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MILITARY SPECIFICATION

AIR80RNE STORES, SUSPENSION EQUIPMENT ANO AIRCRAFT-STORE INTERFACE
(CARRIAGE PHASE); GENERAL DESIGN CRITERIA FOR

This specification is approved for use by al1 Departments
and Agencies of the Department of Oefense.

1. SCOPE ..

1.1 =. This specification sets forth general structural and
mechanical design criteria to which airborne stores, suspension equipment and
their associated interfaces shalI be designed. Provisions are included to
promote cross-utilization and servicing capabiIity among ml1itary aircraft of
al1 services of the Department of Defense and various NATO country aircraft.
Guidance is provided for design, analysis, test, and documentation of airborne
stores, suspension equipment and the aircraft-store interface during captive
operations. Acquisition of airborne stores and related suspension and release
equipment shal1 be covered by a detai1 specification or drawing--tobe prepared
by the contractor or acquiring activity.

1.2 -. This specification contains general criteria that shall be
used to design, analyze, test and document the development of airborne stores,
suspension equipment and other detai1s of the interface between the store and
the aircraft suspension equipment.

1.2.1 !,!njQ&storu. Certain types of stores possess unique
characteristics which negate the strict adherence to many of the requirements
listed in this specification. These are gravity 1aunched torpedoes and tow
targets. For the detai1ed requirements not stated in this document, the
acquiring activity should specify such.

1.3 ~ti. Unless otherwise specified, al1 airborne
stores and suspension equipment shal1 conform to this specification and shal1
perform in service with mlnlmum possible restriction on the aircraft flight
envelope. Unless otherwise specified, al1 requirements stated herein are
applicable to al1 services of the Department of Oefense.

2. APPLICABLE OOCUMENTS

2.1 @vernment docum~.

2.1.1 ~. The following
specifications, standards, and handbooks form a part of this document to the
extent specified herein. Unless otherwise specified, the issues of these
documents shal1 be those listed in the issue of the Department of Defense
Index of Specifications and Standards (0001SS) and supplement thereto, cited
in the solicitation.

Beneficial comments (recommendations,additions, deletions) and any
pertinent data which may be of use in Improving this document should be
addressed to: Naval Air Engineering Center, Systems Engineering and
Standardization Department (Code 53). Lakehurst, NJ 08733-5100, by
using the Standardization Oocument Improvement Proposal
(00 Form 1426) aoo~rinu at the end of this document or bv letter.

.-
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SPECIFICATIONS

MILITARY

MIL-T-7743 Testing, Store Suspension and Release Equipment,
General Specification for.

MIL-M-8856 Missile. Guided, Strength and Rigidity, General
Specificationfor.

MIL-A-8860 Airplane Strength and Rigidity, General
SDecification for.

MIL-A-8868 Airplane
MIL-A-8870 Airplane

Flutter,

STANDAROS

MILITARY

MIL-STD-21o Climatic

Strength and Rigidity. Data and Reports.
Strength and Rigidity, Vibration,
and Divergence.

Information to Determine Design and Test
Requirements for Mi1itary System= antiEquipment.

MIL-STD-81O EnvironmentalTest Methods and Engineering
Guidelines.

MIL-STO-1760 Aircraft/Store Electrical Interconnection System
MIL-STD-2088 Bomb Rack Unit (BRU). Aircraft, General Design

Criteria for.
MS3314 Lug. Suspension. (JOOO Pound Class) Airborne

Eq~ipment.

(Unless otherwise indicated, copies of federal and military specifications,
standards, and handbooks are available from the Standardization Documents Order
Desk, Building 40, 700 Robbins Avenue, Philadelphia, PA 19111-5094.)

2.1.2 Othe r Government documents. drawinas. and DUbli CCiti OnS. The following
other Government documents, drawings, and publications form a part of this
document to the extent specified herein. Unless otherwise specified, the issues
are those cited in the solicitation.

DRAWINGS

NAVAL AIR SYSTEMS COMMANO

1380540 MK 3 Mod O Lug.
155526B MK 14 Mod O Lug.

(Unless otherwise indicated, copies of Naval Air Systems Command drawings are
available from the Naval Air Technical Services Faci1ity (NATSF) (Code 3121), 700
Robbins Avenue, Philadelphia, PA 19111-5097.)

NAVAL SEA SYSTEMS COMMAND

3236121 Coordination Oata, Torpedo MK 46 Mod 5.
5548694 Torpedo MK 50 Configuration Coordination Drawing.

(Unless otherwise indicated, copies of Naval Sea Systems Command drawings are
available from the Naval Ordnance Station (Code 802), Louisvi1le. KY 40214-5001.)
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PUBLICATIONS

NORTH ATIANTIC TREATY ORGANIZATION

STANAG 3441 AA Design of
STANAG 3558 AA Locations

(NATO)

Alrcraft Stores.
for Aircraft Electrical Control

Connections for Aircraft Stores.
STANAG 3575 AA Aircraft Stores Ejector Racks.
STANAG 3726 A4 BaiI (Portal) Lugs for the Suspension of Aircraft

Stores for Fixed Wing Aircraft and.Helicopters. =

AIR STANDARDIZATION COORDINATING C4MU41TTEE(ASCC)

AIR STD 20/10 Ejector Racks for Conventional Munitions.
AIR STD 20/13 Suspension Lug Wel1s,.Reinforced Areas, and Design

Load Crlteria for Oroppable Aircraft Stores.
AIR STD 20/15 Suspension Lugs for 1000 Pound Class and 2000 to

5.500 Pound Class Stores.
AIR STD 20/17 Mechanical Arming Wire Connections Between

Alrborne Armament Stores and Asso-elated’
Suspension Equipment.

(Unless otherwise indicated, copies of STANAGS and AIR STOS are available from
the Standardization Documents Order Desk, Building 4D, 700 Robbins Avenue,
Philadelphia, PA 19111-5094.)

2.2 ~. The following document forms a part of this
document to the extent speclfied herein. Unless otherwise specified. the Issue
of the document which is 000 adopted is that listed in the issue of the 0001SS
cited in the solicitation. Unless otherwise specified. the issue of document not
listed in the OODISS is the issue of the document cited in the solicitation.

ANERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI Y1O.7 American Standard Letter Symbols for Aeronautical
Sciences.

(Application for copies should be addressed to the American National Standards
Institute, 1430 Broadway, New York. NY 1001B.)

(Non-Government standards and other publications are normally available from
the organizations that prepare or distribute the documents. These documents also
may be available in or through 1ibraries or other informational services.)

2.3 Order of ore-. In the event of a conflict between the text of this
document and the references cited herein (except for related associated detai1
specifications. specification sheets or MS standards), the text of this document
takes precedence. Nothing in this document, however, supersedes applicable laws
and regulations unless a specific exemption has been obtained.

3. REQUIREMENTS

3.I Jer s a d no enclatur~ U.S. Standard Atmosphere, normal atmospheric
property va!’iat!ons,redesignanaiysiS, test and reporting nomenclatures to be

3
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used shal1 be those equivalent to appropriate and applicable terms and
nomenclature used in the related basic airplane design specification
MIL-A-8860 or as specified in the contract documents by the acquiring
activity. Definitions and symbols shal1 be in accordance with 6.3.

3.2 Desiqn strenqth. The airborne store and associated suspension
equipment shal1 have the strength and rigidity to support the forces and
moments resulting from the loading conditions specified herein (see 3.11).
For limit, yield, and ultimate conditions, stress analysis and tests shall
demonstrate that allowable stresses are not exceeded. The service life of the
structure must equal or exceed the specified 1ife required in the applicable
contractual document.

3.2.1 Limit loads. Unless otherwise specified, the maximum loads expected
In normal operation of stores and suspension equipment, including sway brace
and lug loads during captive carriage, designated herein as the 1imit loads,
are used In this specificationand referenced specifications and formulas.

3.2.2 Yield loads Unless specific yield loads are delineated, yield
loads are obtained he~ein by multiplying limit loads by 1.15,’ihich is denoted
the yleld factor of safety (yield factor of safety is 1.0 for Army
applications). The effects of deformation remaining after application and
removal of yield loads shal1 not exceed those prohibited in 3.3.

3.2.3 Ultimate loads Except when specific ultimate loads are delineated,
ultimate loads for suspe~sfon equipment or airborne stores while in the
captive phase (store is within the sphere of influence of the aircraft) are
obtained by multiplying the llmit loads by 1.50, which is the ultimate factor
of safety for the captive phase. The airborne store or associated suspension
equipment shal1 not fail during application of ultimate loads. Failure is
constituted by unintended separationof the store from the suspension
equipment, separation of any part of the store or suspension equipment at
ultimate or lower loads, or a material fracture of the store or suspension
equipment.

3.3 Deformation. The permanent deformations resulting from flight or
structural test articles being loaded statically, cyclically, or dynamicallY
with yield loads shal1 be combtned with any thermal deformation due to
application of design temperature. If the thermal deformation should be in a
manner which would relieve the yield deformation, the more critical
deformation shal1 be considered. The deformation considered shall not:

a. Inhibit or degrade the mechanical operation of the store or
suspension equipment, or of the carriage aircraft.

b. Adversely affect the aerodynamic characteristics of the store,
suspension equipment or the carriage aircraft.

c. Require repair or replacement of parts.

3.4 Desiqn loads. The design loads shal1 include thermal effects and
aeroelastic structural deformation. Magnitudes and distribution of loads
shal1 also include effects of structural dynamic response resulting from
transient or suddenly applied loads, such as armament dynamic hang fire loads
as defined by the acquiring agency or derived by the contractor in a rational
manner acceptable to the acquiring agency.

4
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3.4.1 Hang fire conditlonj Army and NavY’reQu~rement. The Structural
requirement for a hang fire cond{tlon Is that the weaPon shal 1 StaY attached
to the support structure during a hang fire condltlon. The design crlterla ~s
stated below. .7

(1) Llmlt load - thrust x dynamic load factor (DLF)

(2) Ultimate load = .I:lmltload x 1.5

The contractor should provide a DLF by analysts or test. If the DLF Is
unavalIable, then a OLF of two Is to be used.

3.4:2 Hang fIre condltlon, Alr Force requirement. Alr Force requirement
shall be speclfled by the Air Force.

3.5 Store classification. This specification shall be used for both
ejected stores and raiI launched stores. Detalled characteristics of each of
these stores are given In the following paragraph$, which are not applIcable
to torpedoes and tow targets. ,...,-... ....

inc~~~;lalE*~e~he ~xl
mum gross weights of eflectedstores shal1

This actual weight, and any attainable lesser
weight, shall be used In the”determlnatlonof design loads and establishment
of the store weight ‘classfor selectlon of suspension lugs. Store weight
classes, approved lug types, and spacing for each class are llsted in Table I.

3.5.2 Ratl launched stores. The maximum gross weight and other
characteristics of rail launched stores are llsted in Table II. Each class
has unique hanger/ralI mechanical Interfaces. Table III 11lustrates the
typical hanger conflgurat!on for each class of ral1 launched stores.
Generally the hangers are etther an internal T-shaped hanger (Figure 10) or an
external U-shaped shoe (Figure 11).

TABLE 1. Approved Iuq confiqurat{on for aircraft stores.

Number Lug
‘eightcla$s Me!ght range of lugs Spacing, inches figures Remark!

100 20 to 100 2 14 (see Figure 4) I

1,000 101 to 1,450 2 14 or 30, or both 2or3 [1
(see Figures 4, 5,
or 6)

2,000 1,451 to 3,500 2 30 (see Figure 6) 3

12,000 3,501 to 12,500 - (see Figure 7) y

Iver12,500 12,S01 and up (see Figure 7) .- ~1

.-

~/ Stores in this weight category may require 14-inch or 30-inch spacing, or
both. The decision as to which spacing will be required will be found In
the store detail specification and WI11 be a function of store weight,
length, dtameter, moments of inertia, and types of aircraft on which it
will be carried. Only Figure 3 lugs shall be used for 30-inch spacing.

5
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Only Ftgure 2 lugs

In most instances,
in bomb bays.

TABLE 11.

Weight
class

300

600

600

Weight
class

LAu 7

300

LAU 118

600

MIL-A-B591H

shall be used for 14-inch spacing.

stores in this weight category w1ll be sllng suspended

Typical rail launched store characteristics.

