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NOTICE

When Government drawings, specifications, or other data are

used for any purpose other than in connection with a definitely
related Government procurement operation, the United States Govern-
ment thereby incurs no responsibility nor any obligation whatsoever;
and the fact that the Government may have formulated, furnished, or
in any way supplied the said drawings, specifications, or other data,
is not to be regarded by implication or otherwise as in any manner
licensing the holder or any other person or corporation, or conveying
any rights or permission to manufacture, use, or sell any patented

invention that may in any way be related thereto.

DISTRIBUTION. A1l papers have been approved for public release, with
unlimited distribution, and are so marked on their titie pages. The -

widest dissemination of this document is encouraged.

A11 papers were reviewed for release in accordance with AFR 190-12
and AFR 190-17 or appropriate USA or USN documents. Distribution state-
ments were made in accordance with AFR 80-45 or appropriate USA or
USN documents which implemented DOD Directive 5200.20, 24 Sep 70.
Initial distribution of this document, to the List of Attendees, accom-
plished by the Air Force Armament Laboratory (DLJC), Eqlin AFB, FL
32542, USA. Other requests for this document must be referred to the
Defense Documentation Center (DDC), Cameron Station, Alexandria, VA

22314, USA (Attn: TCA).
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This pub]ication contains the proceedings of and technical papers
presented at the Fourth JTCG/MD Aircraft/Stores Compatibility Symposium,
held at the Civic Auditorium, Fort Walton Beach, Florida, USA on
12-14 October 1977.

" The purpose of the symposiuh was to bring together the technical
expertise within Govermment and industry throughout the world to review
and discuss compatibility developments and experiences. Exchanging
methods and ideas is essential in present and future systems development.
No one organization holds all the answers to aircraft/stores compati-
bility problems. Solutions to these problems depend upon coordinated
efforts by both aircraft and store designers who are aware of the other's
requirements.

The symposium committee wishes to express its apprgciation to those
persons responding to the call for papers, the authors and the presenters,
the session chairmen, and the attendees for their contributions in making
the?symposium highly successful. Special appreciation is extended to

Major General Howard M. Lane, USAF, Commander, Armament Development and

I Accession For

Test Center, Air Force Systems Command, for his welcoming remarks in open- .-
ing the symposium. f
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Acknowledgement is made to all those people from Eglin AFB who
worked long hours so diligently, cheerfully and efficiently to give
us such a pleasant, professional success.

Suggestions are welcomed for making our next conference (late
1979) even more productive. COmmenfs may be forwarded to
Mr. C. S. Epstein, Air Force Armament Laboratory (DLJCE), Eglin AFB,
FL, USA, 32542,

Publication of this‘report does not constitute Air Force approval
of the technical papers’ findings or conclusions. It is published

only for the exchange and stimulation of ideas.

ihod &7&9

- CHARLES S. EPSTEIN
Chairman, Working Party 12
JTCG/MD -
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AERODYNANIC m'mucmm? OF STOREC AND ATRFRAMES
0

(Article UNCLASSIFIED)

by

Derek H. Peckham
Roysl Aircoraft Establishment, Farnborough, UK

ABSTRACT. (U) The effectiveness of a military aircraft depends
on its ability to carry weapons efficiemntly and deliver them accurately,
with a low risk of loaing the aircraft, and to be able to repeat
missions after a short turn—round time. It will be argued that the
achievement of high effectiveness requires careful attextion being paid
0 the aerodynamic design of weapons and their installation extermally
on aircraft, that substantial improvements are attainable, and that
future trends in combat aircraft design are likely to increase still
further the importance of the contributions to be made by the designers
i of weapons and weapon ingtallatioms.

The subject is considered under the three main headings of Drag,
Aireraft Flying Qualities, and Store Release Disturbapre. A broad
review is given of recent work in the United Kingdom on. the aerodynamic
interactions between stores and airframes, covering work at the Royal
Aireraft Establishment, and work under comtract in UK Industry and the
Aircraft Research Association. While reduction of drag is seem as the
3 prime ajim for the aerodynamicist, the paths to be followed will have to
% be guided by considerations of flying qualities and store release
requirements.

The origins of the high drag of current stores installations are
examined, and recommendations made of ways in which improvements could
. be made in the short, medium and long term. A casge is made for
‘ improved prediction methods and the importance is stressed of making
F comprehensive plans at an early stage in the life of a project to set up
a methodology for treating the complete problem.

Approved for public releagse; distributiam unlimited
Copyright ©) Controller EMSO, London, 1977
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IHTROTC TION

The effectiveness of a military aircraft depends on its ability to
carry weapons efficiently and to deliver them accurately, with a low
risk of loging the aireraft, and to be able to repeat missions after a
short turn round time. Achievement of high affectiveness requires
careful attention being paid to the aerodynamic design of weapons, and
the means of carrying them externally om aircraft, coupled with a sound
appreciation of engineering and operatiomal requirements.

E In particular, good aerodynsmic design of the weaponr installatiom
‘ can maks an essential contribution to achieving:

increased speed at low level to reduce vulnerability to ground
fire :

' increased radins of action or time over target

: T increased speed, twrn rate, rate of climb, acceleration and
? manceuvrability in air-to=air combat

improved stability and conmtrol for more accurate weapon aiming”
- improved weapon accuracy stemming from reduced release disturbance

increased safety and higher limiting speeds in releage or jettison
of stores

reduced airoraft weight and improved structural integrity ’uy
reducing carriage loads.

With equal truth; it can be said that lack of attemtion to the

serodynamic dssign of weapon installation can result in degradation of
- aireraft performance and effectiveness. Despite the increased
B | attemtion paid to the aerodynamic aspects of weapon carriage over the i
- lagt decade, it still seems to be necessary to warn about the pemalties i
4 that can be suffered. Pig 1 shows 3 views of a typical combat !
l aircraft. At the top is a view of the clean aircraft, next is a view :
- of the aircraft with a heavy load of weapoms. Obvicusly, these will
X have an effect on drag but, at first sight, it does not sppear that it
; will be very large. However the third view shows the frontal aree of
- esach component scaled in proportion to its drag contribution, and it
- | becomes clear that the stores and their carriers contribute a drag of
| about the same magnitude as the clean aircraft. The impact of such a i

497 |
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Fig.! Three views of a typical combat aircraft
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1

A load on airoraft performsnce is illustrated in I'ie' 2 which shows

. diagrammatically = but to scsle = the likely effects on a representative
F misxiom. -
J

L However, rather than dwelling on the negative aspects of the
‘ problem, ie of the penalties and what can go wrong, the aim of this
| paper is to cutline some of the positive contributions  that aerow
dynamicists concerned with weapon carriage can make in the short,
mediuvm and long term. While the emphasis in this paper is on design for-
low drag, it will be argued that the paths to be followed will have to
. be guided by considerations of aircraft flying qualities and store
| releass requirements, particularly in the long term, and that future
trends in combet aircraft design are likely to incresse still further
the importance of the comtributions to be made by the designers of
weapons and weapon installations. A camprehensive review of the subject
is not attempted in this short paper; rather, emphasis is put an the
significance of results from recent work in the UK. .

THE AEROTNAMIC INTERFEHENCE BETHEEN WEAPONS AND THE CARRIER AIRCRAFT

Scarcely any characteristic.of an aireraft escapes modification due
to the external carriage of stores. The principal effects are that
. external stores increase inertias, degrade stability, reduce lift and
! increage drag = usually by far more than the drag of the store itaself
' (Mg 3). Purthermore, just as the presemce of & store load modifies the
flow field round the aircraft, so the presence of the aircraft can pose
L difficult problems for the weapon in terms of carriage loads and release
disturbance (Pig 4). .

