered for pallet installations such as this,
especially for the center row of ejectors of the three side<by-side
ejector arrangements which have very limited ground hardling acces-
sibility, Closely spaced ejector unit installations such as these are
feasible with the SUPER design where conventional sway-bracing tech-
niques are impractical,
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When the converted high-density stores are carried on either fuse- 5
lage conformal or pylon arrangements, a movable nose fairing is :
envisioned to minimize aerQQynamic drag. Prior to loading of the high- -
density stores, this fairing is extenced to fair the loaded pallet. After i

‘ dropping the stores, this fairing is retracted back to fair the empty - o
1 pallet. When unmodified conventional stores are carried, the fairing is Cos
' not extended, and retraction is not required aftexr 1:e1easmg the stores.

INTERIM ADVANTAGES ' : j

The Converted High~Density MK-81, MK-82, and M-117 weapons b
carried in a palletized arrangement offer an interim approzch to the
conformal carriage advantages of the NSRDC Star Fin bluff weapon. A
pallet arrangement is possible with these converted weapons in which a
fixed matrix of bomb racks is cosspatible with the existing multiple
carriage farmily of munitions as well as the converted high~density muni-
tions. In addition, this palls: arrangement can be applied to fuselage
conformal ca.. .age, or fuselage and wing pylon applications for current '
airccaft with multiple carriage capability such as F-14, ¥F-15, ¥=-111, £
Fot, A-6 and A-4, K
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With this ﬂexzble approach, an acceptable quantity of conventional
unconverted munitions can be carried if'the converted munitions are not
available. However, ifthé converted high~density munitions ate: a.va11~
able, considerable imp¥ovement in combat. capabxhty can be achleved
If the length. of the présent bluff munitiré that are in development h.a.ve
not been solidified to. the point-that change is itipossible, cons1derat10n
should be given to utilizing munition lengths that. are -compatible with the
converted high- ~densgity mumtmns pregsented-here, By provuhng th:.s
compatibility, a wéapon carriage approach is gbtained in which: new bluff
munitions, converted munitions or préseiit- conventional weapons canbe
used without change to theé ejector rack mounting:arrangemént. ’I‘hese
considerations offer a gréat deal toward réducing the bluff high-density

weapon to a pract:.cal system- for present and future aircraft conformal
or pylon carriage.

o
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\
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SUMMARY

Through rea11st1c computer simulation of release, -éjection, btore
separation and ground ifnpact, considerable expensive laboratory, wind"
tunnel and flight testing can be reduced. By Eombining the Douglas
Ejector Rack Computer Program with the Air Force Flow. Angularity
Computer Program, an 1mproved general model will be obtained with a
potential to evaluate and improve present and advanced ejector rack con-
cepts under multiple or conformal:carriage conditions, In the devplop-
ment of new bluff h1gh-dens1ty munitions, consideration should be given
to selecting munition sizes that are compatible, from a carriage stand-
point, with both modified converted munitions and present conventional
munitions. This consideration will help reduce to practicality hlgh-
density bluff munitions that are ideal for fuselage conforrnal carriage

or pylon palletized carriage for both present and future advanced
aircraft,
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DIRECT SIDEFORCE CONTROL FOR
IMPROVED WEAPON DELIVERY ACCURAZY
(U)
(Article UNCLASSIFIED)

1

E. F. CARLSON -
Research and Engineering Division
The Boeing Aerospace Company
Seattle, Wash. 98124

ABSTRACT. (U) A Direct Sideforce Control (DSFC) system
has been developed to improve aircraft agility and weapon
delivery accuracy. One type of DSFC system uses a dedicated
aerodynamic control surface mounted under the nose of the
aircraft in conjunction with the rudder to balance out yaw-
ing moments. Together, these two control surfaces can
produce a lateral acceleration of about 1 g for typical
tactical combat aircraft. The effectiveness of the DSFC
for the air-to-ground weapon delivery task has been evaluated
in piloted simulation studiez. This has shown that the DSFC
can reduce the weapon miss distance by a factcr of three
over that for a conventional control system. This improve-
ment is derived from two principal features of the DSFC.
First, the pilot can make rapid, precise heading changes
while maintaining a wings level attitude and zero sideslip.
Second, the DSFC can be used to trim out crosswinds. This
can be done while maintaining a wings level attitude with
the body axis aligned with the ground track. The physio-
logical effects of aircraft accelerations were evaluated
on the NASA Ames FSAA large amplitude moving base simulator.
Particular emphasis was placed on pilot opinion of the DSFC
mechanization, pilot workload, and the effects of the lateral
accelerations which can be generated by the DSFC.

Approved for public release; distribution unlimited.

lSponsored by the Office of Naval Research under Contract
N00014-72-C-0207, "An Investigation of the Potential Benefits
of Direct Sideforce Control from a Mission Viewpoint,"

Boeing Rept. No. D180-17508-1, July 1973.
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INTRODUCTICN

Superior aircraft maneuverability and agility can be of
decisive importance for tactical combat aircraft. The
pilot's ability to precisely position his aircraft in space ;
can be critical in such tasks as air--to-ground weapons
delivery, air-to-air combat, inflight refueling, and landing
vnder foul weather conditions. Increased maneuverability
will also improve the groundfire and missile avoidance capa- :
bility, as well as helping the pilot to outmaneuver and gain {
the advantage over an attacking aircraft.

EEh ol S LR SR SRS

P

;” The preceeding maneuverability requirements are strongly

4 influenced by the aircraft lateral-directional response char-

A acteristics since each of the preceeding tasks is strongly

dependent on a heading change capability. In a conventional .
aircraft, the pilot changes heading by first commanding roll - ;
rate. The pilot maintains this roll rate until he has estab-

lished the desired bank angle. This orients the lift force

developed }; the wing such that the aircraft develops a head-

ing change rate. As the desired heading is approached, the Lo
pilot commands the necessary roll rate to return to a vings o
level flightr attitude. While this technique has been used
throughout the history of aviation, it does not represent the
most desirable method for chunging heading. It requires con-
siderable pilot skill to orient the aircraft precisely. ) C
Also, the time reguired to bank the aircraft introduces a

significant time lag in the heading change maneuver. As the

pilot attempts to speed up the maneuver, he will introduce

large oscillations and will experience a significant reduc-

tion in the precision with which he can control the aircraft

£light path and heading. This is particularly noticeable in
air-to-ground weapons delivery.

A Direct Sideforce Control (DSFC) system has been devel-
oped to provide a significant improvement in the aircraft
lateral-directional maneuverability and handling qualities.
The DSFC uses aerodynamic control suxfaces to generate a
sideforce. This sideforce enables the aircraft tqQ turn while
maintaining a wings3 level attitude, without sideslipping the
aircraft. This enables tiu. pilot to make much more precise
and more rapid heading changes than is possible with the con-
ventional control system. With the DSFC, the pilot commands
the heading rate directly. Ther¢ is no need to roll the air-
craft or otherwise disturb the »stablished flight path. The
DSFC also permits the aircraft to be flown in a steady cross- ]
wind by sideslipping the aircraft while maintaining wings U
level and a fixed heading at all times. The benefits to be
gained from this new flight control system have been evalu-
ated by pilots in a simulated dive bombing task.
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MECHANIZATION

The mechanization of the DSFC has been divided into
three categories: 1) operation; 2) sideforce generators;
and 3) £flight control system. .

OPERATION

The various. techniques with which the pilot can control
the aircraft with DSFC are summarized in Figure 1. The vari-
ous control - -techniques shown in this figure are identified
as separate modes for convenience. They are not separately
switched or keyed functions. 2Any or all of the centrol modes
are available to the pilot simply by making inpuis to the
appropriate control, i.e., the~ stick, rudder pedals, or the
throttle mounted controller. The pilots control inputs to
the DSFC are fed directly into a small onboard computer. i
This computer generates the commands to drive the aerodwnamic
control surfaces to produce the commanded aircraft motions.
This gives the proper synchronization of the control surfaces 3
to produce a pure, uncoupled motion of the aircraft. This :
decoupled system gives the pilot control over the various i
aircraft degrees of freedom without exciting extraneous, o
unwanted aircraft dynamics. Foxr example, with the Moae II i
control the pilot deflects the rudder pedals to change head- S
ing without inducing unwanted responses such as ronlling or :
pitching of the aircraft. Pilot comments from this and other ;
DSFC studies have shown that this uncoupled motion is neces- ‘
sary to realize the full potential of the DSFC.
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SIDEFORCE GENERATORS

A series of design concepts for generating sideforce
have been evaluated. First, consider that the sideforce can
be generated by either aerofynamic control devices or by a ;
form of vectored thrust. The vectered thrust system would :
require that the thrust be deflected a full 90 degrees to ‘
give the desired 1 g lateral acceleration on an aircraft :
with a thrust to weight ratio of one. Thus, it becomes :
apparent that the use of aerodynamic control devices is the
more desirable method for generating sideforce. The most
effective system is shown in Figure 2. The aeradynamic side-
forces are produced by a conventional rudder used in conjunc-
tion with the chin mounted tandem sideforce generators. The
rudder and sideforce generators deflect together such that
they each generate about one half of the total sideforce.
This results in both controles reaching approximately full
deflection in response to a full input command frem the
pilot. This full utilization of the rudder and sideforce
generators minimizes the size ol the sideforce generators,
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thereby minimizing the structural weight. The lBﬂntion of
the rudder and sideforce generators relative to the center
of gravity is such that only very small yawing and rolling
moments are produced when generating the sideforces. The
DSFC computer automatically commands small deflections of
the aerodynamic control surfaces to cancel these moments.

The chin mounted sideforce generators shown in Figure 2 offer
adequate ground clearance for ground based operations. These
sideforce generators would, however, be subject to occasion~’
damage in carrier operations. The sideforce generators shown
in Figure 3 are positioned to avoid damage in carrier
operations. The wing mounted sideforce generators will be
about twice the size of the chin mounted generators since

the rudder will produce only a small portlon of the total
sideforce.

FPLIGHT CONTRCL SYSTEMS

A schematic of the DSFC flight control system is shown
in Figure 4. A digital computer wi.l he used to perform the
functions shown in this block diagram. Some of the more
significant features of this control system will now be
considered. The central portion of the control system is
the decoupling network -- shown in Figure 4 as the constants

Cyji through C33. This decoupling network accomplishes the
following functions:

o Pilot inputs command coordinated deflections cf

all control surfaces to counteract the inherent
aerodynamic cross coupling.

o Commands to the rudder from the side translation

controller to counteract the yawing moment due to
sideslip.

o Commands to the sideforce generator from the
rudder pedals to provide the side acceleration
required to yaw at zero sideslip.

o Commands to the aileron to neutralize the rolling
moments due to sideslip and rate of yaw.

o Commands to the rudder and sideforce generator from
bank angle to coordinate the turn.

With this flight control system, the aircraft responses
to pilot control inputs are first order lags with no trace
of excitation of the poorly damped dutch roll mode. The
dutch roll is, however, excited by external disturbances.

To improve dutch roll damping, the decoupled system
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incorporates yawing moment feedback, Kg, proportional to
measured yaw rate, as shown 'in Figure 4. The only effect of
this feedback on the decoupled system response to pilot
inputs is to speed up the heading response and reduce its
magnitude. The response to a gust disturbance is, however,
significantly improved by the increase .in d«=ich roll damping.

Each.of the feedforward elements shown in Figure 4 has
a separate function. The feedforward from the Mode III con-
trol input to- the aileron (the term with L'g in the numerator)
will be discussed first. This feedforward cancels the roll-
ing moment due to the sideslip which is generated by the Mode
IIT control. Alternately, this could be cancelled by a feed-
back of sideslip angle to aileron. This sideslip feedback -
‘has the dlsadvantage of increasing the aircraft response to
turbulence. The second feedforward from Mode III prOV1des a
command to the rudde;. This command is necessary to give a
pure side translation - or sideslip - without, producing a
heading change. The remaining feedforward element provides
a command from Mode II to the sideforce generator. This feed
forward provides the command required .> achieve a wings
level turn at zero sideslip.

All required gain scheduling will be done within the
DSFC digital computer. This gain scheduling will extend the

desired flight characteristics, shown in Flgure 1, throughout
the f£light envelope.

FLIGHT SIMULATION

The capabilities of the DSFC system for the dive bombing
task were evaluated on the NASA Ames Flight Simulator for
Advanced Aircraft (FSAA) shown in Figure 5. A total
of 383 dive bombing runs were flown by 6 pilots on this
large amplitude six deoree of freedom moving base simulator.

Dive bombing atcuracy as well as the effects of motion were
evaluated.

WEAPON DZLIVERY ACCURACY

The dive bombing task, depicted in Figure 6, was used in
the evaluation of the DSFC. The ground attack runs were
started from 8,000 £t. altitude in a 30 degree dive. Various
lateral offsets and crosswind conditions were evaluated in
the simulation. The pilot's task was to line up on target
such that he could obtain the best hit possible with a con-
ventional iron bomb. The fixed depressed reticle sight used
irn the simulation was set for a weapon drop at 3,000 ft. and
556 kts. {M=0.85) in a 30 degree dive. The primary objective
of the test on the FSAA moving base simulator was to assess
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the pilot's reactions to the relatively high lateral accel-
erations that can be generated by the DSFC system. To
accomplish this primary objective it was determined that a
total of six pilots should be used in the evaluation process.

The pilot reactions and comments are discussed in the next
section.

When compared with the weapon delivery accuracy for the
conventional aircraft, the use of DSFC can provide signifi-
cant improvements as shown in Figure 7. These data show
significant increases in weapon delivery accuracy for the
composite of all pilots, as well as the results for pilot A.
Pilot A had the most experience ané¢ the greatest number of
simulated flights with the DSFC, Some of this experience
was obtained during the simulator checkout phasza. As a con-
sequence of this slightly greater experience with the DSFC
he was able to improve his weapon delivery accuracy by a
factor of about 3.4. When using the conventional control
system for bombing, pilot A achieved slightly bettex than
average weapon delivery accuracy. The other pilots were
given adequate time to familiarize themselves withb the DSFC
and its operation, but the available test time did not allow
them to achieve the proficiency of pilot A. This is not to
say that a great deal of pilot training time will be required
with the DSFC. The pilots who flew the simulation felt that
the DSFC system was quite simple to use. The reduction in
pilot workload with the DSFC will, in all likelyhood, rssult
in a reduction in pilot training requirements. T

Five of the six evaluation pilots were highly experi-
enced (between 1500 and 4000 hrs. in jets) with considerable
experience in dive bombing. Four of these pilots had been
through test pilots school. The background of these pilots
tends to bias the results toward the conventional -control
system since these pilots were all well trained in this type -
of weapon delivery. The sixth pilot, F, was selected for
the evaluation program because of his low experience level
(300 hrs. in jets). He had, however, done some dive bombing.
The improvements in weapon delivery accuracy he was able to
achieve with the DSFC are shown in Figure 8. These data
show that he was able to improve his wegapon delivery accuracy
in the crosswind by nearly a factor of 2 when using the DSFC.

Use of the relatively shallow 30 degree dive angle in
the simulation tends to bias the results in favor of the con-
ventional control system. As shown in Figure § larger bank
angles are required to produce the same heading change rate
as the dive angle increases. The heading change rate avail-
able with the DSFC Mode II is independent of the dive angle.
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The data in Figure 9 show that a kank angle of about 45
degrees is required to give the same steady state turn rate
as is proauced by the DSFC generating 0.83 g's laterally.
These values are typical for the dive bombing task flown on
the simulator.

While a fixed depressed reticle sight was used for this
study, the results are believed to be indicative. of the
improvements which can be realized when using DSFC with a
computing bombsight. The 556 kt. weapon release speed
required a reticle depression angle of only 4.6 degrees;
thus, the pz2ndulum effect associated with this type of sight
was relatively small., Foxr an aircraft equipped with a com-
puting bombsight the DSFC will make it possible for the
pilot to follow the steering commands frem the bombsight in
a simpler, more rapid and precise manner than is possible
using conventional control techniques. Thus, the pilot using
DSFC with 2 computing bombsight should be able to improve his
weapon delivery accuracy by about the same factor as has been
demoanstrated with the fixed reticle sight.

PILOT COMMENTS

The pilots who flew the DSFC simulation on the FSAA felt
that use of the DSFC significantly reduced their workload.
The pilots also stated that operation of the DSFC was con-
venient and natural. .

One of the primary obiectives of the test on the FSAA
was to assess the effects of lateral acceleration on the
pilot. To do this it was necessary for the six evaluation
pilots to extrapolare the lateral acceleration forces from
the 0.37 g's (FSAA maximum capability) they experienced in
the FSAA simulator to the full 1 g level which the DSFC can
generate on typical tactical combat aircraft. The pilots
extrapolated over this range of lateral acceleration to pre-
dict that the pilot would not be adversely affected by these
1 g side loads, nor would these side loads deter him from
making maximum inputs to the DSFC. The FSAA motion drive
system was scaled such that the FSAA acceleratei laterally
with 0.37 g's when the calculated value with the DSFC was
0.85 g's. The FSAA acceleration was proportiovnately less
for smaller DSFC commands. This scalinrg gave smooth, full
range dynam‘: responses without hitting the limits of the
FSAA moti.n drives. When the pilat would command a large,
continuous linear lateral acceleration with the DSFC then
the FSAA cab would accelerate in that direction, thereby
causing the voilot tu experience the pcoper acceleration cues.
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For sustained DSFC inputs cab tilt was employed such that
the linear lateral acceleration could be washed out before
the FSAA excceded its lateral travel limits. The pilots
were unaware of the washout. They felt only a consistent
lateral acceleration.,

No special restraints were needed in the simulation on
the FSAA, The pilot's seat in the FSAA came from a Boeing
747. The general concensus of opinion was that a contoured
geat to give some side support would be desirable in an air-
craft where the DSFC could produce 1 g. It was observed
that when subjected to t.igh lateral g's, the pilot might
make small inadvertent adverse roll inputs through the stick.
This would simply be due tc the acceleration forces acting
on his arm. Five out of the six pilnts felt that the pilot
would brace his arm and react to the acceleration such that
he would not make unintentional control inputs. The possi-
bility for spurious control inputs due to lateral accelera-
tion would, however, be eliminated with a side-arm controller
arrangement to replace the standard center stick. A side-arm
controller would permit use of a simple arin rest to restrain

undesired lateral arm movements which could produce a control
input.

CONCLUSIONS

A Direct Sideforce Control (DSFC) system has bezen
developed and evaluated for tactical combat aircraft. The

following conclusions have been drawn from these investiga-
tions.

1) The use of DSFC for weapon delivery can significantly
improve the pilots capability to line up on target
and overcome the effects of crosswinds. The simu-
lation results for a dive bombing task show that
wearon delivery accuracy can be improved by a factor

of 3.4 over that achieved with a conventional control
system,

2) The six pilots who flew the DSFC system on the FSAA
moving base simnulatcr felt that the lateral acceler~
ations that can be developed by the DSFC (up to 1 g)
would not pose significant problems for the pilot.
They felt that he would guickly become accustomed

to these acceleration levels, and make full use of
the DSFC systemn.
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3)

4)

5)

Use of the DSFC for dive bombing reduced the pilots
workload significantly. The simpler, more precise
type of control with DSFC should make it possible
to reduce the amount of pilot training required for
weapon delivery and other tasks requiring high
maneuverability and/or precise alignment.

Use of DSFC increased aircraft maneuverability
significantly. Precision heading changes of less
than 10 degrees can be speeded up by a factor of

2 when compared with conventional control techniques,
This can be a -decisive advantage in a hostile
environment. For instance, the pilot can continue
jinking to a lower altitude and still hit his target
in a ground attack mission. The DSFC also gives the
pilot a -distinct edge over his opponent in air-to-
air combat.

A "decoupled" flight control system was designed
for the DSFC. This "decoupling” eliminates the
tvpical aerodynamic and inertial coupling effects
such as the roll and sideslip normally associated
with a heading change maneuver., Pilots who flew
the DSFC simulation stated that this decoupling
was necessary for effective use of the DSFC. The
DSFC flight control system design which has been
developed also tends to minimize the aircraft
response to atmospheric turbulence.
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THE CONFORMAL CARRTAGE JOINT SERVICE :
DEVELOPMERT PROGRAM \
(u) ' ’

(Article UNCLASSIFIED)

by

James H, Nichols, Jr.
-laval Ship Research and Development Center
Bethesda, Maryland 20034 :

ABSTRACT. (U) The Navy and the Air Force have developed a
Conformal Carriage system by means of an extensive analytical/wind
tunnel/flight test program. The wind tuinel results have been
thoroughly confirmed by a.flight demonstration vehicle. All results
have shown the gains in aircraft performance and weapon separation
by using fuselege tangential mounting of both conventienal and advanced
bluff-weapons.

The Maval Ship Research and Development Center (NSRDC) bas been
studying optimim mounting arrangements of conventional and advanced
bluff wegpons for a number of years. The conformal concept evolved
from these asrodynamic investigations which have confirmed the
hypothesis that the high density package can be stabilized and that
this and other more conventional types of weapons can be carried very
efficiently tangent to the aircraft fuselage. In 1971, the Air Force
Armament Laboratory (AFAL) brought their experience and interest into

‘ the program to share the cost of a flight hardware program. Boeing

. was selected to provide aircraft modifications, conformal carriage !
hardware, and assistance in the analysis of flight test results. The
flight program, designed around Wavy F-UB 148371, began in May 1972
an: was completed in April of 1973. The Naval Weapons Center at China ;
Lake conducted all flight tests which inc¢luded both aircraft performance
and weapons separation from subsonic through supersonic spseds. 2

Approved for public release: distribution unlimited .=
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INTRODUCTION

The Conformal Carriage Development Program had the objective of
conducting a proof-of-concept tiight demonstration of a2 full-scale
hardware system. The Navy and the Air Force have successfully
develcped and demenstrated. this conformal carriage system by means of
an extensive analytical/wind tunnel/flight test program. The
experimental results obtained in the wind tunnel have been thoroughly
confirmed by the flight demonstration vehicle, 411 resultg have shown
substantial geins in aircraft performance and weapon separation by
using fuselage tangential mounting of both conventional and advarced
bluff-conformal weapons, In fact, the flight envelope of the F-h
carrying weapons conformally nearly matches the F-4 fighter flight
envelope, TFurthermore, weapons can be released consistently and
accurately at all speeds up to and including supersonic. A report on
this program has been given at each of the two preceding Aircraft/
Store Compatibility Symposiums (References 1 and 2). Also, a report
on the results of the supporting bluff weapon flight program was given
at the last Symposium (Reference 3).

