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MILITARY SPECIFICATION

MISSILES, GUIDED,
STRUCTURAL INTEGRITY
- *GENERAL SPECIFICATION FOR

This specification is approved for use by a]l Departments and Agencies of the
Department of Defense.

1. SCOPE

1.1 Scope. This specification establishes the structural performance and
verification requirements for guided missiles. The requirements of this
specification are established to assure that guided missiles delivered .to
operational units have adequate structural integrity to accomplish their
intended purposes.

1.2 Applicability. This specification is directly applicable to guided
missiles. However, the degree of applicability may vary ‘between types of
guided missile systems. The extent of applicability shall be in accordance
with the provisions of 1.3.

1.2.1 Guided missiles. The extent of applicability of “guided missiles"
includes "cruise" missiles and may also by logical extension include other
unmanned air-vehicles. However, "ballistic" missiles such as the "ICBM" are
specifically excluded.

: 1.3 Modification and amglifiéation, This specification may be modified
and amplified in contracts for guided missiles by type, detail, design data,
and test specifications, and addenda thereto. '

‘Beheficial comments.(recdmmendaf1ons, add1t1on§ “deletions) and'any pertinent

.. data which may be of use in improving this document should be addressed to:

Naval Air Engineering Center, Systems Eng1neer1ng and- Standardization Depart-
ment {(Code 53), Lakehurst, NJ - 08733~5100, by using the self-addressed Stand-
ardization Document Improvement Proposa] (DD Form 1426) appearing at the end

"-of th1s document or. by 1etter

CmMsCNA - - FSC 1410
DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.
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1.4 Deviations. Deviations from contractually established requirements
of this specification may be granted only by the contracting activity in
written approval. Deviation requests shall be submitted to the contracting
activity with sufficient engineering data to substantiate the need for and
applicability of an alternate requirement.

2. APPLICABLE DOCUMENTS

2.1 Government documents.

2.1.1 Specifications, standards, _and _ handbooks. The following
specifications, standards, -and handbooks form a -part of this document to ‘the
extent specified herein. Unless otherwise specified, the fissues of these
documents shall. be those listed in the issue of the Department of Defense
Index of Specifications and Standards (DODISS) and supplement thereto, cited
in the solicitation (see 6.2).

SPECIFICATIONS
MILITARY
MIL-A-8591 - -Airborne Stores, .Suspension ‘Equipment and Aircraft
Store Interface ‘(Carriage Phase); General Design
Criteria for
STANDARDS
MILITARY

-MIL-STD-167 - Mechanical Vibration of Shipboard Equipment
MIL-STD-210 - Climatic Extremes for Military Equipment
MIL-STD-1587- Material and ~Processes Requirements for Air Force
- Heapon Systems - S
MIL-STD-1763- Aircraft/Stores Certification Procedures

HANDBOOKS

MILITARY _ _ ‘ _
MIL-HDBK-5 - Aerospace Vehicle Structures, ‘Metallic. Materials and.
Elements for C }
MIL-HDBK-17 - .Polymer . - - Matrix - - -+ Composites

(Unless _otherwise indicated.-_lcopies of federal ~and  military
specifications, standards, and handbooks are available from the Military
Specifications and Standards, Bldg. 4D, 700 Robbins Avenue, Philadelphia, PA
19111-5094.) ' ‘ '

2.1.2 Other Government documents, drawings, and publications. The
following other Government documerits, drawings, and publications form a part
of this specification to the extent specified herein. Unless otherwise
specified, the issues are those cited in the solicitation.
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PUBLICATIONS
NAVAL AIR SYSTEMS COMMAND
8D-24 -  General Specification for Design and Construction of Rir-

craft Weapon Systems, Volume I - Fixed Wing Aircraft.

(Copies of other Government documents.‘drawings. and publications required
by the contractors in connection with specific acquisition functions should be
obtained from the contracting activity or as directed by the contracting
officer.) :

2.2 Non-Government publications. The following documents form a part of
this document to the extent specified herein. Unless otherwise specified, the
issues of the documents which are DOD adopted are those listed in the issue of
the DODISS cited in the solicitation. Unless otherwise specified, the issues
of documents not listed in the DODISS are the issues of the documents in the
solicitation.

UNITED STATES COMMITTEE ON EXTENSION TO THE STANDARD RTMOSPHERE (COESA)
U.S. Standard Atmosphere
AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM!

Test Method E399-83 - Test for Plane Strain Fracture Toughness of Me-
tallic Materials

(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 libraries or other informational
services.)

" 2.3 Order of precedence. In the event of a conflict between the text of
this document and the references cited herein, the text of this document takes.-

precedence. Nothing in this document, however, supersedes applicable laws and
regulations unless a specific exeniption has been obtained. :

3. REQUIREMENTS

3.1 Es i 0 tura egri X0 . The structural
performance ‘requirements of this" speclfxcatlon reflect operational and
" maintenance requirements of the guided missile and.are stated in terms of
parameter values and conditions (3.2), and technical requlrements (3.3 through'
3.8). The airframe shall have sufficient structural integrity to meet these:
" requirements, separately and in attainable combinations. Demonstration of.
.. compliance with each requirement of this specification shall be verified by an.
. integrated program consisting of design analyses, laboratory and’ ground tests,
structural demonstration tests and data documentation as SPGCLfled 1n b.2.

3.1.1 ity. The m1581le

contractor shall coordinate with the launch platform contractori{s) -
together shall perform analysis and tests necessary to ensure that the

3
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structural performance of the missile is compatible with the launch plat-
form(s) throughout their common operational envelopes as specified in the
system specification. The required structural integrity analyses and tests
shall be proposed by the missile contractor and approved by the contracting
activity prior to use in structural design.

The required analyses, tests, and documentation shall be consistent with the
missile and launch platform(s) interface and may include, but are not limited
to the following areas:

structural captive flight loads

. missile launch dynamic response loads
missile dynamic response loads due to separation of an adjacent store
stress and fatigue

aircraft/missile aerocelastic stability

. vibration and aeroacoustic environments
catapult and arrested landing tests

. field landing, taxiing, and take-off tests
aircraft/missile ground vibration modal tests
. aircraft/missile flight :flutter tests
aircraft/missile flight loads tests

-

Fuppommoe AN o

*For the airborne carried missile, the requirements of MIL-A-8591 shall<be met
and .the ajrcraft/stores certification procedures of MIL-STD-1763 shall be
followed.

3.2 General parameters and conditions. The airframe shall have sufficient
:structural integrity to meet the required operational and maintenance capabil-
-ities reflected in the general parameters and conditions of the following
subparagraphs and attainable combinations of these parameters and conditions,

L o -
These parameters and conditions are to be used -in -conjunction with the

-detailed requirements contained in 3.3 through 3.8.

3.2 Limi;_nggg. Unless otherwise specified, load factors and load
" formulas noted in any portion of this spec1flcatlon represent limit loads.

3.2.2 Free-flight Jload factors. The free-fllght load factors used for
‘structural design shall be. the maximum and minimum load factors attainable for
flight use commensurate with the attainable combinations of load factors

including intermediate load factors, gross weights, speeds, altitudes, thrust,
and rates of displacements of control surfaces.
3.2.3 Desien weights and center of gravity (CG} pogitions. The maximum

design gross weight, flight design.gross weights, and CG positions shall be as
specified by the contractlng ‘activity. In addition, the following provisions
shall apply. ' : :

a. The de31gn £ross welghts shall be all gross welghts. ffdm‘the'maximum 
design gross weight to the minimum flying gross weight.

b. The welght dlstrlbutlons shall include all distributions that are
critical as defined by all possible arrangements of variable and removable
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items, for which provisions are required, and for all combinations of
remaining fuel.

¢. For air launched missiles during captive flight, the CG positions
employed for design shall be in accordance with the provisions of MIL-A-
8591.

d. For free-flight, the CG positions employed for design shall include a
tolerance beyond the actual maximum-forward and maximum-aft positions for '
the gross weights of 3.2.3a. This tolerance shall be 1.5 percent of mean
aerodynamic chord or 15 percent of the distance between the actual maximum-
forward and actual maximum-aft CG positions, whichever is greater. This
tolerance shall be applied so as to move the design CG range forward of the
actual maximum-forward position and aft of the actual maximum-aft position.

3.2.4 Atmospheric characteristics. The atmospheric characteristics used
for the determination of loads shall be in accordance with the COESR U.S.
Standard Atmosphere.

3.2.5 Airload distributions. The distributions of the airloads used in
the structural design shall be those distributions determined-by the use of
acceptable analytical methods, wind tunnel tests, and aerodynamic data which
are demonstrated to be applicable and approved by the contracting activity.
These data shall include the effects of Mach number, deformation of the
surface due to aeroelasticity and thermoelastic effects, and nonlinear effects
such as buffet.

3.2.6 Positions of aerodvnamic surfaces. The positions of aerodynamic
surfaces for the flight loading conditions of this specification shall be the
end attainable by all adjustments, including the maximum allowable tolerances
specified for fabrication and assembly of the missile, and all critical
intermediate positions.