The author makss no excuses for stating these elementary facts
because when the primary aim is a low=drag wespon installation, it is
all too easy to set cut mm =z path leading to problems in other areas
which can be expensive and time~consuming to remedy late in the develop=~
nent stage of an aircraft project, or which lead to restrictions on
aircraft operating speeds and manceuvre limits if remedies cammot be
foand.

Though we may comfort ourselves that we have been getting bhetter
in the way in which we install weapons on aireraft, and that the path
forward in the short tem is fairly clear, the normal evolutiocnary
» trends of caabat airoraft design (and often weapon design) will mean
o that designing good weapon installations will become more difficult in
‘- the longer term.

» Without digressing deeply into the complexities of airoraft design,
o it is clear that improvements in wing-sections for high speed, high=lif‘t
systems for low speeds, new structural materials, engines of lower
specific weight and fuel consumption, lower equipment weights etc, will
1 all lead towards airoraft (designed to meet a given performance
E requirement, say) being lighter and of smaller wing area than they would

| | 499
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Fig.3 Principal effects of external stores on aircraft
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N Ao ;”*Aiman flow field distorted
-« - -\\&’ by presence of store

" Weapon flow field distorted
by presence of aircraft

Loadszfree-stream loads+({free-stream derivatives x differences
between local flow and free-stream)+licads due to nm-umformlty
- of aircraft flow field+™ closo interference” loads

Figé Loads on store when store is close to aircraft
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%3 he if designed to current in=service standards. Tms the carrying

¥ capability of airoraft in terms of store payload~fraction cam dbe

4 expected to increase, so that the size of the store load relative to

N the aircraft dimensions will also increase (Pig 5). Purthermore,

- there is a contimmning tendency for new weapon shapes to be less demse

; than previously (Pig 6), accentuating still further the liksly

: | difference in the relative sizes of weapoms and airframes in the future.
Thms we can expect the ratio of wetted areas of stores to the wetted
area of the airframe to increase, and the closer proximity of greater
mmbers of larger stores on a maaller airframe will increase serodynamic

- interference, both these effsots leading towards a greater propertion of

‘ the total drag being dne to the stores installation = unless we impeove

' ocur methods of weapon carriage. Similar remarks apply to the likely
gseverity of effects on airocraft flying qualities and weapon release
disturbance. In addition, it can alaso be expected that the Air Forces

: of the world will demsnd still higher performance for the next

4 gensration of cambat airoraft, adding further complication to the problem.

Tmes there are a mmber of trends one can foresee in the develop=
ment of future combat aircraft and weapoms, all of which will make the
E design of weapor installations more difficult. Unless progress is made
1 towards still better ways of understanding and minimising the

serodynamic interactions between stores and airframes, the performance
i penalties associated with carriage of stores externally will increase,
I - and it is likely that the problem of effects on aircraft flying
qualities and store releage will become more severs.

. THE INSTALLED IRAG OF STORES
Clearly, a primary cause of the high installed drag of stores is

that the stores themselves have a high drag in free air. It iz easy for
the aircraft aerodyramicist, having demigned a clean aireraft, to
criticise the weapon designer for producing weapons with excessively
bluff noses, various excrescenses, far from good surface finish, lap
joints, bluff beses etc. On free fall weapons, perhaps we are still
suffering from the standard practices of the days when they werse carried
‘ in bomb bays and drag did not matter. On boosted weapons, perhaps the
3 designer is mesmerised by (thrust-drag), where cnly modest gains in
acceleration would be obtained from a big effort in drag reduction.
Whatever the reasons, the message is still not getting across of the
k. need for low drag of the weapon inigolatiom.

One aspect of this problem has been investigated by a group in the

- UK, camposed of members from industry and research establishments. It

: has heen found that while various estimating methods generally predict
the total drag of a store with reagonable accuracy, the methods differ
considerably in detail, with the result that there are often wide
differences in the estimates of the contributions of the varicus drag-

F - producing features of a store. This may be a clue to why little

3 | progress is being mdq. Unless we can say with confidence that certain
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Current technology

(\ Next -generation

technology

Fig5 Effect of improvements in aircraft technology on
spacing ‘of store load
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’ features are responsible for drag contributions of particular magnitudes

| and can point to proven ways of reducing drag (ie experimental results

: and some theoretical analysis) it is understandable why weapon

' designers do not respond to gemeral exhortations to improve their drag

' standards.

' Variocus programes of work are under way in the UX to improve our
knowledge of weapon drag. An extensive gerieg of tests on the drag and

' ' pressure fluctuations caused by surface excrescences has been under= :

: takem (1) and increasing use is being made of the isolated store drag

' rig at ARA (Pig . Also, because stores often have a lower drag~rise
Mach maber and steeper drag rise then a clean aircraft, a series of
wind tumel tests have been made at the RAE (2) on a variety of fore~
‘body shapes with varying amommts of blunting to provide both empirical
results of direct value to designers and material for validation of
theoretical methods of transomic drag prediction (Pig 8). !

The next reason for high installed drag is that the free-air drag
of a weapon is magnified by the carrier and the ejector release umit
to which it is attached. Even after the stores have beemn released,
the carriers and ERU's can give substantial drag pemalties, and their
effects are especially damaging as they have to be carried back from
as well as to the target. The same remarks apply to designator pods,
camera pods and gun installations which are also carried throughout
. the mission. Thus reduzing the drag of such items can give an even
f greater return than reducing the drag of stores which are released

balf-way through the mission.

The drag penaliies caused by the crutch arms of ejector release
wits are now well known, and major reductions in drag have been
achieved (3) by the development of Minimm Area Crutchless Ejector .
units (MACE) as shown in Pig 9. An added bomus from this system is
that the elimination of flow separations caused by crutch arms gives
a smoother flow over the rear of the store, which can reduce the
fatigue loading on the weapon and carrier.

. Bueh can be-dome tn-reduce the installed drag of mmltiple store
carriers, as was reported (4) by Haines of ARA at the 1975 JTCG
Symposium, by application of simple established aerodynamic principles
involving relatively minor modifications and re-design of existing
! ) store carriers and assemblies. An example was given where it had been
‘ found possible to reduce the isolated drag of a loaded triple carrier
to a value of only about a third of that of the original "standard"
carrier. Research on this theme has continmued at the ARA and extended
to the investigation of the problems of twin carrier design (Fig 10).

.. : '

Similar principles can be applied to reduce the drag of groups of
stores by exploiting favourable aerodynamic interference. In essence
there are two main forms of such bemeficial interference, normally
referred to as tandem effects and axial stagger.
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Fig 8 Forebody shapes tested at transonic speeds
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Tandem effects are obtained by plascing one store in the wake of
another and by shielding it from the full impact of the free stream.
Obvicusly, the maximmm beneficial tandem effect is obtained if the
stores are closely packed and have large flat basges, or if for any
other reason they have high drags and generste wide wakes. It is
effective at all speeds, and gives the greatest savings with stores
that have bagically high drag; if stores are well streamlined they
ghould have relatively emall wakes and tandem effects will be small.
¥any of the various schemes for "comformal®™ carriage make use of this
effect. Axial stagger is a more subtle exercise in which the pressure
fields of adjacent stores are so disposed as to promote their mutual
cancellation, thereby delaying the cmset of shock waves. Its main
application is at transonic speeds and to those stores for which wave
drag is an important comstituent of the tqtal drag. An example of drag
reduotion for a group of stores by the combined use of tandem effects
and axial stagger is givem in Pig 11. It was found that the drag of a
load of 8 bombs under fuselage carried in 4 pairs on twin carriers
could be reduced by about 30% at high subsonic speeds by re-arrangement
of the bomb locad. This question has beem investigated further using
an array of stores under a reflection plate (Pig 12), the aim being
to idemtify tandem and axial stagger effects in the absence of an
airoraft flow field, otherwise these effects can be obscured by the
influence cn the area distributiom of the weapon/aircraft combinmation.