The Naval Ship Research and Development Center {NSRDC) sponsored }
by the Naval. Air Systems Command, has been studying optimum mounting
arrangements of conventional «nd advanced bluff weapons for a number
of years (see Reference 2), The conformal concept (Figure 1) evolved
from these aerodynamic investigations, which have, over the years,
generated and confirmed the hypolhesis that the high density package
can be stabilized and that this and other mors conventional types of
weapons can be carried very efficiently tengent to the aircralt
fuselage. In 1971, the Air Forece Armament Laboratory (AFAL) brought
their experience and interest into the program. to share the cost of - - ¢
a flight hardware program. Boeing was selected to provide aireraft :
modifications and conformal carriage hardware as well as to assist in :
analyzing the performance flight results. The flight program wes ’
designed around Navy F-4B 148371 and began ir May 1972. This effort ’
was successfully completed in April of 1973 including both aircraft
performance and weapon separation at subsonic through supersonic
speeds. The Naval Veapons .Center at China Lake was responsible for

the conduct of all flight tests and has provided analysis of the weapon
separation resulis,

P R R

R

An overviev of this Conformal Carriage Progrem is presented herein
with particular attention paid to some historical background, the
hardware and aircraft modifications, the supporting wind tunnel prograna,
the overall flight program, and qualitative aircraft handling qualities.
Detailed results in aircraft performance and weapon separation will be
thoroughly covered in two other papers to he given at this Symposium
(References 4 and 5), )
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HISTORICAL BACKGROUND

The conformal carriage concept originating at the Aviation and
Surface Effects Department of NSRDC was a natural outgrowth from attempts
to solve the high store drag and poor store separation characteristics
;% accompanying multiple external store carriage, These efforis were part
. of the store carriasge/launch aerodynamicés program and aircraft/store
, compatibility studies, Similar efforts and thoughts were had elsewhere
. and at the Boeing Company in particular, Ceptive aerodynamics and store
5 separation advantages obtainable by using the coaformdl carriage concept
: : were verified through extensive wind tunnel wark at NSRDZ.
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Because these advantiages were shown to be considerable, it was
decided that a proof-of-concept flight program was warranted., After
evaluating several aircraft types, an F-i was selected as having the
most promise for accomodating a good conformal carriage arrangemens.
This was a fortunate choice, since the Air Foree indicated an interest
in sharing the cost of a flight program, but with the stipulation that
the Navy plans be expanded to include supersonic performance and weapon
separation. The Boeing Company had been selected to translste the Navy
conceptual design into a piece of installed hardwaere. However, with

the increased flight envelope requirement a hardware redesign became
necessary.

With goals now defined, the joint Navy/Air Force effort became a
reality. NSRDC proceeded to accomplish an extensive wind tunnel progrem
to quantify performance, stability, control, and weapons separation for
the specific F-4/Conformal Carriage. The wind tunnels at NASA Ames and
NASA Lewis were used to obtain supersonic performance and weapons
separation, respectively. The specific program included the Mk-82
500 pound general purpose bomb, the Rockeye II dispenser, the M-117M6
(modified M-117) bluff weapon, and the NSRDC F.R. (fineness ratio)

3.75 900 pound advanced bluff weapon. This selection was based on
being representative of both conventional and advanced bluff store types.
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At ebout the same time Navy F-UB (Bu. No. 148371) was made
availgble to the program through the T & E Coordinator and flight test
equipment was made availaeble, along with considerablie hely, vhrough
persomel at the Naval Air Test Center (NATC), Pacuxent, Because of
the R & D nature of the program, the Naval Weapons Center (NWC) at
China I.ake was chosen to conduct the performance flights. As the
program progressed, NWC and their Naval Air Facility pilots also flew
the weapon separation flights, including some at Edwards AFB.
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Meanwhile, Bcoeing had begun their detailed design work which wound
up as the installed conformal carriage adapter,
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With the preliminary "logistics" completed, the flight program ‘ vi
began with "baseline" flights of the F-4B with and without conventional i
weapons on multiple racke, Tne data obtained during these flights L
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provided the basis for comparison of all succeeding flight data. These -
flights began in May 1972. Upon completion of these baseline flights, !
the F-4B was flown to Boeing, Seattle for the final fitting, checking,
and installation of the adapter. The conformal carriage flights then

commenced., Flights were completed in April 1973 with outstanding
success.

HARDWARE AND ATRCRAFT MODIFICATIONS

From the very beginning, wind tunnel results had shown that, with
appropriate practical considerations, the best external weapons carriage
arrangzenent consisted of grouping the weapons as closely as possible, .
with a minimm frontel area, and irn a single layer tangential to the 1
aircraft fuselage. The closeness of the weapons is limited only by the ;
need to avoid contact with each other during weapon release, Once g :
minimum frontal area can be established (assuming one wants to carry as
ueny weapons as possible) Iengthening the package (front to rear) adds :
an insigrificant aerodynamic penalty. Although more than one layer of P
weapons can increase the number carrigd, the additional aerodymamic
penalties and hardware complications preclude further consideration (at
least until better mounting/ejection systems are developed).
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It was therefore known that the desired arrangement was, at least
conceptually, an externally mounted matrix of hard points/ejectors to i
accomodate the weapons, that is, using mininmum profile racks mounted to {
allow fore and aft and lateral adjustment to accomodate the many Ciffer- ‘
ent sizes and shapes of weapons, Furthermore, external sway bracing was
considered undesirable., For an appropriate marriage of this weapons to
aircraft interface package, the best sort of aireraft is one with the
largest flat underside with a2 minimum of interruptions by landing gear i
and other such unrelocatable items. !
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After considering several aircraft candidates, the F-U was chosen ;
as the demonstrstor since there are no serious interruptions over a ) !
fairly large surface area, since the aircraft has a large enough load
carrying capability to allow demonstration of the full benefits of
conformal carrisge, and since there is some potential for further E
engineering development of the demonstration packege to the point of
providing a retrofit for operationsl use. Again, the F-l was a
Portunate choice since it does have the supersonic capability needed to
£it the Air Force program requirements. But, so much for the cmecept.

v

The conformal carriage structure was designed around a matrix of
adjustable hard points to accomodate the following weapon arrangements:
twelve Mk-82 General Purpose bombs (four columns of three rows), twelve
Mk-20 Mod O Rockeye II dispensers (four columns of three rows), nine
M-117M6 hluff bombs (three columns of three rows), and nine NSRDC 3.75
bluff bombs (three columns of three rows). The M-117M6 bluff bomb
consists of the M-117 warhead carried tail first with a nose cap and
new stabilizer fins (see Figure 2). The NSRDC 3.75 bomb is a 14 inch
diameter fineness ratio of 3.75 cylindrical 900 pound warhead with s
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star-fin stebilizer (see Figure 3). The ejector rack uced was the

McDonnell Douglas Lode LA which uses "T lug” suspension with no external
sway braces. The dual breech modification was also incorporated. A
steel structural reiniorcement was added to strengthen the rack since

the Lode 144 was designed for side mounting on a structural strongback.

The conformal cerriage adapter (shown installed in Figure 4) was
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then 6 inches deep, 96 inches wide, and 326 inches losg including the

302 inch flat area for locating the ejector racks. There were forty
3 nine ejector mounting positions availeble in seven columns and seven ’
;- rows., At any one time, three rows of up to four columns could be used, b
g depending on the weapon loading arrangement selected, Relocation of
3 racks was accomplished by moving the cross beams. The skin panels could
%j then be relocated as needed, This specific design was based on

accomodating the selected weapons list; however, the list could have

been nuch more extensive with no further design modifications (but not

including weapons with 30 inch suspension). The structure was designed

for permanent attachment to the aiveraft; that is, &1l primary load

transfer points were built in and forward and aft fairings were perman-~ A
ently attached. This approach was taken since the aircraft was to be P
stricken at the end of the program and since the demonstration was

strictly proof-of-concept and as such could not represent a fully

developed operational hardware item.

The Boeing Co. design inciuded Jfour critical design areas:
attachment of the conformal cerriage keel beam to the aircraft keel
beam and wing box, attachment of the longerons to the aircraft body
side longeron and wing box,. attachment of the cross beams to the wing
box, and support of the forward longerons in the aircraft forwsrd
missile wells. The main conformal carrioge longerons- were segmented
to preclude overloading the sircraft longeron. The conformel carriage
keel beam was tapered on the aft end to gradually transfer aireraft
keel beam loads into it. At the forward end a tapered steel plate was
attached to both keel beams to spread the major portion of the aircraft
keel heam loads laterally over the wing skin at the intermediate spar. ) ‘
Cross beams were attached to the wing bux at the wing center line vib . : ;
and wing center line splice area using existing bolt holes to preclude
reduction of wing skin net area. Struchbural bulkheads and shear plates

were located in the forward missile welle to support the forward
longerons,
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The load factors used in design of the structure were based on
MIL-A-8591D. Although no F-U4 aircraft flight envelope restrictions due
“to structural limitations will result from conformal carrisge, the test

aircraft was placarded at 3.6 g verbtical load with weapons (unlimited

without weapons}. This approach was taken to keep a high safety factor
and avoid extensive structural tests,
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A rather innovative approach was taken by the Boeing Co. in
manufacturing the adapter to insure proper fit, The Navy provided an =
F-I fuselage hulk from which Boeing made a female mold of the aireraft A
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lower surface. This resulted in precise resolution of that surface from
which a steel reinforced plastic replica was cast. This replica was |
then used as a base for development of full-size plaster master molds .
of the conformsl carriage adapter external components. Plastic molds 3
were then made either for casting low shrink concrete stretch form
blocks or for use as fit gages when hand forming bulkheads and fairing
skins., This procedure avoided the normal lengthlv 1&fting process to
establish mold lines and interface details. All parts were essentially
custom made, some being "made to £it" during the aircraft modification
process. 'Assembly was accomplished on the aforementioned replica (see
Figure 5) using the ejectors as a spacing tool and allowing for
rearrangerent of cross beams and panels to establish the selected matrix

of weapon loads. Detachable forward fairings for the bluff weapons were
also fabricated (see Figure 6).

Modifications to the F-4B itself to accomodate the adapter were
kept to a minimum for purposes of this flight demonstration. Some form
of these modificgtions are mandatory for an operational system, although
the additional changes needed to provide good service and maintenance
features have been identified., That is, all maintenance and service

reguirements for an F-U conformal carriage system have been tentatively
resolved.,

The engine uil service points were moved to the main landing gear
well, and the oil lines were spliced into the existing lines in place
of the quick engine change fittings. The LOX fill/vent valve was
moved into the left forv xd missile well with tubing lines run toc the
LOX converier. The canopy air pressure gages wvere moved into the right
forward missile well. The engine air start duct was extended to a
point aft and outboard. The engire auxiliary air doors were replaced
with a set of louvers operated by ‘the air door actuators. These louvers
were linked to flat shutters on the exterior conformal carriage adapter

surface. A new weapons management system was. devised and incorporated
into the centerline pylon electrical cireuit.
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For the actnal installation process, the F-UB was. mounted on
jacks, The preassembled conformal carrisge adapter wus placed on a
cargo loader unit for mating to the F-UB, The entire preassembled
adapter was then raised into position with only the keel beam and a few
structural components already in place. A system ground test was
conducted by the Navy and the F-U4B was lowered ontc its feet.

5 s e T

The flight K

from Seattle to WWC took place on 7 July 1972. -
=t

’ WIND TUNNEL PROGRAM é

i

Meanwhiie, NSRDC had generated considerable data of a generalized -y
nature in developing the conformal carriage concept. However, as a i
flight program began to taeke shave, an extensive wind tunnel progrem was e
undertaken to establish the flight and weapon separation characteristics ?%
of the specific F-4/Conformal Carriage configuration. Analysis of these ”%
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data provided justirication for Ilight clearsnce as well as further
evidence of the potential operational benefits of the concept.

The full subsonic, trensonic, supersonic flight regime of the
F-U aircraft was investigated. _Subsonic and transonic work was performed
in the wind tunnels at NSRDC. Supersonic performance work was conducted
by a combined NSRDC, AFAL, NASA, Boeing Co. crew at NASA Ames. Super-
sonic weapon separation work was completed at ‘NASA Lewis with a NSRDC/
NASA crew. A noteworthy eccomplishment for these separation investiga-
tions was NSRDC's development of a multiple store release capability.
The device used consists of electrically controlled~pyrotecbnic cutters
vhich "can operate on a time delay sequence to release dynamically scaled
models in the desired order. This allowed a simulution of more than one
release per blowdown run as well as providing a means for simulating
Tull-scale sequential releeses,

Specific configurations included all weapons carriage configurations.
Take-off and landing conditions with landing gear and flaps extended were
also simulated., Subsequent analysis provided an accurate (as was later
proven) assessment of the primary performance and longitudinael stability
flight behavior as well as a good indication of lateral and directional
bebavior, This information, along with a thorough structural analysis,
by the Boeing Co., provided the basis for the flight ¢leesrance by the
Faval Air Systems Command. It alsc provided information for Boeing to
meke additional refinements to the adapter external shape.

Althovgh it was not necessary to structure the wind tunnel-and
flight programs in such a way as to allow a complete correlation between
ther, some comparisons are worth mentioning. Results from the NSRDC
7 x 10 foot transonic wind twmel showed the drag increments measured
were within the accuracy range of the flight test data for the case of
twelve Mk-32'e on the conformal carriage. However, for the hluff
weapon shapes a comparison showed superior performence demonstrated in
flight thon was measured in the wind tunnel. Weapon separation
simulated by dynamically scaled models ejected in the wind tunnel was
representative of full scale weapon separation. This included
reproducing oscillations that occurred in flight.

FLIGHT PROGRAM

The flight program was deviloped around two major demonstrations:
performance and weapon separation. In addition, stability, contrcl and
handling qualities were qualitatively evaluated in conjunction with the
pverformance flights, Performance was evaluated using subsonic fuel
mileage and supersonic acceleration flight test methods. That is, for
subsonic flight, the fuel mileage was measured in stabilized flight
at two constant W/6 conditions (aircraft gross weight/atmospheric
pressure ratio) of 50,000 pounds and 130,000 pounds. Flying at a
constant W/6 is essentlally flying at a constant 1ift coefficient at a
particular Mach number. The flight altitude for each data point is
determined from the in-flight gross weight divided by the selected W/G.
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These constant W/§'s were selected as representative cruise and
penetration flight conditions. Since fuel mileage measurements are at
best difficult to achieve during supersonic flight, acceleration tesis
were performed to obtain datz at supersonic speeds: These were
accomplished using full afterburner, level flight accelerations from a
Yach nmumber of 0.8 to negsr the maximum speed possible, i.e., to the
point of zero excess thrust., The excess thrust zan then be computed
from the acceleration time histories. An evaluation of supersonic
performance can be made by comparing levels of exuess thrust available
for given f£light conditions. Weapon separation data were obtained
primarily from high speed film coverage: from on-board cameras and
from a photo-chase aircraft. A few selected flights were flown on the
range at Edwards AFR to provide a quantitative basis for evalusting the
£ilms. A photo panel display was arranged in the F-U4 back seat to
record flight and fuel conditions, Additional det~ils of the test
procedure and of the following results will be given in References 3
and 4, two other Symposium papers. '

The initial series of flight tests consisted of three baseline
performance evaluations which began in May 1972 at NWZ. The information
obtained on these flights provided a reference base for delermining
performance increments and allowed a direct comparison between a
conventional and a conformal arrangement. The first baseline coniigura-
tion flown was a completeély clean F-U, i.e., no weapons, multiple racks,
or parent pylons. DParent pylons were reinstalled, two Triple Ejector
Racks (TER) were installed on wing pylons and one Multiple Ejector Rack
(MER) was installed on the centerline pylon. This was flown as the
second baseline configuration. The third baseline configuration added

twelve Mk-82 GP bombs to the multiple racks. All baseline configuxc¢tions
were flowm at both %/5 conditions. The first (clean) baseline configura-

tion was flown for superscnic acceleration,

At this peint in +the program the F-UB was £lown to Seattle for
the installstion of the conformal carriege adapter and then flown back
to NWC for the remainder of the flight program.’

Onze the conformal carriage adapter had been installed (see
Figure L) performance flights were continued. Again, all flight
conditions (both #/6's and supersonic acceleration) were performed.

The overall results indicated that the F-4B with the conformal carriage
adapter in place flew as well as or better thun the clean F-UB (no
pylons).

The primary part of the performance {lights was flown with twelve
Mk-82's (Figure 7), nine NSRDC 3.75 bluffs (Figure 8) and nine M-11TM6's
being flown for both #/s conditions and supersonic accelerations.
Additionally, twelve Rockeye II's and a load of six Mk-82's (two columns,
three rows) were flovn at ¥W/6 = 130,000 pounds.

Analysis of date from these flights has effectively substantiated
the performance improvemcnts possible through the conformal carriage
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of external stores. Of greatest significance is the fact that the drag-
has been reduced so much that it/ is possible to fly the F-U supersonically
with external veapons nearly to the full extent of the flight envelope

nf the clean F-lI, as represented in the sketch below.

Altitude

12 Mx-82
Conformel

;

|

Mach Humber

-

Store separation flight testing began at NWC in March 1973. High
speed cameras were carried two each in two wing mounted camera pods and
one on the aircraft nose for the separation tests (see Figure 9).
Single release and ripple salvos were successfully demonstrated for all
four weapon types over the full flight range in both level fiight and
dives, One exception to this was the NSRDC 3.75 hluff weapon which,
although showing superior separation and trajectory characteristics
compared to the other weapons in the progrem, was released up .o a
maximun Mach number of 0.95 in both level flight and dives. The only
reason for the speed limitation was that this boiler plate store was
designed and constructed early in the program when high subsonic speeds
were to be demonstrated by the Wavy., It is felt that the separation .
behavior of this store at high subsonic speeds will continue to prevail
supersonically as in the trend shown by the M-117M6, If this holds
true, then serious consideration must be given to the 3.75 biluff star-
fin shape as a future weapon configuration,

o
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Weapon seperation from the F-4/Conformal Carriage was characterized
by the same uniform, predictable trajectories as experienced in the wind
*wnnel. That is, the separation behavior of all weapons from conformal
carriage is vastly superior to that of wespons from conventional multiple
racks. The reasons for this zre fairly obvious when comparing the two .
flow fields and structures/platforms involved. The flow field for :
conformal carriage is quite regular, the only significant deviations from ;
this being in the vicinity of the fore and aft ramps of the adapter when ’
wegpons overhang these areas, In these cases, pressure and flow
differences lead to weapon pitch unless compensated for (e.g., by
changing the orifice arrangement in the rack, by changing the ramp shape, !
or by spoiling the flow in these regions). TIn addition to the flow field,
there is hardly any comperison between ejecting a weapon at an angle from
the end of an oscillating beam and ~jecting a weapon straight dowm from
2 solidly supported platform., That is, for the conformal.carriage the
ejection loads are transmitted fully and consistently to the store and
the store is ejected in the vorrect direction,

e ke

These statements are borne out from the results of separating
almost 200 weapons, all of them safely, from the F-b/Conformal. Carriage
over a large range of Mach numbers., It is particularly important to note :
that this includes &2 .st 100 Mk-82's, notorious for their poor
separation behavior ivlien ejected at subsonic speeds using conventional y
methods, And these Mk-82's were safely separated in level flight and ’
dives at high subsonic and supersonic Mach numbers, :

It is therefore safe to say that the F-h/Conformal Carrisge
fighter/attack aircraft has true superscnic mission performence and
veapons delivery capability., o

HANDLING QUALITIES

A significant portion of the performance fligh® test included a
qualitative evaluation of handling qualities which will be treated
separately here, This discussion iz based on pilot commentery rather
than on "hard" flight data, aithough quite frequently supported by wind
tunnel rcsults. For the purist this may be inadequate, however, for .
others this type of information is the most valuable of all. Four Navy ;
pilots and cne Air Force pilot varticipated in this program.

S R % s

Both the F-I flight manual and wind tunnel results show that ‘
fusela 2 mounted stores have no effect on the aircraft longitudinal :
stability. Conversely, stores mounted on the wing cause a significant 5
decresse in lengitudinal stability. 1In fact, it is possible, for certain 3
aft center of gravity locations, to cause an extremely dangerous situa-
tion with some store loadings, However, the safe stability for conformal ;
carriage with stores was adequately demonstrated when the test pilots 3
entered into both short and long period oscillations with no appreciavle
effects on the clean F-I by adding conformal carrisge and weapons. In
addition, neither were stall charactervistics effected wihen both high -
and low "g" stalls vere entered, the stall speed remaining the same. .
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It was felt {nat the stvall buffet boundary was slightly increased. Some
airframe buffet océurred at higher speeds caused by flow interaction. in
the area of the aft row of Mk-82's. Remembering that this flow region
led to some additional minor trouble dquring weapon separation, it is
importent to consider redesign of the aft fairing area on any future
operational conformal carriage adapter. A peculiar situation did occur
when M-117M6's were carried in conjunction with the two camera pods for
the weapon separation tests. A fairly strong buffet occurred at high
speeds as a result of sheck interaction between these pods and the larger
diameter stores, This phenomencn needs further evaluation, particularly
if it is desived to carry some of the larger, less streamlined guided
missiles on the wing pylons in conjunction with stores of about 13 inches
in diameter or greater on conformal carriage.