3.2.7 Air speeds. The air speeds employed for design shall be the maximum
- speeds specified for both captive flight and free-flight and any attalnable
lesser or intermediate air speeds.

3.2.8 Altitudes. = The altitudes used for design shall be all altitudes
from-sea level to those altltudes at which limit-equivalent air speed and Mach
number are maximum.

3 2.9 Thrust. The thrust for the conditions of this specification shall
be all values from the mlnlmum to the max imum attalnable commensurate wlth the
. propu151ve system used. . . _ .

3.2.10 Bglgggg_gﬁ_ﬁg;ggi " For conditions for which parameters. -or values
~-of parameters are not completely Spec1fled to the extent necessary for the
missile and its” componerts to be in complete translational ‘and rotaticnal
equlllbrlum, additional forces which are determined by a rational method and
which are approved by the contractlng activity shall be assumed to act in a
manner such that ~ the acceleration of the missile's component masses are

~ balanced by externally applied forces. - :
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3.2.11 Therma) criteria. The design of the missile shall provide for the
cumulative heating effect from the internal and external thermal environment

as defined in 3.2.11.1 and 3.2.11.2.

3.2.11.1 Internal thermal environment. The design of the missile shall
provide for the heating effects from internal areas of the missile, such as
but not limited to the propulsion and electronics systems during all phases of

matmbananans amd Ansasabianal nea

mallitenance ana vpcliaviviial uoc.

3.2.11.2 External thermal enviropment. The design of the missile shall
provide for the heating effects .from external areas of the missile, such as
but not limited to aerodynamic -heating and operation in ambient atmospheres
consistent with both the c¢old and hot atmosphere-verses-altitude relationship
defined in MIL-STD-210 extrapolated to cover operational altitudes.

3.2.12 Deformations. The cumulative effects of elastic, .permanent or
thermal deformations, acting singly or together, which :result from application

of design temperatures, fatigue !loads, and yield loads 'shall not:

-a. Inhibit or degrade the mechanical operation of the missile or of the
‘aerodynamic characteristics of the launch platform.

*b. Adversely affect the .missile's aerodynamic characteristics -or the
.aerodynamic characteristics of the launch platform.

¢. Require repair or replacement of, parts.
3.2.13 a d temperature redistribution. The external load and

temperature distributions shall -include the effects of aeroelastic and ther-
moelastic structural deformations.

3.2.14 Transient response. The magnitudes and distributions of loads
shall include the effects -of the dynamic response of the structure resulting
.from the transient or sudden application Qf loads,

3.3 Design loads criteria and loads. Structural design loads criteria and
loads shall be established for the structural loading conditions of the
‘following subparagraphs as well as in conjunction with-‘the general parameters
and conditions of 3.2. Specific detail structural loading requirements,
except .as otherwise specified by the contracting -activity, shall be as
proposed by the contractor and -approved by the contractlng act1v1ty prlor to
use in the de51gn.. :

'3i351: H:md'hnor loads. Hand'l_lgﬂ loads for the @nagkaﬂed missile shall

include - all loads requ1red to -meet operational use and maintenance requlre--
ments and shall 1ncorporate the following limit load factors:

a; For h01st1ng. a 11m1t load factor of 2 0 actlng through the center of
gravity within a 20 degree cone around the hoisting axis.

b. For jacking, the limit load factorgiof 2.0 vertical, 0.50 fore and aft,
and 0.50 lateral.
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c¢. For cradling and handling the limit load factor shall be 2.5 in all
directions.
2 2 2 W:ﬂcnnw+n+1nh TAaade MramnenAarkadrian 1Aaade 2h=211l inalunda it madk
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be limited to those imposed due to railrocad transportation, truck transpor-
tation, air transportation, shaore to ship transfer, and ship to ship transfer.
Static and transient transportation loads associated with each transportation
mode, which shall include loads induced by pressure altitude changes during
transportation, shall be evaluated and submitted to the contracting activity
for acceptance. The vibration environment encountered by the vehicle in each
transportation mode shall be evaluated, submitted to the contracting activity
for acceptance, and included in the determination of fatigue loads.

3.3.3 at interface loads. Launch platform interface loads
shall include all 1loads transmitted to the missile while retained on the
launch platform.  Analysis shall be made by the contractor based on criteria
acceptable to the contracting activity which defines these launcher imposed
loads and shall include the following:

3.3.3.1 OUn: shi unched missi . For ground and ship launched
missile;, the following interface load sources shall be evaluated.

a. Steady-state surface wind and gust loads shall be in accordance with
MIL-STD-210 for a life expectancy as specified by the contracting activity.
Surface. wind vortex shedding loads and induced oscillations shall be
defined. Shipboard steady state-surface winds shall be not less than 60
knots in all directions.

b. Shipboard loads shall include those imposed due to ship vibration as
specified in MIL-STD-167 and for near-miss shock inputs. The various
shipboard iocations where. the missile is normally positioned during service
operations shall be included in determining the imposed loads.

3.3.3.2 BAir-launched missiles. For air-launched m15511es, the following

_ interface load sources shall be evaluated,

a. Captive flight loads are to be based on applicable carrier-aircraft
taxiing, -take-off/catapulting, -maneuvering, landlng/arrested landlng,
separation of adjacent stores, gun fire, and carrier aircraft engine
 induced aercacoustic load conditions (including when the carrier aircraft
~is in launch position on shipboard catapult with the jet blast deflector

- (JBD) raised, and when behind the raised JBD in position for next launch.

b. Unless otherwise specified by the contracting activity, missile/carrier- . .

aircraft aerodynamic and inertia interface loads shall be governed - by the

- provisions - of MIL-A-8591. Rerodynamic and inertia.loads shall be deter-
- mined from specifically applicable data. If such data are not available .
during preliminary design, MIL-A-8591 may be used in conjunction with °

aerodynamic coefficient and lnertla load factor data of similar carrier-

Almarafd fmicatla ammhimndia Hatsnesam Edmnl qnanp-"lm Tiﬂ amAd  inartia

Qiivial L-I l.ll.LbDJ.J.U bUIluJJ.ildL&Uﬁb . BUWTYTGL, Lingi QAL VLY MQLL - [- 111898 B P A N

loads'shall be from specifically applicable data.
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c. Launching loads are to be based on the most critical f£flight conditions
of the launch aircraft.

d. Combined jet-blast and overdeck winds for captive flight on carrier
based aircraft shall be not less than 100 knots in all directions.

3.3.4 Launching loads. &n analysis ¢f launching loads, appropriate to the
type of launch system used, shall include but not be limited to the effects of
ejector impulse and tolerances, rail launch loads, static firing loads, and
propulsion system loads.

3.3.5 Transition -from launch to free-flight loads. An evaluation shall be
made of the loading conditions for events occurring during .the transition from
the launch phase to the free-flight phase of flight. An-analysis of transi-
tion loads shall include, but not be limited to the effects of:

a. Flight surface deployment including other deployable surfaces such as
alr scoops.

.b. Staging and separation transient loading, including vibration and
shock, occurring during the staging and separating sequence.

3.3.6 Free-flight loads. An analysis of the loading conditions during the
free-flight phase of flight shall include, but not be limited to the follow-
ing:

a. Maneuvering loads. The parameters defining the design maneuvering
conditions - shall include all those necessary to provide limit strength for
the intended missions of the missile. Both steady-state and dynamic
maneuvers for the prescribed mission shall ‘be included in determining the
maneuvering loads including the effects of launching and mid-course phase
errors. The effect of cyclic or repeated maneuvering loads and the effect
of load reversal .due to missile roll shall be included.

b. Gust loads. The gust loads shall be those applicable to the .design
operational flight plan at appropriate speeds and altitudes. Unless

 otherwise specified by the contracting activity, the type of gust analysis,
shall be proposed by the contractor and shall be acceptable to the con-
tracting activity.

¢. Combined gust and maneuver léads.' Strengfh shall be provided for
statistical combinations of maneuver and gust loads.. =~ These combined:
. conditions shall apply to all phases of missile trajectory. '

d, Wind shear 1loads. All missiles having vertical or .nearly verticail
flight paths, or portions thereof, shall be provided with - strength to
" sustain ‘wind shear loads. Operational type missiles shall withstand shear
loadings resulting from wind profiles attainable 1 percent of the -time. -
The contractor shall include shear layer thicknesses corresponding to the
critical missile characteristics. Gust and wind shear effects shall act
additively in proportions consistent with altitude variations. -
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e. Control system loads. The load investigation shalllinclude the effects
of weight, inertia, control stops, accelerations, and dynamic overshoot.

f. Fuel-slosh loads. The load investigation shall include the pressures
and dynamic response associated with fuel-slosh and fuel-surge loads.

g. Internal pressures. The pressures resulting from the maximum anticipat-
ed rates of change of speed and altitude shall be established.