Weight
(lb)

< 300

300

1000

TABLE III .

Diameter
(in.)

c1

c 10

> 10

I I Launch
Type

Air-to-
air

Alr-to-
a~r

Air-to-
surface T

Range,. ,.type

Short Rai1

Medium Rail/
eject

Medium Rail/
----=eject..

Rail launched store configurations.

Forward hanger ~/

22’011-
R

1“4111-

Aft hanger ~/

22’01r=

723

t-

7?

Dimensions are in inches and are for reference only.

6
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3.5.3 Gra itv 1aun~d tor- Information on
in Interface ~rawings 3236121 for the MK 46 HOD 5 and

torpedoes is contained
5548694 for the UK 50.

If additional lnfor&tion is required, contact the Naval Sea Systems Command
(NAVSEA), code 63Y, for the MK 46 or Project Manager Ships-406 (PMS) for the
MK 50, or the Naval Ocean Systems Center (NOSC), code 61.

3.5.4 JO ed taraets Oetailed requirements shal1 be specified by the
acquiring ac~ivity. “

3.5.5 mr of aravity. The center of gravity (cg) positions to be
considered for design shal1 be the maximum forward and aft positions for the
gross weights of 3.5.1 and 3.5.2, including all distributions of mass items
for the store during ground use, captive flight, and operational conditions.
Additional center of gravity positions within this range that produce critical
loadings shal1 be examined.

3.6 Ihj?rmalcriteria. The design of the store and suspension equipment
shal1 provide for the cumulative heating effects from the internal and
external thermal environments as defined in 3.6.1 and 3.6.2. ,..,.,,’,

3.6.1 ~. Heating effects shalI be considered for internal thermal
environmental areas of the store and suspension equipment caused by, but not
limited to, operation of electronic systems and ejection cartridges prior to,
during. and after separation.

3.6.2 ~. The external thermal environment shal1 be considered
which results from cooling and heating effects on external areas of the store
and suspension equipment caused by, but not 1imited to, aerodynamic heating
and operation in ambient atmospheres consistent with both the CO1d and hot
atmospheres prevalent at the specified operational altitudes, as covered in
MIL-STO-21O, or the system specification.

3.7 Sfrvice life. Service life shall be defined. Service 1ife design
shal1 be a function of external loads resulting from pressure, osci1latory
forces, shock and transient loadings, temperature effects, transportation, and
storage consistent with the specified or intended operational use.
Appropriate durabi1ity and damage tolerance analyses shal1 be performed to
document that the required service life is satisfied for the planned
operational use. A qualification test program shal1 be conducted which shal1
adequately demonstrate such analyses.

3.8 ~. This section defines the interface
requirements for ejected stores.

3.8.1 ~. Suspension lugs shall conform to drawings listed
in Figures 1, 2, and 3 and shall be applicable to the weight class shown in
Table I.

-.

3.8.I.1 JJJQstren~. The minimum strength of suspension lugs shall be as
specified in Figures 1, 2, and 3. The weight class, as determined in
accordance with 3.5, shall be used for selection of the type of suspension
lugs to be used on the store. Other suspension lug designs shal1 comply with
the load requirements specified in 3.11.

7“
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3.8.1.2 LUCInumber and location. Tandem two-lug suspension shal1 be the
minimum lug configuration. Any other means of suspension shall require that
the acquiring activity designate or approve a suspension configuration. The
number of suspension lugs and the spacing, by weight class, shal1 be as
specified in Table I. Lug locationwith respect to the store cg shal1 be the
most practical location consistent with the characteristics of the airborne
store carriage aircraft, and separation and handling requirements. The store
cg shal1 be centered on the lugs within ~ 3.O-inches unless otherwise approved
by the acquiring activity. All lug locations, dimensions, and allowable
tolerances are specified in Figures 4, 5, 6, and 7.

3.8.1.3 Lua well details. The lug wel1s for the 1000 and 2000 pound class
stores shal1 conform to the requirements specified in Figures 8 and 9
respectively. The lug wel1 axis shal1 be within the store reinforced areas
(see 3.9) and perpendicular to the longitudinal axis of the store within a
tolerance of ~ 0.5 degree.

3.8.1.4 Oesiqn acceptante. Appropriate drawings, i1lustrations, proposed
store designs, and data describing and substantiating the use of suspension
lug dimensions, strengths, and locations specified herein sha+l=be submitted
to the acquiring activity for acceptance prior to incorporating the lugs in
stores for use on standard suspension equipment. The design shall not
conflict with NATO STANAGS 3441 AA, 3558 AA, 3575 AA, and 3726 AA and AIR STDS
20/10, 20/13, 20/15, and 20/17 (see 6.5).

3.8.2 Rai1 launched hanqers. Two types of hangers are used to support
rai1 launched stores. These are either an internal T-shaped hanger or an
external U-shaped shoe. Figures 10 and 11 i1lustrate the general
configuration of each. Detail dimensions and material types shal1 be provided
by the acquiring activity.

3.9 ~. Store-to-aircraft interface areas
shall conform to the dimension and location requirements of 3.9.1, 3.9.2,
3.9.3, and 3.9.5. Strength requirements shal1 conform to 3.9.4.

3.9.1 Swav b ace a eaS The sway brace area for stores with 14-inch lug
spacing shal1 beras sp~cif{ed in Figures 4 and 5: for stores with 30-inch
spacing shal1 be as specified in Figure 6: and for heavy stores shal1 be as
specified in Figure 7.

3.9.2 Elector areas. Both internal and external carriage stores shal1
have ejector areas as specified in Figures 4, 5, 6, and 7. The store ejection
velocities, store attitude control, and the load time histories on the ejector
area of the store shal1 be as specified in the detai1 specification or by the
acquiring activity.

3.9.3 ~s. As a minimum, all stores shall have
cradling and handling area(s) of the ~ize specified in Figures 4, 5. and 6 for
the applicable store category. The store in Figure 7 shall sustain cradling
and handling loads on any parts of the skin beneath the strongback region.

8
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-1
1/16 RAO TYP
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SECTION &A

.

SECTION B.8

.3A

UIN1” IJM LUG STRCMCTH, 12000 LOS [N
01R13CTIOM ‘w”” WITHOUT RuPTuRE

..- . . .. .

tTTii$ii$

SECTION CC

NOTES:

1. For design purposes, NAVAIR Drawing 1555268, t4K14 MOO O Lug, shalI be
used on the 100-lb class bomb lug. The data in the above figure are provided
as information only.

2. Dimensions are in inches.

FIGURE 1. Luqs for stores In 100-lb weiqht class.
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SECTION 6.S

MINIMUM LUG STRENGTH: 40,000 LBS
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!1f .14 MIN FLAT

,.oo+~l ,1 .?I’;’

1.102 14AX ‘.”O %

7’S

i
.2S0 RAO

m“ ?201
I SECTION C-C

UP PEN SURFACE
OF STORE 006;
CONTOUR EXCLUOING
LOCAL PROTUBERANCES
(REFERENcE)

NOTES:

1. For design purposes, MS3314, Lug, suspension.,shall be used on the
1000-lb class bomb lug. The data in the above figure are provided as
information only.

2. Dimensions are in inches.

FIGURE 2. 14-inch spaced luqs for stores in 1000-lb weight class.
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5

t
w

-m5.* 1.
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FIGURE 3. 30-inch spaced Iuqs for stores UD to 2,000-lb welqht ClaSS.
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‘;iiiiFF”zE\“w Lxf’E f??’‘=
~MIL-STO-1760 AUXILl&RY -

ELECTRICAL CONNECTOR
wCATION

SWdY BRACE AREA -

L~2 “ ‘“””~ /
SEE9:9.3 —FORWARO CRADLING AREA

SEE 3.9.3

~/ A mlnlmum 0.625 Inch clearance shal1 be provided between the rack
lower surface and the store upper surface. This clearance shall not apply to
rack hmks, braces, ejectors, store lugs, or Service Connections.

2/ Lug and lug well axes shall be normal to the store longitudinal axis
with~n ~1/2* and !n the same plane wlthln ~1/2”.

NOTES:

1. Olmenslons are in Inches.

FIGURE 4. Location of store case components, 14-inch lug stores.
for carriaqe on 14-inch lug racks.
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~ ~;;LEC;7;K&L FUZE $. 5-PIN ELECTRICAL “

LOCATION CONNECTOR LOCATlo”

-17.00 ! .2s
t MIL-STO-1760 AUXILIARY

ELECT RICAL CONNECTOR
LOCATION

PRIMARV ELECTRICAL

SWAY BRACE AnE4
CONNEcTOR ~,ar~w

FUCL,cONTROL
tINO SERVICE

S.OO;IN CONNECTIONS

e.o MIN
sEE SS.4.1 -.:. .. -. :.., :

CfrAOLING AREA
SEE 3.9.3

~/ A mlnlmum 0.625 Inch clearance shalI be provided between the rack
lower surface and the store upper surface. This clearance shall not apply to
rack hooks, braces, ejectors, store lugs, or service connections.

2/ Lug and lug well axes shall be normal to the store longitudinal axis
wlth~n ~1/2” and in the same plane wlthln ~1/2”.

NOTES:

1. Olmens!ons are in inches.

FIGURE 5. Location of store case components. 14-inch luq StOres,
for carrlaqe on 14 or 30-inch Iuq racks.
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AREA FOR FLKL , CONTROL ANO
sEf7vlcE CONNECTIONS 7

‘EE2!TIK‘J’’’-’-=’’-’””m
W

ill

,/’\

<,..>

SEE 3.9.3 \ / \
FORWARO

v
\~ 5-PIN ELECTRICAL

CRADLING AREA CONNECTOR LOCATION
sEE 3.9.3

~/ A minimum 0.625 inch clearance shall be provided”between the rack
lower surface and the store upper surface. Th\s clearance shal1 not apply to
rack hooks, braces, ejectors, store lugs, or umbilical connections.

~/ Lug and lug well axes shall be normal to the store longitudinal axis
wtth!n ~1/2° and in the same plane within ~1/2”.

NOTES:

1. Oimenslons are tn inches.

FIGURE 6. Location of store case components, 30-inch lug stores.
for carria~e on 30-inch lug racks.
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--

rSEE 3.9.4.1 l-28.0_q

30.00!.01LuG SPACING. IF USED

FoR CR AOWSG AREA SEE 3.9.3

~/ If used, lug and
longitudinal axis wlthtn

NOTES:

lug well axes shall be normal to the store
~1/2” and In the same plane wlthln ~1/2”.

1. Olmenslons are In Inches.

FIQJRE 7. Sway brace and ejector areas for heavy stores
(ref Table 1).
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CHAMFER
TO MAJOR

TOP OF STORE

1.

SPOT FACE

-
‘------i

rcl 0,

1.

Itz

27:
I E

7

-.

/ ‘-::~=’’JO%’’’RGEOMETRY OF LUG WELL CONNECTION
TO STORE UNSPECIFIED

TABLE OF DIMENSIONS

~1 A 0.624 !n. minimum full thread

B 1.B70 D in.

c 1.750 in. 12 UN-2B Thread

~1 II 0.177 +0.010 in.
-0.010

~1 E 0.749 +0.141 in.
-0.000

~/ These dimensions are mandatory for the U.S.
and advisory for other participating nations
that have agreed to STANAG 3441AA,and AIR STD
20/13.

FIGURE 8. Threaded lug well for 1000 lb class stores.
16
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SPOTFACE

TOP O

CHASSF
MAJOR

CEOMETR
CONNECT
UNSPECIF

TABLE OF DIMENSIONS

A 1.14 in. mlnlmum full thread

B 2.620 D in.

c 2.500 In. 12 UN-2B Thread

D 0.210 +0.010 in.
-0.010

E 1.350 +0.000 In.
-0.020

These dimensions are mandatory for the U.S.,
and advisory for other participating nations
that have agreed to STANAG 3441AA and AIR STO
20/13.

FIGURE 9. Threaded Iuq well for 2000 lb class stores.
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,.-

IAUNCH LUG

FIGURE 10. Example of internal T-shaped hanger.
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. .
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FIGURE 11. Example of external U-shaped shoe.
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I 3.9.4 Reinforced area strength. Unless otherwise specified by the
acquiring activity, stores with reinforced areas described in.3.9 shall be
capable of withstanding the loads specif~ed in 3.11 without failure.

