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‘ - CHANGES IN USAF STRUCTURAL LOADS REQUIREMENTS
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Loads and Dynamics Branch
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Q ABSTRACT

Q\The nev General Specification for Aircraft Structures, MIL-A-87221 (USAF), does

not establish the traditional, fixed requiraments, but instaad it prasents the current
tailored approach to establishing structural loads requirements. In most casas the
previoue specifications eet arbitrary load lavels and conditions to ba used in atrcraft
deesign. Theee requiraments were based on historical experienca, without congideration
of future potential naede or capabilities brought about by technology advances. Instead,
the naw philoceophy requires that loading conditions be esiablished rationally for aach
wveapon system based on anticipated usage. Also, compliance with each condition must ba
verified by analysie, modal test, or full scals measurament.

During the late 1970e, several conditfons came together that caused tha US Air
Force to davelop new ailrcraft structural specifications. Whila the USAF has always had
a policy of reviewing, revising, and upgrading existing specifications, thare vere
factors favoring a newv approach. The contracting and legal autheoritias believed that
the exieting systum of many lavers of spacifications nredad to be simplified. Alaso,
rapidly advancing structural rechnologfas, coupled with new realms of performance and
control capabilities, damandad that the structural specifications address much wider
2 range of conditions while using an ever widening mix of technologies. The new militsry
i specification for sircraft structures, MIL-A~87221 (USAF), is a major deviation from
past requirement practices. It astablishas weapon syetem uniquely taflored structursl
performanca and verification requirements for airframes based on an in-depth considers-
tion of operationsl naads and snticipated usage. In the past, specifications set
arbitrary condi{tions, levels, snd valuvs to ba used in the dasign of broad categories
of aircrafe.
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INTRODUCTION

Various sourcas have alleged thet design requirements have not kept pace with
currant usage practices; eepecially in tha area of flight combat maneuvers. These
#llegations ignore the new raquirement philosophy and are wrong for several reasconas.

B The specification, MIL-A~87221 (USAF), does not praclude tha consideration of any type
of loading situation. The new specification actually requires the consideration of any
loading conditton that can be identifiad for aither analysis, model testing, or full
scale measurament. Therefore, if a loading ocondition is overlooked, the fault {s not
with MIL-A-8722]1 sinca it {s not a set of rigid, pre-detersined requirements.

B Thus, this new approach doas place s greater relianca on the designar'e {nsight

P and ability to correctly anticipate the actual garvice losds. Tha rerwm designer repre-
; sente ¢ broad spectrum of individuals associated with tha USAF, System Contractor, snd
not just frow the Systas Project Offica vhich manages system developmant for the USAF.
Anyone attewpting to use tha specification must undevrstand that this one document

2 covers all types of atrcraft; from light observation, to the largest transport, to the
& fastest fighters, to any of the most advsnced flight vehicles. Thzrefore, any applica-
¥ tion of this nev apecification must be tajlored to the specific type of aircraft under
drgign., It should algo be underatocod that no two aircrafr designs, even of the same

s nersl typa, will have the same, idantical, anticipated usage. Therefore, not only

p nuet the detail deeign specification be tailored to a specific type or category of air-
& craft, but it must aleo reflect the specific anticipated usage of the aircrafe deing

Ig desigoed and performence cepabilitias brought about by technology tuprovements in

Q asrodynasics, control system integration, materials, and human factors.

b

STRUCTURAL LOADING COXDITIONS

¥ The generel organization of KIL-A-87221 is ehown in figure !. Structural loading
i3 requirements are developed through the application of section 3.4 of the appendix. The
: verification of theee requiremente ie establiehed by the uee of eection 4.4, also of the
appendix. This procadure wvhan incorporeted into the new specification givee the uaer
the best featuree of both a checklist epproach and total design freedow. Tha loading
requiresmant eection 3.4, is divided into flight and ground conditione as shown in figure
2. The flight and ground conditions are divided into subeections as ghown ia figures 2a
eud 2b reepectively. URach of the wany eubsections contain veroue specific load sources
which tha deeigner can either accept or wodify ae appropriate. During aircrafc design,
particular care wuet be exercised in defining Loth the structural loading conditions

and tha seesociate dietributione used to design the airfrase, which {(n turn directly
influences the performance and reliabilicy of the aircreft. MNo single esection of ths
specification can be addresead independently. All raquirasents pertaining to all
technologies wuet be considered as one unified antity. Both flight and ground operating
conditions wust be based on the enticipated usage, unique to a specific atrcraft deaign
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effort. These conditions reflect the operational usage from which design loads shall
evolve.

Even though this new approach gives the desi{gner considersble flexibility, the
designer is not abandoned to establishing all requirements without guidance or assis-
tance. In both the requirement and verification sections, numerous possibilities are
presented for consideration. The applicability or non-applicabliity of each suggested
requirement or verification can be indicated by inserting either "APP" or "N/A" in a
blank provided with each one. For cthose that are considered applicable, either the
requirement or verificstion procedure is then fully defined. Additionally, unique
requirements csn be added as a direct product of the tailoring process.