3.3.7 Recovery loads. An analysis of the recovery conditions, if appli-
cable, shall be made to determine the recovery loads. The recovery system
shall permlt recovery of the missile or sections thereof with minimum damage
as required in the detail specification.

3.3.8 Pressure vessel loads. An analysis of pressure vessels shall be
made to establish the design nominal operating pressure and the maximum
expected operating pressure (MEOP) loads. Upper and lower nominal operating
pressure bounds shall be established in a rational manner when a range of
pressure is possible for a particular structure. RAll pressure vessels shall
withstand the maximum pressures attainable as limited only by pressure relief
devices or the capacities of the pressure systems, whichever is less, in
combination with the conditions specified in 3.2.11. '

3.3.8.1 Nominal operating pressure. The range of nominal operating
pressures shall be established by taking into account applicable combinations

of the following items:

a. The maximum range of temperatures that will be encountered in all
operating conditions.

b. The critical temperature limits specified for the particular operating
conditions.

. Fueling and storing conditions.

. Propellant loading pressures. :

The vapor pressure of the vessel contents.

The effects of head pressure, static and dynamlc.

. Atmospheric pressure at altitude.

. Operating tolerances on pressure regulators, valves, 1nstrumentat10n
Instrumentation error.

- 3.3. B 2 Maximum e expected opergtlng pressure (MEOP). The HEO? shall be -

" established as the maximum nominal operating pressure plus appllcable cemblna-
';tlons of maximum translent pressures 1nc1ud1ng hydraullc shock

. 3.3.8.3 Pressure vggggl serving as pr ;@g;x ;;ggtg; 8.  Design loading

' conditions for pressure vessels serv1ng as primary structures (such as rocket

- WY -

‘motors and fuel tanks) shall be. established and shall be-the maximum forces orf-"'.

comblnatlons of forces resultlng from.

a. The static, vibratory, thermal and repeated external loading condltlons '
specified herein.
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b. The minimum nominal operating pressure when pressure increases the load
carrying capability of the structure.

¢. The maximum nominal operating pressure when pressure decreases the load
carrying capability of the structure.

d. The MEQP.
3.3.9 OQverpressure, thexmal, and gust response loads. Overpressure,

thermal, and gust response load requirements shall be as specified by the
contracting activity in the detailed specification.

3.4 Vibrations. Construction, materials, and design shall be such that
there will be no -airframe fatigue failures resulting from structural dynamic
responses induced by aeroacoustic, mechanical, structural, or .other oscil-
latory loadings. The requirements of 3.4.1 through 3.4.3 shall apply :through-
out the design range of altitudes, speeds, maneuvers, weights, fuel scontent,

thermal conditions, and other loading conditions and configuration variables
for the service life of the missile.

3.4.1 -Qscillatory loads and ‘fatigue. The design of the missile shall be
demonstratably free .from fatigue -failures resulting ‘from structural :dynamic
responses ({vibrations) induced by the oscillatory loadings of 3.4.1.1-for‘the
sexrvice life of 3.6.1. The design of the missile shall also satisfy :the
‘design factors and fail-safe requirements of 3.4.1.2 and 3.4.1.3 respectively,
and the durability and damage tolerance requirements of 3.6 and 3.7 respec-

=deralar
LLVOLY »

3.4.1.1 Q§gillggggz_lggg;gg_ggg;g_g. Structural oscillatory responses ate

caused by aercacoustic energy or mechanical energy transmitted through either
an air media ({airborne) -or solid media (structural bornel. Oscillatory
loading environments include, but are not limited to, those resulting:from:

8. All sources that may be associated with the propulsion system such as
-rocket/jet exhaust turbulence noise, compressor or fan noise, combustion
noise, nozzle instability noise, inlet instability noise, and vectored
-thrust propulsion.

b. All noise of aerodynamic origin that may be associated with unsteady
-flow operation such as boundary layer pressure fluctuation,  wake noise,
- cavity noise, base pressure fluctuation, oscillating shocks, and shed
vortices. ' , : - S

¢. All mechanically induced phenomena such as launch platform induced -
loading and launching forces unbalance of rotarv components. and fuel.
slosh.

.3 1.2 Dgg;gn fgctg; . The missile shall meet ‘the following design.
requirements: , ' - ,
a. Design factors 'for oscillatory loads: The structure and structural

components shall be designed with a design factors of 1.5 on aerocacoustic
pressures and on oscillatory acceleration, G or Grms.

10
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b. Damping: The total (aerodynamic plus structural) damping coefficient,
g, for any significant airframe dynamic response mode shall be not less
than three percent (g = 0.03).

3.4.1.3 Fail-safe structural integritv. The design of the missile shall

provide multiple load path fail-safe features to eliminate critical single
failures or, as a minimum, the design shall provide a safe life of critical
elements. In the event of unexpected fatigue failure or partial failure of a
principal structural element resulting from oscillatory locadings, at least
limit strength required for £light loads shall remain.

3.4.2 Control of enviromment. Techniques to minimize excessive oscilla-
: 21 h

11 be arnnliad in tha n:r]u Adagion 5+ncnc Such tachnidques include

Mo dppraTu Ll il s a LGOS LRl wiibeid MebillaGReos LAty

but are not limited to relocation of oscillatory load sources, isolation from
the oscillatory load, changing the structural stiffness locally to detune it
from the known frequency spectrum of the oscillatory loads, avoidance of
cavities and projections which produce local high-intensity turbulence, and
the use of damping materials.

3.4.3 Component support structure. The design of missile component

support structure shall be such as to prevent excessive oscillatory response
of structural responses of the support

nf  samnanante dna o amnl i
Ci & sSponses pore
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structure.

3.5 Desien strepgth. The structure shall have sufficient strength such
that material yield allowable stresses will not be exceeded at yield loads and
material ultimate allowable stresses will not be exceeded at ultimate loads.
For repeated load and fatigue conditions, strength shall be provided such that
the fatigue life of the structure will equal or exceed the spec;fzed life,
lncludlng specified scatter factors.

3.5.1' Missile construction. Unless otherw;se specified by the contracting
activity, the missile construction shall conform to the material, manufactur-
ing, and process requlrements of SD 24 Volume I.

3.5.2 Egogergges of méteglgls gg; design §§;§ng§h The selection of

material physical properties used in structural design shall include a -
consideration of all factors which affect the allowable strength Such
factors include, but are not llmlted to the follow1ng

a. Hanufacturlng processes

-1, For metalllc materials, the allowable stresses used in the de31gn
-'shall not exceed those applicable to ‘the grain directions resulting
from fabrication. . So far as is practical, structural - members shall be
. s0 . designed that the directions of the critical stresses are favorably

. related -to the direction of the grain resu1t1ng from forglng. rolllng. :'

- extruding, and-other fabrlcatlon processes..

b, The nature of static, transient, fatigue, and shock loads as well as the
effects of ‘'sustained v1bratlon and repeated loads

¢. Stress concentration areas.

11
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d. Operating environments consistent with overall planned usage.
e. Effects of operating environment on residual physical properties.

f. Considerations of reductions of material strength, shall include the
effects of expected longtime, short-time, and repeated exposure to elevated
temperatures and to chemicals in combination with other applicable design

loads. Applicable effects shall also include creep, thermal expansion,
joint-fastener relaxation, elevated-temperature fatigue, and moisture
absorption.

3.5.3 Metallic materials. The properties of metallic materials shall be
commensurate with the operational and maintenance capability required of the
airframe.

3.5.3.1 ign data wable materia operties. ‘Design data and
properties of metallic materials shall be .obtained from the following sources,
or from other sources subject to acceptance by the contracting activity.

a. The "A" and "S" values of MIL-HDBK-5 shall be used in the design -of
.structural components wheose -failure would result in the 1loss of the
missile, whose failure during captive flight would result in damage to or
in the loss of the launching vehicle, or in the loss of launching vehicle
control within the meaning of 3.2.12. These values shall also be used‘for
design of structural components not subliected to structural tests. . Where
both "A" and "S" values exist and differ, the least value shall be used.

T I.ll'\n‘l( E mow ha niead anhia~t A +hao hnh‘hh‘!r:l AfF +h
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L =]
contracting activity, for the design of multiple load path structural
components where the redistribution of loads due to failure of a load path
does not result in airframe catastrophic failure, loss of control of the
missile, or otherwise an incomplete mission.

h M PRAN yraTlvias ~AF MT
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Minimum guaranteed properties obtained from the handbook shall be used for
design purposes. For the substantiation of structural integrity by analytical

calculations, . the nominal thickness-of material shall be used, except for
mechanically or chemically milled pressure vessels where fhp design thickness

wsrlirimwith e ] WA VicwiniemwiAaam [ Mlaas s e wel o e oo aw L =P = e SRS T RS S L

shall be the minimum thickness. The nominal thickness shall be the average
between tolerances. : _

When new materials are proposed for use in the design, design data and proper-
ties other than those contained in MIL-HDBK-5 shall be developed as necessary
-according to a material characterization and design allowable plan. This plan .
shall be in accordance with the guidelines presented in Chapter 9 of MIL-HDBK-
.5 o as sp301fled by the .contracting activity. . Where it is necessary to
‘develop data and properties for metallic materlals the test materials and
iprocesses shall be those 1ntended for use in productlon missiles.