3.9.4.1 Sway brace”’pad areas and span. Reinforced sway brace pad areas
shall be provided in the store design for a minimum of 2.5 inches
circumferentiallyon either side of the lug centerline for 100-pound weight
class stores, a minimum of 4.0 inches circumferentiallyon either side of the
lug centerline for 1000-poundweight class stores, and a minimum of 5.0 Inches
circumferentiallyon either side of the lug centerline for heavier weight
class stores (see Figures 4 through 7).

3.9-.4.2 Cradling and handling area strength. The strong area on the
bottom of the store shall be capable of withstanding loads equal to three
times the weight of the store without permanent deformation (see 3,11.7.3).

3.9.5 Electrical connector locatlons. Locations are specified ~n Figures
4. 5, and 6 for the following electrical connectors:

a. Connector(s) sDecified in MIL-STO-1760.

b. S-pfn connector used for rocket launchers and dispenser type
stores.

c. Connector for electrical fuze.

3.10 Store/suspension equipment interface design. This specification
defines procedures for use in developing loads for the design of stores and
associated suspension equipment. When th~s specification is used for the
design of suspension and release equipment, it shall be applied in conjunction
with the appropriate design specifications/standardsfor bomb racks (see
MIL-STO-Z088), launchers, and pylons. The following method of application
shall be followed for suspension equipment design.

a. Use appropriate appendicesgiven in this specification to
determine loads generated at the store/suspension equipment
interface. This step should consider all stores scheduled for
carriage on the new suspension equipment.

b. If the suspension equipment being designed is a multiple-store
type, the worst case loads shall be examined to determine maximum
shearhnoment conditions for various critical design structural
points within the suspension equipment.

c. Use the.loads generated at the store/suspension equipment
interface to perform stress analysis of the new suspension
equipment.

3.10.1 Ejector foot areas. For design purposes, each ejector foot area
must be capable of withstanding a minimum of 15,000 psi.

3.10.2 Sway brace pad areas. For store design purposes, it shall be
assumed that suspension equipment design shall provide a minimum area of 2
square inches per sway brace pad. Sway brace pad areas for 100-pound class
stores are an exception to this rule, however, and suspension equipment design
shall be as specif~ed by the acquiring activity.
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3.11 Carr!a9e desiqn Iimlt load. Oes’lgndata for weapon carriage is to be
generated by one of three procedures. These procedures have been developed to
cover a variety of aircraft/store situations; !ncludlng high and IOU speed
f\xed wtng aircraft: helicopter aircraft: stores mounted at fuselage, wtng
pylon and wing-tip station; rack-mounted and ratl-nmnted stores. A summary
of the vartous procedures and their applIcatlons are given In the following
paragraphs. Octalled descriptions of these procedures are contained In
Appendices A, B and C. Procedure A shal1 be used unless one of the alternate
procedures 1s approved by”:theacqutrlng activity. A method of calculating the
maximum reaction forces at the hookshugs and sway braces of a
store/suspension equipment conf{guratlon 1s given in Appendix O.””These
calculated loads may be used as a starting point in the early stage of the
deslgn”of a store/suspension equipment configuration. After the design
reaches”the po!nt that load paths can be defined, more sophlstlcated methods,
approved by the acqulrlng actlv!ty, should be used.

3.1“1.1 Procedure descrlpt!ons. The followlng-paragraphs3.11.1.1 and
3.11.1.2 deltneate the general and speclflc cases-for fixed ulng aircraft and
3.11.I.3 for helicopter atrcraft.

.,.- . .-,.-. ..
3.11.1.1 Procedure A - carriage deslqn 1Imlt loads - general case. This

procedure, defined In Appendix A, includes the use of general inertial load
factor envelopes along WIth free stream aerodynamic data to develop
conservative design loads for appllcation to a broad spectrum of aircraft. It
shall be employed when flow field data Is not available and the provisions of
other procedures do not apply. Since the actual aircraft aerodynamic
characteristics are not available, procedures outlIned in Appendix A shalI be
used to calculate store angles of attack and side sIIP.

3.11.1.2 Procedure B - carriaqe deslqn Ilmlt loads - stores carried on a
specific aircraft. This procedure, defIned ~n Appendix B, Is intended to
provide conservative loads that are representative of the actual loads the
store W111 encounter on speclfIc aircraft, excludlng helIcopter aircraft which
are covered in Procedure C. Alternative methodologies are presented to allow
the proper combination of aerodynamic loads and Inertial loads to represent
particular fllght conditions. rather than folIowlng the more general approach
defined In Procedure A. Stores that are destgned using Procedure“B are not
intended for application on several classes of aircraft, since this
procedure wi11 generally produce less conservative loads than Procedure A.

3.11.1.3 Procedure C - carrlaqe deslw llmtt loads - stores carried on
hel~copter atrcraft. This procedure. defined In Appendix C, is Intended to
provide the methodology for determining the carriage loads on stores mounted
on helicopter aircraft only. 14henstores may be carried on both helIcopter
and fIxed-winged aircraft, It shal1 be necessary to evaluate the f1xed-winged
aircraft loads using Procedure A or B, as well as determining the helicopter
aircraft loads as defined In Procedure C.

3.11.2 Installation preloads. The preloads imposed by the sway braces
shall be included in the calculation of the total design loads. However, it
is possible that under certain condtttons of high vertical loadlng, the sway
braces wi11 cease to touch the store, thereby reducing the preload effect to
zero. For the specific installation being considered. the contractor shall
determtne an appropriate distribution of preloads by sway brace torquln9
procedures and present this to the acquiring actlvlty for approval.
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3.11.3 Dynam[c maqnlficatlon.

3.11.3.1 Oynamlc magnification factors. Allowances for dynamic
magnlficat!on of accelerations imposed on the non-reieased stores by aircraft
catapult, arrested lanii!ngs,and ejections of adjacent stores are not
adequately deflned for al1 aircraft in the load factor envelopes of Appendices
A, B, and C. Magnifications of the inertial loads arise due to structural
flexibilities of individual aircraft, pylons, and suspension equipment. These
conditions should be evaluated on an individual basis. The following
paragraphs address many of the usual specific dynamic load requirements and
are provided for general guidance. There may be addltional dynamic loads that
occur for specific store/aircraft combinations that are not included here, but
must be developed in concurrence with the acquiring activity.

3.11.3.2 Time rates. For those cases where the functioning of store and
suspension equipment internal components may be affected by the dynamlc
application of load, and when specific data are not available, the time
histories of application of critical combinations-of load factors and
rotational accelerations shall be as shown in Figure 12.

-........-..

For flight: t = 0.20 sec to 1.0 sec

For arrested landlng: t E 0.03 sec to 0.10 sec
(with longitudinal load
factors up to ~2.0)

For arrested landing: t - 0.15 sec to 0.50 sec
(with longitudinal load
factors above 2.0)

For catapulting: t = 0.02 sec to 0.40 sec

For non-arrested landings: t = 0.03 sec to 1.0 sec

n

b
HALF SINE WAVE

I

L; ,4

For all cases above, n - load factor

FIGURE 12. Time-load factor curve.

3. 11.3.3 Adjacent store loads due to release, ejection, or launch. Loads
environment shal1 be established at the support attach points of parent store
stations (eg, pylons, bomb racks, and missile launchers) to define the
structural requirements for the retention of non-released stores during al1
types of release modes, such as salvo, single, and ripple. In lieu of
analytical data, appropriate flight measured values may be used. This
analytically derived or measured environment shall supplement the inertia load
factors developed using Procedure A, B, or C. The resulting load cases shall
be the limit load conditions.
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3.11.4 Vibratorv loadS The vlbratlon environment to which a StOre and
its internal equipment shai1 be designed is defined in MIL-STD-81O, (Methods
514.3 and 515.3). The vibration environment to which the suspension and
release equipment shal1 be designed, wi11 be measured vibration data or as
defined in MIL-T-7743, whichever is more severe. If actual measured vibration
environments are available, these may be used by the store designer, provided
such use is approved by the acquiring activity. When specific aircraft are
designated for the application, the equipment designer and aircraft
contractor(s), with approval of the acquiring agency, shal1 coordinate the
definition of the vibration criteria to be used in the design. , For stores
intended for carriage on helicopters, refer to Appendix C.

3.11.5 Fatiaue strm. Oscillatory forces associated with pressures and
load spectra representative of excitations which include turbulent airflow,
inlet hammershock, radiated jet engine exhaust noises, boundary layers, wakes,
and similar sources, shal1 be considered in identifying and analyzing resonant
vibratory stresses which subsequently shal1 be used to estimate fatigue
strength in the design. Hhen specific carriage-aircraftare designated, and
the forces described above are known, these farces, with a scafte~,factor of
tvoo shall be used for analyses and testing. If no carriage aircraft are
specified. nor a broad spectrum of aircraft designated, and the forces defined
above are not knoun, values shal1 be estimated and used after acceptance by
the acquiring activity. See 3.7 for comments that also apply.

3.11.6 Liauid SlSMMQ@S If the store contains 1iquids, strength shal1
be provided for tie pressures-and dynamic response associated with
liquid-slosh and liquid-surge loads. Strength shal1 be provided for al1
capacities of varying-capacity stores.

3.11.7 XQ&lQ@S.

3.11.7.1 went loadS Strength shal1 be provided for transient
loading occurring during empl&nent by ejection, jettisoning, and firing.

3.11.7.2 ~ina 10W. Strength shall be provided to withstand the
shipping environmental loads specified by MIL-STO-81O or as designated by the
acquiring activity.

3.11.7.3 ~. Sufficient strength shall be
provided at the designated support points to withstand loads equal to 3.0
times the weight of the store (in both directions of the three major axes
depicted in Figure 13) without unacceptable deformation (see 3.3).

3.12 Flutter and diver-. Flutter, buzz or other related dynamic
instabi1ities of any or al1 of the store, the suspension equipment, the weapon
station. the related aircraft structures and components, shal1 be accounted
for in accordance with the flutter and divergence of MIL-14-8856.The store
designer, the suspension equipment contractor and the designated
carriage-aircraft contractor shal1 coordinate with each other, as appraprlate.
and in accordance with acquiring activity direction, to exchange pertinent
inertia, dynamic, and ather data necessary to define, by analytical and test
methods, the aircraft/store flutter and divergence characteristics. These
data shal1 be used to establish test requirements for the stare during
carriage and separation conditions in accordance with MIL-A-8870.

3.13 Recvcled. irain and reclaimed mate ial.$ There is no exclusion to
the use of recycledvor reclaimed materials a;d no”mandate for the use of
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I
virgin

4.

4.1

materialsprovided it meets the requirements of this,specification.

QUALITY ASSURANCE PROVISIONS
.,...

Resoonsibil\ty for inspection. Unless otherwise specified in the
contract or ourchase order. the contractor is responsible for the performance
of all InspectIon requirements (examinationsand tests) as specified herein.
Except as otherwise specified in the contract or purchase order, the
contractor may use his own or any other facilities suitable for the
performance of the inspection requirements specified herein, unless
disapproved by the Government. The Government reserves the right to perform
any of,the inspections set forth in this specification where such inspections
are deemed necessary to ensure SUPPIies and services conform to prescribed
requirements.

4.1.1 Responsibility for compliance. All items shall meet all
requirements of section 3. The inspection set forth in this specification
shal1 become a part of the contractor’soveral1 inspection system or quality
program. The absence of any inspection requirements in the specification
shal1 not relieve the contractor.of the responsibi11ty of ensufiisg’thataii
products or supplIes submitted to the Government for acceptance comply with
al1 requirements of the contract. Sampling inspection, as part of
manufacturing operations, is an acceptable practfce to ascertain conformance
to requirements, however, this does not authorize submission of known
defective material, either indicated or actual, nor does it commit.the
Government to accept defective material.

4.2 Test procedures. Design verification test procedure requirements for
store design, operational structural capabi1ity, and employment
characteristics shall be as specified In detai1 by the acquir{ng activity or
by reference to applicable parts of the designated related specifications.
QUality conformance and qualification testing for store and store-nounted
equfpment shalI be in accordance with appropriate MIL-STD-810 requirements.
The requirements in these documents shall be as defined in the equipment
detail specifications. The acquiring activity shall approve the test plans
and reserves the right to modify the tests, revise the limit values, or
specify the degree of testing, If considered necessary to determine compllance
with the requirements herein or in the contract. Additionally, in cases of
suspension and release equipment with nuclear store capability, the
qualification test procedures shal1, as a m~nimum, be approved by the Air
Force Weapons Laboratory to ensure nuclear safety certification.