All of the preceding methods, reduction of isolated store drag,
better carriers and ERU's and better grouping of stores to obtain
maximom benefit from tandem effects and axial stagger will all need to
be pursued if store installation drag is to be kept within reasomable
bounds on fuature aircraft designs.

Evidently, attention 4o the ways in which weapons are supperted
and grouped together can give valnable rewards. While it should not be
too difficult to define an optimum arrangememt for one type of store
load, this ig likely, however, to be nonw=optimum for another weapon
fit. Perhaps what is required are carriage systems with secope for easy
adjustment of ERU positioms, so that near—optimmm groupings of a wide
variety of store loads can be achieved. Close collaboratiom between
aerodynamicists and weapon installation engineers is obviously needed
to achieve this aim, and critical examination is needed of the effects
of engineering comstraints made om the grounds of low cost and practical
simplicity, which can of'ten be the source of excess drag.

EFFECTS OF STORES ON AIRCRANT FLYING QUALITIES

Nost stores have considerahle capability to generate lif't and hence
their presence can change the loads on an aireraft. Typical effeets on
lateral stability are increases in side forces and reductions in yawing
and rolling moments dne to side slip (ny and ly) because of - the
forward and dowmward movement of the centre of pressure (Fig 13).
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“ mlo- static in tho- plane is gemmerally unde—

sirable, the major problem is often emcountered at high incidence. A
necessary, but not sufficient, condition for stability is a positive
value of a "divergence parameter”, and a typical variatiom with inci-
dence is plotted in Fig 14, which illustrates how manoeuvre limitations
may be imposed by weapom carriage. Reduction in nv is the major culprit
in this case, but changes in inertias have also had an influence. To
minimise such effects, one should endeavour to:

= place the weapons as far aft as possible to reduce the loss of
n., ‘ .

~ minimise the extent to which stores are placed below the aircraft
centre of gravity to reduce the loss of ly

= try to minimise changes in aircraft inertias, which means
getting the stores as close as possible to the aircraft centre
of gravity.

Such aims are not always compatible with the demands of low
installed drag. While possible effects on lateral handling should not
inhibit exploration of new ideas concerning weapon carriage, it is
necessary that they should be kept in mind. An example of a recent RAE
investigation into under fuselage carriage of 8 bombs is given in
Fig 15, which charts the variation of yawing moment as schemes were
developed for progressive reductions in drag. Eventuslly, a substantial
drag reduction was obtained with a minimal loss of stability, though
various intermediate schemes combined smaller drag savings with greater
loss of stability.

It is more difficult to give general guidance on the effects of
stores on longitudinal stability. Instability can result from stores
promoting separation of the flow over a wing, the resulting loss of
lift causing pitch up; thers can be loss of tailplane effectiveness
vwhen this part is bathed in the wake of a store. In such cases,
reduced drag from cleaner aerodynamic design is in harmony with improved
flying qualities. )

The presence of stores can also readily upset the "finelywtuned"
aerodynamics of the wing, with the result that maximum lift is reduced,
despite the 1lift gemerated by the store itself. This problem may become
more difficult in the future in that advanced demigns may have quite
high pressure gradients on the wing lower surfaces which raises the
possibility of flow separations (and comsequent btuffet) being induced
by stores at low, as well as at high, lift conditions. Evem if
stores do not reduce the maxinmm 1lift of the wing, their drag still has
serious effects on sustained turn rate (Pig 16).

_CARRTAGE LOATS AND STORE SEPARATION

The flow field in which a weapon is situated can be significantly
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influmced by local effects, such as the presence of another weapon
nearby, and this has already been discussed in the context of installed
drag. But in gemeral, local flow comditiomns in the regioms under wings
and fuselages whers weapoms might be mounted vary with location and the
attitude of the parent airoraft.

To fix some ideas as tc magnitudes, a combat aircraft pulling
around 8 g at sea level could have an angle of attack of 179, which
might be accompanied by a yaw of 3%, At typical weapom locations this
can lead 3° local values of incidence and yaw on the fuselage of
aromd 25 and 40°, respectively. Under the wings, the loeal incidemce
can vary from 25° at the leading edge to 5° at mid=chord, with the
local yaw angles being arommd 15 to 20°. ’

The most obvioms lesson to the weapon installation engineer is
the need for the carriage system and the weapon to be able to withe
stand large forces, especially side forces. MNoreover, the non~umi-
formity of the flow field means that the distribution of aerodynamic
forces over the weapan is likely {to be very different during carriage
from that in free flight. Thus carriage may pose a completely distinct
and demanding design stressing case from both ultimate and fatigue
strengths points of view.

Similar remarks apply to stors separation characteristics, which
are even more difficult to predict than carriage loada. To illustrate
the problem, the mmmmer in wikich the interference btetween a weapon and
aircraft decays as the weapon separates is summarised in Pig 17, and an
example is given in Pig 18 of an analysis of the variation of pitching
moment o a weapem in a typical underwing flow. This grossly over=
simplifies a complex situation, but the aim is to illustrate that the
relative mizes of the somes in which the various comtritutioms to
the total load on the weapon can vary subatantially with the aircraft
and weapan cemfiguration. )

“Difficult as the problemsare, it is the author's view that aero=
dynamicists seeking to design low drag weapon installations must
further develop methods to predict carriage loads and store separation
characteristics, which can be used in parallel with methods for drag
prediction in the early stages of design. Great precision is not
required; the main aim is to identify *bad® features of a weapon
installation at an early stage.

Nore exact predictions of store separation characteristics by
experiment and/or caloulation are often time-consuming, expemnsive and
have long lead times. Tims it is important that sufficiently compre=
hensive plans for work an release problems are made at an early stage
in the life of a project, as the consequence of not mounting an
adequately extensive and timely programme can be expemsive and lead to
protracted modificaticnato the project at a late stage in its develop=
ment. It is also essential at an early s't.a.ge to set up a methodology
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for treating the complete problem that is sufficiently comprehensive
snd precise to maks full use of all the data that will become available.
A flow chart for such a methodology is illustrated in Fig 19.

Probably ane of the quickest methods for checking on store trajee—
tories is the light model dropping technique, which is used extemsively
to establiah release canditions which are acceptable from an aireraft
safety point of view, Its main drawback is that if the correct Mach
nupber is used, the teckhniques give conservative answers because the
model store trajectory will be closer to the paremt aircraft than at
full scale., Effectively, the test is dome in a gravity deficiemt
enviropment. To improve the simmlation of store drops by this
technique, HSA (Brough) have developed a rig which can accelerate a
1/30 scale model vertically upwards at 29 g, thereby compemsating for
the error in vertical separatiom distance ?Fig 20). This workswell,
and it has been proved that pyrotechnically-powered ERU's can be fired
immediately after the model acceleration starts with precise timing and
repeatability. Camparisons between tests with and without acceleration
of the model show significant differences in pitch angle and.sideways
movement of the store due to accelerating the aircraft model. This
result is important because it has been the practice to correct for the
gravitational deficiency by the addition of an increment in the vertical
separation distance. Tims this type of correction is not sufficient, and
the sideways movement of the store could not have been predicted by any
simple method.

PROSFECTS FOR IRAG REIUCTIQN
GENERAL

Becauge the timewgcale of weapon and aircraft developments are
not usually in phase with each other, and because the development time
scales of weapons are usually shorter than those for aircraft, the type
of improvementa that can be made in weapon installations will vary
between the short, medium andlong term. A suggested overall strategy is
sumarised in Fig 21, the main theme being that the passage of time will
bring increasing opportunity to realise the large potemtial bemefits of
reduced drag dne to store carriage, and that in the longer term the .
weapon installation designer ought to make a major contribution towards
the design of new weapon=airframe systems from conception.