Roll response differences were quite significant with the stores
concentrated near the roll axis for confcrmal carriage. In fact roll
response with conformal carriage and weapons is also quite similar to
the clean F-I {the F-h fighter). ‘This extrapolates into a combat
situation quite favorably, particularly when considering the degradation
in roll response when approcshing a target with a full load of weapons
on wing mounted multiple racks,

Yaw stebility seemed to increase with a loaded F-L/Conformal
Carriage aircraft. This is somewhat logical if one considers the
adapter and weapons as simply a lover extension of the fuselage. This
has an advent-ge in combat, as indiceted by the pilots on simulated dive
bomb tracking runs. That is, target alisgnment is more easily maintained.
This is quite important since any misalignments are qaite difficult to
correct without some means of Qirect side fcrsce control (such as can be
produced by reaction jets or dirferentially deflected horizontal canards).

Also of interest were the results of doing low speed high angle
of attack rudder reversals with F-li/Conformal Carriage. Roll due to
side slip was increased with an accompanying decrease in adverse yaw
due to roll when compared fo the clean F-l. Again, extrapclating to a
combat situation, it is quite significant that the F-I is not hampered
but slightiy improved by the presence of the conformal carriage adapter
when performing an evasive manuever. That is the configuration ‘
representative of departure from the target area after the weapons load
has been delivered,

Based on the foregoing gualitative analysis it can be at least
anticipated that a conformal carriege system instalied on an F-b
aircraft can in fact enhance that airecraft's handling qualities to the
extent of greatly improving the combat capahility in the attack role.
Range and speed performance have certainly been improved for an attack
configuration both to and from the target. Bul also important is the
agllity of the aircraft particularly in situations requiring evasive
manuever and cffensive action.
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FUTURE CONSIDERATIONS

This Conformal Carriage Flight Demonstration Program was just that
- a demonstration of the effectiveness and potential of a new technology.
Although it was not intended to evaluate operational situations within
the scope of this program, much thought to the future has been given by
all those involved.

Additional weapon loads particulerly with weapcn mixes need to
be evaluated. Carriage of guided weapons is possible but more work
remains. Air-to-eir weapons must be included although they, in general,
represent less of e problem. Some attention needs to be given to the
aforementioned buffet oceurance for certain store load situations at
high speeds.

An ejector rack is needed for conformal carriage which
some of the undesirable features of the LODE 1MA rack (when applied to
conformal carriage). Considerations of access during weapon loading,
arming wire hookup, ejector cartridge installation and removal, and
mechanical release and emergency jettison of installed weapons are most
inportant. Additional ccnsiderations for more efficient ground handling
and loading are required. It is proposed herein that the best arrange-
ment is a permanently attached adapter structure/fairing with modular
pallet inserts (one for each weapons row) which contain ejector racks
and their associated structure. This allows for considerable flexibility
end convenience. For instance, relatively small pallets would be involved
which can be preloaded. Some or all of these could be replaced by
detachable fuel tanks, gun packsges, electronics suits, ete. as the
mission required with a minimal penalty (if any) being paid (remembering
that no one is about to fly the clean F-U baseline aircraft into combat).

Above 211, the necessary effort now requived is to assimilate the
data and experience from this progrem tc establish the best poszsible
apprcach and design for an operational adapter, i.e., a fleet retrofit
tc the T-U aircraft, be it Air Force or Navy. Nuch more has been proven
and learred. It has been shown that the F-4 aircraft need not be
hampered when used in the air-to-ground role - in fact, it can be a
fighter/attack aireraft in the true sense of the word (our first?).

CONCLUSIONS

The concept of conformal carriage has been successfully
demonstrated. The approach teken by integrating analytical, wind tunnel,
and full-scale flight efforts was an effective one, Although this
program certainly had its share of problems, the overall program and its
success was outstanding with a good balance of effort. However, it is
most important to consider the future application of conformal carriage
technology and the potential it holds,

# Conformsal carriage must be seriously considered for any future
attack or fighter/attack weapon system.
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® Conformal carriage applied to the F-I aircraft results in an
exceptionally effective "here and now" weapon system for the combined
air-to-grcund/air-to-air role.

¢ Performance benefits are greatest in the most difficult flight [
regimes, i.e., at low altitudes and high transonic Mach numbers, '

o The bluff weapon has emerged as an unusually effective free-
fall weapon, both in its carriage efficiency, and in its superior
separation and trajectory characteristics.

o This was a demonstration - the operational design will be even
better.
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Aireraft/Stores Ccmpatibility Symposium, September 1973.
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EPILOGUE

The true hero of this story is F-4B 148371, the 8th F-U4B off the
line &nd, while it was flying, the oldest active F-lU in the Navy. It
was flown to NATC Patuxent in May 1973, with a cracked wing spar, to be
stricken. In spite of its condi%ion, old 148371 became the most sought
after F-U4 in the Navy. But Captain Jim Foster (0P506) kept his word,
and P-UB 143371 now resides at NSRDC in its fully operable conformal
carriage attire where it serves both as a tangible memorial to an
outstanding advance in technology, as a static-test bed for check
loading the weapon systems of the future - and as a testimonial to
interservice cooperation, because the U. S. Army's 355th Heavy Helo

Compeny at Ft, Eustis completed the tri-service loop and made the plan
a reality.
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(2) Mk-82 GP Bomb T.oad

{b} NSRDC 3,75 Bluff Weapons Load

Figure 9 - F-b/Conformal Carriage Cenfipured
for Weapon Separation Test
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WEAPON CONFIGURED VEHICLE DESIGN
FOR ADVANCED TACTICAL AIRCRAFT
(U)

(Article UNCLASSIFIED)

by

WILLIAYM N. GILBERT and EDWARD T. O'NEILL
Boeing Aerospace Company
Seattle, Washington

ABSTRACT. (U) Future survival in tactical fighter ccmbat
will require efficient weapon carriage and delivery at super-
sonic speeds. Conversely, effectiveness in various operating
environments requires advanced tactical aircraft to possess
mission flexibility comparable to current fighters, but with
improved handling qualities when carrying heavy overloads.
Two weapon carriage concepts exist that may be incorporated
into new fighter designs to resolve these conflicting goals.
Advanced concepts of MER/TER type carriage posgssess adequate
flexibility and, if properly integrated into aircraft design
at the start, might provide good supersonic ¢capability. The
other concept with potential is conformal carriage, applying
to tangent, tandem arrangement of external stores on the body
of an aircraft in a low drag configuration.

This paper presents weapon configured vehicle design
features resulting from a study undertaken to investigate
the relative merits of Integrated. Conformal Carriage and
Advanced MER/TER Weapon Carriage when integrated into
advanced tactical aircraft. The study was accomplished by
configuring two airplanes for an identical design mission,
each with different weapon suspension systems. (conformal
carriage and MER/TER carriage). Comparisons are made to
assess the effect of the weapon suspension method.on
airframe design parameters and airplane performance.

Approved for Public Release; Distribution Unlimited
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INTRODUCTION

Puture survival in tactical fighter combat will benefit
from efficient weapon carriage and delivery at supersonic
speeds. Conversely, effectiveness in various operating
environnents requires advanced tuctical aircraft to possess
mission flexibility comparable to current fighters, but with
improved handling qualities when carrying heavy overloads.
Two weapon carriage concepts exist that may be incorporated ;
into new fighter designs to resolve these conflicting goals. i
Advanced concepts of MER/TER type carriage possess adeguate :
flexibility and, if properly integrated into aircraft design .
at the start, might provide good supersonic capability. The ‘
other concept with potential is conformal carriage, applying b
to tangent, tandem arrangement of external stores on the o
body of an aircraft in a low drag configuration. '

This paper presents weapon configured vehicle design
feature- resulting from a USAF-sponsored study undertaken
to investigate the relative merits.of Integrated Conformal
Carriage and Advanced MER/TER Weapon Carriage when designed
into advanced tactical aircraft. The USAF manager was
Mr. R.K. Mills, Chief, Concepts Division, Directorate of
Development Plans, Armament Development Test Center, Eglin
AFB. Yhe study was accomplished by configuring two air-
planes for an identical design mission, each with different
weapon suspension systems (conformal carriage and MER/TER
carriage). Comparisons were made to assess the effect of
the weapon suspension method on airframe design parameters.

BODY

ADVANCED MER/TER DESIGU APPROACH. An advanced aircraft
configured at design outset for MER/TER carriage of heavy
weapon loads as well as design mission loads, is shown in
Figure 1. Specific design features have been incorporated
to achieve maximum airplane performance while providing
weapon installation flexibility and gocd weapon separation. \

The unique feature of the aircraft is the canard or
tail forward arrangement, The heavy weapon load require-~
ments drove the configuration design in two ways:

o Pylon mounted stores must be located near the
alrcraft center of gravity for a stable release
platform and minimum influence on directional
stability, and

o Pylon mounted stores must be ocutside the wing flow

field.
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Thus, the pylons extend well forward and below the wing :
with the weapon package center of gravity very near the P
aircrait center of gravity.

R R A
FRA 3 A

A straight wing was selected to minimize the cross flow
between the pylon mounted weapons. The low wing con- o
figuration was selected to minimize interference drag £
between the weapons and the fuselage. -

The engine location was driven by the nozzle spacing
for minimum interference drag. The resulting engine
installation influences the shape of the aft body.

o DEBIGM POR NEAVY LOADS
i & DEMQN FON HI-Q PENETRATION . NOZZLE SPALING
ARIABIE CAMSLR OL .
iy
L LA ———e
SPALING .. YD
L

WNG FOSITION

MINDRAD STORSSLOC.

CANAND 312§ [ X 1 OHAG $10ALSLNC.
3 3
B 5‘-;; '
iTERE ]
™ < \

J00Y JTATION L v ¥ Jadd

Figure 1:  Advanced MER/TER Design Features
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Wing loading and thrust loading were selected on the
basis of transonic performance providng a survival capability
and defensive air to air capability with a full load of
weapons. The aircraft is shown in combat configuration in
Figure 2. The payload is the BLU~58 bluff munition.

L L vy
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v e at

Figure 2: Combac Configuration-Advanced MER/TER Aircraft
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INTEGRATED CONFORMAL CARRIAGE DESIGN APPROACH. An
advanced aircraft configured at design outset for body
mounted tangent, tandem store carriage (conformal carriage)
is shown in Figure 3.

Integration of the weapon suspension into the body
structure provides complete loading flexibility in a low
drag configuration, good weapon release flow field, a
minimum of add-on suspension equipment and freedom of
vehicle configuration that produces a superior supersonic
performance capability.

The unique feature of the aircraft is tailless variable
sweep. Body mounting the weapons permits the variable
sweep choice - proven for supsrsonic performance.

Weapon physical characteristics were found to have a
strong influence on this aircraft configuration -
particularly the large finned stand-off glide weapons. A
requirement to carry four of these munitions was accommodated
by a corner mount solution for low drag aircraft performance.

This weapon integration requirement drives the body,
wing, landing gear and inlet geometry. Thus, weapon
geometry and quantities specified at design outset will
dictate design choices.

COMIZA MIUSTED WEAPONE

€ DESION FOR NEAVY LOADS
= MERVAND CONTIRUAATIOE AMCOH vl (0 MOLNT A TANDRR WEAPONG
o PESIGH FOA HIGM-Q . CURMEN POUNT VIR
PENETRATION . ai APYLON LHOUNTED WEAPDIS
[
N YANANLS P Ir g
- . (N . oM
2 . A
sap X
D N
N, ... 7 ——
, N A B3 A Mt PRAR
WAL LOCATION PLEXIBLITY it
1e? o
| ! R N
womr colran ey naacs, N o
“TAILINT. TARSHN P ’ o FesTAL
© WEAPDN CARRIARE : -
\m
A an
.9!"
APACITY W1 R OF WEASOM AN & SINYETION
Figure 3:  Integrated Conformal Carrisge
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The aircraft has been performance sized to compete
with an F-15 type threat providing a survival capability
and defensive air to air capability with a full load of
weapons. The aircraft is shown in its combat configuration
in Figure 4 - again with the BLU-58 bluff munition.
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COMPARISON OF DESIGN RESULTS. The two weapon configured
vehicles were intended to be different wherever differences
would show a benefit to carriage of heavy loads and still
provide good supersonic performance with the design load.

Design differences in five subsystems are summarized as
follows: C

S LN G GRS

; Weapon Suspension Structure - Figure 5. The weight incre~
3 : ments compared include only the internal hard points and
3 all pylons required. Pylon weights plus structural weight
1 for wing and bedy hard points contribute 720 1lbs. for
3 heavy load air-to-ground capability on the MER/TER vehicle
- concept. The same capability when integrated into the body
1 ’ structure of the conformal carriage concept contributes
& 600 1lbs. for rails and provisions ~ this is additional to

’ a "minimum" body structure weight.

;V The MER/TER pylons (approx. 620 1lbs.) can be removed
& for the design mission. The weight for carriage integration
3 in the conformal carriage concept cannot be removed.

MER/TER DESIGH

& Vhight

720 Lbs Hard Points and Pylons | | - U N

H

CONFORMAL EARB!AGE’DESI-GN

4

540 Lie Rails and Provisiont O O

SALURERLILIN

>

Figure 5:  Effect of Weapon Carriage on Vehicle Design:Support Structures
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Landing Gear - Figure 6. The MER/TER solution £ollows the
classical approach of simple straight forward design to fit
into the side body ahead of the wing front spar and well
clear of pylon mounted stores. MER ejection clearance
envelopes between centerline and inboard wing stations
provide ample clearance for the forward retracting gear.
This design represents a minimum weight main gear.

Main landing gear design for confermal carriage was
developed around different requirements that add complexity
and weight. The MK-841, guided munition without folding
fins, represents a worst case and a design challenge best
met by fuselage corner mounting. Capability for four large
finned weapons, twin tandem ~ coxner mounted, was incorporated
in the conformal carriage concept as a requirement for
mission loading flexibility. This decision resulted in two
major design features, the high wing location for weapon
fin clearance and the long wide spread landing gear. A
tandem gear design was considered and rejected as being
too restrictive for other weapon loadings on the underbody.
The 310 lb. additional weight was accepted as the best
trade for full body load capability.

A Weight '41
. )-L‘ 4 AL
1640 Lbs Jo AL
1 ¥
A S J
CONFORMAL

. < ‘RRIAGE DESIGN

1650 Lbs Long & Complex

N

/]

Figure 6:  Effect of Weapon Carriage on Vehitle Lesign:Landing Gear
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Wing and Controls Design - Figure 7. Wing geometry was an
early selection for both concepts. The straight wing for
MER/TER was selected Lo tailor the total vehicle for best
weapon flow field and longitudinal stability with MER and
TER pylon carriage. The resulting canard arrangement
provides ample control with positive longitudinal stability.
The weight contribution shown does not include an uncertain
penalty for wing flutter on the MER/TER airplane.

LA Lt

ARk

b

The conformal carriage concept could have incorporated
a fixed sweep wing and tail. However, variable sweep was
selected because of superior aerodynamic performance ~ both
., subsonic and supersonic - because the body weapons carriage
3 allows such design freedom while eliminating any concern
for development of pivoting wing pylons.

A AR S L it A U e e

. Active controls show up to full advantage in the

. variable sweep tailless arrangement evolved for Integrated

E‘ Conformal Carriage. The basic control concept employs rapid

X variable sweep to minimize the static margin around neutzal

E plus thrust vectoring by two dimensional nozzles to augment
pitch control derived from wing tip elevons. This com-

bination is approximately 1380 lbs. heavier than the MER/TER

combination and therefore must show superior performance

to produce a competitive solution.

A Weight

e

2430 Lbs

3820 L;\\

Fiqure 7:  Effect of Weapon Carriage on Vehicle Design:Wing & Controls Design
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Inlet Geometry - Figure 8. Two variations of the same basic
inlet were evolved. The MER/TER weapon carriage concept
allowed a shorter inlet system. A longer inlet diffuser
was incorporated into the conformal carriage concept to
provide a good nose wheel installation and to place inlet
shock flow ahead of all weapons. By this arrangement all
weapons lay inside the supersonic shock flow produced by

the aircraft nose. The weight penalty of approximately

130 1lbs. was accepted as the best compromise for design
integration.

MER/TER:DESIGN

Figure 8:_  Effect of Weapon Carriage an Vehicle Design:inlet Geometry
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System Access - Figure 9. Any new vehicle design must
include system access as part of weapon/airframe integration.
In the case of Integrated Conformal Carriage, new cornsid-
erations are added. While classical MER/TER arrangements
utilize the fuselage lower body for system and engine access,
conformal carriage requires the underbody to be dedicated

to weapon suspension. Studies of this problem have shown
that side body access can be very good if considered early.
The conformal carriage installation employs side access for
engine accessory replacement as well as engine change. This
solution allows weapon carriage structure to occupy the

lower body space normally used for engine accessories. The
tailless arrangement contributes to the minimum weight

penalty of this approach because tail loads are symmetrical -
due only to thrust vectoring.

! /' Service Huns

e
G

.. l Acces

MER/TER DESIGN CONFORMAL CARRIAGE DESIGN

Figure 9:  Effect of Weapon Carriage on Vehicle Design:System Access
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DESIGN FEATURE cQNCLUs'IONs,

fo} Conformal Carriage airplane weighs 8% more
than the MER/TER airplane.

o] Large finned weapons have greater integration
impact .on Conformal Carriage airplane.

o} Both airplanes have mixed store loading
flexibility - this was a design goal.

o Body mounted stores permit more freedom of
wing and control system options.

MISSION. PERFORMANCE COMPARISONS. The final evaluation of the
two optional weapon suspension systems lies in the effect on
the airplane's performance.

The design choices discussed previously resulted in a
Conformal Carriage configuration which was 8% heavier. The
performance comparisons were made at equal gross weights
for the two airplanes; therefore, the Conformal Carriage
airplane carried 8% less fuel on all missions.

The design mission used is a mid-altitude, high Mach
number penetration mission.

Comparison of the MER/TER and Conformal Carriage
airplanes on this mission, Figure 10, show that the
Conformal Carriage vehicle has a 23% greater mission radius
than the MER/TER vehicle with 8% less fuel. This difference

increased to 30% using 600 gallons of external fuel on each
aircraft.

evemnoamm., " .
~-—— fan
» SPAL TANT.
' INTERNAL
r \\FUEL GALY
PEN \\l‘ PN
RADIUS -+ R2% RADIUS
\\
A
A\
\\
=

MO RADIU ——retm

Figure 10: Design Mission Performance Comparison
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When looking at two heavy weap.n loads which are of
particular interest (desigued as loads 1-2 and 1-5) a
clear advantage of the conformal method of weapon carriage
occurs in terms of range and penetration speed.

Mission 1-2 weapon loads for both airplanes are equal
numbers of AGM-65 (Maverick) missiles. Figure 1l
illustrates total mission radius as a function of
penetration Mach number. The examples shown on this
figure show penetration speed increases in a 10-13% range
for the Conformal Carriage vehicle, depending on mission
cruise altitude.

LOWALTITUDE KiGH ALTITUCE
I,
CONFORMAL CONFORMAL
TANAIAGE CARRIAGE
10% FASTER ! ASTER
/ - \ —\ L E
LT R~ L P
) . . . ~
TOTAL N TOTAL /
MiSSION N '/ MisSIOK -'?3' \
AATIUS : RADIUS
VY
’. .[/ INTERMEDIATE
mTEnmtoiATE~, | THRUST
| —— THRUST
RTTTTY | — MACH N, e

Figure 11:  Mission 1-2 Radius Comparison
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Mission 1-5 weapon loads for both airplanes are

equal numbers of hlgh-density BLU-58 bluff shaper

munitions.
previous Flgures

TOTAL
M{SSION
RADIU3

2

and 4.

LOWALTITUDE

- ] - - -
CONFORMAL
CARRIAGE
12% FASTEN

-

" MAGH NO, ——e-

TOTAL
MSSION
RADIUS-

These maxirum mission loads were sShown on

Figure 12 also shows pene=~
tration speed increases in a 9-12% range for the Conformal

Carriage vehicle, depénding on mission cruise altitude.

HIGH ALTITUDE

- K ‘ ) A
CONFORMAL.

MACH KO, et

Figure 12: Mission 1-5 Radius Comparison

P

g




S e i gl

R
4

b SRR s
S i Bk 4 R IR

YT Ry e

O oA o S o R
ik Seaaiitt A AR A A
Y

IR A S s e A N it W

SUMMARY

The weapons considered for integration on the two
advanced aircraft favored the MER/TER configuration since
all the weapons themselves were designed to be carried on
wing mounted MER and TER suspension systems. Despite that
congtraint, the Conformal Carriage configured éirplane
turned out to have superior performance in terms of
penetration speed, combat agility, range and weapon
loading flexibility.

The performance differences would be much larger if
th: weapons considered were tailored for tangent, tandem
rounting. Weapon design will have a significant impact
on airframe design choices as previously discussed.

If conformal carriage of weapons provides such
significant aircraft performance improvements, why shouldn't
it be adopted as tlie standard method of weapon suspension
on all future aircraft?

Such a commitment faces many hurdles, some of which
are hardware and some of which are organizational.

The practical hardware orientated hurdles include:
o The existing inventory of weapons.

o) Commonality of MER's and TER's with other
existing aircraft.

o Existing ground support equipment.
The oxrganizatioral hurdle includes:

o Weapons and airframes heing designed by separated
organizations with limited communication -
both in government and industry.

Past USAF studies with stated high "q" penetration
and weapon delivery requirements have resulted in aircraft
and internal weapon bays and gross weights approaching
100,000 pounds. Separation of weapons rom the weapon bays
at high "g" conditions is highly questionable.