4.3 Ground tests. A program of static, dynamic, repeated load,
environmental, wind tunnel, and other ground tests required for proof of
structural and operational design shal1 be performed as specified by the
acquiring activity in the contract, purchase order, or other applicable
contractual document. For Air Force applications, unless otherwise directed,
static testing ts required if margins of safety are less than 0.20 for forged
components and 0.33 for cast components. Thls requirement does not supersede
any requirements of MIL-M-8856.

4.4 Fliqht tests. Operational flight tests, including carrier or
shipboard suitability testing, if applicable, to demonstrate the structural
and functional adequacy of the store shal1 be performed as specified by the
acquiring activity in the contract, purchase order, or other appllcable
contractual document.
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4.5 ~eslan d~. The structural reports and design data required to
substantiate the strength and rigidity of the store destgn shal1 be specified
by the acquiring act~vity in appropriate contractual documents. The form and
extent of information required for destgn, analysis, test data, and reports
shal1 be equivalent to such appropriate and applicable parts of airplane
design specifications, MIL-A-8868 and MIL-A-8870, as they relate to the
store. Oata schedules shal1 be as proposed by the contractor and accepted by
the acquiring activity.

4.5.1 ~. Except as otherwise specified herein, the --
symbols, axes systems designations, signs and angular relationships required
for the structural reports, shal1 be those outlined In ANSI YIO.7.

5. PACKJ4GING

This section is not applicable to

6. NOTES

(This section contains information of
may be helpful, but !s not mandatory. )

thts specification.

a general or explanatory’nature that

6.1 Intended use. The requirements of this specification shal1 be used
for the design of entire stores and suspension systems. The primary Purpose
of this specification is for the design of the total store and its components,
not merely the generation of interface loads. Oesign of store components
usually requires generation of distributed shear and moment diagrams using the
information provided in 3.11. These diagrams are then used for detalled
design of the store or its components.

6.2 w.

6.2.1 Data rersuirem-. For the information of contractors and
contracting officers, the data to be furnished hereunder shall be llsted on 00
Form 1423 (Contractor Oata Requ\rements List). whlch shal1 be attached to and
made a part of the contract or order.

6.2.2 ~. For the information of contractors,
contracting officers. program managers, project officers, and project
engineers in stores and suspension equipment. U.S. Navy certification and data
requirements are set forth in NAVAIRINST 13034.1. For the U.S. Alr Force,
these requirements are contained in AFR 80-54. These requirements shal1 be
met prior to authorizing stores/suspension equipment to be carried on an
aircraft.

6.3 ~.

6.3.1 ~ missile A guided, self-propelled store designed to be
launched from an airborne vech~cle and whose target !s either airborne, on the
ground or under the water surface.

6.3.2 Sarriaqe. The conveying of a store or suspension equipment by an
aircraft under al1 flight and ground conditions including taxi, takeoff, and
landing including catapult launch and arrested landing if applicable, or
vertical takeoff and landing. The store or suspension equipment may be
located either external or Internal to the aircraft. Carriage shalI include
time fn flight up to the point of complete separation of the store or
suspension equipment from the aircraft.
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6.3.3 Eiection. Separation of a store with the assistance of a force
imparted from a device, either external or internal to the store.

6.3.4 Eiection launcher. A launcherwhich provides an initial source of
energy to adequately displace the missile from the aircraft prior to the
initiation of the missile’s self-propulsionsystem.

6.3.5 EmDlovment. The use of a store for the purpose and in the manner
for which it was designed, such as releasing a bomb, launching a missile,
firing a gun or dispensing submunitions.

6.3.6 Jettison.

6.3.6.1 Emerqencv iettison. The intentional simultaneous or nearly
simultaneous separation of al1 stores or suspension equipment from the
aircraft in a pre-set, programmed sequence and normally in the safe condition.

6.3.6.2 Selective iettison The intentional separation of stores or
suspension equipment, or porti~ns thereof (such as expended rocket pods), no
longer required for the performance of the mission in which the-atrcraft is
engaged.

6.3.7 Missile launcher. An iternrigidly attached to an aircraft to carry,
service, launch and jettison air-launched missiles.

6.3.8 -. A pylon is a suspension device externally attachable on the
wing or fuselage of an aircraft, with provisions for attaching aircraft
stores.

6.3.9 Rail launcher. A launcher containing rails on which the missile is
carried, and along which the missile travels after initiation of the missile’s
self-propulsion system.

6.3.10 Seoaration. The terminating of al1 physical contact between a
store or suspension equipment, or portions thereof, and an aircraft; or
between a store, or portions thereof, and suspension equipment. This shal1
include the parting of items or submunitions from a dispenser.

6.3.11 ~. Any device intended for internal or external carriage and
mounted on “aircraftsuspension and release equipment, whether or not the item
is intended to be separated in flight from the aircraft. Stores include
missiles, rockets, bombs, nuclear weapons, mines, torpedos, pyrotechnic
devices, detachable fuel and spray tanks, line-source disseminators,
dispensers, pods (refueling, thrust augmentation, gun, and electronic-
countermeasures), targets, cargo drop containers and drones.

6.3.12 Suspension eauiDment. Al1 airborne devices used for carriage,
suspension, employment and jettison of stores, such as racks, adapters,
launchers and pylons.

6.3.13 Swav bracinq. That mechanism within the physical triaxial
restraint system which partially or totally reacts to store yaw and pitching
moment in addition to lateral store loads.

6.3.14 Weiqht class The designation given stores within a specified
weight range, used herein and in Table I for ejectable store and Table II for
rai1 launched stores, is a nominal weight within that range. The nominal
weight is not necessarily a mid-range or extreme range value.
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6.3.15 Symbols. This section provides a partial list of symbols for use I
with this specification. Additional symbols are defined in ,the individual
appendices as required.

HA -

Hs -

Ixx.

Ixy,

Cg ?

SA -

Ss -

Q-

9-

q-

P-

v-

vL -

aA -

aR -

as -

6A -

0s -

ax -

ay -

az -

nx -

nY -

nz -

@-

o-

v-

Aircraft basic.fllght design gross weight, pounds

Store weight, lncludi’ngall disposable items, pounds

Iyys Izz - Store nswmentsof inertia, slug-ft2, at store cg

1X2, Iyz - Store products of inertta, siug-ft2, at store,cg

Center of gravity

Aircraft reference area, ft2

Store reference

Store reference

Acceleration of

area, ft2

length, ft

gravity.- 32.17 ft/sec2

Dynamic pressure, lbs/ft2 - I/2pV2

Air density,”slugs/ft3

Aircraft forward velocity, ftlsec

Limiting aircraft

Aircraft angle of

Store local angle

Store iocal angle

Aircraft angle of

Store local angle

speed, ftlsec

attack, degrees

of attack due to

.-,.. .-., .. ,

aircraft rolI rate, degrees

of attack, degrees

sidesllp, degrees

of sideslip. degrees

Aircraft axial acceleration, g’s

Aircraft side acceleration, g’s

Aircraft normal acceleration, g’s

Fore and aft load factor (+ aft)

Side load factor (+ right looking forward)

Normal load factor (+ up)

Rol1 attitude, degrees

Pitch attitude, degrees

Yaw attltude, degrees
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~, & - Roll rate,,rad/sec

~, & - Pitch rate, rad/sec

;, ;Z -
.. ..+, (J* -

. . ,.

e, q -
.. ..
+, q -

14-

Cx -

Cy -

c; -

CQ -

cm -

c“ -

CL -
a

Cy -
!3

Px -

Py -

Pz -

Mx -

MY -

Mz -

R-

x-

Y-

z-

Yaw rate, radliec””

Roll acceleration, rad/sec2

Pitch acceleratloni rad/sec2

Yaw acceleration, rad/sec2

Mach number

Store alrload axial force coefficient

Store airload side force coefficient

Store airload normal force coefficient

Store airload rol1 moment coefficient

Store airload pitch moment coefficient

Store airload yaw moment coefficient

Aircraft lift curve slope, 1
degree

Aircraft side force curve slope, 1
degree

Store air, inertia, or net axial force

Store air, inertia, or net side force

Store air, inertia, or net normal force

Store air, Inertia, or net roll moment

Store air, inertia, or net pitch moment

Store air, inertia, or net yaw moment

Distance

Aircraft

Alrcraft

Aircraft

from aircraft roll center to aircraft store station, inches

fuselage station, ft

butt line, ft

waterline, ft

6.3.16 Siqn convention. The reference axes for the aircraft or store are
shown in Fiqure 13. Loads. load factors. and dimensions are oositive when
acting aft,-to the right (looking forward) and up. Angles, m6ments, angular
accelerations and angular velocities about axes parallel to the reference axes
follow the right-hand rule.
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I A
. .,

\\e \
.. . . .. . ..

Resultant and component loads
acting on store are shown for
rolI!ng pullout condition

FIGURE 13. Coordinate system, s!qn convention. and a typical
load factor envelope.
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6.4 Subiect term (kev word) 1Istinq.

Carriage design limit loads
Ejector areas
Store angles of attack and sideslip
Sway brace areas

6.5 In rna - nte tlo al standardizationaareementi. Certain provisions of this
specification are the subject of the following international standardization
agreements; STANAGS 3441 AA, 3558 AA, 3726 AA, and Portions of STANAG 3575 AA .-
and AIR STD 20/13, 20/15 and parts of AIR STD 20/10 and 20/17 (see 3.8.1.4).
When amendment. revision, or cancellationof this specification is proposed
that wi11 modify the internationalagreement concerned, the preparing activitY
wi11 take appropriate action through internationalstandardization channels,
including departmental standardizationoffices, to change
make other appropriate accommodations.

6.6 Changes from Drevious issue. Marginal notations
revision to identify changes with respect to the previous
extensiveness of the changes.

the agreement or

are not used in this
issue due to the

........... ,.
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10. SCOPE

APPENOIX A

PRKEOURE A

CARRIAGE OESIGN LIMIT LOAOS, GENERAL CASE

10.1 ~. Appendix”A detal1s procedures for either of the followlng
conditions:

a. Hhen no individual carriage aircraft is specified.

. b. I(hena broad spectrum of carriage aircraft 1s being considered.

This appendix Is a mndatory
contained herein is intended

20. APPLIC48LE CXX3JMENTS

part of the specification. The information
for compliance.

This section is not applicable to

30. OESiGN LOADS

30.1 Aerodynamic loads. The airloads
scmnson-mounted stores shal1 be develooed

this appendix. ““L’’” :

to be used for wing or
from store free stream aerodynamicc

data using the angles of attack and sideslip computed in accordance with the
equations shown in Figure A-1. Corresponding angles of attack and sideslip to
be used for calculation of airloads on fuselage-mounted stores are shown in
Figure A-2. Values of dynamic pressure, q, shal1 be determined for alI
critical conditions of velocity, V, to which the store is intended to be
subjected. This information shall be furnished by the acquiring activity.

30.2 Inertia loads.

30.2.1 Limit inertia load factors. the 1imit inertia flight load factor
diagram for wing or sponson-mountedstores is shown in Figure A-3. The
corresponding diagram for fuselage-mounted stores is shown in Figure A-4.
These load factor envelopes shal1 be applied at the store cg.

30.2.2 Limit inertia catapult and arrested landing load factors. The
Iimit inertia catapult and arrested landing load factor diagram for wing or
sponson mounted stores is shown in Figure A-3. The corresponding diagram for
fuselage-uounted stores is shown In Figure A-4.

30.3 General loads. The store/suspensionconfiguration shall be designed
to withstand the most critical combination of external loads, included
inertia, aerodynamic, blast pressure, recoi1 of weapon fIring, launch or
jettison, and temperature effects.
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APPENDIX A I

For al1 points, the “stores”shal1 be considered to be mounted at incidence
angles of O or -3 degrees, whtchever IS more critical in each case,.tO be
added to the values of “is-given below:

Po!nts (1) and (2) (symmetric PU1lUP):

as = O to + = degrees
q

135- + 3000 degrees
q *“

Points

a5.0

t3s=t u--l”
.................