SHORTITERN

Within short time scales, changes are confined to those that cam be
coantrived with existing equipment, but this is not so restricting as
might be thought at first sight. The most obvious example is that
maxismn use should be made of MACE-type carriers, which can reduce the
installed drag of single stores by over 25%, and research has shown
that similar percentage gains are obtained on mmltiple carriers. A
further example of short=term bemefit is the greater use of tandem

§22
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carriage, particularly for stores which have relatively high free-eir
drags. Such stores are often carried side=by-side on twin carriers.
Installed drag savings of up to. 296 are possible. Tandem carriage can
give problems of cg shifts, and flexibility of the beams can cause
ejection velocities to be a funotion of the position of each store in
the release sequence. However, underfuselage locations should be free
from most, or all, of thege problems. o

Thus, with some re-arrangement of the store load making grester use
of tandem=beam carriage, and low drag Efla, reductions in overall aire
craft drag of up to 256 might be posmible. It is difficult to mee how
equivalent gains in airoraft performance could be achieved by uprating
of engine thrust for the same financial outlay.

XEDTUN TERM

For the medium term, the most obvious possibilities for improve=
ment are the developmemt of weapons having lower free-air drags and the
engineering realisation of improved carriera. While it is difficult to
quantify the aerodynaric improvements that might be achieved without
undne cost, it is suggested that a halving of the 'avoidable! drag of
weapons by reduction of excrescences, better nose shapes etc is an
achievable aim in many cases. Since many stores have an avoidable drag
comparable to their basic skin friction drag, it is possible that
overall drag reductions up to 20§ could be obtained for stores carried
underfuselage or underwing at subsonic speeds, though it would appear
that the benefita of reduced free-air drag can be almost completely
offset by store/aircraftinterference for underwing carriage at transamic
speeds. On carriers, research in the UK has shown tbhat dramatic improve
mnents in drag are possible while remaining within the obvious engineering
constrainty ofnot excesgively exacerbating the torques imposed by the
action of ERUs, space for ERU.fitment, acceas for loading and arming
etc. In addition, there is some evidemce that axial stagger, which is
an esgential feature of these designs, can reduce release disturbancese.
The drag reductions achieved by means of such designs are around 60%
for the triple carrier, and about 30% for the twin carrier at low
speeds, reduncing to about 10% at high speeds.

In principle, the ultimate step in the aerodynamic design of
carriers, would be to bury them in the aireraft or a pallet and thus
shield them from the airstream, ie 'tangential carriage'. Unfortunately,
such a step undoubtedly increases the problems of access for loading
and arming, with the danger that turn=round times would become extended.
With the development of MACE, and the potemntial large improvememts in
carrier design just desoribed, the pemalties for exposing the carriers
to the sirstream are diminishing and hence eroding the aerodynamic bemews
fits of tangential carriage. The suthor suspects that there is room
for much technical argument on this question in coming years.

In the mediim term there will also be greater opportumities for
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re=arrangement of stores underfuselage and underwing, along lines
discussed earlier, but care will be needed to avoid degradation of
lateral stability characteristics, as discussed earlier.

LONG TERM

In the longer term, the logical exploitation of tandem effects

' leads to variocus schemes generally referred to as 'conformal carriage’.

3 The. efficacy of conformal carriage in reducing drag is indisputable,

: tut it has its limitations. One difficulty is that when a variety of

stores of differing length need to be carried in an installation where

i the ERU positions are fixed, gaps are left which can comsiderably

3 inocresse the installed drag. Another problem is that stores which -
are ideal for conformal carriage, in that they can be packed closely

= together, tend to have high free-eir drags which makes them unsuitable

3 for underwing carriage on conventional carriers, say. If the situation

‘ arises whers larger store loads have to be installed or smaller

airceraft, as argued in Section 2, them it would appear that space under—

fuselage will not be adequate, and stores will have to be distributed in

an optimum fashion both underwing and underfuselage; thus it may be

undesirable to develop stores which are suitable only for underfuselage

carriage. Perhaps the solution is to have ERU positions wnder fuselage

which can be varied to suit differemt store lengths, thereby obtaining

pear-optimum layouts for a wide variety of store cambinations.

T

' The most important contribution that the designer of weapon

' installations can make in the longer term is to have hisg ideas ready

‘ at the time of conception of a new aircraft design, and to be flexible
- in his approach, this flexibility being based on a better physical
wnderstanding of the aerodynamics of weapons installations than we
bhave today, backed by proven prediction methods.

If the designers of weapon installations take an active part in
. the initial aireraft design process, them they will have much more
influence on the sizing of the aircraft, with consequent savings in
initial cost and life=cycle costs. An illuastrative example has been
produnced using the military version of the RAE miltivariate design
synthesis computer program (5). The aircraft was sized for a groumd
attack mission with 6 bombs, and the effects of successive reductions
K of 10%, 20% and 30% in bomb installation ‘drag were investigated. It
X : was found that these reduced the aircraft size by 2%, 4% and T%,
respectively. If these drag reductions were obtained only after the
- design had been frozem, there would be litile or no savings in
¥ aircraft cost and life-cycle costs (though performance would be same=
; vhat better than required).

i

IXPROVED PREDICTION METHOIS

A vt 4
——

Throughdut this paper, the author has been making a plea for «

improved prediction methods covering, and linking, the various aspects
i
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of wespcn installation design as it affects aircraft performance and
flying qualities and release of stores. What seems to be needed are
essentially simple but camprehensive methods, based as far as possible
on the underlying physics of the problem, as opposed to empirical
correlations, which can be used as a framework to guide future work as
well as providing better predictions of drag, stability etc. This ism
not meant to demigrais the value of existing methods for calculating
store trajectories, for example, These give valuable assistance once
the airoraft and store flow fields have been modelled, but it is a
time=consuming process to set them up, and time=c to investigate
the effects of changes in aircraft and stors geometries (as distinct
from the effects of changing store position).

- : A start has been made at the RAE on improving methods for drag

‘ estimation (6), the main aim being t¢ replace the use of empirical

: tagsembly factors' by methods for estimating mutual interferemce within
3 a group of stores. Allowance for mmtual interference between stores

E seems to be a notable lack in current methods for calculating store
tru.jec‘l:or.i.es.

The method has been shown to have adequate accuracy for many
purposes during preliminary project work and to give a reliable guide :
to the relative merita of alternative means of carriage both conventional
= and unconventional. It is being used as a framework to guide future
3 work, and it has highlighted the need for further understanding of the
| mtual interactions between stores at transonic speeds, tandem effects
' between closely spaced bodies and inatallation effectas at supersomic

and transonic speeds. Broadly speaking, it can be described as an
empirical method structured by theory.

A start has also been made in developing similar methods for
estimation of carriage loads, release disturbance and the effects of
weapon carriage om aircraft stability. An example of preliminary
results from an investigation of methods for predicting release
disturbance for a gunided weapon is given in Pig 22, where it can be
seen that representation of a wing by a simple theory (line vortex +
line source + line sink) and calculating yawing moments on the atore
from flow angles at the moment reference point and near the canard
' control surfaces, gives results close in general shape to a more=

exact theory, both the theoretical estimates being close to experiment.
, It is mggested that such methods should be very useful to weapon
= designers, and designers of weapon installations, to guide them towards
o the best type of weapon installation early in the initial project stage,
N rather than finding out later or, when more exact calculations have
‘ been performed, that problems have to be overcome.

gt

CONCIUTING REMARKS

- : To sux up, understanding the aerodynamic interactions between
: stores and airframes has a dominating effect on the design of stores
’ ‘ installations for low drag. While the path towards lower drag
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installations is fairly clear, future trends in aircraft and weapon
design are likely to present increasingly difficult problems for the
designers of weapon installations, but will also increase the importance
of their future contributions to the design of effective combat aircraft.