Conversely, the emerging technology of conformal

carriage has demonstrated clean, safe, separation in actual
flight test at speeds in excess of Mach 1.5.
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Incorporation of the conformal carriage technology ’ )
into future tacticali aircraft will be a necessity for :
survival in the sophisticated defense environment of the -

1980's. It will not be an easy road. Difficult organi- :
* zational decisions will be required and will have to be X
- defended. The payoff will be an integrated airframe/weapon . )
8 ’ system capable of high "q" penetration and weapon delivery, ;
no larger than current tactical aircraft such as the F-4. '
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TARGE CTYSTER WEAPON FEASIBILITY DEMONSTRATION
FLIGHT TEST
)
(Article UNCLASSIFIED)

by

L. A. Trobaugh
Naval Ship Research and Development Center
Bethesda, Maryland 20034

ABSTRACT. (U) The clustering of high density weapons offers a new
method for weapons carriage/release on current atbtack aircraft. The
Large Cluster concept provides a more efficient, lower captive drag
external weapons carriage system which can also be used as an interim
system for carrying high density modular weapons. Analytical and
experimental studies were verified in a Tlight test progrem designed
to demonstrate the feasibility of such a large cluster system.

The configuration selected for the flight test vehicles was vased
on aircraft compatibility and carrier compatibility scudies, wind tunnel
static and dynamic stability tests, and on wind tunnel dynamic store
separation tests, The flight test program consisted of six drops from
the centerline station of an A-4 aircraft. Trajectory, drag, aircraf%/
store separation, and ground impact pattern data were obiained.

The flight tests successfully demonstrated the feasibility of ihe
use of a canisterized approach to clustering and carrying high density
bluff munitions. Good agreement between wind tunnel and flight test
data wes obtained. p

Approved for public release: distribution unlimited
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INTRODUCTION

The large cluster free-fall w:apon concept was originally
fermulated to provide & method of exterral carriage of airborne
mmnbions in an sercdynamically more efficient menner than existing
netacds using MER apd TER racks. The Aviation and Surface Effects
Department (ASED) at the Naval Ship Research and Development Center
became interesied in 1967 in improving the Separation and captive drag
cheracteristics of muliiple munitions carriage. Accordingly, an in-
house program under Indzpendent Research/Ind@pendent Exploratory
Yevalopment funding was initisted the same year with the goal of
exploring concepbs for pylon mounting the equivalent of a load of
¥k-22 wespons on a Multiple Ejector Rack but with lower cegbive Arag
and improved separaiioca.

it soon beceme evident that some 1ype of clustered spproach wowdd
be pecesssry to obtain a good streamlined package. HNumerous methods
of submurition deployment and arrssngements (i.e., shapes and packeging)
wer: exgmined in deteil, The result was two cluster concepis utilizing
aifferent deployment methods., One was for a dispenser which, after
sepavedion from the sireraft would ejact the subweapens radially
outward from the flight path. This method was referred to as lateral
deploymend:, The other method was for a longitudinal deployment scheme,
where tlie subweapons would be extracted from the rear end of the
dispenser, one at a time, by a small drogues chubte attached to each
subweapon, OStudies, inclieding some smail scale wind tunnel tests, were
performed on numerous subweapon shapes.” Compatibility studies, both
Tor aircraft and carrler interifaces, established a maximum practicel
size for the cluster. The length constraint was imposed by the bomb
elevator dimensions aboard the carrier and ihe diameter constrain. was
imposed by compatability with the A-U aireraft. PFurther studiec? showed
that optimum weights were in the 2000 and 3500 pound clesses to meximize
the possiblz weapons loads of current operational Navy combat aircraft,
Performance studies, using estimated values of drag area for the cluster,
showed that improvements in nission radius o fifteen to twenty percent
were obhainable with the same aircraft carrying the large cluster as
oprosed to carrying an equivaleut load of Mk-852's on MER's.

In Tiseal Year 1969, ASED received funding under NWAVAIR sponsorship
to sontinue and refine the concept. At this point, sufficient infor-
mation was available to make a decision to eliminate the lateral

1, Strachan, Briaen C. Preliminary Stability Studies of Shapes Suitable
for High Density, Clustered Packaging. Aerodynamic Iab. Tech Wote AlL-
80. Naval Ship Keseprch and Development Center, Nov 1968,

2. Nichols, James H. Big Stick Compgtebility Study. Part 1l: Weights,
Aercaynamics Lab. Tech Hote AL-10Y4, * daval Ship Research and Developrent
Center, Apr 1969.
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deployment scheme because a linear subweapon pattern was preferred to

a circular one and because of the requirement for folding stabilizing
devices for the subweapons which would add to the complexity and cost.
Furthermore, the longitudinal method was being successfully used in the
Fuel/Air Explosive (FAE) Weapon although for lower density and fewer
subweapons. It was alsc decided that the longitudinal deployrent method
wouuld be demonstrated by a full scale flight test. The current concept
became known as BIG STICK.

This paper will diccuss some of the development work leading up to
the flight tests and the results of the flight tests.

DESCRIPTION

The large cluster weapon is comprised of six subweapons arrang:d
in s tandem cluster in a cylindrical dispenser as shown in Figure 1.
The overall .:ngth is 164.1 inches, close to the meximum length of 165
inches required by carrier bomb elevators as stated previously.
Allowing Tor a suitable nose fairing and room for forward and aft
dispenser structure, a length of 150 inches remained for the subweapons.
Since six subweapons were desired, the length of each subweapon had to
be 25 inches. A 16 inch diameter was required to obtain sufficient
volume in each subweapon for a 500 pound-class warhead based on the
density of H.,E. The subweapon weight for these flight tests was 485
pounds using conerete Till.

‘ Dispenser Subweapon
Weight = 380 1b. Veight = L85 1b.
Length = 164,1 in, Length = 25 in.
- ~  Diameter = 18.2 in. Diameter = 16 in,
Fin Span = 32.2 in. Number = 6

Total Weight = 3290 1b.

Figure 1 - Big Stick Cluster Weapon

The dispenser had to be slightly over 13 inches in diameter to
provide room for adequate structure to carry the flight loads and to
provide a system of rollers or conveyors to facilitate subweapon loading
and extraction. As such, the dispenser weighed 380 pounds. The ali up
weight of the system witn six 485 pound subweapons is 3290 pounds.
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Deployment of the subweapons is by a small drogue chute attached
to the aft end of each subweapon. The chutes were designed by Code 030
4 of the Navel Ordnance Laboratory for a terminal velocity of 350 feet
L per second with a 500 pound load. The resulting design was a two foot
diameter cross parachute. With a 485 pound load, the terminal veloecity i
is about 328 ft/sec as shown by flight test data in Figure 2. '

]
=
3 €oo p
- 700
2 »'J
¢ (]
3 2 600
&
.. 500
: -+
3 9 koo
13 (<]
- > -
300
F; 200 I 1 2 ) i 4 ) 3 2 q 5 2
2 0 2 4 6 8 10 12 14 16 18 20 22 24

Time (Sec.)

Figure 2 - Subweapon Velocity Profiie

The dispenser structural design was based on loads calculated
using MIL-A-8591. Since this was only a feasibility demonstration
program, the structural design was not optimized. Planned drops were
0 be from straight and level flighi so that a 2 g flight envelope
was judged sufficient for the store. Loads were estimated for 3.5 g
and the dispenser designed accordingly. The dispenser was then static

tested to 3 g and the flight envelope restricted to 2 g to provide an
adequate safety margin.

The dispensers were constructed by the Naval Aerospace Recovery ‘
Facility (NARFT}, El Centro, California. The structural arrangement is -
shown in Figure 3. The dispenser is constructed of a % inch thick
aluminum tubte 17.7 inches in outside diameter by 50 inches long.

Telescoped over this and butting at the center are two similar 18.2
inch outside diameter, 3 inch thick aluminum tubes. Six roller rails,
fabricated from extruded aluminum channel sections, are evenly spaced
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X around the inside of the cylinder and are used to stiffen the % inch !
’ skin as well as to convey the subweapons. Tangential loads are carried
by the skin and by two struclbural rings to which the-skin is bolted. !
Other tangential loads are carried by the aluminum bulkhead at the :

forward end of the cylinder and by the specially shaped ring at the aft
end,

bl

b o e

This structure has proven quite satisfactory in its simplicity,
light weight, and strength. No deflections in the bending mode could
be measured in the 3 g static test. It is felt that much higher loads
could have been withstood, however, further loading was avoided since
all dispensers were needed for the flight tests.
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The subweapons were fabricated from standard 16 inch diameter

1 steel pipe of 3/8 inch wall thickness. One inch thick steel plates

: were welded in the aft end of each subweapon and & similar steel plate
3 was bolted in the forward end. The aft plate is recessed about 1 3/8
. inches Yo provide a space for the drogue chute pack. The subweapons

¢ were {illed with concrete of proper density to bring the weight up to
£ 485 pounds each. Subweapon details are shown in Figure U

T

e 25.0 »
3 |
%7 Parachute
3 Pack
3 + -
16.0 ~3/8 in. Concrete
thick steel
case

Figure 4 - Subweapon Details

Operationally, Big Stick works in the sequence shown in Figure 5.

l. The store is ejected from the aircraft.

2. After a pre-seclected time period, the door at the aft end of
the dispenser is blown away and pulls the deployment bag from the first
drogue chute.

3. The drogue c¢hute inflates and pulls the first subweapon from o
the dispenser. Attached to the front of the first subweapon is the iR
deployment bag for the second drogue chute. This bag is removed as
the first subweapon is pulled away from the dispenser.

4. fThe seeond drogue i .. ini-ates and pulls out the second

subweapon which, in turn, pull. tt. deployment bas, from the third drogue
chute.

123 ey

'
- T .
- T T e - ey
. s oo A T RSV
P VR ST P e o L o LA C L I CWp X WA S b T T TN ealr A




T

. G TYTME TR AW S YR Y T AT T, T T, LT, Y XN T TR e R T T e TVE T hg
R PIIR T  T N VT Y T T L MR T T RN VY ,gnvw‘_::«“—q; [ Sn il SR 0 ,z,fu:“igw\ i o s o - 2 A

Figure S — Big Stick Subweapon Deployment
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5. The sequence is repegted until six subvespons have been
deployed.

Both the feagibiiity demonstration vehicle and the operationsl
Big Stick operate i, the above sequence. The primary difference is in
the method of arming and deploying the door on the dispenser. The
operational Big Stick would employ & fuse in the nose to debonate a
flexible linear shaped charge located in a marchined groove around the
circumference of the door. The linear charge wowld shear the dispenser
skin forward of the bolts holding the door and propel it aft from the
dispenser, ZEach subweapon could also hsve the ability to split
longitudinally and deploy the bomblets which comprise the subweapcn

warhead. The weapon could also be used as a single 3000 pound bomb.

In the interest of saving time and cost, the demonstration vehicle
mede use of a simple door deployment scheme developed by NARF, This
device uses standard ejector cartridges tc depley the door and therefore
did not require a special clearance for airborne ordnance,;

STABILITY AWD SEPARATION TESTS
FIN CONK: IGURATION

It was desired te hzve a stable vehicle with good damping
cheracteristics to insure good alrcraft/suore separation and to provide
a stoble platform from vhich to extract the subweapons. Several
different fin configurations were examined in a dynamic stability test
ronducted in the NSRDC 7 x 10 foot transonic wind tunnel. A 0,242
scale model of the Big Stick vehicle was used. Tests were conducted
with each fip planform shape using four and six fins equally spaced
about the aft end of the dispenser. The fixed geomebry configurations

are shown in Figure 6. Results from the tests on these configurations
are shown in Figure 7.

dC
The static stability derivative S&E and the dynemic stability
derivative EEE + EEW_ where
- O b 4L
2V

Cm = pitching moment coefficient

= angle of attack

&= __
D time
% = reference length (£t)

N h

v = free-stream velocity (ft/sec)
are stown plotted agains: angle of attack with Mach muber as a paremeter.
The dats show that only configurations ) and 2 with six fins are both
statically and dynamically stable over a large range of «. Configura-
tion 1 was selected since it provided the des’red stability charastoris-

tics and did not a2dd to the overall length of the dispenser as did
configuration 2.
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Figure 6 - Big Stick 0.242 Scale Dynamic Test Wind Tunnel Model
with Three Fin Configurstions

Some folding fin arrangemerts were tested which gave satisfactory
stability characteristics with only four fins but these were rejected
because of the additional mechanical complexity involved in unfolding
the fins after separation of the store from the aircraft,

The flight tests have shorm this fin arrangement to provide a
very stable dispenser. Virtually no oscillation can be detected from
the film coverage of the flight tests.

DYNAMIC SEPARATION TESTS

To insure safe store separation, dynamic sepai'e.tion tests of a
ten percent scale Big Stick model from a ten percent scale A-LE aircraft
rnodel were performed in the NSRDC 8 x 10 foot subsonic wind tunnel. The
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Figure 7 - D.spenser Static and Dynamic Stability-

«a) Fin Configyv~ation No. 1
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Big Stick model was scaled for geomelry, weight, and moment of inertia.
An ejection force was applied to the model store at release to simulate
ejection velocity obtainable with the Aero-TA rack., The aircraft angle
of ettack was adjusted for equilibrium flight for a weight of 22000

pounds. Runs simulating launch velocities of 200, 300, 400, and 475 :
knots were made., All separations were very smooth and unspectacular |
as exemplified by the 475 knot drop shown in Figure 8. ;

FLIGHT TESTS

Originally, four test drops were planrned for the Spring of 1972 to
demonstrate the concept. The first two drops had identical launch
conditions to get some check of the aircraft/weapon separation, sub- !
weapon deployment, and trajectory reveatability. Vehicles three and !
four were to be launched from difierent altitudes and velocities %o
determine their effects on the subweapon impact distances.

Flight tests were conducted at NARF in May and June 1972. The
nopinal launch conditions for drops 1 and 2 were 1o be & velocity of
400 knots, an altitude of 5000 feet, and level flight. The actual
conditions for the first drop were an aircraft velocity of 423 knots,
an altitude of 5275 feet and a climb angle of 1 degrece. Actual ‘
conditions for the second drop were an aiveraft velocity of 430 knots, i
an altitude of 5472 feet and a dive angle of 1.2 degrees. In each case,
the door deployed 3/h second after lsunch. The wegpon was launched from
the centerline station of the A-UC aircraft, Weepon separation from
the aircraft was the same as predicted by the dynemic model: drop tesis
conducted in the wind tunnel. All subweapons deployed as expécted.
Trajectory irformation was obtained for the fivst subweapon on the
first drop and for the dispenser on the second drop.

On drops number three and four, the explosive device which deploys ;
the dispenser door did not arm upon separation from the aircraft due .
to the lanyard bresking during flight, Because the door was not blowm
off, there was no subweapon deployment and trajectory data for the
3290 pound Big Stick was obtained the hard way.

Two additional wvehicles were constructed the following year. Tests .
were conducted in June this year at NARF. On drop number five the ;
Jenyard on the first parachute failed and separated as the chute inflated.
Therefore, agein the subweapons did not deploy, On drop number six, the
Big Stick separated from the A-b and deployed all the subweapons as :

planned; however, it vas prematurely launched three minutes from the {
drop zone so that it was out of range of the ground data acquisition ;

equipment. Scme air-to-air photo coverage was obtained by the chase '
plane, howevexr; and the subweapon ground impact pattern was obtained by :
a ground survey. The launchk conditions were an aircraft velocity of !
280 knots and an altitude of 5000 feet, The aircraft was in a 25 degree ’
left bank, Door deployment was ten seconds after release,
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RESULTS

TRAJECTORIES

The trajéctories of the subweazon and dispenser from the first two
tests are shown in Figvre 9. Flgure 10 shows the groun: mpac’c pattern
obtained from drops one, two, and six. The lower_velocity and delayed
door deployment oh vehicle number six significantly reduced the sub-
weapon pattern length.

O Dispenser Trajectory
Launch Velocity = 72k fps.

—~ Impact; Angle = U5 deg.
B . Time of Fligat = 20.0 sec.
F=1 0o,
™ %O
S °qq9
Q
o] ‘ %oo
5 2L O Subweapon Trajectory U Oo.
D Leunch Velocity = 714 fps B QQQD<
ps| Impact Angle = 75 deg. % ch
" Time of Flight = 20.0 sec. p O ,
* %
0 1 | | s b d, 1 ] 1 | 1.9t
0 2 7 N 6 8 10 12

Range (10° Ft.)

Figure 9 - Dispenser and Subweapon Trajectories

Data acquisition equipment at the Maval Azrospace Recovery Facility
permitted only one cbject to be tracked. It wae therefcre necessary to
caleulate the trajectories of the remsining subweapons. - Known. ‘boundaexy
conditions included the velocity, angle, altitude, and time of deployment
of each subweapon from the dispenser. The drag area of the dispeiser aud
of the drogue chute~subweapon system was available from the flight test.:.
The drag area for the dispenser was 0,601 squars feet,

A constanl value of drag aree wes not obtained for the subweapon
because of oscillatiwn, A plot of drag area vs. time is shown in
Figure 1l. A simple arithmetic average and an RMS average weére calcu-
lated and each of these values were used in a six degree of freedom
point mass trajectory program to ses which value would most closely
match the actual trajectory. The calculated and setual trajectories

re shown in Figure 12. A comparison shows that the arithmetic average
gives the best results.
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Figure 12 - Comparison of Subwezpon Actual and
Computed Trajectories ’
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Figure 13 shows actual and calculated tréjectories fer the empty
dispenser, By using the proper value of drag area, the dispenser and
subweapon trajectories could be calculated quite accurately, This

established a high degree of confidence in the accuracy of the calculated
trajectories of the other subweapons.

o O Experiment
— Calculated

Altituae (103 Ft.)
T

1 1 A : i ! | 1 | i
0

I
0 2 ol 6 8 10 12
2
Range (10’ Ft.)

Figure 12 - Comparison of Dispenser Actual and
Computed Trajectories

Using the measured aircraft velocity and altitude and actual weapon
weights and drag areas, the trajectories of each of the subweapcons were
then czleulated. These are shown in Figure 14 for drop number one and
in Figure 15 for drop number twe. Compsrison of the trajectories in the
two figures shows that the repeatability is good. The small differences
are due to the slight differences in launch conditionc.

A similar technique was used to fill in some of the missing gaps
of data from drop number six. The aircraft speed and altitude were
known as were the subweapon impact points relative to one another. It
was then necessary only to iterate the time intervals between each
subweapon deployment from the dispenser until a set of values was found
vwhich caused the calculated impact pattern to match that measured in
the test. Drag data from the first two tests were used. Figure 16

shows the calculated trajectories and the measured impact points for
drop number six.
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Figure 15 ~ Trajectories for No. 2 Drop
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Figure 16 -~ Trajectories for No. 6 Drop

STORE SEPARATION

Figure 17 showz the Big Stick being ejected from the cenherline
station of the A-Y4 aircraft. It is graphically evident that the
separation characteristics of this store are quite good. ZExamination
of Figure 8 and Figure 17 gives a visual comparison of the agreement
between the wind tunnel separation tests and the full scale flight test.
In a qualitative sense, the agreement between the model scale and full
scale tests is very good.

LAUNCH PARAMETERS

A short study was undertsken to determine the effecis of lauvnch
parameters, i.e., velocity, altitude, dive angle, and door delay, on
the subweapon impact pattern. Figure 18 shows the effects of velocity
and alitude for dive angles of O, and 20 degrees. Figure 19 shows the
effect of dive angles of O and 20 degrees. Velocity and dive angle
affect subweapon impact separation distance to a much greater exhent
than does asltitude. The effect of door deley is the same as that of
dive angle

To show the potential versatility of the weapon, two lofted
trajectories were calculated. These are shown in Figure 20, Figure
20 {a) has 2 door deployment 3.0 seconds after launch so that the
subweapons are deployed while the dispenser is still c¢limbing. Figure
20 {b) shows a 30.0 second door delay so that the subwespons zare
deployed at about a 35 degree dive angle and 17000 feet downrange.
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Figure 18 - Effect of Release Altitude and Velocity on
Subweapon Ground Sepation Distance
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Figure 20 - Lofted Trajectory
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(b) 30 Second Door Delay '
ATRCRAFT PERFORMANCE ‘

A goal of this program was to reduce the captive drag of externally
carried ordnance and thereby increase aircreft mission radius., 5'sing
values of drag for Big Stick measured from the flight tests and adding
interference penelties for carriage aboard the aircraft, the performance
of three aircraft, the A-UF, A-TA and F-4J were calculated for the close
air support mission to determine how well the goal was attained. Mis-
sion radii were calculated for approximately equal loads of Mk-82's
on MER's and Big Stick on each aircraft. The increase in mission radius
ranges from 16.2 percent for the A-7 aircraft to 35.5 percent for the
P-4 aircraft. These increases are the result of lower captive drag for
the Big Stick on the outbound flight and of the sbsence of MER drag on
the return flight. These results are shown in Figure 21.

CONCLUSTONS

It is concluded that

1. The Big Stick concept has excellent separation characteristics
over a wide range of velocities.

2., Captive dreg is significantly reduced over that of conventional
carriage. Increases in mission radius of as much as 35 percent for the
P-4J aircraft have been estublished.,

3. Launch conditions, i.e., dive angle, velocity, altitude, and
dispenser dcor delay time can be used to control subweapon impact
patterns.,

L, High density, clustered weapons can be packaged in an
aerodynamically efficient packege, safely ejected from the airecraft,
and successfully deployed from the dispenser.
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' AN EXPERIMENTAL INVESTIGATION OF CAPTIVE FLIGHT (1)
1 1 LOADS ON A BOMB DURING. Ex’mmm(cz)mnmcm ON THE F~111 ATRCRAFT

“ U
; (Article UNCLASSIFIED)
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C. E. STS80N
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! . ABSTRACT. (U) In the mid-1960’s structural loads analyses of

R

3 externally carried bombs indicated that ‘additional information was

3 . needed tc (1) verify the adequacy of wind tunnel data in predicting ‘
A bomb carriage loads and (2) adequately define the distribution of :
3 aerodynamic loads on the various bomb components (nose, fins, etc.). !

Sandia Laboratories has designed and flown a B43 ¥LU (F1tignt
T,ooads Unit) in an attempt to better define bomb carriage loads by
obtaining full scale flight deta. This unit includes insirume tation
to measure aerodynamic load distributions in addition to the total
aerodynamic forces and moments.