3.5.4 ﬂggmg;gll;gﬂmg;g;;glg. . Nonmetallic materlals shall be selected and.
used in compliance with the €following requirements. Whenever materials are -
- proposed for which only a limited amount of data is available, the contractor
shall provide the contracting activity with sufficient background data so that
a determination of the suitability of the material can be made.

12
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a. Unless otherwise specified by the contracting activity, design data and
properties for plastics and glass fiber reinforced plastics shall be
obtained from MIL-HDBK-17B (Volume 1) or from other sources subject to the
approval by the contracting activity. The material acquisition, qualifica-
tion, and process specifications shall be in accordance with the procedures
of MIL-STD-1587 (section 5.2.1.4.2).

b. Design data and properties other than those contained in MIL-HDBK-17B
(Volume 1)} shall be developed as necessary according to a material charac-
terization and design allowable plan. This plan shall be in accordance
with the guidelines of MIL-HDBK-17B (Volume 1) or as specified by the
contracting activity. Where it is necessary to develop data and properties
for non-metallic materials, the test materials and processes shall be those
intended for use in production missiles.

3.5.5 Margins of safety. Margins of safety shall be positive and shall be
determined at yield and ultimate allowable levels, when appropriate, at the
temperatures expected for all critical conditions.

3.5.5.1 Margins of safety for castings.

a. Requirements for the use, classification, and inspection of castlngs is
contained in SD-24 Volume I.

b. The margins of safety €for class ‘1 castings, considering S property
values, shall be not less than +0.33 and for class & castings shall be not
less than +2.00 unless a lower value, acceptable to the contracting
activity, can be substantiated empirically.

c. Fitting factors shall not be used in conjunction with casting margins of
safety even though a part of the casting functions as a fitting.

d. At least one ultlmate static test shall be conducted for all class 1
castings. - : o _ o -

3.5.6 Design strength factors.
© 3.5.6.1 Factors of safety. -
3.5.6.1.1 Yield factors of safety. = Except for loadlng condltlons for

which specific ‘yield loads are delineated, the yield loads are obtalned by
multiplying limit loads by the. yield factor of safety. ‘No permanent deforma-
.tion shall remain after application and removal of yield -loads. Unless
3otherw1se specified by the contractlng act1v1ty, the following yleld factors'
of safety apply.l. . C

a.-1.15 for. captlve fllght launching, eJectlon, jettison, and 1n1t1a1 free
flight conditions. Initial free flight conditions -shall be defined as
within 5 seconds after separation from the launch platform/launcher or 250
_geet clear of the launch platform/launcher, whichever yields the greater
istance. . . :

13
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b. 1.00 for free flight conditions other than the initial free flight
condition of 3.5.6.1.1a.

¢. 1.15 for transportation, handling, and other non-flight conditions.

3.5.6.1.2 Ultimate factors of safety. Except for loading conditions for
which specific ultimate loads are delineated, the ultimate loads are obtained
by multiplying the limit loads by the ultimate factors of safety. Failure
shall not occur at the design wultimate load. Unless otherwise specified by
the contracting activity, the following ultimate factors of safety apply:

a. 1.50 for captive flight, launching, ejection, jettison, .and initial free
flight conditions. Initial free flight conditions shall -be as defined in
3.5.6.1.1a.

free flight conditions other than the initial free flight
5.6.171 '

ﬂ)

3.
c. 1.50 for transportation, handling, and other non-flight conditions.

d. In certain special cases, an ultimate factor of safety of greater than
1.50 may be specified for consideration of added safety, strength, rigid-
ity, quality assurance, and wear.

3.5.6.2 Pressure vesgsel factors.
3.5.6.2.1 Proof pressurization factors. Except for conditions for which

specific proof pressures are delineated, the proof pressure (at operating
temperature} for pressure vessels shall be determined by multiplying the
nominal operating pressure by the proof pressurization factor, -plus-the
difference between nominal operating pressure and the MEQOP. For pressure
vessels serving as primary structure, the proof pressure (at operating
temperature) shall be determined by multiplying the MEOP by the proof pressur-

ization factor. Pressure vessels shall not yield at the de51gn proof pres-

sure. uuless Oth%}."ﬁ'lsh apnn\ fiad hu -I-‘hn nnn’l'f::nflncr aa _lV-t the Fn'l]m.nng

proof pressurization factors apply:

a. 1.2 for pheumatic vessels, hermetically sealed units, and lines and
fittings. when non-hazardous to personnel

a.” 1.5 for pneumatic vessels, hermetically sealed units, and lines and
fitt1ngs when hazardous to personnel '

c. 1.1 fér soli

Unless otherwlse specxfled by the contractlng ‘activity, hazardous condltlons

. exist - when pressurization  occurs at any time up- to and during the 1n1t1a12

" - free-flight conditions specified in 3.S. 6 l.1a. - ‘

3.5.6.2.2 Burst gresgurlgatlgn ggctorg. Except for conditions for which
specific burst pressures are delineated, the burst pressure {at operating
temperature} shall be determined by multlplylng the nominal operating pressure
by the burst pressurization facto plus the difference between the nominal

T e -
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working pressure and the MEOP. Pressure vessels shall not fail at the design
burst pressure. Unless otherwise specified by the contracting activity, the
following burst pressurization factors apply:

a. 1.33 for pneumatic vessels, hermetically sealed units, and lines and
fittings when non-hazardous to personnel.

b. 2.0 for pneumatic vessels, hermetically sealed units, and lines and
fittings when hazardous to personnel.

c. 1.5 for solid rocket motor cases and gas generators.

Mealosce Athavericon amanifiad hir +ha ~aambwandtine amtderi hamardaiie AaandidiAane
UlllTow U [ MY FL=—p H‘-I-DU PFTWwll LTW Uy HLG CULILVL Qv LG AL LiVAibLY ) HOGLOQLUVUS WwWIWL CLWViID
exist when pressurization occurs at any time up to and during the initial
free-flight onditions specified in 3.5.6.1.1a.

3.5.6.3 Other factors. Other factors shall bhe used to account for

structural analysis, environmental, and material uncertainties which are not
amenable to rational approaches.

a. Fitting factor: For each fitting and attachment whose strengths are not

nravan bt limit and nlt+timara 1aad tacte in whinh amstial ebrace nandifrinns
PLOVOIL Uy +uliL QiU UlvduGlc alal wWoouvo, i Wnllii alillas SLIesSs CONOULLLLLS

are simulated in the fitting and surrounding structure, the stress fitting
factor shall be not less than 1.15.

b. Bearing factor: When a bolted joint with 'clearance (free fit) is
subjected to relative rotation under 1limit load or shock and vibration
loads, the stress bearing factor shall be not less than 2.0. :

c. Buckllng factor A buckling factor of 1.5 shall be used on all compo-
n -p 1 » -

b
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3.6 Durability. The design and construction of the airframe structure and
the selection of materials to be used shall include provision for durability.
The repeated loads environment shall not cause failure or permanent deforma-
tion of any part of the missile, interfere with its mechanical operation, or
affect its aerodynamic characteristics. Further, the design shall not require
repair, inspection, or replacement of components other than as specifically

.approved by the contracting .activity. The above requirements apply to the
planned service life of the missile for the repeated loads env;_rgp_r!!em;

el P R

: resultlng from the requlrements of the followxng subparagraphs.

3.6.1 Service life. The service life shall be the total life expectancy
+ of the missile.. The service life starts at the completion of assembly of.the
" ‘missile and ‘continues through, as applicable, ‘all acceptance testing, han-
dling, storage, transportation, captive carriage (for ground and ship launched
missiles}, . -captive flight -(for air launched missiles}, carrier suitability

(for air launched missiles: mounted on carrier based- aireraft), launch, . -

ejection, free flight, and 'r-pfnrh1 shment, 'retpq'l'lnz and reuse that may be

requlred or SPQCLflEd “for the missile. The service life of the missile shall”
not be less than that specified by the contractlng activ1ty. ' :
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a. Unless otherwise specified by the contracting activity, the service life
for air-launched missiles shall be not less than:

1. 300 hours of captive flight.

2. 100 catapult launches and arrested landings for missiles mounted on
carrier based aircraft.

3. 100 takeoffs, landings, and taxiing (power spectral density (PSD)
taxi analyses shall be performed) including other ground conditions
such as braking and turning for missiles mounted on land based air-
craft.

3.6.2 Fatigue spectra. The missile usage spectyra for analysis and test
shall include repeated 1lcads from all types of anticipated operational
environments and shall be supplemented, as required, to ensure that each
missile component is designed and tested to the proper repeated loadings.
Consideration shall be given to ‘the effects of load sequence, load truncation,
load induced residual stress, and other factors as appropriate to assure that
usage spectra for analysis and test provide the most conservative.fatigue
life. Ordering and frequency of loads within the usage spectra shall be
random, consistent with missile operation, load exceedance and occurrence
rates, and planned service life values.