FLIGHT LOADING CONDITIONS

The flight conditions (subeection of 3.4) consists of thirteen categories, from
the standard symmetrical manauvare, to missile evasion, to the all inclusive "Other"
category which is the one that both fraes the designer from rigid requirements and
simultaneously burdens him with the need to better define anticipated usage. The
maneuver load catagory auggeats a aminimum of five sub-categories for consideration.
Thare ie, of course, the usual symmetric maneuver envelope, figure 3. However, due to
current usage, various maneuvere such as extreme yaw, jinking, or missile lock evasion
are suggested for design consideratiun. Any maneuver which is possible for an antici-
pated aircraft and its usage, must be considered for design purposes.

Other changes can be found in the area of turbulence snalysis. Historically, gust
loading conditions have been snalysed by a discrete approach. However, the current
procedura is to 2aploy an exceedance distribution calculstion. In order to establish
tha exceedance distribution, various parameters are needed. Fortunately, the new
specification does suggest values for these terms; figure 4 is an exampla from the
specification. Also, historically, maneuver and gust losdings were considered inde-
pendent end non-concurrent of each other except for sircraft engaged in low altitude
niseions. However, MIL-A-8722! a:tually wuggests the designer rationally consider
vasrious conditiona where gust and matcsuver loads are combined because they concurrently
affect the aircrafer.

A vary different type of load condition occurs during in-flight rvefueling. Whila
some sarvices use the probe and drogue system, a fev others uae the flying boom approach;
a few use both types of in-flight refueling systems. This specification provides guid-
ance in both these aress to establiuh sppropriste design conditions.

Since the very beginning of aivcrsft pressurization, specificstions have addressed
its loading effects. However, this nev specification addressns pressurization in a
more inclueive manner then in the past. Usually, pressurization concarns have been
focused on cockrirs or crev compartmsents. In contrast, the nev apecification addresses
all portions of the aircraft wtructure subjact to a pressure diffarentisl. The vequire-
ments to c¢crasider pressurization even apply to such areas ss fuel tanks, avionics bays,
or photographic compartments. Tha broad applicatioun of thie section of the specifica-
tion requires constant and capable vigilance by the designer to include all pertinent
structure.

Since this spacification does not presume to directly sddress sll possihle loading
phenomene, & special category is reserved far any unique situations. This category is
called "Other” and (s aveilable ao the designer can completely define all anticipated
aircrafc flight loading conditions. The {mportant aspect of this category {s that the
designer is free to include any flight loading condition derived from operational
requirements thet can bo eppropriately defined for analysis.

GROUND LOADING CONDITIUNS

While aircraft ground operations sre not aw glamorous as flight performanca, thaey
can be the sourca of eignificant loading conditicns. Unlike flight conditions, there
have baen vary fav changes to ground operating conditions in vecent years. In some
cagas tha loading levels heve bean decreesed due to improved civil engineering caps-
bilities: improvad runvays, taxiwaye, rvrampus, etc. Ground loading conditions include
all ground operations (taxi, landing, breking, etc.) and maintenance operations (towing,
jacking, hotsting, etc.).

Ground Operations

Since the earliaet daye of aircraft, ground operatfons aave chenged vary lictle.
Most of these changec have been in the arva of loed segnitude, not in the type or
source of load. Before takeoflf, an eircraft normally needs to texi, tura, pivor, and
drake. Varioue combioetions of these operations must be comsidersd in order to fully
snalyae vealistic gorund oparetions. The reaultant loade ave highly dependent on the
operating conditions, which are in tura dnpendent on tha aircraft type and enticipetad
nission.
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Takeoff and Landing.

Usually takaoffs and landings are performed on hard, smooth surfaces which are of
more than adequate length., However, in some situations the surface is not of adequats
length, hardoess, or smeothness. Therefore, takeoff spscifications must efther antici-
pata all poseible situations or allov the dssigner to establish specific takeoff and
landing raquiramanta for each systsm. For example, considsration is given to rough
aami-prepared and unpreparad surfaces, Evsn rocket and catapult aasisted launch ia
included in the specification. However, the dasigner i{s frse to considsr devices such
as aki-jumps, if they ara appropriats to tha aircraft and miasions involved. Since
takaoffs ara addrassed; so too ara landings. Various surfaces, arrsstment devices
and dacaleration proceduras are included for consideration as possible load producing
conditions, Tha designer and avantual user must wvork togethar to correctly estadlish
landing requirements, since thay can vary graatly depanding on tha final usage of the
aircraft.

Towing

Since tha beginning of aviation, it has bean nacessary to tov aircrafe. While the
designer is fraa to dafine his own toving conditions and asscciated loads, he must alsc
verify tha legitimacy of thausa conditions. In this catagory tha nev specification comes
close to tha pravious Air Porce critaria specifications by providing tha valuss given
in figuras 5 and 6. Ona ahould remambsr that thsss toving conditionse ara vary much a
result of years of empirical experience. Justifying and verifying nev toving load
conditions could ba a very difficult task.