The B43 FLU was carried on numerous F-11l flights during the
aircraft Category I structural verificatirxn program at Edwards AFB
during 1971 and 1972. Data collected inc.uded the FLU data
(pressures, forces, strains, and accelerations) and aireraft flight
parameters.

Yapr B ote T AP s

e

This paper discusses the design o' the B43 FLU including
techniques involved in the calibration. Procedures ~wployed in
determining the bomb aerodynamic force and mcment coefficients and
‘the calculation of estimates of aerodynamic forces on the bcmb nose,
fins and tail are described. Comparisons are made between aerodynamic

(1) The work discussed in this paper vas supported by the United
States Atomic Energy Commission.

145

T L S
- A ) -t
2t e

y - - : . bor - &
i 3 -l - . it arkey i
lda ”aﬂMﬁWammmn.xmﬁ@:m“‘WsmM e R P e L T ey
s ke g oh v Fne e b AR N R i L Y A A Al




S el AR e [’/ f:',@g .»a«z"_'n! " PRI

coefficients calculated from the Bh3 FLU and those obtained from wind
tunnel tests. Scme Preliminary results of indicated airload
distributions are also discussed.
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INTRODUCTION

The approach used at Sandia Laboratories to determine captive
flight loads has been to (1) use aircraft performence and
naneuverability information furnished by the aircraft manufacturers
to establish store inertia loads and assoziatad aircraft angles of
attack and sideslip, (2) predict store aerodynamic loads frem wind
tunnel tests (using superposition to combine pitch and sideslip
effects), (3) use procedures similar to those outlined in MIL-A-8591
to determine lug and swaybrace loads. Loads on the nose cone, tailcan,
and fins were estimated by assuming distribitions of the applied loads
to these areas. The basis used for approximeting these distributions
was principally intuitive and lacked experimental verification.
Furthermore, no full scale tests were available t¢ verify that either
wind tunnel tests or the assumed superposition of effects from pitch
"and sideslip were valid.

The uncertainties associated with the above procedures can
generally be compensated for in the design stages ~f a bomdb through
adequate factors of safety in the structural design. The problem of
certifying a stockpiled weapon for a new high performance aircraft
for whicl. the weapon was not specifically designed, however, poses a
more diffient problem. If the loads predicted for the new aircraft
are higher than can be tolerated by the existing bomb, the performance
of the aircraft may have to be significantily restricted when the
weapon is carried. One possible solution to the probiem of defining
captive flight loads consists of actually measuring both airloads and
inertia lcads on a weapon shape during externally carried captive
flight on an aircraft. This was accomplished with the BY3 FLU (Flight
Loads Unit) which is capable of measuring total applied loads on the
shell of the unit, the accelerations on the unit, pressures at numerous
points on the nose and tailcan and the forces on the fins. Data were
recorded in an analog format on magnetic tapzs during all flighuvs.

The analog information was later digitized at a sample rate of 20/sec.
for data reduction purposes. )

GEVERAL DESCRIPTION OF SYCTEM OPERATION

Five load cells and cne roll moment transducer (which together
zonstitute the main force balance), three accelerometers, thirty-two
pressure transducers, and four fin force balances each of which
employed four strain gauge bridpes were used in the BU3 FLU. Thus,
fifty-seven measurements were made simultaneously. All of these
information channels vere telemetered to ground and recorded on
magnetic tape. In order to correlate store loads with aircraft
performance data which were recorded onboard the aircraft, a common
IRIG B time base was recorded on both the BL3 FLU tape and the
ajrcrafi performence tape. This time base was generated onboard the
aircrafi and telemetered to ground alone with the FLU data.
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Figure 1 is an illustration of the B3 FLU showing the general
configuration of the device. The shell or outer shape (referres to "
as the suspended mass) is supported by five load cells and the roll
1 moment transducer. The suspended wass is attached to the support

beam through these transducers. The lug and svwaybrace reaction
. points are an integral part ¢f the main beam. Thus, the main force

= balance measures the airlouds plus inertia loads on the suspended

3 mass. The fin force balance assembly is attached to the suspended
¥ mass so that the fin locads are reflected in the total force balance
" readings. The two circular beams supporting a fin are each

instrumented with two strain bridges which allow a determination of
in loads and lccetions of centers of pressure. Eight pressure
transducers are located at fous body stations (three in the nose

£ AFbaii

3 shell and one in the tailcan) to0 determine pressure distributions in

E these areas.

k.

4 The longitudinal, lateral, and normal accelerations were measured
3 by three accelerometers (not shown in Figure 1) mounted on the support
, beam near the c.g. of the unit.

The central support beam of the unit was ballasted to provide
inertia prcperties approximating those of a BU43 bomb. This was done
so that overall unit behavior and its effect on aireraft performance
wculd ve similar to that of the bomb.

b s

The telemetry antenna was located on the bottom centerline of
the unit. The instrumetitation end amplifiers were supplied with
aircraft{ power through & connector on the top centerline of the FLU.

MAIN FORCE EBALANCE

The tctal lcads cn the suspended mass (airicads plus inertia
lcads) were obtained from ths main force balance. The following

ratrix eguation relates t .0ad cell measurements tc¢ the applied
loads and mcments ~ ... suvspended mass.
N T '("1 ¥
(Fy = (x3{Ll (1)

The vector {F} represen.s the six epplied forces and moments on the
suspended mass. The wector {L} represents the outputs of the five
lcad cells and one roll moment transducer. The matrix [K] relating
forces indicated by the lcad cell tc applied loads on the suspended
mass was derived from static calibration. The procedure for
generating the [K] matrix proceeded as fellows:

(1) An axial load was applied to the suspended mass in the positive

direction and each of the load cell indications corresponding to
this axial load were read and recorded.
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{(2) ‘he ebove procedure was repeated for three equal load increments
up to 2 maximum calibrate value.

(3) Steps L and 2 were ~epeated for axial loads in the negative
direction.

(4) steps 1 through 3 were repeated for applied lateral load,
vertical load, roll moment, pitch moment, and yaw moment.

(5) A linear least squares fit was made to the data gathered during
load or moment ayplication in a particular direction. The slope
of this line in each case provided the element values for the
(K] matrix. .

One of the primary objectives of the BU3 FLL was to determine the
total applied lcads on the B43 bomb during prescribed maneuvers. Yhe
11ain force balance, as previously stated, allows the determination of
iotal applied loads on the suspended mass. The determinatidion of
airloads only on the store and the calculation of total loads on the
actual bomb requires & kunowledge of the angular velocities and linear
and angular accelerations experienced by the store during the
crescribed mansuvers. The Yinear accelerat uns wiich were used for
determining inertia loads were mezsured on the TLU. The angular
velocities and accelerations were measured o the aircraft.

Ir determining airloads from total lcads on the suspended mass
and in determining the total load on the BY3 vomb, it is necessary to
termine the thrze components of linear acceleration at the c.g. of
~ suspended mass of the FLU and the c.g. of the BY3 bomb. Since
the placemznt of accelerometers cculd not satisfy both of these
conditicns simultaneously (nor even one conveniently) it was
nzcessary tc determinz the acceleration at desired lccalions from
mzasured accelerations. The governing eguation for this transformation

.
13

[=0

&
h

+
.
-

aa=a-.b+mx(u~)x5-)+3x3 (2)
where: E; = Unknown acceleration vector at point a,
5% = known acceleration vector at point b,
W = angular velocily vector,
B' = posit.on vector from b to a4 (known Lo unknown),
éh = ungalar acceleration veclor.

Knowing the total loads on the suspendou mass of the FLU and the
acceleration at the e¢.g.'s of the suspended mase and the bomb, the
zirloads on the 843 shaps znd the total losds on the BU3 bomb could
ve determined. To obtain airloads, the inertia loads on the suspanded
rasc were subtracted from the total loads derived fron the mxin force
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bala.ic: as follows.
=" =
Yag = %5 " Py (3)
where: Fa = Airloads on the suspended mass {B4Y3 shape),
¥ = Total loads on suspended mass,
FI = Inertia loads on suspended mass.

The subscript j pertains to the following.

]

J =1 - Axial force

J = 2 - Lateral force
J = 3 - Normal force
J = 4 - Roll moment

J = 5 - Pitch moment

j = 6 - Yaw moment

To determine the total loads on the bomb, the inertia loads on
the bomb were combined with the airloads on the BU3 shape as follows.

- s
Pj = Faj + F_Ij (4)

where: P

i

total loads and moments on the BU43 bomb

i}

'
FI

Aercdynamic coeft?cients were calculated as follows for
comparison with those obtained from wind tunnel data.

inertia loads on the bomb

u = QT ’ (6)

vhere: C.. = aerodynemic force coefficient

(9]
1}

" aerodynamic moment ccefficients

dynamic pressure

> o
n

= characteristic area

L = characteristic length
153
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Lug and swaybrace reactions were calculated from the applied
loads in a menner similar to that specified in MIL-A-8591.

AR CaC S Rk

FIN FORCE BALANCE

. Loads and C.P. locations on each fin were determined through the
- use of the Fin Force Balance illustrated in Figure 1. Each of the

: two circalar beams to which a fin was mounted was instrumented with
two strain bridges. All gauges were mounted to sense longitudinal
strain. The arrangement uced was sensitive to bending but
insensitive to torsional and axial lrads. Temperature compensation
was also provided.

The fin balance was calibrated by applying known Fforces (in both
directions) at seven predetermined locations on each fin. A multiple
regression analysis was performed using the strain readings to find
the constants in the following equations.

Ghiaed 0l et SN Sl i

Subscript 1
beam

Subscript 2
beam

Suoscript F

Subscript A

P = Cy + Cylaey) + c(be,) (7)
Y= C), + Cs(f-l;ui) + 06(-?—1;1&) + CY(-G-:—%-E-) + cs(i%A-) (8)
ae Ae € Ae
X=Cg+ Clo(l*é‘ e ) * Cn('zi'e‘é‘) * 012(517&) * ‘713("52) (9)
F A F
%}' vhere:
} P = Fin normal force
Y = C.P. location measured from ¥LU center line
X = (¢.P. location measured from FLU nosetip
€ = strain reading
Ae = Difference in strain indicated by the two bridges
on a support beam
Cj(j=l,l3) = Constants determined from linear regression

analysis

refers to inner strain bridge position on support

refers to outer strain bridge position on support

refers to forward support beam

refers to aft support team
154
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After deterpining the constants C,, the reswiting equations were
applied to the strain measurements obtained during calibration tesis.
Table I gives a summary of the maximum errors experienced in trying tc
predict the known forces and Torce locations.

PRESSURE TRANSDUCERS

Pressure transducers were attached to the suspended mass at three
locations on the nose (stations 10, 20, and 30) and at station 160 on
the tailcan. Each of the eight equally spaced transducers at each of
the four body stations sensed pressure normal to the surface of the
skin. -

The pressure transducers were used to estimate airloads
distributions on the nose and tailcan. The longitudinal pressure
distribution from station 0.00 to station 10.0 was assumed to be
constant and equal to the circumferential distribution at station
10.0. The same was true from station 30.0 to station 45.0. Between
stations 10.0 and 20.0 and stvations 20.0 and 30.0 the pressure was
assumed to vary linearly. The assumed circumferential distribution
of pressure was as shown in Figure 2.

Longitudinally, the nose and tailcan were divided into 1 inch
ring segments. The lateral and normal components of force on each
ring segment were obtained as follows.

Foi {(P7-P3) + [(P6—P2) + (Pg-P))] sin 45°)a (20)

in

{(P,).-Pl) + [(Bg2,) + ('Pbr-Ps)] sin 45°3A (11)

where A is the chord length corresponding to the 45 degree arc over
which a constant pressure is assumed to act multiplied by the 1.0
inch length of ring, ¥ ., is the net horizontal force on a 1 inch
ring segment, and F, 4 {5 the net vertical force on a 1 inch ring

segwent.
The tctal horizontal and vertical airloads on the nose sre
found from
n
F =
y Fyi
i=1
(12)
n
i'z i Z in
i=1

Similarly, the moments about a particular point can be found from
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Table I - Maximﬁm Errors Obtained in Predicting Calibration Loads

b and TLoad Locations from Measured 3train Output
Fin Load Max BError  Max Error  Max Error
i3 No. Direction® in Load in x iny

(%) (in.) (in.)

3 1 - 6.7 0.61 0.61
:: 1 - 5.3 0.46 0.30
k- 2 + 5.5 0.57 0.%0
2 - 3.5 0.h2 0.18
3 6.8 0.34 0.61
3 - 1.5 0.43 0.18
4 + 2.8 0.56 0.19
Y - 3.1 0.75 0.26
- ¥ - .
o A positive load on a fin produces a clockwise roll moment on the
B43 FLU looking forward.
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(13)
Mz = E Fyixi
i=1

where: n

The total numbers of 1 in. ring segments in the nossg,

Pitch moment due to nose airload,

Yaw moment due to nose airload,
and

Ll B Q;z
i

n Distance from 1 in. ring segment to point about
which moment is to be found.

Because prassure transducers were located at only one station in

-the tailcan, the pressure was assumed constant from station 157.0 to

station 164.0. fhe tailcan has a varieble diameter, however, and the

effect of the varying area had to be determined. The pressure loading
on the tailcan was treated in the same way as the pressure loading on

the nose. The previous equations developed for net forces and mements
on the nose were therefore used for the tailcan loads.

RESULTS
VARIATION OF LOADS WITH TIME

In order to illustrate how extermal store loads vary with time,
a few data samples are showi.

Figure 3 shows roll moment variation during a rolling pullout
maneuver. The two curves shown give total (airlosd + inertia) roll
moment and roll moment due to airlocad only. It is difficult to

distinguish the individuel curves as results are essentially
identical.

-

Figure % shows side force and yew moment variation during .
rolling pullout. Some difference between total side force and
aerodynamic side force can be seen. Since yawing moment is

essentially all airlcad, total load and airload only curves sppear
as »n single curve.

Figu:e. 5 shows the normal force and pitching moment variation:
during a rorling pullout. Dotal normal force is mostly due to bomb

inevtia. Pitching moment due to airloads appears more significeant
in thies raticular cese.
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Figure 6 shows the vertical reaction at the forward suspension
lug calculated for two assumed distributions of bomb yawing moment.

Also shown in this figure is an example of the variafion of normel
Tin force with time.

The dasheé portions of the curves in the above figures représent
data which wes eliminated because it was Jjudged excessively noisy.

COMBINED RESULTS—FRQM‘ALL MANEUVERS

In order to cbtain the most usable conclusions froam the BY3 FLU
tests, it was necessary to combine data from all maneuvers where
curriage configuration, gireraft wing sweep, and Mach number were
the same. This approach was chosen so that variations with angle of
attack and sideslip could be studied. Subsequent graphs will present
samples of the combined data. ’

Before discussing the ccmbined data, however, it is necessary to
recognize the limitations (or general scope) of results obtained.
The FLU was carried "piggyback® during a structural verification
flight test program of the F-~111A aircraft. Flight coxditions were
primarily selected to verify analytical studies of aircraft loading
caused by external stores rather than to demonstrate full maneuver
capebility of the aircraft or to obtain worst store envirounwents.
Thus the range of angles of attack and sideslip are somewhat limited.
For example, angle of sideslip is generally less than 5 degrees
(1imited to 2 degrees for some carriage configurations).

Cowparison of Airload to Total Load from FLU Tests

Figures T through 1l present ratios of aerodynamic load to total
(airload + inertia) load plotted versus angle of attack (ALPHA) and
angle of sideslip (BETA). Although only one carriage configuration
is covered by the plots, similer plots for other configurations
suggest the following general conclusions.

When the ratiocs are equal to 1.0, all load is due to airload.
This case seems to be generally true for all moment ratios (AMX/MX,
AMY/MY, AMZ/MZ) and for the side force ratic (AFL/PY). At higher
maneuver conditions (i.e., higher acceleration conditions) this
general trend might be slightly modified.

Wnen the ratios are equal to 0.0, all load is due to inertis.

This case seems to be gemerally true for the vertvicel force ratio

(AFz/PZ). Thus, airloads have little effect on the magnitude of
vertical force.
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Comparison of FLU Aerodynsmic Coefficients with Wind Tunnel Deta

Figures 12 through 16 present aerodynamic coefficients derived
from B43 FLU flights on the F-11lA aircraft. The figures represent ;
data for a limited range of wing sweep angles and a limited range of ;

ch numbers. Superimposed curves represent wind tunnel measurements
of aerodynamic coefficients for a B43 bomb model mounted on an F-111A ;
airplane model (1/20 scale). These figures indicate that the trends .
seen in the FLU data agree reasonably well with wind tunnel test §
results w Iives credence to both methods of testing. Most of the \
BY3 FLU e  .cient data show a mirimal amount of scatter which is ,
also encouraging. i

The rolling moment coefficient (CMX) in Figure 13 shows the best i
overall ccrrelation. Slight differences in magnitude do not fit any :
detectable pattern. :

Results in the pitch plane (CZ aad CMY) show poor correlation.
Thie is explained by the fact that most of the pitch plane loading
was caused by inertia effects. Airloads were small compared to
calibration levels required to measure total pitch plane loads. !
This leads to the conclusion that the suspended mass on any future
FLU designs should be of minimum weight to alleviate this problem. .

The yaw plane lecading experienced by the BY3 FLU was primarily 3
due to merodynamic effects. Yaw plane serodynamic coefficients (CY
and CMZ) correlate fairly well with wind twmnel x-+sults. Data slopes
correlate extremely well. Magnitudes do vary (sometimes significantly),
but no consistent transformation to improve the correlation was found.

Unless future data study indicates religble trends in FLU results
which vere not evident in wind tunnel results, we should continue
using wind tunnel data with confidence.

Comparison of Aerodynamic Ccefficients Derived from Total Force
Balance with those from Nose and Fin Instrumentation

Figures 17 through 26 present comparisons of B43 FLU aerodynamic
coefficients derived from (lg load cell instrumentation (shown at
left for each group of piots) and from (2) the nose pressure
transduzers and fin balance instrumentation (shown at right for each
group of plots). By combining integrated nose pressures with forces
megsured by the t'in balance, we obtain a measure of how much of the E
distributed aercodynam’c effects were meessured. 3

L e

Figures 17 and 18 show that the aerodynamic rolling moment
measured by the roll moment iransducer compares favorably with that
derived from the fin instrumentation. Complementary results from the )
tvo instrumentation systems is encouraging. J
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Figures 19 through 22 indicate that lateral aerodynamic forces
measured by load cells and by nose and fin instruments were similar
but the yawing moment differs. Other plote (not shown) indicate
that nose force acvts outboard, ccmbined rin forces act inboard~~both
contributing directly to yawing moment whereas the difference defines
the side force. These facts indicate that additional airlcads may
act on the remainder of the FLU, creating moments that could
produce better agreement between the data shown in Figures 21 and 22.

Figures 23 through 26 show similar comparisons for normal force
and pitching moment. However, in this case, normsl force compares
poorly while pitching moment compares favorably. Other plots (not
shown) jndicate a small nose force acting upward, a large fin force
acting upward. Balancing forces would have to act downward without
changing pitching moment to produce better correlation.

GENERAL DISCUSSION OF AIRLOAD DISTRIBUTIONS

The BY3 FLU flight tests provided a wealth of nose and tailcan
pressure data. Numerical integrations of these pressures have been
performed and results compared to earlier prediction techniques.

Such comparisons indicate that the o0ld techniques yielded
un-conservative nose forces. Although comparison of tailcan airloads
is not complete, it appears that earlier technigues preduced over-
conservative tailecan airloads. The pressure distributions are not
available in a suitable form to include in this paper. The details i
of ccmparisons with old prediction techniques has been withheld ’ :
because conclusions are valid only within the range of flight ’
conditions experienned to date. Additional study is planned.

S S A P S G UL DT S S

The fin force data colliected is less extensive, as some data
were lost due to strain gage and/or telemetry problems. Where fin
force data were collected on all four fins, limited comparisons show
that fin forces predicted by old techniques are un-conservative.
Additional study is alsoc planned in this area.

CONCLUSIONS

The basic FLU concept employed to obtain total serodynamic
coefficients on an external store appears to have been worthwhile.
FLU resuvlts seem to support the validity of wind tunnel testing as
a means of obtaining total aerodynamic force and moment coefficients.
It is believed that further study of the FLU data will provide
additional support of this conclusion,

The FLU allows determination of external store forces, moments,
suspension reactions, fin forces, etec., versus time. This
capability may prove guite useful in selecting optiium store release
conditions or in establishing missile control surface deflection
requirements necessary to minimize carriage loads or broaden safe
separation envelopes. ;
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The FLU concept of measuring aerodynamic load distributions on
externsl stores provides a much needed capability. Wind tunnel scale
acdels cannot be adequately instrumented to measure aerodynamic
distributions. Although some difficulties were encountered with the
BY3 FLU instrumentation and data gathering system, the aerodynamic
distribution data collected appears useful. Within the limits of the
flight environments experienced by the BU3 FLU, full scale pressure
distribution date for the BU3 nose surfaces and tail cone and some
fin loading data have been cbtained. Frevious estimates of aero-
dynamic logd distributions have been found to be un-conservative.

The BY3 FLU recults provide the experience to design better test
units for future coliection of captive store loading. A redesigned
FLU would employ a minimum weighi aerodynamic shell {suspended 102658
and would possibly include additional gauges (for reliability
considerations) on the fin force balance. An internal recording
system might be an improvement over use of telemetry. The extensive
instrumentation employed on the BU3 FLU builds confidence in various
methods of recording loads. This may lead to the design of simpler
test units in the future to satisfy more limited data needs.
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EXTERNAL STORE LOADINGS IN
THE PROPOSED MIL-A-8591E
()

(Article UNCLASSIFIED)

by

GERALD S. SEIDEL, JR.
Naval Air Development Center
Warminster, Pa. 18974

ABSTRACT. (") In the proposed Military Specification revision
MIL~A-8591E, Airborne Stores and Associated Suspension Equipment;
General Design Criteria for, some changes have been advocated to
improve the criteria for zrructural design loadings on external
stores. The two major changes are in the airloads criteria and the
lug and swaybrazce reactions calculatien method.