Achievement of low drag will need to be guided by considerations of
weapon installations on airoraft flying qualities, carriage loads and
nlmodisturbmce, and there is a need for simple prediction methods
o all of these subjects to guide the designer towards good installations

in the early project stage.
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THE APATL LOADS PROGRAM; MACLIP
' (MAXIMUM AIRCRAFT CARRIAGE LOADS AT INSTALLED POSITIONS),
‘ A DISCUSSIOGN OF THE TECHNIQUE
)
(Article UNCLASSIFIED)

by

! C. Wayne Ingram
William W. Dyess, Jr.
US Air Force Armament Laboratory
‘ Eglin Air Force Base, Florida 32542

ABSTRACT. (U) In the AFSC Regulation 80-33 "Class II Modification
Procedure,'" the responsibility for clearing stores for flight on AFSC
aircraft was relegated to ADTC/DLJC. It thus was incumbent on DLJC to
determine some mammer of approach to the question of insuring the aircraft
structural integrity while carrying stores. This approach should be as
; accurate as possible, as inexpensive to operate as possible, and as
! responsive to short suspenses as possible, Obviously there were a number
of trade offs to be considered. The result of this trade off study was
the technique used in the program MACLIP (Maximum Aircraft Carriage Loads
i at Installed Positions). MACLIP is used or will be used to determine the
structural integrity of the F4C/D, F4E, Al0, F16A, and F16B aircraft with #
stores installed on their various pylons Th:.s paper discusses the pri-
mary modules of this program and how they will be used. These modules
and a general description of each is as follows:

a. Executive Module - Controls flow of information and order
of execution of all other modules.

| b, Aircraft Modules - Determine the inertial and attitude
parameters for each of the candidate aircraft throughout various maneuvers.

€. Aerodynamic Module - Reads installed aerodynamic coefficients
for the stores being evaluated, and transfers this data into a format which
may be accessed by the other modules.

3 d. Loads Module - Combines asrodynamic and inertial data to
determine total loads at a reference point.

i e, Structures Module - Compares previously generated loads to
b, defined maximum allowable loads at various control points on the aircraft.

. f. Output Module - Controls all output options, Data may be

i printed out in tabular or graphic form in either engineering or managerial ]
format, _ l

("Approved for public release; distribution unlimited.")
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! z + Z Coordinate Axis
| £, Allowable Load
£, Calculated Load
' t g Acceleration Constant (32.2 ft/sec?)
_ : {1} Least Square Constant Column Mat\rix
1 ! {m} Least Square Constant Column Matrix
| a Angle of Attack
8 Angle of Sideslip
{n} Least Squares Constant Column Matrix
] i 8 Angle Formed ‘by Y and Z Store C.G. Coordinates (arctan %)
|
|
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INTRODUCTION

The analytical approaches currently available to the loads engineer
considering the prediction of aircraft flight loads are many and varied.

The loads engineer may, based on experience and previous flight test
data, determine by analogy that the aircraft is capable structurally to
carry a given store or stores. This analogy approach is by far the least
expensive and usually the least time consuming of all approaches.
Although the advantages are evident, many clearance requests do not lend
themselves to the analogy approach due to a store's singular aerodynamic,
. geometric, and/or inertial characteristics.

At the other end of the spectrum the maneuver response may be

{ obtained by use of a digital or hybrid simulation program. An advantage

of loads prediction by dynamic simulation is the higher degree of accu-

racy obtainable as compared to other analytical methods. The major dis-

i advantages are the requirements for significant amoumts of computer time

‘ and manhours. To investigate a flight envelope using a simulation method,
an adequate number of mach-altitude points must be considered to cover
the full scope of the desired envelope. At each mach-altitude combi-
nation, loads critical maneuvers must be modeled. The large number of

‘ permutations which arise from consideration of many mach-altitude points
and critical maneuvers at each point result in significant usage of com-
puter time by the time dependent simulation method. Also, a simulation
program generally requires wind tumnel data consisting of store and
aircraft airloads data as well as aircraft stability data.

. Due to the type of workload at Eglin AFB (i.e. response to on-going

e projects) a method of predicting loads was needed which would have the
b, fast turn-around features of the analogy method and yet still be accu-

rate like the simulation method. This approach involves loads analyses

independent of the time variable hereafter called the compressed

maneuver model (CMM) approach. This approach can be used when critical

loading points within a maneuver time interval can be isolated and pre-
% dicted as functions of aircraft performance and attitude parameters.
X The aircraft performance and attitude parameters can be obtained by
2 using existing aircraft stability and airloads data for store-aircraft
] configurations which provide conservative or outer bound values of these
parameters. The major advantages of the CMM approach are the reduced
requirement for aerodynamic data associated with each new configuration
and a reduction of computer time as compared to the time dependent
simulation method. Although the CMM method is not as accurate as the j
simulation method, its conservative base does not generally exclude its
usage as an analytical tool for clearance studies on the majority of ;
flight configurations.

: A loads prediction computer program, Maximum Airborne Carriage Loads
. at Installed Positions (MACLIP), based on the latter approach is cur-
- rently being developed by AFATL/DLJCS, Eglin AFB, FL. This program,
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" described herein, is being written in FORTRAN code for use on the CDC

6600 computer in both batch and interactive modes.
MACLIP QVERVIEW

MACLIP is organized into a modular structure. The modular struc-
ture provides for greater clarity in the overall understanding of the
program and allows for more efficient computer processing by overlaying
of the code.

Figure 1 illustrates the primary level of modularization. Execu-
tion of each module below EXECUTIVE is controlled by the EXECUTIVE
module. The order of execution of the various modules, as indicated
by Figure 1, is controlled by inputing control cards, with at most the
EXECUTIVE module and one other module being employed at any particular
time, Overlay structuring, possible because of the modular concept,
allows for minimm core usage which can be of significant importance
since t:.m-sharing interactive terminals may limit core. The current
overlayed version of MACLIP requires 62K octal words on the Eglin CDC
6600 computer.

EXECUTIVE MODULE

The EXECUTIVE module performs S primary functions. These functions
are:

(1) Defines necessary files

(2) Reserves common blocks

(3) Reads all data from the input file

(4) Produces an input data echo on a specified ocutput file
(5) Controls program flow to the various modules

The EXECUTIVE module defines the standard input, output, punch, and
plot files. Of special interest are files tape 10 and tape 11 which
serve as commmication files from one module to another. Input data and
values of variables calculated within a particular module are written
onto one of the two communication tapes. The following module which is
executed will read from the tape, placing the read information and addi-
tional calculated values onto the second commmication tape. The next
module will read from the second communication tape and place the read
information plus calculated values back onto the first tape in an over-
write mode, This process of tape flip-flopping will result in a final
data tape which contains all initial, intermediate, and final variable
information as utilized and developed during program execution. Employ-
ment of the tape flip-flop method allows a significant reduction in core
usage.




EXECUTIVE

@ =z
1

@ N £ . )
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Figure 1. MACLIP Modular Structure
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A common block consisting of 1390 words is reserved by the MAIN
routine. The majority of the common storage allocated is required for
the plotting routines within the OUTPUT module. If plots are not
desired, the common size can be reduced significantly.

The MAIN routine reads all data from the input file and echoes the
data onto the chosen output file, showing record count and providing a
column number reference heading.

Program flow to the different modules is controlled within MAIN by

'use of code cards. Module execution sequencing is usually 1 to 6,

although modules can be executed in any order. The user must be aware
of the necessity for a correctly formed communication data tape prior
to execution of a module.

STORE MODULE

The purpose of the STORE module is to compute the position of the
center of gravity (C.G.) of the composite of all stores, beams and/or
adapters of one store station on the aircraft. In addition, the weight,
pitch inertia, yaw inertia, and roll inertia of the composite about its
C.G. are computed.