Crashas

Unfortunataly nnt all flights ars successful; soms end {n crashes. Diffsrent
typas of aircraft resquire various types of design considerations for crssh loads,
dapending on their fnhevent dangers dua to mission snd genaral configuration. For
examnple, fightars pose crssh problems with respect to ssats, fusl tanks, or cockpit
aquipment, but definitely not litcars or bunks. Hovever, the design of a transport
vould most assuredly {nvolvs crash load considerations for cargo, litters, bunks, or
evsn tsmporary fusl tanks in ths carge coapartment. The nev specification suggests
various combinations of on-bosrd equipmsnt. These suggested values, figure 7, ars very
aimilar to the historic ones which in the past were firm requirements. Todsy a desiganer
can use factors othar than the suggested ones, as long as the altsrnate load factors can
bs substantiated.

Maintenance

Evan daily maintsnance actions can imposa various loading conditions on afrcraft.
Many maintenanca oparations requirs toving, jacking, or holsting which subject the
aircraft to abnormal and unusual loading combinations that must be considared during
atrerafc design. GCaneval data is supplied for thewe conditfons, figure 8. However,
folloving the tailoring philosophy {n MIL-A-8722! (USAF). the designer is free to
defina any leval of metntenance induced loadiags which can he substantiated.

CONCLUSLONS

The nev specification, MIL-A-87221, will allov design requirements .o be more
closely tailored to the anticipated use of the ajrcrafr. In this way che fina) product
will be more efficient, with less wasted, unneeded, and unused capabilities. This #ill
lesd, in turn, to reduce cousts of ewnership for Alr Force weapon systemss. This speci-
fication has been applied to the definition of rvrequirements for the Advanced Tactical
Fighter. This proceas is now taking place.
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1.0 SCOPE

2.0 APPLICABLE DOCUMENTS

3.0 REQUIREMENTS

3.1-33

4.0 VERIFICATION

3.4 STRUCTURAL LOADING
CONDITIONS

3.5-3.13

4.1-43

5.0 PACKAGING

6.0 NOTES

4.4 STRUCTURAL LOADING
CONDITIONS

45413

FIG. 1 ORGANIZATION OF MIL-A-87221 WSAF)
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LOAD FACTOR, n,

(-}

EQUIVALENT AIRSPEED, V, G

NOTES:

) 2 60 (S

K J H

JA
GC
HD
OH
06

H

GB = VALUE SPECIFIED IN PARAGRAPH 3.2.9
VALUE SPECIFIED IN PARAGRAPH 3.2.9
KE = VALUE SPECIFIED IN PARAGRAPH 3.2.9
Vi AS SPECIFIED IN PARAGRAPH 3.2.7
Vp OR V, AS SPECIFIED IN PARAGRAPH 3.2.7

1

i

FIG. 3 V-n DIAGRAM FOR SYMMETRICAL FLIGHT AS

PRESENTED IN MIL-A-87221 (USAF)
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TOWING LOAD ROTATION OF
CONDITION AUXILIARY WHEEL
DIRECTION FROM RELATIVE T0

FORWARD, DEGREES | MAGNITUDE | NORMAL POSITION| TOW POINT
1 0
2 +30 AT OR NEAR

0.75T EACH MAIN
3 180 GEAR
4 +150
5 0
T 0
6 180
7 0
T 180
AT AUXILIARY
8 180 GEAR OR NEAR
PLANE OF
9 MAXIMUM ANGLE . MAXIMUM ANGLE| SYMMETRY
10 MAXIMUM ANGLE '
PLUS 180
05T PLUS 180
. MAXIMUM ANGLE
PLUS 180

FIG. £ SUGGESTED TOWING CONDITION
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FIG. 6 SUGGESTED RELATIONSHIP BETWEEN AIRCRAFT WEIGHT AND TOW LCAD




LOAD FACTORS
BASIC
mission | LONGITUDINAL LATERAL | APPLICABLE
SYMBOLS | FORWARD | AFT| VERTICAL | (LEFT AND RIGHT) |  ITEMS
ALL 40 20| 10up 14 APPLICABLE
ARPLANES 20 DOWN TO ALL ITEMS
EXCEPT
CARGO 20 10| 10up 10 APPUCABLE
ALL ITEN
(©) 20 DOWH EXCEPT
STOWABLE
TROOP SEATS
CARGO 10 5| s5up 10 APPLIGABLE
(©) T0 STOWABL
SUCUNH TROOP SEATS

FIG.7 SAMPLE SEAT CRASH LOAD FACTORS SHOWN IN MIL-A-87221 (USAF)

.
LANDING GEAR OTHER JACK POINTS
COMPONENT 3-POINT ATTITUDE LEVEL ATTITUDE
VERTICAL 135F 20F
HORIZONTAL 04F 05F

F IS THE STATIC VERTICAL REACTION AT THE JACK POINT.

FIG.8 SAMPLE JACKING LOADS GIVEN IN MIL-A-87221 (USAF)