3.6.2.1 Compliance. Compliance with 3.6.2 shall be demonstrated by the
fatigue analysis of Appendix C and the fatigue tests of Appendix R utilizing
crack initiation as the primary -failure criterion. Specifically the struc-
tural design of the missile shall be such that the usage spectra will not
cause structural defects (cracks, deformations, loss of modulus, delamina-
tions, disbonds, etc.) or failure, within four times service life based upon
analysis and two -times service life based upon full scale tests. If any part
of the missile should fail to demonstrate compliance with the above require-
ments, that part shall be redesigned and then shown by analysis and test to be
compliant. No inspections shall be required as a function of design within
two service lifetimes. For both fatigue analysis and tests, the use of
fatigue life-enhancing mechanical processes {such as shot peening, roller
burnishing, etc.), other than split sleeve cold working and lnterference fit,
are: prohlblted in demonstratlon compllance

3.6.2.1.1 Analysis. For ana1y51s purposes, substantlatlon of fatigue 11fe'

shall be in accordance with prediction methods as approved by the contracting
" activity. For approved interference fit and cold working enhancements,
fatigue analysis shall indicate the missile will be free from-structural
defect for not less than one. service 11fe without the beneflt of. 1nterference
fit or cold worklng. ' , ,

_ 3,6.2.1.2 Jest. Testing shall contlnue beyond two tlmes service life
‘until catastrophic failure,  or-until four times service . life has been sus-:

tained by the test article. At test conclusion, the test article shall be
subjected to a complete destructive teardown lnspectlon. including frac-
tographic examination, to identify all failures. All repalrs made to the test
article prior to two times service life, and all repairs for cracks or
failures concluded to have been initiated prior to two times service life,
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shall be incorporated into all forward and retrofit production missiles,
provided the repairs have demonstrated compliance by analysis and test. For
fatlgue life certification of composite structure by test, accounting for
variability and environmental factors shall be relatabls to and confirmable by
the results of the design development pre-production component and static

tests of Appendix A.

3.6.3 Low frequency vibratory loads. The airframe shall be designed so
that low frequency (not greater than 60 Hz) dynamic stresses, induced by

vibratory loadings, are below the endurance limit of the material used. When
these low frequency vibratory loadings are combined with the other various

missile loading conditions, the wvibratory loadings shall not cause the
structural fatigue life to be degraded from that which results when separately

ke U WAl e AR vaApiAY amaw e ErgmSese= LILR = Hilitll ool

applying the other various loading conditions to the airframe structure.

3.7 Damage _tolerance. The design and construction of the airframe
structure and the selection of materials to be used shall include provision
for damage tolerance. Damage tolerant material shall be chosen on the basis
of available, confident data. Damage tolerance shall be in addition to,
rather than in lieu of provision for adequate structural fatigue characteris-
tics, and shall serve as a means of preventing catastrophic structural failure
after a predefined limit of structural damage has occurred.

3.7.1 BAnalysis. All areas of structural components established as primary
or critical shall be analyzed using the methods of linear elastic fracture
mechanics, as a minimum, to identify the character and dimensions of defects

iy S, N 2«1 A memes PR I S| a - s a a 3 3 3
which could grow +to critical size in time periods as limited by missile

inspection periods. These analyses shall assume the presence of crack-like
defects and delaminations placed in the most unfavorable orientation with
respect to the material properties and applied stress consistent with the
‘missile loads environment, .and shall predict the growth behavior of the
chemical, thermal, and sustained and repeated-loads environment to which the
component will be subjected.

3.7.1.1- Compliangg metals. For ‘-all primary or critical structures,
© erack growth under sustained and repeated loads shall not occur at a rate such

that 1n1tlal flaws can reach cr1t1ca1 size at the residuval strength require-
ment load in one lifetime of expected service usage. For purposes of these
analyses, the initial flaw size shall be not less than 0.01 inch in metals,
and at failure not less than 0.25 inch (surface length) Critical flaw sizes
shall be determined using the approprlate critical fracture toughness values
determined on a valid statistical basis in accordance with the procedures of

"the ASTH Test Method E399-83. The analysis shall 1dent1fy plane strain, plane

stress, or -mixed mode conditions at the onset of rapid crack propagation, and - -

shall 1nclude ‘all crack growth rate and ‘critical crack length data on which

the analysis was based. The effect of sheet thickness on fracture resistance .

‘shall be proposed by the contractor and submltted for acceptance by the ‘
contracting act1v1ty.

3.7.1.2 Compliance - composites. Damaged structure (such as delamination)

at or ' below the threshold of being clearly visible, shall be capable of fully
compensated ultimate load statically with no damage growth under sustained and
repeated loads for not less than one service . lifetime. Demonstration of
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requirement shall be by test, or as proposed by the contractor and specifical-
1y approved by the contracting activity, accounting for the effects of
variability and environment as relatable to and confirmable by the results of

the design development, pre-production component, and static tests of Appendix
A.
3.8 RAeroelastic stability. Construction, materials, and design shall be

such that there will be no flutter, buzz, divergence, aercelastic, aero-
thermoelastic, aeroservoelastic, or other related static or dynamic instabili-
ties, including sustained limit amplitude instabilities, of the missile or of
its components. The missile structure shall meet the requirements specified
in 3.8.1 through 3.8.6. These requirements shall apply throughout the design

I T#34:4 3 ;-
range of altitudes, speeds, maneuvers, weights, fuel content, thermal condi

tions, maneuvers where losses in stiffness may occur, and other loading
conditions and configuration variables.for the service life of-the missile.

3.8.1 RAeroelastic stability margins. Analysis, wind tunnel and laboratory
tests, and missile-flight tests (up to design limit speeds}) shall demonstrate
that the missile meets the following aeroelastic .stability design require-
ments:

h

+

at constant altitude and

+

A .
Q. uyeeu i'i‘m““gm: Fifteen
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constant Mach number, M, (see Figure 1.
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b. Damping: The total {aerodynamic plus structural) damping coefficient,
g, -for any critical flutter mode shall be at:least three percent (g =-0.03)
for all altitudes and flight speeds up to-design limit speed {(see Figure
2).

3.8.2 peroservoelastic stability. Interaction of the

the missile structural -modes shall be controlled to preclude any- aeroser-
voelastic instability. The equivalent airspeed margin and damping require-
ments of 3.8.1 shall be met for all operating states and for the range of
operating temperatures of the control:system. In addition, for any single
flight control system -feedback loop, the missile shall have the stability
margins listed below at speeds up to Vi.

a. A gain margin of at least 6dB.

b. And separately, a phase margin of at least %45 degrees
'3.8.3 Control surfaces. -Control surfaces shall be designed to contain

either sufficjent static and dynamic mass balance, or sufficient bending,
torsional and' rotational rigidity, or a .combination of  these means, to
preclude flutter of all critical modes under all flight condltlons.

.3.8.3.1 Mass b e ) face If statlc mass balance or
dynamic mass balance or both are used on- control surfaces to.' prevent any

Y e d PR TR W e o nx 3 e e e ‘mnemifFiad in 3 .8.2.1 1
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n
through 3.8.3.1.4 shall be met:
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3.8.3.1.1 ocatio £ balance wei . Balance weights in control
surfaces shall be located so that flutter safety of both control surface and
main surface are assured. In addition, the following shall apply:

a. Insofar as is practical, balance weights shall be located in reglons
where deflections of critical mode shapes are a maximum.

b. Whenever possible, balance weights shall be distributed so that each
third of the span of each control surface shall be statically balanced.

c. Balance weights shall not be located externally with respect to the
planes of the control surface.

d. Balance weights and actuating systems for control surfaces shall be
designed to prevent control surface rotations resulting from inertia loads
acting on the balance welghts and actuating systems due to high accelera-
tion environments.

3.8.3.1.2 Rigidity of balance weight attachment. The natural frequencies
of the balance weights, as installed, shall be at least twice the highest

frequency of the flutter mode for which the balance weight is -Trequired to be
effective.

3.8.3.1.3 Design loads for balance weight attachment. Balance weights and

adjacent supporting structure shall be designed, as a minimum, to the follow-
ing conditions.

a. A limit inertial load factor of 1100g and repeated inertial load faétor
of +60g for 500 kilocycles in a direction normal to the plane of the
control surface ‘

b. A limit inertial load factor of +50g and repeated 1nert1a1 load factor
of +30g for 500 kilocycles in the other two mutually perpendicular direc-
tions of the control surface. '

3.8.3.1.4 Static balanee to ce. The .meximum allowable static un-
balance of each control surface and the manufacturing tolerances (in inch-

pounds), as approved by the contracting activity, shall be establlshed and
included in all contrel surface assembly drawlngs.