The capability to perform C.G., weight and rotational inertia cal-
culations exists for both internally and externally mounted hardware.
A maximum of one store can be handled with internal mounting and maximums
of 6 stores, 2 beams, and/or 2 adapters with external mounting. The
simple case as illustrated in Figure 2 shows sample required geometrical
inputs for use in the STORE module.

The STORE module also computes the distances from each store, beanm,
and adapter C.G. to the composite C.G. and places these values in an
array. Subsequently the values may be used to determine the aerodynamic
contribution of each piece of equipment to the total aerodynamic coeffi-
cients referenced to the composite C.G.

The inertial values obtained by the STORE module may be used to
provide inputs for total aircraft inertia calculations and load path
equation develapment,

AIRCRAFT (A/C) MODULES

An aircraft or A/C module exists for each aircraft or significant
aircraft model, A-10, F-4C/D, F-4E, and F-16A/B. The function of these
modules is to compute those aircraft parameters which influence and des-
cribe the dynamic maneuvering capability of the aircraft, These param-
eters are computed for each chosen maneuver at each chosen mach-altitude
point. The computed parameters are based on both analytical flight per-
formance data and, where possible, flight measured performance data.
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»
E Extensive use of curve fitting techniques has been employed to reduce ]
; the core requirements of a table look-up method. The primary functions 3
¢ of the A/C module are: ]
3 ‘ (1) Define the flight envelope and thes specific mach-altitude
' point within the envelope to be investigated.
(2) Define the maneuvers to be investigated at each mach-
I ' altitude point.
(3) Compute aircraft C.G. location, total weight, and rotatiomnal
inertias for the aircraft including fuel load and store
carriage.
(4) Compute aircraft dynamic magnification factor (DMF). -
(5) Compute aircraft angle of attack at predetermined points
within the maneuver.
. ) 1
(6) Compute aircraft sideslip at predetermined points within
i the maneuver.
3 ’ (7) Compute full stick roll rates, pitch rates, and yaw rates
; at predetermined maneuver points,
(8) Compute full stick roll accelerations, pitch accel-eratidns,
and yaw accelerations at predetermined maneuver points.

Figure 3 illustrates the chosen envelope and mach-altitude points ‘
investigated during a typical F-4C/D loads analysis. Fifty points, pri- !
marily along constant knots calibrated airspeed (KCAS) lines, are chosen. ‘

P At each point symmetric and unsymmetric g maneuvers are analyzed. Symme-
v tric maneuvers consist of pullups and pushovers for Nz's of -2 to +5 in
$ increments of lg. Unsymmetric maneuvers consisting of full stick rolling
§ pullups and rolling pushovers from -1 to +5g's are executed in 1g incre-
N ments. '
ug
‘. . Aircraft C.G. location, total weight and rotational inertias are 3
X computed using weight and balance data for the basic aircraft, Inertial
) parameter values for the carriage hardware (Ref. STORE module) are added.
1
» The dynamic magnification factor, which is a measure of the effect i
;‘ of the wing's flexibility on dynamic loading, varies for each aircraft. :
‘ The F-4C/D DMF variations are obtained from Reference 1.

Angle of attack (alpha) and sideslip angle (beta) data for each
aircraft has been obtained using specific configurations which produce .
conservative values of these angles as compared with most other configu- i
rations. An F-16 370 gallon fuel tank configuration has been found to i i'
produce wide ranging alpha and beta values and will be employed in the \
F-16A A/C module., Equations for alpha and beta, which are functions of
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Figure 3. Typical Loads Investigation Envelope
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altitude, mach, Ny, and lift, are developed by curve-fitting techniques.
Linear interpolation between curves is performed when necessary.

The three axis full stick rotation rates and accelerations are
dependent upon mach, altitude, aircraft inertia, and control surface
effectiveness, for a particular aircraft. An aircraft configured to
provide conservative values of these parameters is utilized.

In general the pitch and yaw motion of an aircraft produces less
significant loading than does roll motion. Since loading due to roll
motion is more significant, the method used to describe its contribution
toward total loads will be presented. In the case of roll motion both
rate and acceleration are important. The critical points to be con-
sidered during the roll or unsymmetric maneuver are best described by
the aircraft's roll response model. Figure 4 shows the model used for
the F-16A A/C module. Points 2, 3, and 4 of Figure 4 are investigated
as separate load cases in both right and left rolling maneuvers, thus
giving six load cases for each unsymmetric maneuver,.

The load cases studied for each maneuver at each mach-altitude point
become large in number, if an entire envelope is investigated. Although
large in number, the computer time required is not large, since integra-
tion of time dependent equations is not necessary as is the case for
simulation programs. Typical full envelope investigation for the F-4C/D
is 1 to 2 minutes depending on output desired.

In addition the A/C modules provide the user the option of a case
by case study, where user generated mach-altitude and maneuver definition

- data is input. This option is useful for comparison purposes with flight

test loads data.
AERO MODULE

The purpose of the AERO module is to calculate the aerodynamic
coefficients of the store or composite equipment in the presence of the
aircraft. These coefficients may be calculated (depending on input data)
for each individual piece of equipment or for the entire composite.

The module uses a least squares technique to compute the aerodynamic
coefficients for equipment installed on the aircraft when angle of attack,
sideslip angle, and mach number are known. The computation is performed
in two phases.

PHASE I

All measured aerodynamic data is input. This data consists of (for
each data point, i) My, a5, B3, ONj,» Cyj» CA;, C155 Cmy» and Cny. Mi, a4,
and 8; are independent variables and, depending on the degree of curve fit

required, are stored along with their cross terms and multiples in the
least squares coefficient array, [A]. The degree of curve fit relating
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each coefficient to each independent variable is chosen by the user
based on his knowledge of the particular store aerodynamic characteris-
tics. The elements Cy;, Cy;, Cay> C155 Cpy, and Cp; are stored in

column matrices {Cy}, {Cy} {CA} {C]_} {Cyp} and {C } respectively.
Thus, using least squares techniques,

[A] (N} = {cy}
[A] (Y} = {Cy}
[A] (A} = {Gy} (0 - (6
(Al 1} = (g}
[A] {m} =  {Cp}
[A] (n} = (G}

where the column matrices (N}, {Y}, {A}, {1}, {m}, and {n} are the least
squares constant matrices for the respective equations. Using backward
and forward substitution methods, the least squares constant matrices
can be obtained.

PHASE 2

The specific fhght parameters M, a, and 8 are input and the corre-
Tgand:.ng values for CN» Cy» CA» Cl» Cps and Cn are to be determined.

e matrix [A] is reformed with the new values for the mdependent
variables. Thus, considering again Equations (1) to (6) and using the
previously obtained least squares constant matrices, only the coeffi-
cient matrices remain unknown and therefore can be solved. The Phase 2
procedure is executed for each load case, since changes in M, a, and/or
B are occurring.

Additional features of the AERO module includetape handling pro-
cedures to allow direct usage of wind tunnel data tapes and plotting
routines to assist the user in correctly chosing the degree of curve fit.