(3) and (4) (sytmnetrlcpushover):

to - = degrees 6

q

~ degrees

q
1

1
2

DOWN

Point (S) (rolllng pushover):

as = + 100 to - 15200 + (100)(ql/2) degrees
~2 q

t35= + 13000 degrees
q

Point (6) (rolling pullout):

% - 0 to + 30400 + (100)(ql/2) de9ree5
q

1% =-_+ 13000 degrees
q

FIGURE A-1. Store angles of attack and sideslip at specific load
envelope.points for winq or sponson-mo!mted stores.
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APPENDIX A

For al1 points,’the stores shal1 be considered to be mounted at tncldence
angles of o or -3 degrees, whichever 1s more crltlcal in each case..to be
added to the values of”as given below:

Points”(l) and (2) (PuIIuP):

% - 0 to + 38000 degree5

q

q

-t

OUTISOARO . Lcfl

Points (3) and (4) (pushover):

a5.0to - = degrees

q

115. + 13000 degrees.—
q

o-

UP
i

,,, , , ,:

t

--

B

+-
OUIBOARO - RIGHT

+

FIGURE A-2. Store angles of attack and sldesllp at specif!c
load envelope Doints for fuselage-mounted stores.
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FIGURE A-3. Desiqn inertia limit load factors for wins 01”sponson-mounted
>tores. (Data aDplies at the store center of qravitv.)
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FIG(IR[A-4. Desiar,inertia limit load factors for fuselaqe-mounted stores.
(Data acolies at the store center of qravitY.)
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PRCCEDURE B

C4RRIAGE DESIGN LIMIT LOADS, STORES CARRIED ON SPECIFIC
AIRCRAFT, A GROUP OR CIASS OF AIRCRAFT

10. SCOPE

10.1 &.9JJg. Appendix B detai1s procedures to be used when ,specific
aircraft, except helicopters, are designated for carriage. This procedure
defines analysis methods that may be used as an alternative to Appendix A for
cases where consideration is being given to specific aircraft/store
combinations for which detailed information is available, including wing tip
mounted stores, heavy stores and low performance aircraft carriage. The
procedures herein are intended to provide loads that are conservative. but as
close as possible to the actual loads the store wi11 encounter. Aerodynamicc
loads for a particular flight condition shal1 be combined with inertia loads
representing the same flight condition. Alternative methodologies are
included because the type and amount of data available for a spwcific aircraft
cannot be predicted.

This appendix is a mandatory part of the specification. The information
contained herein is intended for compliance.

20. APPLICABLE DOCUMENTS

20.1 Government documents.

20.1.1 Sipecifications. standards. and handbookS The following
specifications, standards, and handbooks form a par~ of this document to the
extent specified herein. Unless otherwise specified, the issues of these
documents shal1 be those 1isted in the issue of the Department of Defense
Index of Specifications and Standards (0001SS) and supplement thereto, cited
in the solicitation.

SPECIFICATIONS

MILITARY

MIL-A-8861 Airplane Strength and Rigidity Flight Loads.

(Unless otherwise indicated, copies of federal and mi1itary specifications,
standards. and handbooks are available from the Standardization Oocuments
Order Desk, Building 4D, 700 Robbins Avenue, Philadelphia, PA 19111-5094.)

30. DESIGN LOADS

30.1 Aerodynamic load$ The aerodynamic loading on the store shal1 be
determined assuming the fl~w field to be quasi-static at the instant that the
inertia loading is being applied. Actual test data for store aerodynamic
loads may be used for airloads, otherwise, the method to be used may be
selected from those described below. The first two methods involve free
stream aerodynamic data and uniform flow angles; whereas, the latter two
methods involve the uti1ization of local flow effects and distributed angles.
The actual method that is to be used shal1 be approved by the acquiring
activity.
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30.1.1 Method”of ADpendlx A. The method of Appendix A shal1 be used to
determine the store angles of attack and sldesllp. These angles shall be used
with wind tunnel data for.the store alone In a uniform flow, together with q,
to obtain aerodynamic loads. If appropriate store aerodynamic coefficient
data 1s unavailable, analytical or emplrlcal methods may be used to obtain the
load coefficients for the store in a uniform onset flow.

30.I.2 Method using al~craft angles. An approximate method based O;
aircraft aerodynamic characteristics shal1 be used to calculate store loads.
For wing or sponson-uxwnted stores. use Figure B-1 to compute the aircraft
statfc angles of attack and stdesllp. For fuselage-amnted stores, use Ftgure
&2 to compute the aircraft static angles. If the actual aircraft aerodynamic
character stlcs are unavailable, representative values for the type of
aircraft may be obtained from Table B-1. The store angles of attack and
sideslip shall be assumed to be the same as the aircraft angles, except for an
inctdence angle correction which shalI be made In accordance with the notes on
Ffgures B-1 and 6-2. if the aircraft motion !ncludes angular rates,
incremental angles of attack and sidesl1P shal1 be calculated using the
products of angular rate and distance of the store from the aircraft center of
rotation and added to the store angles. The overall store loads shall be
calculated assuming the store to be in a uniform onset flow by using the store
angles of attack and sldesl1P determined above with wind tunnel data for the
store tn a uniform onset flow. If appropriate store aerodynamic coefficient
data is unavailable. analytical or emptrical methods may be used to obtatn the
load coefficients for the store in a uniform flow. This method does not take
account of the variations in flow field along the store length and its
influence on the store load distribution. The flow field will be disturbed by
other stores on the aircraft such as fuel tanks and pods. If a specific
aircraft is known. use the worst case aerodynamic configuration for the

determ~nation of carriage design limit loads.

TABLE B-1. Representative values for lsarameters
of Figures B-1 and B-2.

Type of CL Cy
a{rcraft nz ny i a o

Fighter, 8.00 1.0 4.70 0.05 0.010
Attack

Antisubmarine, 3.00 1.0 1.60 0.10 0.017
Patrol
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For all pofnts; the stores shall be considered to be mounted at incidence
angles of O or -3 degrees, whichever 1s more critical in each case, to be
added to the values ofaA given below:

Points (1) and (2) (symmetric

aA - 0 to IXMAXdegrees

~A - z O.z (IMAX degrees

Points (3) and (4) (symmetric

aA - 0 to - 0.6 *X degrees

BA - 20.2 BMAX degrees

Point (5) (rolllng pushover):

Pullup):

UP

A

pushover):

aA “ + aR to - (0.4 .aMAX+ aR) degrees

BA =.~ R~x degrees

Point (6) (rolling pullout):

w - 0 to (0.8 ~ax + aR) degrees

RA = ~ R~x degrees

14here:

WAX = !S~(k(A/sA)(l/cL q)
a

aR - (1.98 R ~)/ql/2 (In this equation, R is In feet)

13MAX = nY(WA/SA)(1/CyBq)

FIGURE B-1. Aircraft angles of attack and sidesl~p at specific load
envelOPe Points fOr Wing or sponson-mounted stores.
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For all po~nts, the stores shall be considered to be mounted at incidence
angles of O or -3 degrees, whichever 1s more crltlcal in each case, to be
added to the values Of.aA given below:

Point (1) (pullup):

aA . 0 to ~x degrees

BA . ~ 0.2 i3MAXdegrees

Point (2) (pullup):

aA - 0 to 0.8 a+tAxdegrees

PA - ~ i314Axdegrees

Point (3) (pushover):

=A*Oto - 0.6 ~ degrees

i3A-20.2 OHAX degrees

Point (4) (pushover):

aA-oto - 0.4 ~x degrees

PA - ~ i3M degrees

Hhere:

W)( . n~(HA/SA)

Bw - ny(HA/SA)’

lc~ q)
a

Icy q)
B

UP

OUTBOARD O’UTB-OARO
LEFT RIGnT

?
00WN

FIGURE B-2. Aircraft anqles of attack and sideslip at sPecific
load envelope points for fuselaqe-nmnted stores.
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Method uslnq flow field data. Appropriate interference flow field
be used from.wind tunnel tests or flight tests. These flow.field
be combined with velocity to obtain the iocal fiow field

distribution over the length of the”store.’ If the parent aircraft is
undergoing angular rates in pitch, yaw or roll, the induced flow field due to
the aircraft rates shall be combined with the measured interference flow field
and velocity to obtain the “localflow distribution along the store. The
resulting flow field shall then be used with appropriate load distribut~on
methods to obtain the force distribution acting along the iength of the
store. The force distribution shall then be summed to obtain the overall
store aerodynamic loads.

30.1.4 Analytical method. Analytical prediction methods shall be used to
calculate the overal1 aerodynamic loads on the store when the store is under
the influence of the aircraft flow field. The methods shal1 be capable of
including angular rates and predicting disturbances In the flow field due to
the aircraft components, including. but not 1Imited to, the fuselage, wing,
pylon, rack, and adjacent stores.,and shal1 predict the lnflUenCe.Qf these
disturbances on the load distribution along the length of the store.

30.1.5 Method for low speed carriage. For aircraft with a-maximum
carriage speed of 350 knots equivalent alr speed (KEAS) or less, airloads
shal1 be developed using store angles of attack and sideslip computed in
accordance with the equations of Figure B-3 (wing or sponson-mounted stores)
or Figure B-4 (fuselage-mounted stores). The store overal1 loads shal1 be
determined using the store angles with wind tunnel data for the store in a
uniform onset flow. If appropriate store aerodynamic coefficient data is not
availabie, analytical or empirical methods may be used to obtain the load
coefficients for the store in a uniform flow.

30.2 Inertia loads. Inertia loads shall be determined from a knowledge of
the aircraft performance capabi1Ities and the location of the store on the
aircraft. Each combination of aircraft and carriage location defined by the
acquiring actlvlty shali be considered in determining the critical loads.
When the performance capabi1ity of the aircraft is affected by the presence of
the store, the performance with the store present shal1 be used. These load
factor envelopes shal1 be applied at the store cg. It shal1 be noted that the
store load factors are equal tn magnitude, but opposite in direction to the
accelerations in g’s experienced by the store, during a particular maneuver.
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For al1 points, the stores shal1 be considered to be mounted at lncldence
angles of O or -3 degrees, whichever is more crltlcal {n each case, to be
added to the values of as given below:

Points (1) and (2) (sytmnetrlcpullup):

% - 0 to ~ degrees
q

degrees

and (4) (symmetric pushover):

as-oto - ~ degrees
q

BS . + 500 degrees.—
q

Point (5) (rolling pushover):

aS - f ~ to - ~ degrees

q

!3s - + 6000 degrees
q

Point (6) (roll~ng pullout):

to 15000 degrees
T

6000 degrees
q

ltl BOARD

UP

DOWN

.
OUTBOARD

@

FIGURE &3. Store angles of attack and sldeslip at specific load
envelope points for wlnq or sponson-mounted stores
(low speed aircraft).
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For all points, the stores shall be considered to be mounted at incidence
angles of ()or -3 degrees, whichever is more critical in each case, tO be
added to the values of as given below:

Points (1) and (2) (PU1lUP):

aS - 0 to ~ degrees
q

13sE + 6000 degrees
q

Points (3) and (4) (pushover):

aS = O to - 1500 degree5

q

13s . I @&l degrees
c1

c

OUTBOARO

LEFT

UP

DOWN

3

OUTBOARO

RIGHT

3

FIGIJREB-4. Store angles of attack and sideslip at specific load
envelope points for fuselage-mounted stores
(low speed aircraft).
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30.2.1 Load factor calculations. The load
the relatlons given below.

factors shal1 be computed using

h . -ax + ~ [tizAY -
s

tiyAZ + (L; + ;?) AX - ;x&yAY ,- &xfizAz]

9 .