' 3.8.3.2 idity and ncy ontxo] faces. If bending, tor-

sional, and rotational rlgldltY criteria are used for control surfaces to

_prevent any aeroelastlc 1nstab111ty. the follow1ng requlrements shall apply.

" a. The adequacy of control. surface bendlng. tors;onal and rotatlonal .
rigidity about the - hinge line and frequency of the actuating system shall -
be - established. together with the maximum allowable changes in 1nertla _
properties - (from riominal) of the control surface. '

GI

b. The bending, tor51ona1. ‘and rotational rigidity shall include th
rigidity of all actuating elements, rigidity of the structure to which the
elements are attached, and the rigidity of the control surface.
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c. The actuators shall be located as close as practicable to the control
surface and hinge to minimize the flexibility caused by connecting el-
ements.

3.8.3.3 [Freeplav of control surfaces. Detail design shall assure that
normal wear of components, of control surfaces, and actuating systems shall
not 1result in values of freeplay exceeding those specified below throughout
the service life of the missile.

a. For an all-moveable control surface, the total freeplay shall be not
greater than 0.10 degrees.

k. Por
percent span statlon of main surface the to
greater than 0.13 degrees.

Aavthasnd F + 15
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freeplay shall be not
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¢. For a trailing edge control surface which extends outboard of the 50
percent but inboard of the 75 percent span - station of main surface, the
total freeplay shall be not greater than 0.57 degrees.

d. ‘For a trailing edge control surface which is inboard of the 50 percent

span station of main surface. the total freeplav shall be not greater than
1.15 d egrees.
3.8.3.4 Single-degree-of-freed 0 s . Single-

degree-of -freedom flutter, such as control surface buzz, shall be prevented by
providing adequate control surface torsional and rotational rigidity, or by
use of aerodynamic configurations which are not susceptible to this phenome-
non.

3.8.3.5 Hydraulic dampers. - In the event that mass balance or rigidity -
criteria are impracticable, hydraulic dampers may be used for flutter preven-
tion of control surfaces. The rigidities of the damper element and the
supporting structure to which the elements are attached shall be sufficiently
" high to preclude loss of damper effectiveness by structural deformation at the

'F'ln-i-i-nv- thrrnnnn‘l as Tha F'hnan'l av nF tha Aamnnr ehall T\A ﬂh+ gvastar than
e bl e A A & L A Ey iVl e ot Tt P ' o b ol A ol b Ul‘““ Oy ol T el B Tl

applicable values specified in 3.8.3.3. The dampers shall be effective to
prevent flutter throughout the range of temperatures experienced durlng,
~ operational usage.

. 3.8.3.6 Enviropmental effects on mass properties.” The design of all
- control surfaces shall preclude detrimental'chanses- in physical characteris-
tics' and mass properties (that is mass, static balance, and mass moment of

- -inertia) due to any natural  or man-made environments throughout.the service -

life of the missile. Water absorption and water entrapment shall be prevent-
ed. : - C

"3.8.4  Fail-safe stability.. Detail deSLgn"shall provide multiple load

‘ paths to ellmlnate crltlcal 51ngle fallures or, as a mlnlmum, the design shall
PI'OVJ.QE a s:u.e L.'-.IB OI Cr.ltlcal. ELENEHLS LU PJ.GL.I.UU.B d.J.L ucj.ucln:\.a.u .l'ﬁ'
stabilities. In the event that a single failure of a multiple load design
does occur, the stability margins of 3.8.1 shall be met.
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3.8.5 Pane}l and chordwise mode flutter. External, inlet, transparency and

other aerodynamically loaded panels shall be designed to preclude flutter and
sustained limit amplitude instabilities. The stiffness and damping properties
of skin panels and supporting structure shall be sufficiently high to preclude
panel and chordwise flutter. The effects of midplane stresses caused by
pressure differential across the panel, temperature differential between the
panel and the supporting structure, and maneuvering loads shall be included in
determining the required stiffness. In addition, the local flow aerodynamics
(i.e., Mach number, dynamic pressure, flow angularity, etc) at the panel
surface shall be used to establish panel stiffness criteria.

3.8.6 Transonic aeroelastic phenomena. Lifting surfaces or ofher missile

components shall be designed to meet the . equivalent airspeed margin and
damping requirements of 3.8.1 when exposed to shock induced oscillations or
other related aeroelastic instability phenomena peculiar to the transonic
flight regime. ‘
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4, QUALITY ASSURANCE PROVISIONS

4.1 Besgongibilitx for igggectiog Unless otherwise specified in the

contract or purcnase order, the contractor is I‘BSPOHSLD.L!;' for the peu..uuﬂd.nc,é
of all inspection requirements (examinations and tests) as specified herein.
Except as otherwise specified in the contract or purchase order, the contrac-
tor may use his own or any other facilities suitable for the performance of
the inspection requirements specified herein, unless disapproved by the
Covernment. The Government reserves the right to perform any of the inspec-
tions set forth in this specification where such inspections are deemed
necessary to ensure supplies and services conform to prescribed requirements.

4.1.1 Responaibilitv for compliance., BAll items shall meet all require-

[ Siilaa

ments of section 3 and 5. The inspection set forth in this specification
shall become a part of the contractor's overall inspection system or quality
program. The absence of any inspection requirements in the specification
shall not relieve the contractor of the responSibility of assuring that all
products or supplies submitted to the Government for acceptance comply with
all requirements of the contract. Sampling inspection, as part of manufact-
uring operations, is an acceptable practice to ascertain conformance to
requirements, however, this does not authorize submission of known defective
material, either indicated or actual, and does not commit the Government to
accept defective material.

4.2 Demonstration of compliance. Demonstration of compliance with each
design requirement of this specification shall be verified by an integrated

e e fokins af Anciom nmaluedc .
program consisting of design analysis, laboratory and ground tests, structural

demonstration testing and data documentation.

4.2.1 Laboratory and ground tests. The static, dynamic, repeated load,
environmental, wind tunnel, and other laboratory and ground tests required for
proof of structural design shall be as specified in Appendix A.

4.2.2 Stryuctural demonstration tests. The -launch platform captive, free
flight, and o6ther structural demonstration test requirements for proof of -
structural design shall be as specified in RAppendix B. ' '

4.2.3 DAnalvses, data, and reports. The structural analyses, data, and

reports required to substantiate the structural integrity of the missile shall .
. be as specified in nppendix C. : :

%.2.3.1  Documentation. Appendix C establishes the basic inputs and
~ requirements for documentation of structural integrity. analyses and tests’ for .
" the guided missile.  The contracting ‘activity acceptance - or ‘disapproval -
~ criteria of these documents shall be based on legibility, accuracy, correct-
ness, completeness,  validation, traceability, and requirement - deviation
approvals. The contracting activity approval of contractor analyses, test
plans’ or procedures, and test reports - that’ incorporate deviations ' from

contractually established requirements -does not, in itself, constitute‘
1 'h.n an :nnnrﬂ:hn o |'.n‘|'h l h
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5. PACKAGING. This paragraph is not applicable.to this specification.
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6. NOTES

{This section contains information of a general or explanatory nature that may
be helpful, but is not mandatory.)

6.1 Intended use. The requirements of this specification are intended for
use in establishing the structural performance and verification of guided
missiles.

6.2 RAcquisition requiremepts. RAcquisition documents must specify the
following:

a. Title, number, and date of the specification.

b. Issue of DODISS to be cited in the solicitation, and if required, the
specific issue of individual documents referenced (see 2.).

6.3 Data_ requirements. The "Data Item Descriptions (DID's) contained in
Appendix C -Table I must be listed, as applicable, on the Contract Data
Requirement List (DD Form 1423} when this specification is applied .on a
contract, in order to obtain the data, except where DOD FAR Supplement 27 5475-
1 exempts the requirement for a DD Form 1423. The DID's listed were those
cleared as of the date of this specification. The current issue of -DOD
5010.12-L, Acquisition Management Systems and Data Requirements Control List
(AMSDL), must be researched to ensure that only current, cleared DID's are
cited on the DD Form 1423.

6.4 Definitions of terms. The following terms are defined for wuse or
reference herein.

6.4.1 Pcoustic enviropment. The acoustic environment is the pattern of
sound pressure levels within specified boundaries.

6.4.2 Jercacoustic load. The aercacoustic load is the acoustic-neise,
turbulent or separated boundary layer pressure fluctuations, or oscillating
shock pressures acting on the surface of the structure.

6.4.3 Rerocelasticity. neroelastlclty is interaction of inertial, elastic
and aerodynamic forces. : -

6.4.4 Peroelastic flight tests. Aercelastic flight tests are the ex-
‘perimental means used to determine -the aeroelastic, including flutter, safety
. of a missile. The dynamic. response data from strategically located transduc-
ers are carefully analyzed to ensure stablllty throughout the m15511e - fllght‘-

envel ope..