LOADS MODULE

The loads module computes the total loads at the center of gravity
of the composite. These total loads are then used to determine the
reaction loads at the aircraft interface. The primary loading will
occur in the Y and Z axis directions and for brevity sake, only the
equations of motion for these degrees of freedom will be presented.
First, consider an aircraft as viewed from the rear
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Now consider free body diagrams
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In addition to the above, one has to consider that when an abrupt roll
is initiated by an aircraft, the wings will flex and spring back. This
results in a momentary increase in the roll acceleration. A dynamic
magnification factor (DMF) has been determined and is applied as a
multiple of the roll acceleration term of the above equations,

Thus j
. g 2 1
Ny it ZP (DMF) + YP- (11) ,
: g 8
and
[}
Nz = -YP (DMF) * _le (12)
g g {
f. Next comsider the possibility that the store is on the left wing (viewed |
- from rear). This would, for the same maneuver, produce a sign change in
| Ny and Nz. Since Y will change sign for this wing, the terms multiplied
L by Y will have the correct sense. However, those multiplied by Z will
o be incorrect., This problem may be corrected by either writing different
| equations for different wings or by some algebraic form. The latter
2 method is used and the result is as follows {
. ) o E
N o= YR o+ Y2 (13)
Yg g
Np = YB (OMF)  + Yz (14)
g Yg

In addition to this calculated Ny due to roll there is an empirically
determined Ny; due to aircraft handling problems and a contribution to

: Ny due to yawing motion. Since during any given maneuver, this could be

R in either direction, the worst case is assumed, i.e., this additional Ny

N is in the same direction as that calculated above. Also there is an addi-

‘ tional Nz; term that results from the pitch plane portion of the maneuver.
This portion is input as positive down. Thus, adding these additional
variables into the equations, we have,

3
‘ Ny - Y Ny, + (OMF) + YP*  (15)

Y 3
N2 -Nzy -29 (DMF) + C(16)
: g

Now that the inertia load factors have been determined, the inertial
forces and moments acting at the composite C.G. may be determined.
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where

F];x is
Fly is
Fy is
Iz

qu is
Mpy is
My, is
W is

the

the
the
the
the
the
the

NyW ‘ (17)
NN (18)
NW g (19)

inertial force in the x-direction
inertial force in the y-direction
inertial force in the z-direction
inertial moment about the x-axis

inertial moment about the y-axis

inertial moment about the z-axis

total composite weight

Next we must determine the aerodynamic forces and moments. To do this,
the input values of the asrodynamic coefficients of axial force (C,), ,
side force (Cy), normal force (Cy), rolling moment (C;), pitching moment
(Cm), and yawing moment Cn); the aerodynamic reference length (L), the
aerodynamic reference area (X), the aerodynamic transfer function (T),
and the dynamic pressure (Q) are used. Thus,

MAY

CAQA (21)
CyQA : (22)
CNQA (23)
CIQKL (24)
CnQAL + CNQAT (25)
ChQAL © +  CyQAT (26)

where Fy and M, are the forces and moments in the designated directioms.

Finally to obtain the total loads and moments at the C.G., one has to add
the inertial and aerodynamic components. Thus, :

- - L e —— ————
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FI X + FAx (27)

PIY + F Ay (23)

F1, ¢ Py (29)
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My = MIx * MAx (30)
= M

My . M * Ay (31)

W= oM, e My, G

The LOADS module uses the method of Reference 2 to determine
reactions loads at the aircraft interface. The standard hook and
swaybrace arrangement applies to the majority of equipment/aircraft
configurations and is the only interfacing technique considered. The
assumptions and equations, being suffic;ently covered by Reference 2,
will not be presented herein.

STRUCTURAL MODULE

The STRUC module utilizes the equipment/aircraft interface loads to
determine the structural integrity of the aircraft undergoing flight
maneuvers. Structurally critical points within the aircraft are defined
for the many different combinational loading cases. The structural
integrity of these critical points for a particular maneuver is expressed
by structural indices (SI).

The STRUC module is, of course, aircraft dependent., For this rea-
son, the module consists of subroutines which apply to specific aircraft
structural characteristics. Dependent upon aircraft and mounting station,
critical loading points may vary from the hook and swaybrace points to
the vertical tail-fuselage junction. Development of the load path
equations which compute loading at critical points has been accomplished
using static stress analysis methods. Non-flexure analysis generally
results in a conservative stress value, since flexure often allows stress
relief through adjacent structure. Once the static stress of a critical
point has been defined, the SI is determined relating the computed stress
to the allowable,

SI = fe x 10 (33)
a
As can be seen from Equation (33), an SI greater than 10 indicates possi-
ble structural failure. An SI is calculated for each critical structural

point for each maneuver performed at a mach-altitude point. Maximm SI
values provide a summary chart as developed by the QUTPUT module.

OUTPUT MODULE
The OUTPUT module gives the user a quick-look summary of results

and also provides options for data output as necessary for in-depth
engineering analysis of a loading case., The output options available are:
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(1) Configuration Definition

(2) SC4020 Plot OUTPUT
(3) SI Summary Charts
(4) Tabular Cutput

The QUTPUT module defines the configuration in two ways. First, a
narrative output giving equipment type, mounting position, and other
pertinent facts is provided. Second, a pictoral head-on display of the
aircraft and equipment in symbolic form is given.

The option of plotting up to five curves on an X-Y axis plot is
available. A routine which forms X-Y data arrays from any repeatable
record binary tape utilizes format specifications supplied by the pro-
gram user, Performance parameters, aerodynamic data, or loads can be
plotted from the binary commmication tapes, 10 and 11.

The SI summary charts display the maximm SI obtained for one
critical point at ome particular Nz for all mach-altitude points
checked. A typical SI chart (see Figure 6) places the SI values on a
mach-altitude graph at positions corresponding to the pre-determined
mach-altitude check points.

Tabular output consists of commmication tape (tape 10 or tape 11)
printing. Tabular output may be obtained at the conclusion of each
module execution and gives a running history of initial, intermediate
and final calculations. This output can be used to provide backup data
for justification of SI calculation. Also, should the user suspect
program problems, an effective aid in debugging is thus available.

RESULTS

In order to verify the CMM approach, flight test data obtained
during F-4D/GBU-15CWW flight loads testing was utilized (Reference 3).
A MAU-12 rack on the right inboard wing pylon was instrumented to pro-
vide swaybrace and Z direction hook loads as a function of time. Nor-
mal acceleration, altitude and mach for specific time hacks during a
maneuver were used as inputs to MACLIP. Using these parameters, the
program calculated the angles of attack, aerodynamic loads at the store
C.G., and ultimately the hook and swaybrace reaction loads.

For comparison purposes a 5g symmetric pullup was selected. The
maneuver was initiated at .9 mach and 14000 feet altitude. Figure 7
compares forward hook, aft hook and maximum swaybrace loads at one
second time intervals. The program load values remain at slightly
higher than flight test load values throughout the maneuver, This con-
servatism can be primarily attributed to the assumptions used by
Reference 2, At lower values of the normal acceleration the forward
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| ) hook is the most heavily loaded. Even though the store C.G. position
: is 17 inches aft of forward hook (30 inch suspension), the loading is
L driven by the pitch down aerodynamic moment. As the normal acceleration !
, increases, maximum hook loading shifts to the aft hook and the maximum f
g ‘ loading can be attributed to inertia. The aft right swaybrace is the

most heavily loaded swaybrace due to aerodynamic pitch and yaw moments.

CONCLUSION

- ! Loads analysis by the CMM approach is an acceptable means of snaly-

X sis for the majority of aircraft flight clearance requests involving
store carriage. The isolation of critical loading points within a

o ‘maneuver nullifies the need for a time dependent maneuver model which
requires, relatively speaking, large amounts of computer time. Although
the CMM approach may produce slightly. conservative loading values, the
conservatism is not unduly restrictive for most desired aircraft flight
limits,

Future development of MACLIP will-involve completion of the A-10
and F-16 A/C and STRUC modules, Further correlation of MACLIP produced
loads with flight test loads datza will be pursued using instrumented
A-10 and F-16 aircraft, Correlation work will concentrate on loading
produced by unsymmetric flight maneuvers.
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THE PROPER USE OF MILITARY SPECIFICATION
\ , MIL-A-8591E FOR DESIGN OF STORES TO BE USED BY
1 THE UNITED smss AIR FORCE
(Article UNCLASSIFIED)

by

. US Air Force Armament Laboratory (DLJC)
F Eglin Air Force Base, Florida 32542

ABSTRACT. (U) For years there has been a great deal of discussion
among contractors and the Air Force about how to apply the Military Speci-
- fication MIL-A-8591, about how to obtain waivers from the specification for
E their design and about the rational behind the specification. ADTC/DLJC
- has the charter from AFSC Regulation 80-33, "Class II Modification of Aero-
- space Vehicles" to review and approve for flight all "nonnuclear ordnance
| and all other types of external stores, except RPVs." Thus DLJC has been
' in a position to answer these questions from contractors. However, this
has always been done on a price-wise basis.