OYS .-a+Y J_ [GXAZ - @X + (~~ + i)~)AY - t&@x - c%~zAz]
9

.

nz - -’az,+ _l_ [tiyAX-
s

iixAY+ (b; + h;) 6Z - tix;zAX- @zAy]
9

Ax - Xstore Cg - Xalrcraft cg

Ay - ystore Cg - Yaircraft cg

. . .-:. : , ...-, ..
AZ - ZStore Cg - Zalrcraft Cg

30.2.’2 Total inertia loads at store cq. The total lnertlal loads at the store
cg shall be computed from the followlng relatlons:

Px - nx~ H~
Inertta

Py -n y H~
Inertia s

Pz - nzs Ii$
Inertia

nx -Ixxtix+ (Iyy
22

- Izz) J@z + Iyz$Ly - I& )Inertta -
+ Ixz(tiz+ LXtiy)+ Ixy(iJy- ~+x)

22

“inertla
. -Iy@y + (Izz - Ixx)@3x + Ix~(&z - &x )

+ Ixy(tix+ i@2) + Iyz(~z - ‘Xtiy)

-Iz#z + (Ixx - Iyy)Gxtiy+ Ixy(tix2-
2

#tz
lnertla -

&y )

+ Iyz(wy +4@z,) + 1X2(WX - G+z)
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30.2.3 Catapult arrdarrested landinq load factors. For wing or”sponson-
mounted stores on carrier-based aircraft, use Figure B-5 for catapult and
arrested landing load factors. The corresponding diagram for fuselage-mounted
stores is shown in Figure B-6.

30.2.4 Low-speed fixed-winq aircraft. For aircraft WIth a maximum
carriage speed of 350 KEAS or less, inertia load factors may be taken from
FIgure B-7 (wing-nmunted stores) or Figure B-8 (fuselage-mountedstores).

30.2.5 Wingtip mounted air-to-air missiles. For air-to-air missiles
mounted at wingtip locations (outboard of the wing pylon stations) on high
performance (fighter/attack type) aircraft, the inertia loads shal1 be
determined from the aircraft flight conditions given in Table B-2 if specific
atrcraft data is not availabie.

I . .

30.2.6 Forces of interaction. The forces of interaction between the store
and aircraft may be computed byvarlous means. For stores with”’imisualor
unique conflguratlons, finite-elementmodels utlllzing flexlble beam-type
elements may be necessary to obtain a proper set of store loads. For this
situation, a computer code, such as NASTRAN, may be used to obtain not only
the forces of interaction, but also the distributed moments and shears along
the store. Procedures employed for these interaction force calculations shal1
be approved by the acquiring activity.

30.3 General loads. The store/suspension configuration shal1 be designed
to withstand the most critlcal combinationof external loads, included
Inertia, aerodynamic, blast pressure, recoi1 of weapon firing, launch or
jettison, and temperature effects.

30.4 Coordinate system and sign convention. The alrplane reference axes
are shown In Figure 13. Loads, load factors and dimensions are posftfve when
acting aft, to the right (looking forward), and up. Moments, angular
accelerations, and angular velocities about axes parallel to the airplane
reference axes follow the right-hand rule.
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FIGURE B-5. Catapult and arrested landlnq lnerttal limit load
factors for winq or sponson-mounted stores.
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FIGURE B-6. Catapult and arrested landinq inertia limit
load factors for fuselage-mounted stores.
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nx- f 1.0

9 - ~ 4 radlsec2

~ - ~ 2 radlsec2

APPENDIX B

... .

~
A

.

lNeoARo

-1

. .

df’

UHERE:

UP

~z

OUISSOARO
,
I

D +1
‘Y

.. .. .

Oowtd

(A) Has a value of ny - 0, nz - 1.5 x max ne9a

can attain (nz must be at least 1.0 up).

(B) Has a value of nz - nz at POlnt (A), ny -

Ive g which clean aircraft

.0.

(C) Has a value of nz - 0, ny-l .5 x max g as read in cockpit, which can

be attained during unsymmetric maneuver.

(D) Has a value of nz - ny - 1.5 x max g as read in cockpit, which can

be obtained during an unsymmetric maneuver.

(E) Has a value of nz = nz at point (f). ny - 1.0.

(f) iias a value of ny _ O, nz _ 1.5 x max positive g which the clean

aircraft can attain.

FIGURE B-7. Desiqn Inertia llmlt load factors for winq or

sr)onson-mounted stores ( low speed aircraft).
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,,. -

nx- ~ 1.0

6 = z 4 radlsec2
..
‘+’=~ 2 radlsec2

I

1 OUTBOARD -LEt7

-I

UP

lZ

i

........ ...... ..

OUTBOASO -RIGHT

1

3

DOWN

(A) Has a value of ny - 0, nz = 1.5 x max negative g which clean airCraft

can attain (nz must be at least 1.0 up).

(B) Has a value of fly= O, nz = 1.5 x max positive g which clean aircraft

can attain.

FIGURE 9-8. Design inertia limit loads for fuselaqe-mounted
stores (low speed aircraft).
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PROCEDURE C.,

GENERAL DESIGN CRITERIA FOR HELICOPTERS

10. SCOPE

10.1 g. Append!x C sets forth general and specific criteria to which
airborne stores and related suspension and release equipment,:iritendedfor use =
on helicopters, shall be designed. The requirements set forth herein shal 1 be
used except where additional or differing criteria are specified by the
acquiring activity.

This appendix is a mandatory part of the specification. The information
contained herein is intended for compliance.

20. APPLICABLE OOCUMENTS

This section is not applicable to this appendix. “’:””:’‘

30. OESIGN REQUIREMENTS

30.1 General requirements. External stores, suspension and release
equipment, and the associated interfacing hardware, shal1 be designed to
withstand the most critical combinations of aerodynamic, dynamic and inertial
ioadings occurring in any specified aircraft configuration. Al1 applicable
combinations of external store/suspension,ground or flight conditions (rotor
speeds, altitudes and temperatures), and the effects of blast pressure and
recoi1 during weapon firing, launch, or jettison shal1 be considered. The
dynamic interaction or coupling of the combined stores/suspension/aircraft,
and any possible resonant amplification, shall be investigated. There shall
be no degradation of the basic aircraft with regard to ground and air
resonance phenomena, or the occurrence of dynamic instabi1ities, including
flutter and divergence, within the prescribed margins which define the
operating envelope of the aircraft. Where critical to successful‘projectile/
missile launch and target capture (seeker lock-on), the design shal1 provide
acceptable launch tip-off attitudes and rates. Evaluation of these system
integration requirements shal1 be accomplished as specified by the acquiring
activity and made available to the store contractor as necessary.

30.2 ~.

30.2.1 Aerodynamic loads. A general method for determination of
aerodynamic loads on a store, similar to Appendix A, is not presented. The
detai1 store loads shal1 be computed by one of the methods described below and
approved by the acquiring activity.

a. Measured force and moment data from wind tunnel or flight tests
properly scaled with respect to dynamic pressure or size will be
used.

b. Analytical force and moment data computed by an appropriate
rotorcraft flight simulation program during maneuvers performed
in accordance with the applicable structural specification.
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c. Anaiytlcal force and nwnent data computed by ah appropriate
three-dlmens~onal flow field program modeling either the ccmplete
airframe and store or only the store and those portions of the
airframe In the ,Iusnedlatevl,cinltyof the store.

d. Forces and moments calculated using non-dimensional aerodynamic
co-efficlents.determined by appropriate analytical methods and
conditions of dynamic pressure, angle of attack. and sldesl1P
approved by the acquiring actlvlty.

30.2.2 Inertia loadinq. Methods for calculating store load factors
associated v!th flIght and landing are presented here.

30.2.2.1 Flight load factors. The methods for calculating load factors
are:

a. Hhen the hellcopter performance parameters and the specific
location and weight of the store are known, the egqa.tjon.s
presented in 30.2.1.and 30.2.2 of Appendix B shall be-used to
calculate f1ight inertia load factors and store inertia loads.
respectively.

b. Nhen the helIcopter performance parameters are not known, the
1imit load factors, angular velocities and accelerations at the
aircraft cg presented in 30.2.2.4 of this append!x. shall be used
with the equations presented in 30.2.1 and 30.2.2 of Appendix 8.
If the location and weight of the store are unknown, reasonable
estimates of these parameters shal1 be made based upon knowledge
obtained from similar store configurations. Estimated data shall
be approved by the acquiring activity.

30.2.2.2 Landinq load factors. Methods for calculating landing inertia
load factors are the same as those presented in 30.2.2.la and 30.2.2.lb of .
this appendix. Landing loads shal1 not be combined with aerodynamic loads.

30.2.2.3 ~. Load factors presented in Table C-1 shal1 be used to “
determine store loads associated only with Navy helicopter crash conditions.
These factors are not additive and are to be applied separately at the store
center of gravity. For Army helicopters, the store and store support
structure, as a minimum, shal1 be designed to separate frcxnthe aircraft prior
to failure of the primary structure.

TABLE C-1. Navy helicopter store ultimate crash
load factors (at store cq).

m
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30.2.2.4 Aircraft parameters. The aircraft parameters shal1 be as
speclfled fn Table C-2,...,.

TABLE C-2. Aircraft parameters.

rConditionSynunetrlcal
flight

Unsymmetrical
flight

Landing
with roll

Landing
WIth pitch

1az

1

3.5

2.8

1.8

2:2

~o.1

50.9

%

fl.o

30.2.3 Dynamic loading. The store shal1 be designed for al1 dynamic loads
includlng those resulting from ground, airborne, weapons and countermeasures
firina. weaDons jettison and rotor excitation conditions in combination with
the afipropr~ ate ~ nert i al and aerodynamic c loads. The store contractor and the
designated carriage-aircraft contractor shal 1 coordinate with each other as

appropriate and in accordance with acquiring activity direction, to exchange

dynamic and vibration data and information. These dynamic character sties,

associated with the specific helicopter(s), shal 1 be accounted for in the
design of the aircraft/store system, to preclude adverse response
characteristics that would degrade the basic helicopter handling qualities,
riding comfort, and aircraft component fatigue 1ives.

30.2.4 Fatigue loading. Steady state and oscillatory loads’which are
imposed on the stores installation shal1 be determined for the ful1 range of
the operating environment of the speciffed helicopter. Fatigue Ilfe
substantiation shall be’accomplished using these loads and a flight spectrum
approved by the acquiring actlvity.

30.3 Dynamic requirements. The vibratory response characteristics of the
store, suspension equipment, or store/interface system, shall be calculated or
measured for all conditions below. The frequency response shal1 range from
1/rev of the main rotor through 4b/rev of the main rotor or 2b/rev of the tai1
rotor, whichever Is higher (b - number of blades). For weapons firing
conditlons, the frequency range shal1 extend from the fundamental firing
frequency through the 10th harmonic. In addition to excitatlons at
frequencies producing highest loads or accelerations, other rotor and
weapons-fire harmonics shal1 be considered when their frequency is within ~ 10
percent of a known component resonance. Resonances are defined as
amplification of the input level by greater than 2:1. Therefore, design
consideration shall include, but not necessarily be limited to, the following
conditions:
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a. Ground operations Includlng handllng and taxilng. . ..,,-

b. Airborne flight Including hover IGE and OGE, level flight, normal
maneuvers, tactical maneuvers and autorotatlon.

c. Ileaponand countermeasure fIring from smalI and large calIber guns,
rockets, missiles, grenades, chaff dispensers and fIares.

d. Take off and I andi ng.

e. .Stores jettison.

30.3.I Rotor induced harmonic exc~tation. t4alnand taiI rotor induced
vibrations are the signlfleant sources of dynamic Ioadlng for hellcopters. The
coupled dynamic response of the rotor(s), fuselag~, wing (if applicable),
suspension equfpment, and stores, induced either aerodynamlcally or through the
structure, shal1 be determined. As a goal, the system shalI be designed to avoid
main and tai1 rotor resonances within the normal power-on and pow~f~ff speeds at
al1 gross weights, centers of gravity, and aircraft loadlngs, and for alI
appl lcable stores loading and dispensing configurations, lncludlng that of other
store locations. Freedom from nblrev resonance (n - an integer) Is highly

desirable. Hhere mtjrethan one store Is mounted on the same suspension hardware,
or where more than one store/suspensioncombination is located on a structure(s)
cantflevered from the fuselage, then al1 specified Ioadtng combinations shal1 be
considered. Margins from l/rev and b/rev of 0.25/rev shalI be observed. or
alternately, lt shal1 be conservatively demonstrated that the combined static and
dynamic loadtngs are acceptable.

30.3.2 Frequency Placement. The folIowlng structural and dynamlc factors
which control frequency placements shal1 be consIdered:

a. Fuselage attachment and supporting structure includlng win9s or

other cantl levered. structurb for support of external stores.

b. Hing or cantilevered structural stiffness.

c. Flexibility of suspension and release equipment.

d. Stores or launcher structural flexibility.

e. Sway brace stiffness.

f. Coupling of system modes in close proxlmfty.