Previously, the airloads on an external store were specified by
criteria that related angle of attack to aircraft perforsunce, and
were based on the most critical aircraft in the service inventory. In
the revision these criteria have been generalized ana are expressed in
equation form, The numerical values of the criteria are calculated
from specific geometric and performance parameters, which can represent
either a specific afircraft, a group or class of aircraft, or a const.ova-
tive design, as desired by the procaring agency,

A mechod »f caleulating lug and swayb.ace reactions to appliad
loads, included in tite specification 23 an Appendix, has also been
modified. Assumptione that were necessary for treatment oi the
staticelly indeterminate yawing moment reaction were modified bazsed on
the results of laboratory testing. The updated methcd utilizes a load
distribution factor which is a function f tlie suspension system and for
vhich values have been empirically deter. 1ed.
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aircraft

Maximum Qq values for some current Navy fighter
and attack aircraft

Comparison of maximum aq from proposed criteria
with actual values for current alrcraft

Angles of attack and sideslip for wing-mounted stores

Angles of attack and sideslip for fuselage-mounted
stores

Action of reactior forces on a store lug

S5ign convention for eccentricities in cross section
of store

Sign convention fcr a store on a rack mounted at
an angle to vertical
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LIST OF SYMBOLS

Definition
Lift force coefficient of aircraft wing (nondim.)
Slope of lift curve (1l/deg.)
Side force coefficient of aircraft (nondim.)
Slope of side force curve (1/deg.)
Lift force (lbs.)
Side inertia load factor (nondim.)
Vertical inertia<load factor (moadim,)
Afrcraft roll rate (deg./sec.)
Dynamic pressure, % p v2 (lb./ftoz)

Lateral distance from aircraft centerline to store
C.G. (£t.)

Reference aircraft wing area (ft.z)
Velocity (ft./secc.)

Velgeity due to rolling (ft./sec.)
Aircraft gross weight

Side force (lbs.)}

dngle of attack (deg.)

Angle of rero 1lift (deg.)

Maximum angle of attack (deg.)
Angle of attack due to roll (deg.)
Angle of sideslip (deg.)

Maxinum angle of sideslip (deg.}

Air density (slugs/ft.32)
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INTEUDUCTION

Since before its D revision was issved in 1968, the widely used
Military Specification MIL-A-8591 has been the subject of some
controversy over structural loading provisions., This controversy
still continuea, and an attempt is being madz In the E revision to
resolve the differsnces. It is true that . £y of the criticisms
expressed to the Navy have been based on mis-application of the
ceriteria in the specification. -For instaiice, the naturc of the
loads on a store carried by a helicopter will be different than if
the store were carried by a coaventional aivcrift. Recognizing this
difference, the Oq method of specifying angls: of attack for airloads,
as put forth in the specification, should mot in expected to yield
accurate angles for a helicopter. However, some of the comments
have appeared tc be justified., By the criteria in the D versioen,
critical angle of attack values by which store airloads are obtained
were more than four times as high for a given aircraft as by previous
versiong., For many patrol and attack aircraft which regularly carry
external stores, the resulting angles of attack were physically
unveasonable, At the same time, it was being recognized that the
lug and swaybrace reactions calculation method in the Appendix did not
always give sufficiently accurate results, Laboratory tests of
actual store/rack configurations showed significantly different load
distributions than predicted, and a paper at the first Aircrafc/
Store Compatibility Symposium in 1969 by two Alr Force engineers
was the first to propose a modification to improve the method.
Therefore, when the go-ahead was given to develop a revision, these
two areas were recognized as prime candidates for updating. The
draft of the proposed MIL-A-8591E has been circulated through
wovernment and industry for comments in the past year. Some

-significant comments have been received, and the present status of
tke specification revision 1s that these comments are in the process
of being resolved.

CAPTIVE FLIGRT AIRLOADS

BACKGROUND

The specification contains general design criteria, including
structural design criteria, for the store or suspension equipment,
These criteria are to ensure that the structural design will survive
its service environment, They should, therefore, provide for degign
loads iiat are the most eritical that might be encountered in
service. A loading condition for an airoorne external store can
consist of inertia loads due to the maneuvering of the carriage
aircraft and airloads on the body and aerodynamic surfaces of the
store itself, In the proposed revisior no changes have been made to

Preceding page blank
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the inertia load criterig contained in the specification. A modifica-
tion is proposed, however, for the airloads criteria. This modification,
it will be shown, is simply a generalization of the previous criteria.

The maximum airlcads that a store may encounter at a given
speed are a function of the store's angle of attack and its aero-
dynamic characteristics. In this general specification, airloads
criteria are presented by means of specifying the range of angles of
attack that the carriage afircraft is capable of as a function of
dynamic pressure q. Obtaining store angles of attack from aircraft
angles of attack is the responsibility of the designer. The Oq
method of specifying airloads criteria was originated 20 years ago
for MIL-A-8591, At that time, a survey was made of the maximum Oq
capabilities of Navy fleet airecraft., Maximum Qg was attained while
performing 2 maximum ny symmetrical pull-up at maximum speed. The
survey showed a relatively close grouping of maximum Qq capabilities.
The aircraft that were included in thne survey are shown in Figure(J).
The value chosen to be the general criterion in MIL-A-8591 was 8000,
As can be seen in Figure(D), the extreme values of a few extraordinary
alrcraft were disregarded in choosing this criterion.

As mentioned above, the maximum Qg value occurs during a
symuevrical puli-up maneuver. It can be shown that the Qg values
corresponding to the other critical aircraft mzneuvers are related
to this pull-up condition, and need not be derived separately. The
negative symmetirical condition has been shown to be approximately
-0.6 times the maximum; and the positive and negative rolling pull-
out conditions have been derived as 0.8 and -0.4 times the maximum,
respectively., The additional term in the rolling pull-out equations
for ag is the incremental angle of attack due to the aircraft rolling
velocity. The value of the term was based on the calculation of
this angle for an assumed aircraft rolling velocity of 4 radians
per second, at an altitude of 10,000 feet, and a store spanwise
location on the wing of 15 feet,

The criterion of 8000 was not changed until the D revision of
MIL-A-8591% was released in 1968. By the 1960's, the value of 8000
was no longer representative of the maximum for operational jet
fighters. Higher wing loadings, along with higher operational speeds
which dictate smaller values of CLp, are the two major facters which
appear to have caused the trend of increasing Qg capabilities. The
value chosen for the D revision was 38,000, which represented the
most severe (q value found among contemporary fighter aircraft., The
cepebilities of the Navy fighter and attack aircraft of the period
are shown in Figure(2. All of the airc.aft shown in Figure(2)are
currently operutional, ’
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METHOD

An approximate maximum 0q value for an aircraft can be calculated
in a fairly straightforward manner. The relationship is derived
as follows, Balancing forces in the vertical direction for a
symmetrical pull-up gives:

L=mn, W, (1)

Here the wing is assumed to provide the total lifting force,
neglecting any control forces.

N CLqS = nz Wa (2)
CLg (oM - Oo)q S =nz W, (3) f
Rearranging,
Wa 1
= +n, & = 4
M q aoq, 2 3 CLQ (4)

The angle of zero 1lift is normally a negative value. Therefore,
neglecting it is conserv-tive. The relation finally reduccs to

Wa 1
=n P, 5

For the E revision of MIL-A-8591 it has been proposed that
this method (equation 5) be used as the criteriorn for maximum og
jin lieu of the constant value as specificd previously, With
equation (5) and the indicated alrcraft duslgn parameters, a close
and slightly conservative estimate of the maximum Qg value of an
aircraft can be calculated, as shown in Figure (3). It would be
up to the procuring agency to specify the applicable aircraft for
each store or suspension system development. The store or sus-
pension system designer would be required to obtain the requisite
data. This method can be considered simply a generalization of the
previous method, since Oq values are still involved, and the difference
is only that theye must be determined for each ilnaividual aireraft of ;
interest. !

In addition to the maximum ag criterion, and nssuming vhe H t
relationships of the other critical maneuvers to tus uaximui are N
still valid, it is still necessary to derive expressions Lor two -
more quantities, Grq and Byg, to complete the set of airleads :
criteria. The expression for the incrementai & due to roll rate
can be derived in the same manner as was the term in the original
MIL-A-8591,
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tan Op = ¥ (6)
vg = B2 . 7
R 57.3 b

Assuming small angles,

tan ag = OR__ ' (8)
57.3
Then
o = BE (9
But
lpoy2 (10)
=2 :

Assuming sea level alr density,

.0345R P
R T - (11)
Or,
og q = .0345R P sj‘E’ (12)

At l:ast as important’as the angle of attack criteria ave the
angle of sideslip criteria. Applied side loads and yawing moments
act in the weakest direction for the suspension equipment. Sideslip
criteria have been specified similarly to angle of attack criteria
by the use of a Bq value. These, as with @qq, have been derived from
flight test results of operational aircraft., However, it is again
possible to derive an expression for Bq that can be evaluated with
the aireraft design and aerodynamic characteristics,

The approximate aralytical relationship for Bq is similar to
that for aq.

Y = n¥H, (13)

Cy 9 5 = ngly (14)
Cyg Bua S = nyWs (15)
Maq =ny gé El- (16)

B
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APPLICATION

In the proposed MIL-A-8591E, the values of Oy, g, OR q and

- BM q are obtained from equations 5, 12, and 16. The ranges of

o and P that must be considered with each point on the inertia load
diagram are obtained from these three values in accordance with

the relationships shown in Figures (4) and (5). This entire range
of attitudes must be considered so that the critical ccombination

of airloads with inertia loads will be found., If, as is sometimes
the case, the effect of airloads is to subtract from inertia loads
that are greater in magnitude, the critical condition is to find the
lowest airloads, or neglect them entirely. .

In the past versions of the specification, where a constant
value of aq was specified, the only infoxrmation that the designer
required was the flight speed and altitude at the maneuvering
condition. With the proposed revision, a set of data for the
carriage aircraft is necessary, It will be the responsibility of
the procuring activity to specify the aircraft for which the store
or suspension equipment is to be designed. In some cases the ’
system will be designated for a single aircraft; in other cases
a limited number 6f specific aircraft, or it may be that only the
class of aivcraft (i.e. attack) is known at the time of design. If
there is no designation of carriage aircraft, the design must be
made to a level of strength that will pemmit it to be carried by
any service aircraft., The level of MIL-A-8591D appears to be
satisfactory for this purpose. )

The specific zircraft parameter values that are required for
evaluation of the criteria equations will be available in an
Aerodynamic Chara~teristics Report for any existing aircraft. It
is recoraized that scme cooperation on the part of the prccuring
agency may be necessary to ensure that the concractor can obtain
the requisite informmation., However, to serve as a backup in the
event that all or part of the information is unobtainable, a table
of representative values of the parameters for ceveral clazases of
aircraft is proposed for inclusion in the specification. Tne proposed

“table is shown here as Table I. The parameter value# therein were

derived from a survey of current operational aircraft in these
classes, and, as mentioned above, are representative. The parametey
values for no designated carriage aircraft, when inserted in the
criteria equations, will resuvlt in the MIL-A-8591D level of criteria.
To help avoid mis-application, the parameter values in this table

may only be used with the approval of the procuring activity.

However, when no carriage aircraft is designated, use of the indicated
level thereir is required.
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For all points, the stores shall be considerrd to be mounted at incidence .
angles of 0 or ~3 degrees, whichever is more critical in each case, to be § -
added to the values of &4 given below: |
}
é
|
POINTS (1) AND (2):
Ba .= 0.2 By DEGREES
POINTS (3) AND (4):
) INBOARD
oy =0 T0 -0.6 oy DEGREES -
8a = 0.2 By DEGREES
POINT (5j):
vy = +op 10 =- (0.4 o, + o) DEGREES
Ba = % By DEGREES
POINT (6):
g = 0 TO (0.8 my + &) DEGREES i
Ba = + Sy DEGREES ‘
WHERE: oy =Tz WA _1__ .
5 Cv !
FEN NR = 00345 Rp/"/"'-q« 1.
By=TyWa _1_
) 5 Cqu N

PIGURE 4. Angles of attack aand sideslip for wing-mounzed stores,
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For .all points; ‘the stores shall be considered :to be mounted at incidence
angles of 0 or -3 degrees, whichever is wore critical in each case; to be
added to the values of o, given below:

POINT (1):
‘@A = 0 TO o DEGREES

— _ Up-
Ba = + 0.2 By DEGREES T

POINT (2): & —t @

@p = 0 40. 0.8 oy DEGREES

OUTBOARD

Ba = + By DEGREES

POUNT (3):

‘tp = 0 TO ~0.6 e4q DEGREES -
Bp = + 0.2 By DEGREES éy o

DOWN

©

POINT (4):
@ =0 T0 ~0.4 oy DEGREES

Ba = + By DEGREES.

WHERE: oy =T, Wy _1
' 5T cLA
BM = My Wa 1

1

FIGURE 5, Angles of attack and sideslip for
fuselage~mounted stores,




For all points, the stores shall be considered to ‘be mounted at incidence e
angles of 0 or =3 degrees, whichever is more critical in each case, to be :
added to the values of o4 given ‘below:

POINTS (1) AND (2):
By = 10.2 By DEGREES

" POINTS (3) AND (4):

, INBOARD
vy = 0 T0 -0.6 LY DEGREES —

B = 0.2 Py DEGREES

POINT (5):

rvp = + g TO - (0.4 oy + oR) DEGREES

BA = + By DEGREES

POINT (6):
L Op = 0 10 (0.8 g+ O'R) DEGREES

Ba = + M DEGREES

WHERE:  my =Tz WA .1
S

FIGURE 4. Angles of attack and sidesiip for wing-mounted stores.
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TABLE 7. REPRESENTATIVE PARAMETER VALUES FOR EVALUATION OF

Op> OR, AND, Py EXPRESSIONS T T
Class of -
Airgraft nz ny P Clq Cyg. = R
Navy; .

VE’ 'VA 7:33 IOD _270 0.05 06910 Indadiad - - -
yS, VP 3.00 0.5 90 0,10 0,017 ——- ——-
No' Designated , o
Aircraft 8,00 1.3 290 0.02°  0,0095 95.0 100
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For the aircraft weight, the Flight Design Gross Weight, as
defined in reference (1), is dsed because it is the greatest weight
at which the maximum load factor maneuver can be performedo To
ensure conservative criteria,. the lowest values af CL, and Cyg;
where these parameters are variable (i.e. with Mach number) sanld
be used. Since ny is nct normally an aircraft design parameter
as is ng, it will probably require calculation from the aircraft
aerodynamic characteristics, :

Of course, deternining the aircraft angle of -attack at a
particular loadxng condition is only the First part of the problem
of calculatiig airloads. Although ‘the angle of cttack values -obtained
from the specification criteria were previously labelled ‘'store"
angles, it was recognized that they representéd the aircraft, not
the store. The store can be -considered -to :be mounted at either 00
N or -3° to the aireraft, whichever is critical. The effects -of the
local flowfield as affected by the aircraft geometry, adjacent
stores; and the store and suspension system itself all should ‘be
considered when thé airloads are determined by theoretical or
experimental means,
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LUG AND SWAYBRACE REACTIONS

The most common method of siipporting an external store on an
.- aitrcraft is to hang it from two hooks and steady it with four
} swaybraces. (Somsatimes, for lightweight stores, -only one hook >
- and four swaybraces are used,) At somz point in the design of the
! system it is naecessary to calzulate the loads being transferred
g acrog$s these interface§ from the applied inertia loads and airloads
on the store. This may be to complete thé picture of loads on the
store, or to aetetmine the strength requirements of the Suspension

L, system. .As an aid to the desigwer, a standardized calculation

s ’ methed for these ‘lug and swaybrace reactions is includéd as an

E; dppendix to the specification, It shouhd te apparent that only the
standard hook and swaybrace configurations anthorized by MIL- A-859l

are amenable by this arialysis method; the geomet*ical differences
of any non-standard attachment will requi;e jndividual tyeatment,

The system of idealized lug and swaybrace reactions generally i
includes loads at the swaybraces which act normal to the sufface of
the store and loads at the store lug(s) as shown in Tiguke (6);
The swaybrace loads are normal to the store surface because of the
assumption of no friction forces. Longitudinal loads on the store are
reacted at the lugs by the hooks of the rack, For a store with two
lugs, it is impossible to predict the distribution of this load
between the two because of tolerances. Therefore, it is assumed that '
all the Jongitudinal load is taken by the .otherwise most heavily )
loaded lug, This assumption is conservative for loads on the lug.
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The side load on the lug does riot necessarily come from -the thook,
since a ceatemporary design uses the walls of the rack as Myau-
.raps," or side reactions on the outsides of the ‘lugs,

In the general case, the system of lug and swaybrace reactions
is statically indeterminate, which means that to obtain accurate
results: the elasticity of the system should ‘be taken into account,
However, to simplify the method -4nd the amount of information
necessaxy ‘to apply it, an assumption of the distributxon of loads
15 included which reduces the problem to a statically determinate
.one. The valldity of the assumptions determines the accuracy of the
analysis. 7The two areas of indeterminacy -are in the reéactions to
an applied yawing moment and in friction forces at the intexfaces.
Although friction fotces are known to exist, they are neglected
in the analysis without incurriag significant ‘errors. The assumed
mechanism of reacting an appliea yawing moment, howeve;, is an area
where substantixl errors can originate.

Reactions to an: applied yawing moment may be taken by .opposing
fore and aft swaybraces, hy side loads at the lugs, or by a
combination of these In MIL-A-8591 up to and including the D
revision, it was assumed that no side logdsiwere taken by ‘the hooks,
and s6 only the swaybraces were involved. However, in reference (2),
presented at the first Aircraft/Store Compatibility Symposium in-
1969, it was proposed that side loads at the hooks did, indeed,
exist, and should ‘be taken into account in- the analysis. For the
~proposed MIL-A-8591E, therefore, the modifications proposed: at that
time have been included. The accuracy of the method has been improved
thereby without incurring the added sophistication and complication
of considering elasricity. The justification, background, and

drivation of the modifications can be found in reference (2)-.

They have been incorporated without substantial change. The

fraction of the yawing moment assumed to be reacted by :zhe lugs

and swaybraces, respectively, is governed in the analysis by a load
distribution factor SB. The value of SB is the fraction, expressed

as a decimal, of the yawing moment which is reacted by the swaybraces.

The method before modification was equivalent to the modified method
with SB = 1,0.

Data from tests conducted by various installations have indicated
values of SB betwéen 0.3 and 0.6, However, since this is based
solely on empi*ical data, it cannot be assumed that these values
will be valid for all racks. There is indication that the distribution
may vary with rack, store diameter, and magnitude 6f dpplied load.
Although the value of SB can be specified for some specific cases;
in general, it is left for the procuring agency to specify. Meanwhile,
it is -hoped that further work will enables a method to be -derived,
to be included in the specification, for determining a value of SB
for a specific application.
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Iv addition ‘to the major change descriled above, several
3 : updates have ‘been made to the Appendix method. Before the E i
revision, spplied rolling moments were hot included. For ‘some §
stores, :such as missiles with wings, thire is somie significank

amount of aeredynami¢ rolling moments. Inertial rolling moments '
are small enough to- be negligible. Althdugh these moments are

applied to the wings ard fins of the store, the simpllfying

assumption is made that they are applied at the station of the C.G,
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A minor change in the sign and aotation convention for ‘the
store cross section has been adopted as shown in Figure (7 This
convention makes it possible to include all the eccentricities that
: may be known. In the resdlving of ‘the applied loads, it must be
: remémbered that while inertia loads can be considered to be applied
3 at the C.G. of the store, aerodynamic loads act on the extetnal
3 -geome+ric configuration of the store without r¢gard for the
eccentricity of the C.G., Therefote, as shown in Figure (7), the
externar airloads are applied at the geometric center of -the store,

T

L labelled the Load Center. ]
2 By proper resolution of the applied loads it is possible to
: treat a store/rack system that is mounted at an angle, as. on ‘the

shoulder station of a MER. This capability Has been inserted into
1 the specification method., The applied. loads are obtained in a

1 coordinate system related to the carriage aircraft: By resolving
- them through the angle at which the rzck is mounted, they cun be
put into a local coordinate system where the rack is apparently
vertical. The normal proceduré then applies. Figure (8) fllustrates '
this traisformation.,

In the MIL-A-8591E Avpendix calculation method, the first
step is to transform the applled loads from the form in which they
-are given to the form required for the basic calculation, This
transformation accounts for the effects discussed above: the location

of applied aerodynamic and inertia loads, and any angular mounting
of the storeé,

Becausé practical loadings occur in several 'directions
simultaneously, it is not possible to decide by- inspection whith
of several loading conditions will produce c¢ritical loads. Therefore,
it is usually necessary to calculate reactions for a number of conditions.
This is made practicable by the vastly increased speed of computerized
analysis., Many companies and government agencies have slready adapted
the method of the MIL-A-8591 Appendix to a computer pfogram. Now a
computer program is included in the specification. The program is.
written in standard ANSI FORTRAN .so as to be applicable to the widest
possible range of computers. For teletype terminal gpplicatipn the
input and output statements muy requir e modification to confom to
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the conventions of the individual installation. It is anticipated
that when the specification is released, a .central distribution
Jocation for card decks of ithe program will be set up.

As in the earlier versions of MIL-A-8591, the reactions
calculation method exists in two versions, for the standard:two-
lug -case and for the one-lug -case, The ¢omputer program also will
treat either configuration. The Appendix contains a source listing
of the program, a list of the symbols and notation -used, instructions

for inputs to the program; and sample inputs and outputs for typical
problems.

SUMMARY

The Military Specification MIL-A-8591 is widely and extensively
used, Its users are varied in ‘background, and the resources and
facilities avatlable to them are likewise varied. As a general
specificatlon, it is .expected to. cover a wide range -of configurations
and applications. These factors have been kept in mind while

formulating the'requirements for external store desigsd loadings in
the proposed MIL-A~8591E.