‘G,Q,S_ Aeroservoelasticity. neroservoelastxclty is the interaction of
“inertial, ‘elastic’ and aerodynamic -forces and the dynamics of the control
system of the missile. :

6.4.6 Aerothermoelasticity. Rerothermoelasticity is the interaction gf
inertial, elastic "and aerodynamic forces and stresses and reduction in
material mechanical properties induced by high temperature environments.
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6.4.7 Airframe. The assembled structural and aerodynamic components of a
missile that support the different systems and subsystems integral to the
vehicle.

, 6.4.8 Aix launch., To launch from an aircraft in the air, as to Mair
launch a missile.”

6.4.9 Ballistic missile. A missile designed to operate primarily in
accordance with the laws of ballisties, such as a self-propelled missile
guided in the ascent of a high-arch trajectory and freely falling in the
descent. ,

6.4.10 Booster rocket. A rocket motor, either solid or 1liquid, used to
set a vehicle in motion before another engine takes over. .

' 6.4.11 Broad-band random vibration. Broad-band random vibration is random
vibration having its frequency components distributed over a broad frequency
band. .

6.4.12 Buzz. Buzz is usually evidenced by a pure rotational oscillation
of a control surface or, when support rigidities are such as to restrain the
motion of the surface near one end, by a torsional windup oscillation., Buzz
can lead to damage or destruction of the surface either by fatigue or by
inducing greater than yvield loads when the amplitude is sufficiently large.

6.4.13 Captive ight. Captive flight is the condition in which the
missile is attached to the aircraft and the aircraft is on the surface or in
flight.

6.4.14 Critical loading condition. The design loading condition for which

margins of safety indicate the structural component is most likely to fail.

6.4.15 Cruise missile. A ground target guided missile designed to operate
most of the time at a predetermined speed and altitude and deriving its lift
- primarily from w1ngs.

6.4.16 Q__ggg_;gl_:gngg The ablllty of the airframe to reslst failure
due to the presence of flaws, cracks, or other damage for a specified perlod
of ‘unrepaired usage. . . _ .

G.h.iTA'Eamging coefficient - (g}. 'bamping coefficient, g, is expressed by

. the equation - o o ' .

='(1/uN) 1n(ni/&):
~ where: N_ = (j-i)
' Ch = amplitude of the ﬁh cycle:

_ A; = amplitude. of the .cycle - -
- 6.4.18 ing:ggncg. Divergence is a static - aeroelastic ‘ﬁstabiilt" of a
- lifting surface that  occurs when the structural restoring moment of the

surface is exceeded by the applied aerodynamic moment.
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6.4.19 Durability. The ability of the airframe to resist cracking
{including stress corrosion and hydrogen induced cracking), corrosion, thermal
degradation, delamination, wear, and the effects of foreign object damage for
a speacified period of time.

6.4.20 [Excessive vibration. Excessive vibration are those structural
oscillatory accelerations, displacements, or stresses in structural or other
components, which result in the component not being fully functional.

6.4.21 Failing load. Load at which failure occurs.
6.4.22 Fail-safe crack arrest structure. Fail-safe crack arrest structure

is structure designed and fabricated such that unstable rapid propagation will
be stopped within a contained area of the structure prior to complete failure.
Safety is assured through slow crack growth of the remaining structure and
detection of the damage at subsequent -inspections. Strength of the remaining
undamaged structure will not be degraded below a specified level for the

pec:.neo. peI‘lOCl of unrepalrea service usage.

6.4.23 Factor of safety. Factor of safety is a multiplying constant that
is applied to the limit load to arrive at an appropriate design -load.

6.4.24 Flutter. Flutter is a self-excited oscillation of an aerodynamic
surface and its associated structure caused by a combination of the aero-
dynamic, inertia, and elastic characteristics of the components involved. At
speeds below the flutter speed oscillations will be damped; at the flutter

C e A AanmatlTlakiav e221) mawmed od el e el 3 deaeda - snmande ahawwa

Spéed, O5CiiiaTivi Wilii PEISLISU lu.ul constant u.my&).uuuc, ana at SPECSlS aniOve
the £lutter speed, oscillations will, in most cases, diverge and result in
damage or destruction of the surface. Flutter is a subtopic of aero-
elasticity.

6.4.25 Fracture critical structure. Safety of flight structural com-
‘ponents or regions of safety or flight structural components which are either
sized by the requirements of this specification (category I fracture critical

parts}, or could be sized by the requirements of this specification if
fracture control procedurss are not mnn'lmmﬂ (category II fracture eritical

R e W W R T S e e e S anw w e J e R W e R ISl

parts).

€.4.26 E:gg;flikh;; Free-flight is the condition in which the missile is
.in flight and separated from the launch platform.

, 6.4.27 Guided missile. Broadly, any missile that is  subject to, or
capable of some degree of guidance or direction after having been launched,
.fired, or otherwise set in:motion. Specifically, -an unmanned, self-propelled
flight vehicle (such as a pilotless aircraft) carrying a destructive load and
- capable of being directed or of directing itself after launching or take-off,
responding either to external direction or to direction originating from
- devices within the missile itself. [Loosely, by éxtension, - any steerable -
_projectile. See ballistic missile. ' o ' '

6.4.28 Launcher. Broadly, a structure, machine, or device, including the
catapult, by means of which missiles are directed, hurled, or sent forth.
Specifically, a structure . or device, often incorporating a tube, a group of
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tubes, or a set of tracks from which missiles are sent forth and by means of
which the missiles usually are aimed or imparted initial guidance - distin-
guished in this specific sense from a catapult. :

6.4.28.1 Ejection_launcher. 1A launcher which provides an initial source
of energy to adequately displace the missile from the launch platform prior to-
the initiation of the missile's self propulsion system.

6.4.28.2 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,

£.29 Limit load. Limit load is the maximum load which the airframe is

expected to encounter.

6.4.30 Load factor. The ratio of a given load to the weight with which
the load is associated. If employed, a subscript designates the direction of

the loead.
6€.4.30.1 Limit load or limit load factor. A load or load factor which es-

tablishes a strength level for missile design.

6.4.30.2 Ultimate load or_ ultimate load factor. Limit load or limit load

factor multiplied by an ultimate factor of safety.

6.4.30.3 Load amplification factor. The ratio of load with aeroelastic
effects to that for a rigid structure.

6.4.31 Margin of safety. The margin of safety is the relative measure of
the material allowable stress to the maximum working stress. The working
stress is based on the appropriate load condition, yield or wultimate load.

The allowable stress is based on the material properties lncludlng temperature
effects.

6.4:32 Maximum expected operating pressur OP). The maximum expected
operating pressure is the highest pressure at which a pressure vessel is
expected to operate, and it includes the effects of temperature, transient
- peaks, variations in pressure, and vehicle acceleration.

6.4.33 Mode. The spatial distribution of amplitude and phase characteriz-
ing the dlsplacement pattern of a v1brat1ng body undergoxng free undamped,
oscillations and associated frequency. : '

- 6.6:30 ow-band m_vibratij - Narrow-band random v1brat10n is
random vibration having. frequency components only within a narrow. band. It
has the appearance of a sine wave whose amplitude varies in an unpredlctable

: ‘manner.

6. b 35 Nominal operatlng pressure. The maxlmum pressure to WhLCh an 1tem
1s subJected under steady state condltlons

6.4.36 Octave. The interval between two sounds or 51gnals having a ba51c
frequency ratio of two. -

27



Downloaded from http://www.everyspec.com

MIL-M-8856B

6.4.37 Octave band apalvsis. BAn analysis made with an array of filters,
the center frequen01es of which are separated by one octave and the effective
bandwidth of which is one octave.

6.4.38 Ope-third octave. ﬁ &nte:val between two sounds or signals
having a basic frequency ratio of 27 (1.26).

6.4.39 One-third octave band apalysis. An analysis made with an array of
filters, the center frequencies of which are separated by one-third octave and
the effective bandwidth of which is cne-third octave.

6.L.40 Oscillation. Oscillation is the variation, with time, of the
magnitude of a quantity with respect to a specified reference when the mag-
nitude is alternately greater and smaller than the reference.

6.4.41 Panel Flutter. Panel flutter is a self-excited, aeroelastic
instability that may occur when a panel is exposed to a supersonic airstream.
During flutter the panel oscillates in a direction normal to its plane andthe
amplitude of motion usually increases until limited by inplane stresses.

6.4.42 Periodic. The recurrence of an oscillation at equal increments of
the independent variable.

6.6.43 owe ect: density. Power spectral density is the limiting
mean-square value (e.g., of acceleration, velocity, displacement, pressure,
stress etc.) of a random variable per unit bandwidth (i.e., the limit of the
mean-square value in a rectangular bandwidth divided by the bandwidth, as the
bandwidth approaches zero!}.

6.4.44 Pressure vessels. Pressure vessels are defined as containers that
must sustain an internal pressure and include solid rocket motor cases,
nogzles, thrust chambers, liquid or gas storage bottles, plumbing, tubing and
piping.