30.3.3 Store response. Factors affecting the prediction of store response
magnitude shall include, but not necessarily be limited to, the following:

a. Strength of the rotor wake impinging on the stores and stores
support structure, and the resultlng harmonic excltation.

b. Magnltude of forcing functions at the rotor hub.
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Prox!mity of natural frequencies to rotor excitation frequencies
and weapon f{ring rates.

Transmissibilityfrom rotor’to support structure as a result
modal response distributions.

Amplification or attenuationof stores relative to support
structure (suspension/storesdynamics).

Modal coupling.

System and local damping.

Free play fn suspension/releasemechanisins.

Effective damping of stores, such as‘fuel.

of

30.4 Flutter and divergence:- The requirementsof 3.12 $haTl=be met.

30.5 Mechanical instability. The total weapons system shal1 be free of
mechanical instability with the requ!red margin of safety at all rotor speeds
during all ground and flight operating conditions. The store designer, the
suspension equipment contractor, and the designated carriage-aircraft contractor
shal1 coordinate with each other, as appropriate, and in accordance with
acquiring activity direction, to exchange pertinent tnertta, dynamic, and other
data necessary to define, by analytical or test methods, the aircraft/store
mechanical Instability characteristics.

30.6 Store/aircraft interface. The Interactionforces between the store and
the afrcraft shal1 be determined by a method approved by the acquiring activity.
Finite-element models utilizing flexlble beam-type elements may be necessary to
obtain a proper set of store loads. For this situation, a computer code, such ,as
NAST8AN, may be used to obtain not only forces of interaction, but also the
dlstrlbuted moments and shears along the store.
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LOAD ANALYSIS
OF A STORf/SUSPENSION E@JIPMENT CONFIGWLATION

10. SCOPE

10.1 *. Appendix D presents a slmpl\fled method for calculation of the
reaction forces at the sway braces (SB)/store SB pads and hooks/lugs of a
suspension equipment (SE)/store conflgurat~on. The SE/store.assembly 1s a flex~ble=
staticalIy indeterminate structure. The flexibility of a future structure Is not
known and the load paths cannot be analytically or experimentalIy determined for an
exact solutlon. Therefore, a r!gld structure was considered and assumption made on
the conservative side to reduce the redundant reactions. The SB’s/store SB pads
take compressive loads only. The hooks/lugs take only tensile loads In the
vertical dlrectton. Therefore, general equations based on the positive direction”
of the loads are not considered practical. SlncF the four SB’s/store SB pads and
the two hooks/lugs are designed to withstand thei-rrespective max!mum forces, only
the combination of the external loads that results in these maximum reaction forces
at each SB/store S6 pad and each hook/lug, as shown In Tabie O-l;’’wereconsidered
for the derlvat~on of the equations. This appendlx Is not a mandatory part of the
speclflcatlon.

20. APPLICABLE DOCUMENTS

Thfs section is not applicable to this appendfx.

TABLE O-i. Direction of external loads and moments for maximum reaction
forces at the SB’s/store SB Dads and hooks/luqs.

SWstore SB pad
Loads Fwd Aft Hook/Luq

L R L R F A

Px + + .+

‘Y + + + ~

Pz +(i) +(i) +(t) +(1)

t4x + + + ~

‘Y + + +

Hz + + ~ +

NOTE: (i) If the CG of the store is located laterally outside of the SB’S,
a negative vertical load (Pz,down) may be critical and should be
investigated.

55

Downloaded from http://www.everyspec.com



MIL-A-8591H

APPENDIX D

,.

-PZ
t-

S4-4

30. SYSTEM OF COORDINATES

30.1 System of coordinates.
coordinates and sign convention.

,:, ,, ...: , ,

‘Q?i

I

+

S3

13

t- S4
1 -Pz

Figure O-I defines the system of
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..... .. ., ,

C=iw)
LINE OF HOOK
LUG CONTACT

LUG (TYP)

LX(TYP)

s -a

a

s~

d-

L=r-1-IUGHT

LOOKING WI)

.

Approximations: 16-1s, S$=S*, s1=s, and s*-s.

FIGURE O-I. System of coordinates.
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40. NOMENCLATURE
. .,

Distance between lugs

Longitudinal dlstance between forward and aft store SB pads

Oistance between CG and lugs

D!stance between CG and store SB pads

l-i. 2:....... 6

Lj Reaction forces at lugs

Sj ReactIon forces at store SB pads

Pj External loads

Mj External moments

j-x, y, z

&

Y

6\

of

..... ,, .. ,: , ,

Angle between the direction of the store radius of curvature at the point
of contact of the SB and the Z direction.

Angle between the SB bolt and the perpendicular to the store. S.

Angles between the

50. ASSUMPTIONS

50.1 Assumptions.
the equations.

a. The store upper
X-Z plane.

store and aircraft axes of coordinates, (i=l,2,3)

The following

surface, where

assumptions were made in the derivation

the S6’s touch, is symmetrical about the
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b. The dlrectlon of the store S8 pad resultant reactton force, S, Is
perpendicular to the store surface, so that Sy-Sztanc. Hhere c is the
angle between the rad!us of curvature, R, and the dlrectton of the Z axis at

the contact point of the SB and the store.

“:’ $%

<1
If the SE bolt makes an angle Y with the S dtrection. the reaction at the

SB can be resolved 1nto a normal ccmponent N-Scosy and a transverse
component T-Sslny.

-:. ...... ..

c. The yaw wment. Hz, 1s reacted laterallY by the SB’s/SB store pads and
induces.vertical reaction forces at the hooks/lugs. Since each hwk/lug 1S
designed to withstand the entire longltudlnal force, Px. the lateral
reactton due to the fraction of the moment Hz that reacted by the hooks/lugs
can be neglected.

60. DERIVATION OF REACTION FORCES “

60.1 Approach.Using the relations of static equ!llbrlum

XFi-O and IKi~-0,(1-x, y, Z)

In all three planes, X-Y, Y-Z, and X-Z, the prlnclple of superposition and the
combinations of the loads and moments of Table D-1, the following eauatlons
were derived:

a. Equations for the forward left or right SB/store SB pad.

b. Equations for the aft left or right SB/store SB pad.

c. Equations for the forward hmk/lug.

.-

d. Equations for the aft hcmkllug.
59
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Since the loads P . M , and Hz have the same maximum value In the
posttive or negat?ve #irection and the SE/store can be carried on the port or
starboard side of the aircraft, the equations derived for the forward and aft
SB’s/store S6 pads are valfd for both the”left or the right side. The
directions of the reaction forces shown in this appendix are for the store SB
pads and lugs. The directions of the reaction forces at the SB’s and hooks of
a SE are OPPOS1te. These equations are valld for SE’s/store’s with the
S8’s/store SB pads outside or tnside the hooks/lugs or for one pair of
SB’s/store SB pads outside and the other pair inside the hooks/lugs. The CG
can be laterally and/or longitudinallyinside or outside of the SB’s/store SB
pads as”in multiple stores laterally or longitudinally unbalanced.

70. E@ATIONS

70.1 Fwd left or right SB/store SB pad.

Sy=Sztanc

SZ=APX + BPY + CPZ + DMX + Eiy + FMZ

s=s~lcosc (i)

14here:
A-15/2(sl+12)+1 /Stanc, B=SZ15/sK,

?7C=(s /s)(0.5+1 K),
?D=S2 sK, E=O.5 (SI+12), F-i/stanc, H=(15-s5)tanc,

K=H+(13+S3)

For a store with CG location laterally outside the store SB pads [see note
(i) of Table 0-11, the coefficient C is:

G1213/[l(H+S4-13)1

For a store with CG in front of the forward store SB Pads the meff icient C is:

c=[12/(12-S 1)](o.5+13/K)

For a store with CG location laterally outside the store SB pads and in front
of the forward store SB pads, the coefficient C is:

c-1213/[(12-S1)(H+S4-13)]

70.2 Aft left or right SB/store SB pad

Sy=Sztanc

SZ=.APX+BPY+CPZ+DMX+EMY+FMZ

S=szlcosc

Hhere:
A=15/2(s2+11)+l Istanc, B=S115JSK,

?C=(s /s)(0.5+13 K)
O=sljsK, E.=().5/(S2+ll), F-Ilstanc

60
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For a store ulth CG Iocatlon laterally outstde the store SB pads [see note

(i) of Table D-l], the,coefficient C 1s: . .

Glk13/[l(H+s4-13)1

For a store with CG aft the rear store S8 pads, the coefficient C 1s:.

G[ll(lI-SZ)](0.5+131K)

For a store wtth CG Iocatlon laterally outside the store SB pads and
longitudinally aft the rear store SB pads, the coefficient C 1s:

C=lL13/[(11-s2)(H+s4-13)]

70.3 Fwd hcok/luq.

LX-PX

Ly-aypy+cypz+oy% , AY=EY-FYO
(3)

Hhere:

e.,.,..... .,

B#s2/s)[( 15tanc”/K)-il, Cy-1213tanc/[l(H+s4-13)1.
0@2tanclsK
Lz-AzPx+BzPy+CzPz+DzMx+EZMy+FZMZ

(4)

Hhere:

g:$:~:~~~;;:;:::;~;::;;:;:
z-

For a store with CG locatlon In”front of-the forward lug andlor,lateralIy
outside the store S8 pads

In

In

LYByPy+CyPz+D@ix

this equation al1 the coeff~clents are the same as In equation (3) except

Cy=(s213tanc)/[(s2-ll)(H+s4-13)1

Lz.AzPx+8zPpczPz+ D2t4x+EzMpFzMz

this equation all the coefficients are the same as in equation (4) except:

CZI=[S2/(S2-11)][13/(H+S4-13)+i]

70.4 Aft hook/luq.

LxoPx

Ly-Bypy+CypZ+D#x , AY.EY-FY-O

61
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i4here:

B =(s /s)[(1 tanc/K)-il,
~=l~~~tanc/~l(H+sq-13)1, Dy=sltanc/sK
LZ-AZP~+6zpy+czpz+DzMx +EzMy+ FZMZ

klhere:

AZ-l /(s1+12)+13/stanc, Bz=s115/sK,
7Cz=( ~/l)C13/(H+s4-13)+11 Dz=sl/sK,

Ez-1/(sl+12), Fz-ilstanc

For a store v!th CG location aft the rear lug and/or laterallY outside the
store S6 pads

Ly.ByP~CyPz+DyMx

In this equation all the coefficients are the same as in equation (5) except,,.:.::-.:

In

Cy=(s113tanc)/C(sl-12)(H+s4-13)1

(6)

LZ=.AZPX+BZPY+CZPZ+DZMX+EZMY+FZMZ

this equation all the coefficients are the same as in equatfon (6) except

C@S1/(51-12)][13/(H+s4-13)+i]

70.5 ~. The loads Pj and the moments Mj (j-x,y,z) in these
equations include the fnertia and aerodynamic forces. These forces and
moments are applled at the store CG. The equations for the resultant moments
due to translation of the aerodynamic forces from the center of pressure (CP)
to the store CG are given in section 100. If the angles between the X, Y, and
Z axes of the store system of coordinates and the X’, Y’, and Z’ axes of the
aircraft system of coordinates are 61, 62, and 63 respectively, ;
the loads Px, P

i’
and Pz and the moments i4x.M , and Mz in the x.

YY, and Z axes m y be calculated from the equat ons In section 110. The loads
P and the moments Mj In these equations are taken as Positive numbers.
iT e signs of Table D-i are used only to identify the critical combinations
of loads and moments for each equation. Al1 the distances si and 1\ and
the angle c are positive numbers. All coefficients are positive numbers
except the coefficient By for the hookshugs which can be POSitive or
negative as shown in Figur D-2.

*

The tensile force on the luglhook is Lz.
The lateral force is L= L +L . The design limit loads, Sd and
L z, should include the Dreloads. Sn and Ln, due to the SB torque. The
dfrection of the as S. The Dre~oad Sn on
the SE SB should
and added to the

store S6 pad prelo~d 1s the same
be resolved into two components,
forces N and T respectively.

62

Spcosy and Spsiny, “
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By-(s2/sK)[s5tanc-(s3+13)l
.. .