An attempt has been made to incorporate in the E revision of
this specification -some features that will be of use to the designer
and will improve the quality of the product for the procuring agency.
Thesé features, a criteria gereralized for captive flight airloads.
that relates them to the specific carriage aircraft, and modificationo
to the réactions calculation méthod that increase both its applica-.
bility and its accuracy, ‘have been presented for explanation, and

to stimulate any dialogue, prior to actual incorporation in the
official specification,
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TO CARRY' EXTERNAL STORES
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(Article UNCLASSIFIED)

be,

- H. W, Brodnax
G. R. Ripley
General Dynamics-
Convair Aerospace Division
Fort Worth Operation

ABSTRACT, (U) One of the major problems facing developers of
modern fighter-bomber -aircraft is establishment of structural flight
capability while carrying "won-spec” overload external store loadings.
The problem is complex from the very begianing because strength
capacities: of the store support structure tend to be functions of
several simultaneously-acting lozd: components. The problem is
mngnified when large varieties of external stores of differing
shapes, weights arrangements .and,. for swing—wing aircrafr, differ-

ing wing sweeps &re ‘to be considered for carriage throughout large
speed/maneuver envelopes.

Because of the—sheer magnitude of this problem on the F-111, a
computerized structural evaluation technique was developed at -Convair/
Fort Worth to determine stored airplane operating limits, The resuit-
ing technique is based on the use of numeriéal indexes of criticality
for key structural components. Thesg,"Structural Indexes” are
calculated by computer for a comprehensive array of structural
elemenits over a large spectrum of -afrplane flight conditions,
ing Structural Indexes-can then be plotted to show trends of

criticality veraus Mach number, altitude; losd factor; and so forth.

Result

Experience with this -technique -has shown that one person. can:

efficiently and thorpughly conduct large structural flight capability
studies in relatively shokt periods of time,

Preceding page blank
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INTRODUCTION

A ‘technique for rapidly assessing the capability of aircraft
structures to withstand applied flight loads has been developed and
is in -extensive use at Convair/fort Worth, This technique was
initially developed as a tool for evaluation of the structural flight
capability of external store support structures and establishment of
associated allowable speed-meneuver envelopes. Since the techaique
was introduced, its uze has been adapted: t\s other tasks involving

strength evaluation; ond has been expanded to includeé other types of
aircraft structute.

The technique developed is based on the concept of a 'structural
capability index" (more commonly called a ‘Structural Index or "SI').
The Strudtural Index concept and its use {8 discussed in this paper.

HISTORICAL DEVELOPMENT

One of the mz2jor engineering problems. facing the dévelopers of
modern fighter-bomber awrcraft is establishing the structural flight
capabilities for carrying external store loadings for which the
aircraft was not specifically designed

This problem is generally handled for all current opefational

fighter, attack, and bomber aircraft under a DOD-designated program
called "Seek Eagle'"

The problem is complex from the very beginning because strength
capacities of the -store support structures tend to- be functions of
several simultaneously~-acting load components, The problem is
magnified when large varieties of external stores of differing shapes,
weights, and arrangements are to be considered for carriage,

The F-111 Seek Eagle program was particularly voluminous because
of the wariable geometry feature of the aircraft, which dictated
that most store loading configurations be .analyzed for up to five
wing sweep angles, All problems normally encountered- for fiked wing
aircraft (multiple store stations, several potentially critical

structural elements, large speed/maneuvér envelopes) had to be dealt
with for each wing sweep-analyzed.

In the early stageés of the F- 111 program, the traditional tech-
nique of using graphical strength envelopes (backed up by detail
stress analysis of a few representative losd conditions) was employed
to conduct structural flight capability studies 6£ external store
support structures. With this technidue, applied loads are super-

imposed onto and visually compared with the graphical strength
envelopes.
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Because of the sheer magnitude f the F-111 Seek Eagle program,
it was not practical to perform this task manually. The technique
could have been modernized through developmient .of computer programs
which would machine<plot loads and load' combinations on graphical
strength envelopes, However, even if ‘this wer» done, there are stili
at least two significant drawbacks to the visual analysis téchnique.

First, the examination and interpretation of loads superimpised
upon graphical envelopes is a slow, and often ciuisy, task. Thic is
particularly true for strength envelopes that are based on ‘thrz: o
more load components (multi-demensional enveldpes).. Such- multi-
dimensional envelopes -axe required for 'several types of store support
structures on the F-ill, '

The second drawbick is that the graphical envelopes readily
yield only "go/no-go" information, The task of defining flight
capabilities requires that definite trende of criticality be establish~
ed relative to flight maneuver parameters,

STRUCTURAL INDEX DEFINITION AND BASIC USE

Both of these recognized -drawbacks to the use of :graphical
envelopes can be circumvented by using a computer to calculate an
"indicator number" that relates the 'closeness' of any particular
load condition to the boundary of a -pertinent stzength -envelope,
This is a simple process for a one dimensional envelope, All that
needs to be done in that case is to calculate the ratio.of a single
load component to a corresponding allowable load Somponent,

Similar "irdicator numbers" can be derived almost as easily for

two and tliree dimeénsional load envelopes. In thesé cases, ratiosl are

ralculated: Zrom ''vector" equations that are derived from geometric
strength envelopes as illustrated in Figures 1 and 2,

The Figure 1 and 2 examples may be based .on either applied
lcads or internal loads,

A number of other types of ratios may be used by considering the
"indicddtor numbers" in a more general sense, The "indicator number"
may ‘be considexéd as the ratio of dany load “"quantity" to a. correspond-

ing strength ''quantity". 1In all such. applications the load "quantity"

may be a single component or the vector summation of multiple “load"
componznts such as force, moment, stress, strain, or shear £flow,

It is "indicator numbers” or “cioseness ratins" of these general types
that have been called "Structural Indices" or SI's. For brevity, "SI"
will usually be used herein,

1 Stress analysts use similar ratios to calculate margins of safty;
ref. Shanley and Ryder, Stress Ratios, Aviation, p. 28, June 19373
also ref. MIL-HDEK-5, pp. L5~17.
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uJStfcngth.Envelope is a
Function of Moments My & M
® For Load Condition M;,, My;:

S1 = V{/Vallowable

= V.]_/Vo
Vo .
2 2
- .-\/“aslﬁ Myy
My K2 K2
K12 Sin? 0 + Ky? Cos? ®
. .1 H
Where 6 = Tan 1 31
Figurce 1 - Typical .SI Equation Based on a
Two-Dimensional Strength Envelope
* ;ASQfengﬁh hhvelope is a Function
of Moments My, My, Mg 41
ALLOWABLE ¢ For Load Condition Mx1, MY].’ M;I:'
§0Ri - SI = V1/Va)jowable = Vi/VE
Mz = O Ty 2. 2
M, = i Hzl' 7 ) W/Mxl + MYl
k(M) Ve
: Where:
¥

0 V¥, is defined in Figure 1

My © k(Mz]) is a strength degradation
factor thst is a function of M,

o Mz; is within the range of Mz
for which the equation is valid,

figure:i'- Typi@al SI'Eduétian Based on a
Three~Dimensional Strength Envelope

225




FW”"’""’T“
- —_ o i LY Y s i TR k)
S ———E LS S R A i caSLaibichnt o st el = Naalhat bt ivias N piy N - e B q)’ ;

<

3
"N

Equations and appropriate logic for calculating SI's can be

E derived and programmed into a computer. The computeér can then calculate
: (in a single run) the SI's for many structural elements for a large

- volume of maneuver conditions,

The need to visually compare loads to any (especially multi-
dimehsional):strength envelope is eliminated by simply evaluating
c ‘ the S1's calculated by the computer procedure., This evaluation can
] be easily performed since, by definition, an SI gets largpr ag the
criticality of the represented structural -element increases; and
SI = 1,0 when a load condition is equivalent to the limit structural
capacity of the represented structural element,

Definitive trends of structural criticality c¢én be obtained by
plotting, the SI's vetsus such items as Mach number, altitude, load
‘factor, roll rate, and even wing 5weep angle. The criticality trends
can be established for individual structural elements, and more
importancly for operating. limitation studies, the relative criticality
among :all the structural elements can be determined, The plotting can
also be done by computer. '

xr '1
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PRACTICAL APPLICATION

el

In order for a structural index equation to usefully reflect
: structural capability, it must account for the interaction of all
1 load components which significantly tax the structure when applied
simultaneously. Both gxgérience and engineering judgement are involved

in determining which load components aie structurally significant for
- the structures evaluated.

{ . Structurdl index equations can .-be derived in two phases, Initially
o (Phase I), structural strength envelopes can be developed analytically,
The resulting equations can then be confirmed, adjusted or replaced
when pertinent structural test strength data becomes available (Phase
E IX). With this dual approach, the theoretical analysis will often
1 establish the basic strength envelope equation forms, while test data
will be used to set the values of the constants used in the equétion,

When preliminary flight limitations for the F-111 were needed
‘before static test data was obtained, the Phase I equations were uséd
with the customary restriction of allowing only 80% of the "unverified"
structural capacity (analysis only) to be ured; i.e,, flight limits
were Gefined such that the predicted SI's did not exceéd 0.8.
Alternately, if flight limits are not required prior to completion of
static tests it may be convenient to bypass the Phase I strength .
definitions and go directly to "verified" strength envelopes and/or :
SI equations derived from structural test data,
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In Phases I &nd II, the stress analyst hés scveral potentisl
'sources of data -(internal load, streés, straiii, etc.) from which he miy
‘ derive strength: envelopes., Stress or strain data measured from
; instrumented proof test, static test or even fatigue test are obvious
sources of information. Another source of polential use in this regard
is data .obtained during the calibration of flight test aircraft,

TR VY S Ao
i * "

By using 8ll structural strength information obtained in the nezmal
development of an aircraft, special testing to- support generation of
structural index equations can be éliminated or kept to a minimum,

Figure 3 illustrates.a typical type of strength envelope that could
be derived from structural test data, Iun this example, structure was
subjected to two components of load, IZ that same structure was
subjected to a third load component, then an envelope such as shown in
Figure 4 might be derived.

Analytical data c¢an. also be used in the Figure 3 .approach. by
calculating stregses for an array of asSumed lcad conditioms.

o o Ll
Suiadtial el bhnad .

Figures 1 and 2 illustrate that ST equdations can be derived in
simple fashion: for two and three dimensional strength envelopes that
have a familiar geometric form .(an éllipse in these cases). But
envelopes generated by the Figure 3 method may not conform to such
[ familiar equation forms and SI equations are naturally somewhat more :
[ difficult to derive, Difficulty in deriving SI equations increases if :

DT T

ppte
Faadd

3 mote than three load components are required. But any envelope that
3 c2n be drawn can also be reasonablz if not precisely, represented
1 mathematically,

The actual drawing .of graphical envelopes may not be necessary or
desirable for some structures. SI equations may be derived directly
from a strength "quantity" calculated from énalytical equations;
appropriate -equations may aiso be derived by curve fitting test measuréd
or analytically dérived data, For the latter technique, a multiple-~
regression computer procedure can be useful;

Regardless of the derivation, source, or procedure, one equation
may not be sufficient for proper strength definition., It may be
necessary to write two or more equations for a given structure, each
equation being vesid for differing types of load combinations, For
example, one equation could be used when two moments (Mx & My) are
positive, another when My is positive & My'negativc, and so forth.
‘Fur redundant structure, more than one envélope, equation or series of
equations (for various load paths) is probably required with necessary
logic programmed to decide which one is to be used for each particular
load condition, There dre many other situgtions and possibilities in
terms of type and form of structural indexes, each requiring con-
sideration and thought baged on its own petuliar circumstances. Ia
most cases structural index equations cannot be derived using a cook-
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book' approach, The main inpredients for putting them together are
ianovation and logic.
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STRUCEURAL INDEX USACE

The Structural Index technique can be employed for such things as
flight test (structural or -otherwise) planning, quick check for
1 "one-t{me-only" test flights, -definiticn of operationdl aircraft
- structural flight capability, determination of redesign requirements,
or gven secarches for additional flight capabilitics :beyond design.
Because experience to this point has been most extensive in operating
limits analysis, examples of the various aspects -0f that type of
application will be used,

Data requirements for a comprehensive operating limits analysis
consist of airplane and store statiom airloads, inertia data,
maneuvering response, and structural strength cefinitions, This
information is fed dnto a computerized system which computes net
flight loads, compatres applied loads to available strength (calculates
S1 values)., and outputs "ordered" suymmaries of the structural indexes,
Diagramatically, the system is showi in Figure S,
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‘ Airload A Alrplance
: Coefficients Inertia Data Maneuver Resporise
f ; o Stores o Weights ‘Maneuvering
2 Response
1 o Wing o Inert. Distr, Time Histories
o i . , .
3 {(From Wind Tunnel): (From Weights (JFrom Flight
3 : Group) Simulation)
b )
E J. 1 o
| I |
;. : Compute il Structural
3 Loads o Strength Data
b{ , . L:-"_"'" e e ¢
N o Influence
3 Coefficients
3
3 ] - ; o -Aliowables
Compute,. Sort, & Organize | o :
Structural Indexes 1 (Stress/Stat. Test) |
1
'S st i e e —
53 Atructural Indexes
- Arrayea as Fuanctions of:
i o Mach Number
o Altitude
-0 Load Factor
.0 Tine Hack
0 Etc,
Figuke 5 - Cemputerized S,I. System for Evaluating
- Structural Flignt Capabilities
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A typical example involves. an airplane of -establiched structural
strength configured with overload "non-spéc" stores, such as large,
very heéavy bomb clusters, Since the aircraft is not desigred
specifically for unrestricted carriage of such stores throughout its
basic design flight envelope, it is virtually certain that restrictions

will be necessary for safety of flight, For such a 1oading, the

using military command generally has ‘definite ideas regarding "desired"
as well as "minimum acceptable" flight manecuver .capability. Such
goals and requirements establish ground-rules and scope of the operat-
ing limits enalysis,

To illustrate one use of the structural index analysis technique
for the typical overload configuration, a limited analysis of SI's
will be described. The objective of the analysis des¢ribed is to:

define ‘the structural speed limitations (assumed to- be
less than thé “desired" speed capability) for perform-
ing unrestricted rolling maneuvers at a particular ng
entxy cordition.

The analysis is performed for a parametric array of Mach-altitude

-combinations .such. as illustrated in Figure 6., TFirst, net loads are

calculated using appropriate roll maneuver response data (time history)
for each 6f thesc Mach~-altitude points. Then, these loads are used to
calculate SI magnitudes. for the structural -elements -under- study.,

i | | | ] )
40 — @ ®
g ¢ @ ‘DESIRED
2 i ‘ SPEED
Vo204 — @ @ @
g 7 \
2 104 — @ —— @ /@ :
: : |
S.L ' o DL G e fm
MACH NUMBER

Figur° 6 - Typica] Mach-Altituda C’ié for a
Structural Index Analysis
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Vext, the maximum SI's that occur in each maneuver Mach=altitude

-car \ttion, for each structural clement, are plotted ‘'versus Mach twumber

.+ gonstant altitudes). The selection and the plotting can be
=¢omputer-performed And. finally, the speed limits aré derived from
:the S,T. versus Mach plots as, shown. by Figure 7. (The ‘time required
to perform this last step can be teduced -to & minimum if the SI
‘computer procednre is deésigned to selnet for each maneuver :the maximum
ST for a group of structural eleménts instead of for just .one elerent.)

- P = ~ - Ca— W - - y

Altitude = S.L
(Ft7/100CY ’A'
) oty . Structural Indexes P
///’//’040 20 30 calculated for a , ]
~ ,0 ///’/’ ,//”’ ;,,/"a par;igulgr structurei; .
[y v P A ) A < P B ]
0, N V//(’ b/)/,’ 040 during unrestricted [
: 140 s ‘ =t rolling mancuvers L 2
V v T AATT 8y B , !
{ & g Lo a ! 1 (same 1nittal Nz 1
1 2 A/ﬂf : ; ! | for all mancuvers) -
S | l 1 ! -
' é Lo ! I : '
Z ‘ z
: 1
3 : o : !
=] ' ] !
0l ] ] | {
“ 1 ] ! | ,ik 8
4\4—6 T I:"‘l o — *
| 1 MACH NUMBER !
} 1 I | 1 %
b 1
) ;! | | | .
! | t ] ] H {
4o —  —l—I . @ f
. | | ;
N I : ; 11/2/’//’ Maximum allowable
S 4 . é Mach/altitude
éi 30 o : ! - envelope {5I=1.0)
E [ : derived from
. 204 |__J___() above rolliug
o | mancuver data
e l '///
| = ]
5 I»E:‘I 10“-_—l'—‘@
133
w3 /
% ‘ L ,
5oL N —— — : :

MACH NUMBER ' ;o

Figurp 7 - Derivation of a Specd Envelope
£from 81 Data
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A complete analysis for the roll maneuvers consists of repeatlng
the preceeding process (as nenessary) for other entrfy njz condttions.
‘The finsl speed limits are derived by superimposing the speed limits
for the individual .entry nz maneuver conditions.

- 1f a variable wing sweep aircraft is considered in the study,
then the entire process is accomplisbed for each sweep angle..

Many other useful studies can be performed with SI's computed:
; for a comprehensive array of maneuver Mach-altitude conditions,
Trade-off studies using an SI array can be made in order to define
various combinations of spend:and maneuvering limitations (allowable
: roll rates, bank angle changes, stick motion; -airplana nz, etc,.)..

R Rt TR, TR TR TN 2 TR
I T S T TR AT M T T P

D

‘Consider the situatiors where: restrictions relative to maneuvering
technique are required for a specified nz/speed -envelope. Safe
limitations can sometimes be ascertaines: from the 51 data obtained
from the unrns:rictedfmaneuvetjng data uséd in the cxample speed
restriction problem. A convenient method for analyzing -this situation

s to piot SI's for iﬂleldu&l maneuvers vs time sequenced toll rate,
wcceleration, and/or toll angle. An SI vs roll,rate plot 1is
iilustrated in Figute 8, 4 "safe", but .not overly conservative roll
r ¢ vestriétion can Bé reaiily 'selected from this plot,

TR TN IV TS

3 ST, TR P e

TP T T RTINS T

C
’ L.0+4 —
SI's calculated
for .an un- )
Time Increasing restricted roll-
‘ //,»z§-~i; ‘// ]ﬁ ing maneuver i

7 \{ | |

25-5_.._£349f’

STRUCTURAL INDEX (SI)

Koll Rate (6)

¢ safe

APIgurc 8 - Derivation of "SAFE" Roll Rate from
SI Data

233

e T




» TR YO AL TS T .
e (I L il Attt ; .

Tkl o Saiiat il ¢ R T ey ARG A L Pkt Sl b i bl .Flc'!x Elnes

Another common situatidi 13 the case where it js desirable to
restrict airplane rolling mansuver éntry nz so that unrestricted
Tolling meneuvers may be allowed, The maximum SI's used in Figure '8
cén bé plotted versus rolling maneuver eéatry nz (for constant Mech
and altitude) ‘to determine the fange of allowable entry nz as is
illustrated in Mgure 9,

‘This section has attempted to présent some basic ideas about
‘gtructural index usage. Once the engineer ibeconeg involved in
trade~off studies of structural index versus speed, load factor, roll

rate,. etc., ‘he- will discover many different methods of -data
preésentation. to mest each particular situation.

Usable 11, range
_ | for performing =
"’i"f iinrestricted roll~ : ‘Maximum SI's:
! ing maneuvers X :cdlculated for
1 : a particular
: ) ‘Structure
durirg a
] seriés of
1a .l unrestricted
R A rolling
: .maneuvers
. 10— performed at
g the same
' : ‘Mach/altitude
,:g condition
18
18
&%
18
j S I T )
. ‘ . MANEUVER ENTRY n; -

Figure 9 - Derivation of Usabié;ﬂz Range
from SI Data
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'CONCLUDING COMMENTS

‘Experience with the Structural Index system developed at
General Dynnmics/Convair has shown that one person can effici.ntly
.and thoroughly conduct structural flight capability or limitation
. studies in relat'vely short. pcriods of time, Tliere are several
additional ‘points. which should ‘be mentioned, some of which should be
kept in mind during development of a Structural Index System.

First; it takes a lot of preliminary thought and .effort
(preferably in the earlier stages of an aircraft's R & D program) to
plap the 'system so that it 18 known what is expected ffom it. Also, i
it takes continued coordination with‘thp Static Test and Stress ,
Analysis groups in order to ascertain that tha necessary strength
definitions in the proper form results from ‘their efforts. 1f efforts
-ate coordinated in good. fashion» the Structural Index system itself
can constitute a major portion of the aircraft's Strength Summary &
‘Operating Restriction (SSOR) report. Also, with a comprehensive SI
system much of ‘the need for- Iong-term "detail" Stress -Group support
can be eliminated. ,

The Structural Index: technique as described in this paper is ideal
for .large scale projects such 48 Seek Eagle; However, for small
projects, or where ''quickie~type' answers are desired, computers may not
be readily available, and/or turnarourd time associated with most large-
scale computer operations may 2 prohibit1ve. By building on experience, X
it may be possible and practical to :program an abbrevigted form of :the )
S.I. system onto thé newér generations of desk top mini-computers, 2
With this type of capability, it is concéivable that good answers could
be provided very quickly to the questions that arise in the every day
field opérations of fleet aircraf:, o -
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AN INVESTIGATION OF THE DYNAMIC RESPONSE OF-
THE A=7 ATRCRAFT '.ro(s%'om EJECTION LOADS
U
(Article UNCIASSIFIED)

by

N. E., Aaron and W. W. Storey
Vought Systems Division
LTV Aerospace Corporation
Dallas, Texas 75222

ABSTRACT., (U) A description is presented of the investigation of
dynemic resyonse from store ejection loads on the Vought A~7 Airplane.
The primary objective of this investigation was to ensure that airframe
and store structural limitations were not exceeded while releasing
munitions. This paper deseribes the asnalytical methods employed during
this study and compares the anelytical results with measured flight
test results. It was found that total aircraft response was affected
by variavions in airplane gross weight, entry maneuver load factor,
store location; and time delay between ejections., Therefore, limita~
tions were determined and presented as envelopes of maximum allowsble
entry meneuver load factor versus aircraft gross welght for the appro-
priate ejection cartridge force at the miniimm release interval, with
variations in the number and weight of bombs released. This paper
also discusses an improvement in the accuracy of response anelyses
involving MER and TER racks achieved by employing rack influence
coefficients which had been calculated from rack modsl data obtained
by ground vibration testing. In conclusion it is shown that the capa~
bility of analytically predicting A~7 resporise to store ejection loads
has been definitely established based on comparisons with flight test
results.,
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Center of gravity
Cycles per second
Acceleration of gravity, 386 inches per geédﬁde

Multiple Ejector Rack; an extermal store carriage rack
used on A-7 aircraft

Airplane loed. factor at airplane c.g..
Airplsne entry maneuver load factor at .airplsine c.g.
Generalized coordinates

Panel point displacement

Modal displacement

Triple Ejector Rack; an external store carriage rack
used on the A-7 aircraft )
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1.0 INTRODUCTION

The carrier~based A~T7A, Corsair II, light dttack aircraft has six
wing pylons capable of a combined ordnance icad of" approximately 15,000
- pounds. This aircraft was developed by Vouvght Systems Division of LIV
5 Aercspace Corporation for the U.S. Navy under Contracts NOw 64=0363. and
NOOO1G-68~C~0298, Development of the land based -A=~7D attack aircraft
for the U.S. Air Force was performed under Contract N00019-67-C-011+3.