The purpose of this paper is to define to the general stores community
what is the acceptable manner of using MIL-A-8591 for store designs. The
major topics of concern will be:

a. MWhat is the purpose of the specification?

b. What is the relationship of the total loads generated in
accordance with the specification to the “"real world" loads?

c. How is the specification used to predict distributed Toads?

e

*d. What are the major problems associated with designing a store
using the specification?

a, . .
A s
o cw— L

e. What is the future of the specification?

("Approved for public release; distribution unlimited.')
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1.0 INTRODUCTION

For a number of years now, the compatibility office at Eglin AFB
(DLJC) has had the responsibility of certifying stores for flight on
ADTC aircraft. Recently this responsibility was extended to all AFSC
aircraft by the publication of AFSC Regulation 80-33 (see Reference 1).
Part of the evaluation leading to certification is the review of the
structural integrity of the store when installed in the desired car-
riage position. In order to insure sufficient structural strength,
stores are supposed to be designed to MIL-A-8591E (see Reference 2).

A careful review of loads analyses of many different external
stores shows three basic problems:

a. Incorrect use of the methods of MIL-A-8591E resulting
in incorrect loads being generated

b. Use of techniques other than those of MIL-A-8591E with-
out obtaining proper authority

¢. Use of a variety of different incorrect methods of dis-
tributing loads along the store

2.0 DESIGN OF STORES AND SUSPENSION EQUIPMENT
2.1 Recommended Method for Gemeral Design of Stores

The methods of MIL-A-8S91E, Procedure II are recommended for use
by a store designer in the design of a store for general use through-
out the Air Force. The proper use of this technique will result in a
set of loads, which if designed to, will insure that the store has
sufficient strength for its carriage locatiom.

This recommended method consists of two classes of suspension
location, wing and fuselage, and three types of carriage condition;
flight, arrested landing, and catapult. Since this paper concerns the
Air Force application, and since little confusion seems to exists as to
the proper way to employ these last two carriage conditions, this paper
will concern itself with the flight condition only. The specification

presents the loads galculations in two parts: inertial and aerodynamic.

The inertial loads are computed using one of the design limit load
factor (DLLF) envelopes as shown in Figures 1 and 2.

The aerodynamic loads are computed using the equations below where
the "corners' referred to are as shown in Figures 1 and 2.
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Corners (1) and (2)

3 ag = 0 to 38000 degrees 1)

v ' =

X Bs = + 3000 degrees 2
q

, | Corners (3) and (4)

i ag = 0 to -22800 degrees (3
,_ q
' Bs =  + 3000 degrees 4
q
l
- Corner (5)
3 as = 100 to -15200 + 100q}/2 degrees (s)
' ‘ q 1
[ B - + 13000 degrees (6)
F q
!
! Corner (6)
ag = 0 to 30400 + 100q}/2 degrees )
| q
. Bg - + 13000 degrees €))
q

Corners (7) and (9)

R ag = 0 to 38000 degrees 9)
& q
E B =  + 13000 degrees (10)
q

3 Corners (8) and (10)

ag = 0 to 30400 degrees (11)
: q '
P Bs =  + 13000 degrees (12)
| q

The method of using this data is relatively simple, certainly
much more so than other correct methods of design. One first computes
the DLLFs to be used and the ag and Bs to be used. These are then
applied uniformly along the store body as depicted in Figure 3.
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From this data, shear-moment diagrams can be computed which can
then be used for the detailed stress analysis. Unless, as is rarely
the case, the algebraic summation of all component aerodynamic forces
and moments equals those generated by using the total aerodynamic
coefficients for the store, then the reactions calculated at the attach
points to the carriage aircraft will not be the same for the two methods.
Thus if, as has been done, a designer were to start at the nose of a
store and work his way back forming the shear-moment diagrams and using
the reactions as calculated by using total store aerodynamics, when he
got to the other end of the store he would find that his curves did not
close. His result might look something like Figure 4.

There are several methods by which the above problem can be reduced
to an acceptable level.

a. The total aerodynamics coefficients used can be those
which are computed by summing all component aerodynamics.

b. Start at each end of the store and work toward the attach
] points generating the shear-moment diagrams. When the
attach points are reached, input the reaction values com-
puted using total store aerodynamics. Then for the area
between the attach points force the curves to close by
= : comnecting the values with a straight line for the shear
and the corresponding curve for the moment. As an illus-
tration of the results see Figure 5.

C. Assume that the measured or calculated total aerodynamic '
coefficients are correct. Compute the shear-moment dia-
grams starting, from each end of the store and attempt to
close the diagrams using the reaction forces generated by
the total aerodynamic forces. Adjust the component aero-
dynamics and try again until a solution which closes and
is reasonable is reached.

Since in general the specification results in an overdesign of the
strongback region of the store, the second method, which is easy to
employ, should be sufficient.

Just because only one shear-moment diagram has been discussed above
is not to imply, of course, that only one is needed for a design effort.
Various loadings and their corresponding shear-moment diagrams must be
examined to obtain the critical family of curves for design.

2.2 Some Additional Methods of Design of Stores
'3 2.2.1 Using MIL-A-8591E with Modified DLLF

In some cases where the actual load factors for the various aircraft
under consideration can be determined these values may be used instead of
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FIGURE 4. AN EXAMPLE OF A TYPICAL SHEAR DIAGRAM WHICH DOES NOT CLOSE
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FIGURE § RESULTS OF COMPUTING THE SHEAR DIAGRAM FROM EACH
END OF THE STORE AND FORCING THE DIAGRAM TO CLOSE
BY LINEARIZING THE SECTION BETWEEN THE LUGS
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the DLLF's in MIL-A-8S91E. Care should be taken, however, to insure that
those load factors include such factors as dynamic magnification of wing,
or local station and pylon increase in local g on wing or station and
pylon due to angular rates and accelerations of the aircraft, gust loads
on the aircraft, etc. : ’

2.2.2 Using MIL-A-8591E with Modified Aerodynamics

This technique is used in programs where money is available and the
major concerns are lightness of weight, increased performance, and low
drag. In this technique the actual aerodynamic coefficients for the
components of the store are determined in wind tunnel testing with the
store in its carriage position. This procedure has several drawbacks
which make it impractical for most design work.

a. The testing involved is very expensive compared to a
normal MIL-A-8591E run.

b. Reduction and correlation of data is very time consuming.

¢. Methodology needed to distribute loads along the body may
be difficult to determine,

d. Due to the high cost of the store model (since it must con-
tain several balances, pressure tapes, and/or strain gages),
the aerodynamic design of the store must be essentially
fixed before the test can start. This is the reverse of

- the way a good feedback design loop should work.

e. The future use of the store will be limited to the car-
riage position on the aircraft for which aerodynamic data
was obtained. If it is desired to fly this store at
another store position and/or on another aircraft then
the wind tumnel test and analyses would probably have to
be re-performed.

2.2.3 Using Both Modified DLLF and Aerodynamics

This method combines the modified portions of 2.2.1 and 2.2.2
resulting in using both modified DLLF's and modified aerodynamics.

2.3 Recommended Method for Obtaining Waivers and Invoking Changes to
the Recommended General Method of Design for Stores

If for some specific reason it appears that the Air Force could
be best served by using something ot