“.

If s5tanc<(s3+13). L has
8the opposite directl n than pY..BY<O.

APPENO’IXD

If s5tanc-(s3+13),
LY-O.BYO

FIGURE D-2. Hook/lu9 coeff1Clent By.
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80. PROCEDURES FOR CALCULATING REACTION FORCES

80.1 Procedures. “’ ““

From Figures A-3, A-4 (Appendlx A),..B-5or B-6 (Appendix B), the 1lnear
loa~”factors nj and angular accelerations uj, (j-x,y,z) for each
eauation are determined from Table O-1. The corresponding loads and moments
a~e calculated for the fol lowing relat!ons:

pij-lHnjl and MIj=IIIj Xjl (absolute values)

Uhere:

W=Store weight.

Ij-Mass moment of lnertla around the X, Y, or 2 axes.

b. The aerodynamlc loads and moments Pa
j ~ ~h;n%{t;re added--”’t-o-”$he”tnertla loads, Pj=Pi +Paj and M~M~ +H j.

414ajlncludethe nomen s due to trans at on of the aerodynamic forces from
CP to the store CG.

c. The loads P and the moments Mj are substituted in the applicable
iequations and the imit loads S, L, and Lz are calculated. The preloads,

S and L due to the SB torque, should be added to the loads S and Lz-
!T~e resu tant yield and ultlmate design loads are:

Store SB pad/SB yield force: 1.15Sd. Hhere (S&+Sp)

Store SB pad/SB ultimate force: 1.5Sd

Lug/hook ylel

M.

rces: i.i5Ldz. Where (Ldz=Lz+Lp) and i.i5L,
where: (L- L +L )

Lug/hook ultimate forces: i.5Ldz and i.5L

64
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90. EXAMPLE

90.i ReactIon forc6s.- Calculate the maximum reaction forces at”the
store S6 pads and lugs for aircraft carrier SUItabt1Ity operations for the
folIowlng store mounted on the outboard pylon of an aircraft.

Ilelght,N-2,000 lb. “.

Homents of Inertia around the Y or Z axis, I~Iz-4,350 lb-in-sec2.

““~~=+~..
–“–-+-—L--+----

1-30 In., 11-12 in., 12=18 In., 13-3.5 In., 15-10 tn.

s-20 In., sl-7 in., s2-13 in”., s3-i in., s4-8 in., s5-8 In.

c-29.35 degrees, tanc=O.562, COSC=O.872.

H=(10-2)(0.562)-i.i24, k-i.i24+(3.5+i)-5.624

90.2 Store fwd SB pad.

SZ.APX+BPY+CPZ+DMX+EMY+FMZ

A=iO/[(2)(7+i8)l+3.5/(20)(0.562)=0.5ii

B=(i3)(iO)/(20)(5.624)-l.156

G(i3120)(0.5+3.515 .624)-O.730

E=O.5t(7+18)o0.020

Fni/(20)(0.562)=0.089
65
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From Table 0-1, the direction of the loads for maximum reaction forces at
the store SB pad were found to be:...... .

-Px, -Py, +Pz.,-Mx , +My, +14z

From Figure A-3 (Appendix A), the critical load factors were found to be:

nx flY nz ‘&tiy) V(xz)

Case 1 -9 -5 +2 +25 +6

Case 2 -3 -5 +4 +25 +6

Since all load factors are the same except nx and nz and

Case 1: A(9)+C(2)O(0.5ii)(9)+(0.730)(2)E6.059

Case 2: A(3)+C(4)=(0.511)(3)+(0.730)(4)-4.453

the critical case 1s No. i

Sz=[6.059+(i.i56)(5)l14+[(0.020)(25)+(0.O8O)(6)lI
I

I SZ-(11.839)W+(I.034)1

90.3 Store aft SB pad.

SZ=APX+BPY+CPZ+DMX+EMY+FMZ

AuiO/[2(i3+i2)l+3.5/(20)(0.S62)-O.5ii

I B=(7)(iO)/(20)(5.624)-i.156

6(7/20 )(0.5+3.5/S.624)=0.393

E-0.51(13+12)=0.020

1 F=Ji/(20)(0.562)=0.089

66
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From Table D-I, the direction of the loads for maximum reaction forces at the
store SB pad were found to be: . .. .

M+Px, -Py. +Pz. - x, -My, -Mz

From Figure A-3 (Appendfx A), the crltfcal load factors were found to be:
.

nx ny nz e(tiy) ji(az)

Case 3 +9 -2.5 +1.5 -15 -4 ‘

Case.4 +2 -5 +4 -25 -6

Case 3:
Sz-[(0.51i)(9)+ (0.622)(2.5)+(0.393 )(i.5)lH+[(0. 020)(15)+(0. O89)(4)lI

SZ=(6..744)H+(0.656)I

Case 4: Sz-[(0.51i)(2)+(0.622)(5)+(0.393)(4)lH+[(0.020)(25)+CO:089)(6)lI

SZE(5.704)H+(1.034)1

The crltlcal case 1s No. 1

SZ=(11.839)(2000)+(1.034)(43SO)-28,176 lb. and

S=Szcosc=(213i76)(0.866).32,3i9 lb.

The design 1Imlt load for the store SB pads !s Sd=.32319+Sp(where 5P 1S
the preload due to SB torque).

90.4 Store fwd luq.

LX=PX

Ly=ByP~CyPz+O#lx , AY.EY=FY=O

By=(13/20)[(iO)(0.562)/(5.624)-11--0.0005

C#18)(3.5)(0.562 )/[30(i.i24+B-3.5)1=0.2i0

LznAzPx+BzP~CzPz+ DzMx+EzM~FzMz

Az=iO/(13+i2)+3.5/(20)(0.562)rJ0.7il

.

Bz=(13)(iO)/(20)(0.562)=1.i56
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Cz-(iEi/30)[3.5;(i.i24+8-3.5)+11=0.973

Ez-1/(i3+12)-0.040 ..

Fz-i/(20)(0.562)-0.089

From Table O-i and Figure .A-3
found to be:

nx nY

Case”,i +2 -5

Case 2 +9 -2.5

(Appendix A), the crltlcal load factors were

nz ki(tiy) V(wz) ““ ““

-12 -25 -6

-5 -15 -4

Case i- LX.=2W,Ly=[(-0.0005)(5)+(0.2iO)(12)lW=2.Si8H

LzE[(0.711)(2)+(i.i56)(5)+(0.973)(12)lH+[(0.040)(25)+(0.089)(6)1I
.......:.-..-..

1
Lz=(i8.878)W+(i.534)1 “’

i
Case 2: Lx=9kJ, Ly=[(-0.0005)(2.5)+(0.2iO)(5)lW=1.049H

Lz-[(0.7ii)(9)+(l.156)(2.5)+(0.973)(5)lW+[(0.040)(i5)+(0.089)(4)1I

LZ-(14.154)H+(0.956) I

I 90.5 Store aft 1uq.

LX-PX

Ly=8yPy+cyPz+Dpx , AYEEY=FY=O

Byn(7/20)[(10)(0.562)/(5.624)-il=-0.0C103

CyE(i2)(3.5)(0.562)/[30(i.i24+8-3.5)]=0.i40

Lz.AzPx+BzPy+CzPz+DzflX+EZMy+FZMZ

AzniO/(7+i8)+3.5/(20)(0.562)-0.711

82=(7)(10)/(20)(0.562)-0,622

Cz=(12/30)[3.S/(1.i24+8-3.5)+11=0.64

Ez=i/(7+i8)=0.040

FZ=II(20)(0.562)=0.089
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From Table O-i and Figure A-3 (Append!x A), the crttlcal load”factors were
found to be:

. .

nx ‘Ynz” “d(iiy)

Case 3 -9 -5 -6 +25

Case 4 -3 -5” -iz +25

. .

jxiz)

-6

-6

Case 3: LX-911, LY=[(-0.0003)(5)+(0.140)(6)IH=0.0839H

Lz-t(0.7il)(9)+(0.622)(5)+(0.649)(12)lH+[(0.040)(25)+(O.O89)(6)lI

LZ-(13.403)H+(1.534)1

Case 4: LX-3H, Ly=[(-0.0003)(5)+(0.i40)(12)lH=ij679H

Lz=[(0.7il)(3)+(0.622)(5)+(0.649)(12)lH+[(0.040)(25)+(0.089)(6)lI
.. ,:.,:’.:

Lz-(i3.03i)H+(l.534)1

Case Lx Ly L- Lz
(lb)

1 4,000 5,036 6,43t 44,385

2 k8,000 2,098 i8,122 32,457

3 18,000 1,678 i8,078 33,479

4 6,000 3,358 6,875 32,735

Crltlcal cases are Nos. 1 and 3. The dislgn llmlt loads for the lugs are:
. .

L-i8,078 lb. and Ldz-(44,385+Lp) lb. ilhereLp IS the preload due to SB
torque.
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100. E@JATIONS FOR THE RESULTANT MONENTS DUE
AERODYNAMICFORCES.

TO TRANSLATION OF THE

100.1 Oeflnltlons. X, Y, and Z are the dlstances measured from the CG
to the center of pressure (CP) of the store. Posltlve directions are in
accordance WIth the system of coordinates of Figure D-i.

100.i.i Forces. D=drag, S-side force and L-lift force.

100.1.2 Aerodynamic mments. Max, May, and Maz. are aerodynamic
moments with respect to X, Y, and Z axes respectively.

M’az + SX - DY =,0

M’ay+DZ-LX=O

M’ax+LY-SZ-O

i

Y

i-

s

T--- CP

Mu~ , ~ ] ‘2

L

L

“’” L

L

L

L

rs

““’ &

z

Y

Y
CP
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iOO.2 Equations. The resultant moments due to translation of the
aerodynamic forces from the CP to the store CG can be computed fran the
followlng equations. - -

--

I

These
. .H*ay,

[1 [“

U’ax o z

“1 [:

-x o

way . -z” o x s

M’az Y -x O “ L

moaents are added to the aerodynamic rol1, PItch, and yaw moments, M“ax,
and U“az. re5PeCtlvelY.

----.. -..... ..

The total aerodynamlc nxsmentsare:

Ma~A4’a~ + M“a~
..

Hay-M’ay + 14may

Ma#’az + M“a~ .

ilo. EwATIONS FOR LOADS ANO HONENTS DUE TO ROTATION OF THE STORE SYSTEM
OF WOROIWTES

110.1 Deflnltlons.

ffo.i.t Loads. P’i and Pi are the loads In the 1 dlrectlon of
the aircraft= store system of coordinates respectively, (1-x,y,z).

ilO.i.2 Mcnnents. M’1 and Ml are the mments around the t axis of
the aircraft and store system of coordln~tes respectively.

110.1.3 Anqles. 61. 62, and 63 are the angles of
rotation around the X, Y, and Z axes respectively.

110.2 Equations. The resultant forces and moments due to rotation of
coordinates can be computed from the following equations.
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iiO.2.i Rotation around the
angle, 611.

X-axis (for stores mounted at a rol1

PY-P’~cos61+P’zsin61

\

%
Pz-P’zcos61-P’~sln61

,z“
Max pz=p’zcos61+P’~sln61, for -p’y

Myd4’ycos61+M’zsin61

Mz=ti!zcos61-M’Yslnbl

Max Mz=M’zcos61+M’ysin61. for ‘M’Y

\ ?

z

*
..PY Y

Rotation around the Y-axis (for stores mounted at a P1tch
angle, 622.

lio.2.2

PX-P’XCOS62+P’zsln62

\~

%
PZ-P’ZCOS62-P”’xsin62

z
Max PZ-P’ZCOS62+P’xsln62, for -P’~

z
MX-M’XCOS62+M’zsln62

MZ=M’ZCOS62-M’xsln62

Max MZ=M’ZCOS62+M’ Xstn62. for -M’ x

P, x
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Rotation around the Z-axls (for stores nmunted at“a yaw
anqle, 63).--

PX.=P’~cos63+P’#.in6~ -

Pz=P’ycos63-P’xsin63

Max pz-p*ycos63+P’xslni3, for -p’x

14x-H’xcos63+M’ysin63

MY=M’YCOS63-M’xsln63

Max MY-M’~cos63+M’~sln63, fOr -M’x. . .

IY
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