I

The primary-objective of the investigation of dynamic response
loads resulting £rom store ejection on the Vought A-7 Airplane was to
ensure that airfrarmz and store structural limitations were not exceeded
while releasing munitions., It was found that airplane response to
gtave ejection. “id impose high 1oadings -on aireraft components during
high "g" symmetr. * pull-ups such as dive toss deliveries, Therefore,
it ‘was necessary to determine emelopes .of maxinmim allowsble entry
maneaver load factor for various conditions of release for the large
number of store loadings whiéh comprise the A<7 attack capabillty. A
description is presented of the methods of analysis employed during
the investigation of A-T responrse to store ejection, Also, results

of these analytical studies are compared with measured flight test
results.
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There are three sources of the dynamic loading commonly known as ,
Jump which is experienced by sircraft during stores release:

(J.) The reaction imparted to the aircraﬁ: ving by firing of e,jection
rack cartridges, (2) The reaction imparted to the aircraft wing by
the sudden change in inertial load due to release of stores, (3) A
possible magnification of these two reactions due to dynamic response
of the aircraeft structure, It was found that the total aircraft
response was affected by veriations in sirplane gross weight, entry

- maneuver load factor, store location, and time delay between ejections.
A A description is presented of the analytical studies conducted to

3 agsegs the effect of each of these parameters.

" 1

s ity 9 AN

1 The mathematical model used for the investigation of store

3 ejection response was formulated by selecting ns generalized coordi-

nates not only the required rigid body modes, but also the numbéer of

elastic structural modes necessary to define the dynamic system, It .
was found that for store ejection from the parent rack, the system

could be adequately defined by esirplane rigid body modes and a rela-

tively small number of wing and fuselage flexible modes. However, for ;
ejection from multiple racks it was necessary to include numwerous

rack/pylon elastic modes to obtain accurate results, Also, the reli-

sbility of analyses involyring mxltiple racks was greatly enhanced by

employing rack influence coefficients which had been celeulated using

modal data obtained from ground wvibration tests of the hardware rather

than from traditional stetic pull tests.

- 246

e AT AL S et T kg a7l




oy T

i O ag

e i

v

Y

Flight test data obtained from the Pstuxént River Naval Air Test
Center provided correlation wlth the analy-tlcal results -and verified
the validity of the mthemtical model used. A comperison of analyte:
ically predicted sircraft "g" Jump with actual flight test measurements
indica.tes excellent agreement nver a cdnsiderable range of store
weights. Based on comparisons with flight test results; the capsbility
of ana]ytica]ly predicting A7 response to store ejéction was defi-

" nitely established.

In sumary, the basic objective of the investigation of dynamic
response Yoads on the A-7 Airjjlane was achieved in that entry maneuver
load factor limits were established which en"ured that airframe and
store -structural limitations were not exceeded wnile releasing muni~
tions. Based on comparisons with fllght tést results, the capability

of analytlcally predicting A=7 response to store ejection was defi-
nitely established.

2,0 ‘BACKGROUND

The basic phllosophy of dynamic loads snalysis employed dur:mg the
investigation of the response of the A~T Aircraft to store ejertion was
to determine the maximum loads for each transient loachng condition.
This requlred tuning the dynamic system to maximize the airframe
response. The tuning was accomplished by using the allowable varia~
+ions in 4he store und fuel loading, and the flight econditions, In
genersl, paramétric analyses were used to determine the tuned conf'ig-
uration, for maximum response. A symmetric airplane re'presentation was
found o be sufficient for these dynemic loads studies as ioads due to
symmetric ejections of stores were shown to. be more critical than: the
loads: caused by ejection of stores a.lternating from gide to side.

It was found that there were four variable parameters which
affected total aircraft response when ejecting stores, These were:
(1) Airplane gross weight, (2) Entry maneuver loed factor, (3) Store
location, and' (4) Time deley between ejections, Eath of these param=
eters could have wide variati.ns over the renge of store configurations
2ongidered. It was determined thaet restricting the entry maneuver load
t'actor parameter was the most effective means of ensuring that struce
tural limitations were not exceeded during store ejection. Therefore,
envelopes of maximum allowable entry maneuver load factors versus
airplane gross weight at minimm release interval, with variations in
the weight and nurber of bombs. reléased, were developed., From these
envelopes; an appropriate relesse acceleration limit could be

established for each store configuration.
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3.0 ‘MATHEMATICAL MODEL

The rmathematical model employed in the aireraft response
investigation consiated of both rigid body modes and also the number of
component elastic modes found necessary to adequate]y define the-
dynamic system. Generalhr, for these studies, all modes with f‘reque!l»
cies up to 50 cps were included. It wag found t‘nat for store ejection
from the parent rack, the system could be adequa.tely defined by &wo
airplane rigid body modes . two fuselage elestic modes, ‘and féar wing
elastic modes. However, for ejection from multiple racks it wes
necessary to include numerous rack/pylon elestic moges, In fuet;
twelve flexible modes of the MER/pylon system, as shown in Teble I,
Were required to obtain accurate results,

The reliability of analyses involving multiple racks was greatly
enhanced by employing rack influence coefﬂcients which hed been cal-
culated using modal data obtained from ground vibra‘bion tests. of the.
hardware rather than: from: truditional pull tests. Pylon: and miltiple

rack mode shapes &nd frequencies calculated from influerice coefficients,

which had been .derived from: load' de;t‘lection data gave yoor correlation
with &irplane ground vibration test results. Ana.lyticul and wind
tunnel ‘test results employing these influence coefficients also did
not correlete well with airplane flight test results,. Therefore, a

—considerable technical advance was achieved: when meajured mode she:oes

ahd frequencies ‘of the multiple racks loaded with vérious combinations
of bombs 'were utilized together with the measured mass matrices of the
combinations to analytically calculate influence coefficients. Flexible
1/7 scale racks were constructed to these x.oefﬁc fents, and when vibra-
tion tested on the A-7 Dynaml l".qr Similar n‘:adel gave - -excellent )
correlation with the A«T7 Airplane Ground Vibration Test resul’cs. While
the theory -and mathematical procedures associated with this method are
by no means new tc the field of dynamicg -and have been described in
detall in papers by Rodden and by Hell“®, their use in dyna.mic loads
analysis represents a significaiit step towa.rds a higher -dagree of
accuracy.

lW P, Rodden "A Method for Deriving Structural Influence Coefficients
frem Ground Vibration Tests," AIAA Journal, Vol. 5, No. 5, My 1967.

%5, M. Hall, B. D. Calkin, and M; S, ‘Shola¥ "Linear Estimstion of
Structural Parameters from Dymamic Yest Data' Proceedings of the
ATAA/ASME 11th Structures, Structural Dynaxnics, and Materials
Conference, Denver, Calorado, ‘April 22«24, 1970,
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4,0 METHOD OF ANALYSIS

The equations of motion employed in the response analysis were -
formed from Tagrange's equations using the principal oscéillatory modes
of the dynamic system as generalized coordinates. The resulting
equations may be expresséd in the following Form:

mafd] + 1o+ I 1w+ ge]- fo] @

where,,.

f[M] is the generalized inertia matrix of the system

Dl s the generaliszed structural dsmping matrix of
the system ‘

[Q ] is the generalized aerodynamic damplng Teatrix of
C  the system

[F] is the generalized structural stiffness matrix
of the system

[Q ] is the generalized acrodynamic stiffness matrix
d
of the system

{Q} {q} {q} are the columns of generalized acceleration,
- A velocity, and -displacement, respectively

{Q} is the coluwn of generslized forces associated
with the generallzed coordinates

Equetion (1) wes applied to the transient load condition by considering
the generalized forces to be those resulting from oscillation of the
system about an equilibrium position and those resulting from éxternally
applied forces. The loads imposed on the airframe at the position of
equilibrium were assumed to be time invariant ang: were ‘added to the
transient loads to-give the total airframe loading.

In order 6 adequately define the geométry of the airframe, panel
point coordinates were selected on appropriate structural components,
A matrix was formulated to transform generalized coordinate displace~
ments into panel point displacements in the following mahner:

5. = 20, 4. e
l i iy
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é i s the parel point locaticn at point 1

CID i ] is the modal displecement at point i for the jth rode

e ¢
oo gt p

G ] is the jth oscillatory model displecement

The resulting coordinate transformetion f

for esch airfraie component was
expressed 4s followe:

{"S}a - ‘[Tpé};%g{‘i (3)

AT KGR T I N
o 4
s

) T
s

o

. ' {S_(a is the panel point displacements f@f component A

;. IT } is the panel point/generalized coordinate
; - pa ‘transformation matrix

{Q} is the, generalized coordinates
- (A typical 1ist of these coordinates ;
is shown in Table I.) ]

Q,uasi-steady eerodynsiic forces were used in Equation. (1) in the
; forn of [Q¢l ana [Qd] These aerodynemic forces were developed

’ . from two d.unensmnal st ip theory where t:.¢ Jownwash and angle of

' .attack were determined &5 convenient points on the a;rframe The
transient aerodyrniamic forces cit the wing Were baged upon wind ‘tunnel
data consisting of the wing ‘spamvise 1iﬁ; distribution, the chordwise
center of preasuré location; and the slope of the 1ift coefficient.
The total airplane trapgieny aerodynamic forces werc derived from wind

tunnel balance date and were Lmposed on the. rig:.d body modes .of the
airplane.

Cartridge forces due to store ~jection from wing Dylons were
included in the generalized forces,. } , of Enuation {I). Time

histories of cartridge force for different store weigate using various
typés of ejection cartridges were used to determine the appropripte

-ejection force profilé, A typical ejection force time history for the
MER and TER ig shown in Figure 1.

251 R




il it

1

-

e % A eh
4

n

e e g TR

e g

T T Ty Vs

e

P
t
i
|
i
i
1
y
3

| (3961313YD 0.COW 2 YW D) |
SYAL ONV SYIW WOY4 NOTLD(I 403 A¥OLSEH JWIL 30404 NOILOAF3 T A

SANOJIS — WLl

i
'
f
It
3
t
i
>

800 90T w0 2070

S 1

o 2o

w_‘ »
,v_.

A

~—DHOYLS 40-0N3

252

_xu
, 0T X €1

32404 NOIL33r3

§
o0

LS Gt AAWS it GG  GRARES  FERVR R WL " SR
; = s T ®

e e T Smmved  Rmuees i R

v

THOLS FT1 0011
OLS 81008
OLS 91 oo,,m_\

4015 97062

it e St L 2l [T IR SIS Wit~ 27 TLTPRRY




LR ot s il

T W T T

I
[

ot % i

v e 2 3)
e e ot i B e el ™
S Sk Adacia sifhids A i g Rrdaciedaii b eesataabithiatit isitis ™ PN A

The load equations were formulated by summing the external loads
applied to the airfreme, The relationship between exbernal and internal
loads was expressed by rearranging Equation (1) as follows:

ofife ol -0 -wl

Since the convergence with the number of toordinates of the right hand
side of Equetion (I) is. faster than the left hand side, by working
with the right herd side (external loads) a smelier number of dégrees
of freedom were requ:lred to attain the desired sccuracy. The external
loacs th\.s considered were wing and pylon inertia force, wing sero-
dynamic loads, :and cartridge forces on the pylons.

A digital computer routine wag used to solve the equations of
motion for the time histories of the genera.hzed coordinates, These
tine histories were then substituted into the loads equations to
generate time histories of the required load distributions, ‘However,
for store e‘;}ection, ‘the equations of motion ‘became non-linear with
the -dropping of a aeries of store masses. Therefore, & step-wise
linesr approsch was used by formulating a Series of linear equations
of motion for each mass condition during the store ejection sequence.
Coordinete compati‘bility was imposed betmeen each set of these equa-
tZons. of motion so that the end conditions from the solution of one

set of equations -could be used as initiel conditions into the succeeding
set,

5.0 -CRITICAL AREAS -OF LOADING

Analyses of airframe component loads, using the methods descri’bed
in Section 4,0, revealed that the rigid body maneuver load factor

" design limit -or the product of load factér times gross weight (for

heavy aircraft conditions) were the critical load parameters., ‘Wing
loads, pyion/rack loads, ‘MER beam loada 5 and MER/TER ejector unit loads
wére shown to be less criticel. Aircraft structural limits in the
critical areas are asg follows' (l) Alrplane rigid body meneuver losd
factor design limit of 7.g's for gross weights less than or -equel to
29,575 pounds, (2) Limitat:ion of 207,025 pounds on the yroduct of
lcad factor and gross weight for eirplane gross weights greater than
29,575 pounds. A typical time history plot of maneuver load factor
obtained fro#i the snalyses iz shown in Figure 2,

In Figure 2 the analytical airplane load factor time
histories are shown for the ejection of 6 MK 84's mounted on esch oft
the six airplsne pylons. The MK 8l4'a (weighing 2000 1bs, each) were

ejected in pairs at 20 miliisecond intervels starting with the ont'bos.rd
peir and working inboard,
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1 : To ensure that the structural limitetions were rot eéx .ceded during

‘ store ejection, envelopes of maximm allowable entry maneuver load

= factor versus &airplane gross weight, with variations in: the number and
: . weight 'of bombs released, were determined & 'bypical chart of these
limitations iz shown in Figure 3.. This figure shows entry maneuver

l limitations for the aircraft ejecting 2, 4, or 6 bombs each weighing

] : between 600 and 1250 pounds. The curves break because the airplene
Joad factor limitation decreases linearly above airplane gross weights
of 29,575 pounds and the entry maneuver load factor must be reduced
accordingly.

TR
- .

6.0 EFFECT OF RELEASE INTERV: t

Considerable investlgatmn was conducted to- assess the effect of ;
: : release interval on aircraft dynemic response. Tt was found that the
2 smallest release time that can be achieved b the e,jection systen- -
imposed the most critical load conditions. Jor parent rack releases,
the minimum release interval attainable (most optimistic operation of
the ejection system) was 21 mlli°econds between symmetrically paired
releases or between single releases alternsting from side to side.
MER/'.I!ER normal relesse ‘intervals were somewhat greater, whereas the
salvo ripple interval was approximately the same as the parent rack,
To establish entry maneuver load factor restrictions for ejectiun
release intervels of the parent rack other than 21 milliseconds some
adjustments must be made in the limitations envelope. Table II shows
the ‘proper adjustment to be made in detemining alloweble entry
maneuver load factor from Figure 3 for release intervals of 50, 100,
and 150 milliseconds. Con.rersely, come extrapolation :’m the allowable
entry maneuver load factor is possible to commensate for a reduction |
in the minimm .release interval until the most, eritical loading condi-

tion, instantanecus release, is reachéd. It was found that .only &

smell reduction in.-normal allowable entry maneuver lord factor was

required for instantaneous release,

7.0 ESTABLISHMENT OF FLIGHT HANDBOOK CONFIGURATION
RELEASE ACCELERATION LIMITS

For each A~T store configuration contained in the flight hand’book, ’
a release acceleration limit must be established., Some engineering
judgment was involved in determining the proper "g" 1imit from the
calculated envelopes of allowable entiy maneuver f&ctgr. Using the
most critical airplane gross welght for a configuration, the following
factors were taken into consideration in establishing the release
acceleration from the entry maneuver cherts, (1) Possible number of
stores released, (2) Weight of stores released, (3) Poscible modes
of release (paired or alternating), Using this method, release
acceleration limits were established for each configuration which
ensured that aircrafv structural limits would not be exceeded during
a dive toss delivery of stores.
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The approximate formula shown below was used to establish the

trends of the limitetions for variations in the store weight ejected
and in the airplane gross weight.

T T

- = : (
(W -W.)n = k{(L+3F) (5)

P

where,

L i 0

a is the gross weight of the airplane with stores (1bs.)

7WS is the weight cf the stores ejected (1bs.)

N. 1s *he load factor of the airplene center of gravity
Z  aue to store ejection (g's)

-~
~

is the dynamic magnification factor determined from
flight test or analysis

TR

w  is the airplane lift (1bs.)

2F,

is the sum of the individual store cartridge forces (1bs)

With the assumption that the airplane 1lif% is invariant throughout the
ejection sequence, the following expression can. be written:

| L= W_n ‘ 6
- a2 (&)
i ,

- where [ is the load factor of the airplane center of gravity
3 Z0  prior to ejection (z's)

Substituting Equation (6) into Equat:wn (5) the following expression
can be formea:

(Wa-ws)nZ = sz(Wa nzo+§FC’) (7)

Then, by employing Equetion (7), limitations on entry meneuver load

factor, 5179 , ¢on be set so that design meneuver load factor, Ny »
will not be exceeded.
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For airplane gross weights above 29,575 pounds where the limiting
factor is 207,025 pounds on the product of load factor and gross
weight, Equation {7) cen be written as:

. Cm AT ' - 8
07,025) = Kk, (W n, +3F) @

8.0 LIMITATIONS FOR STORES WITH TOWER ALLOWABLE
LOAD FACTORS THAN THE AIRFRAME

A unique situation -arises for stores which have ‘e lower structural
load limitation than the airframe and remain captive during a dive toss
delivery. It is apparent that the entry maneuver load factor rmust be
further reduced to prevent the allowable load limit of these stores

from being exceeded. The following relationship was used to determine 4
the appropriate release limitation: - -7

n. =n. =-1{n - n) (9 *
°S ZOaP ZaP zS *

where,

N )
20 = maximum maneuver entry load factor,.in g's to maintain
store load factor for a store in captive flight

= maximum entry maneuver load: factor, in g's, without
aD  store restrictions

n

Zap = airplane total maneuver load factor restriction, in g's
n 7 = load fector restriction of the store in g's

S

Note that Equation (9) gives conservative limitations since the
more precise relationship is as follows:

L o e it R et e -

- n ) (10)

259 Q!

B T P R

e e e n o e o e A d e e e e e e e S . o o




-

i D o e % Gl ,
- g ao o o r e Featain it fid Ten w 4
r‘i T e o .
.
.
.

p
3

Wwhere, PP
Wap ig theZ5¥ 5 ene gross weight prior to store ejection
(wesy
*'W; is the store weight ejected (lbs..)
. Wap - Ws
Since the tedd WaD is always between 0,5 and 1,0, the load

factor, nzo. from Equation () would be somewhat lower than from:

Eqilation. (10) However, due to ease of application, Equation (9) was
used to set the limitations.

9.0 CORRELATION WITH FLIGHI TEST RESULTS

Flight test date obtained from the Patuxent River Naval Alr Test
Center provided correlation with the analytical results and veriﬁed
the validity of the ma.themtical model used. A comparison of analytical
prediction of the expected aireraft "g" jump with actual flight test
data is shown: in Table III and indicates excellent agreepent over .a
considerable range of store weights for parent rack releases. A more-
complete picture of correlstion of analyticdl results with: flight
test results was obtained on an instrumented drop of MK 84 bombs from
an Air Porce A~(w. On this flight, 'six MK 8% bombs were pair released
from a 36,100 pourd airplsne (including ‘store weights) at an initial
maneuver load factor of 3.6 g's. Analyticel and experimental time
histories of airplane response ave compared in Figure 4. It can be
noted from Figuré 4 that at a fugselage station near the airplane ceuter
of gravity the peak vertical acceleration for the analytical results
is pre.cuically identical to that measured . during the flight test.
Based on these comparisons with flight test results, the capability of
analytically' predieting A-7 response to store ejection was established.

10,0. SUMMARY AND CONCLUSIONS

It was found tha’, A=7 Airplane response to- store eJection loads
imposed high loadings on structural components during high "
sympetric pull-ups such as dive toss deliveries, Therefore, an
ana.lytical investigation was conducted to determine maximun allowsble
entry maneuver load factors for various conditions of release for the
large number of store configurations which cqurise the A-~T attack
capability. A description has bzen pregented of the methods of
analysis employed during this investigation of A~7 response to store

ejection. Also, results of these analytical studies have been compared.
with measured flight test results,
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In cenclusion, the primary objectivé of the investigation of
dynamic résponse losds -on the A<7 was -achieved in thet limitations were
established which ensure that airframe and store stiuctural limitations
are not ezceeded while releasing munitions. The accuracy of ejection
response ‘analyses involving ‘MER and YER racks was greatly improved by
employing rack influence coefficients which had been calculated using
fack mndal dets obtained by ground vibration testing. Finally; based
on comparisons with flight test results, the .capsbility of analyticslly
predicting A-7 response to store ejection was definitely established,
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