6.4.65 E;ggﬁ_lggg Arbltrary load, applled to prov1de test substantlatlon

OI su:engm anu rlg.unty OI a magnltuae 1355 t.nan UlaT- wm.cn \'IDI.I..LQ muut.t:
permanent deformation or damage to the structure.

6.4.46 Random vibrations. Random vibration is vibration whose instan-
taneous magnitude is not specified for any given instant of time. The instan-
taneous magnitude of a random vibration is specified only by probability
distribution functions giving the probable fraction of the total time that ‘the -
magnitude (or some sequence of magnitudes) lies within a specified range.
Random v1brat10ns contain no perlodlc or quasi-periodic constltuents '

: 6.4. b? Response. The response of a system is the motion (or other output :
-quantity) resultlng from an excltatlon (stimulus) under spec1f1ed condltlons

6.4.48 '§ggig_ﬁ§;iggg{ Sonic fatlgue is the material fracture caused by_

the rapid reversal of stresses in the structure which in turn is caused by the
fluctuating pressures assocxated with the acoustlc noise.
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6.4.49 Sound pressure level. The sound pressure level is 20 times the
common logarithm of the ratio of the pressure of the sound to the reference’
pressuyre ang is expressed in decibels, dB. " For air, the reference pressure is

A o 1Y NS
& X 11U /I .

6.4.50 . Speeds. Speeds are in knots based upon the international nautical
mile.

6.4.50.1 Level flight maximum speed (V). The maximum speed attainable in

level flight with maximum available thrust.

50.2 Limit speed (V,). The maximum attainable speed of th
t sh

e with the operational use of the missile considering

VA Wil B el W R SR el ot A WL A A -y =)

dive angles, thrust, and inadvertent upsets from gusts.

6.4.51 Stationary. A statistical term that describes a random process
whose spectrum and amplitude distribution do not change with time.

6.6.52 Structural integrity. Structural integrity is the ability airframe
to meet structural performance requirements which include strength, durabil-
ity, damage tolerance and aeroelastic stability.

6.4.53 Transducer. A device capable of converting one form of energy to
anothe;. It transduces a mechanical or physical quantity or movement into an
analog signal which can be transmitted to a remotely located recorder.

6.4.54 Transient vibration. A temporary vibration of a structural dynamic
system, caused by an impulse.

6.4.55 Vibration. Vibration is the oscillation of a body or a particle
. about a point of equilibrium. A parameter that defines the motion of a
dynamic system, '

6.5 Subject term (key word) listing.
Reroelastic stability . Missile reports
Control system tests Missile strength
Fatigue criteria Misgsile tests
Fatigue tests Repeated load tests
Ground tests Static tests

Load criteria . Vibration criteria

: 6.6 Qhgngg;_ﬁ;pungggiggg_igggg. Harglnal notatlons are not used in thls
. revision to identify .changes with respect to the prev10us ‘issue due to . the
exten51veness of the changes.r ' : :

, Custodians' R .. L S Preparlng hct1v1ty.

Navy -~ -~ -~~~ . - - Navy -'RAS. -
Army - MI s (Project No. 1410- -0113)
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LABORATORY RAND GROUND TESTS

10. SCOPE

10.1 Scope. This appendix contains the requirements which define the
laboratory and ground tests required for structural evaluation of guided

missiles. The types of testing include, but are not limited to:

. Design development tests.

. Pre-production component tests.

. Static tests-complete airframe.

. Durability tests-complete airframe.

. Leakage tests of integral fuel tanks.
. Structural dynamic tests.

Proof tests for flight articles.

U.OFhCDQ-O oW

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

10.2 Purpose. The purpose of this appendix is to define the requirements
for laboratory and ground structural tests for development and proof-of-design

of structural integrity of guided missiles.

20. APPLICABLE DOCUMENTS. This section is not applicable to this appen-
dix.

30. REQUIREMENTS

30.1 General. The .contractor shall furnish test specimens for:performance
of tests SpBleled herein as modified and amplified by the contract or
supporting contractual documentation. Repairs or replacement of parts shall
be made to test specimens as necessary to permit performance of tests to the
:specxfled loads hereln. These repalrs or replacements shall .be representative

L - £7 & =l -~ -l - - o~
of those installed in the flight test articles and production missiles unless,

for the convenience of the Government, the Government specifically.decides
otherwise. Such .repairs .or replacements shall be demonstrated by -“test or
analysis as specified by the Government to comply with contract test objec-
tives.

30.1.1 2gxminglggx. Definitions and.symbols are in:accor&ancé with 6.4.
.30.1.2 ngg_;gg_gﬁ___gtg The contract w111 speclfy whether the tests,are'
ie '

e
to be per.n med at Government acll ities contractor faclll

@

.30.1.3 zggu;guggny;__g Before. performlng a required test. the contractlng-
‘actlvxty representative shall -be notified in sufficient time so that he 'may
witness the test and certify Tesults and observations contalned 1n the test
report. When the contractlng activity representative is notified, he shall be
informed if the test is such that Lnterpretatlon of the behavior of the
structure under load is likely to require engineering knowledge and experience

30




Downloaded from http://www.everyspec.com

MIL-M-B856RB
APPENDIX A

so that he may provide a qualified engineer to witness the test and certify
the observations and results recorded during the test.

30.1.4 Tests performe the Government. In the event structural tests
are performed by the Government, the contractor shall provide test personnel
to act in an advisory capacity in connection with the planning and execution
of the tests. The advisory personnel shall be familiar with the stress
analysis of the test structure. All loads and analysis data and drawings that
will be required by the Government in the planning and performance of the
tests are specified in Appendix C of this specification. The responsibility
for stopping any tests upon indications of premature failure and for making
necessary structural alterations or reinforcements to preclude premature
failure shall rest with the contracting activity. The contractor shall be
responsible for services and material necessary to incorporate changes in the
test article to preclude premature failure, and for repairs after failing load

tests.

30.2 Design development and pre-production tests. For the initial phase

of the required structural verification program, the contractor shall conduct
design development and pre-production component tests as specified herein.

30.2.1 Design development tests. These 'tests are to establish design

concepts, and to provide design information and early design validation.
Design development, static, and fatigue tests include but are not limited to:

a. Element tests for:

1. Materials selection, including crack propagation, fracture mecha-
~ nics, and structural allowables. ' '

2. Fatigue spectrum variation effects.

3, Process evaluation, including assessment of finish.

4. Fastener and bonding evaluation.

5. Hanufacturlng methods evaluation.’

b. Structural conflguratlon development tests for

. Splices and 301nts

. Panels (basic section).

. Panels with cutout.

» Fittings. ' '

. Critical structural areas whlch are dlfflcult to analyze due to
complexlty of design. : : . o

. 30.2.1, 1 Design- dgvglggmggt tests for compos ;;gg These tests are used to
“establish - design allowables, - verify analysis, and evaluate -design’ details.
Additionally, the .design development tests are a part of the overall struc-
tural certification procedure in that the test results are used in the

- interpretation of the .full-scale airframe static and fatigue test results.
Design development tests range in complexlty from coupon tests that are used
to evaluate materjal and fastener behavior to full-scale components. Both
static and fatigue tests are required in the design development test program. .

[0 RN SR S
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The actual number and types of tests required will depend upon the missile
design. R design development test plan shall be prepared by the contractor
and shall require approval by the contracting activity,

30.2.1.2 Design_development testing approach for composites. Composite
materials exhibit a high degree of mechanical properties variability, an
inherent sensitivity to out-of-plane loads, and a multiplicity of potential
failure modes. Therefore, a building block approach to design develcpment
testing is essential for composite structures. The essence of the building
block approach for composites is as follows:

a. Perform design allowables testing using coupon type test specimens.
These specimens shall be taken from a representative part fabricated using
the same -fabrication process and similar geometry as the actual-part. The
purpose of design allowables testing is to establish strength and life
parameters for structural design. In planning a design allowable test
_program, it is important that sufficient numbers of tests be conducted to
generate meaningful statistical parameters. In general the number of
specimens. required depends on‘the scatter of the data. The highér the data
scatter, the greater the number of specimens required. The design allow-
ables tests should be planned to develop the strength to temperature/mois-
ture envelope relationship for the full range of the service temperature of
the missile. Tests. should provide design allowables for each failure mode
anticipated.

b. Use the design/analysis of the missile structure to select critical
areas for test verification. Determine the most strength-critical failure
mode for each area selected, and establish the test environment which will
produce this failure mode. Special attention should be given to matrix
-sensitive failure modes, bondlines, and out-of-plane loadings. The sen-
sitivity of composite matrix dominated failure modes to the temperature/-
moisture environment makes environmental test simulation a key issue -in a
design development program. The approach for static testing should be such
that the test environment used is the one that produces the failure mode
which gives the lowest strength. That is, the worse case environment, or
the temperature associated with the most critical load should be used. . The
"environmental complexity necessary for fatigue design development testing
will depend on the projected load-temperature profiles in service and the

moisture content as a functlon of the missile usage and composite lamlnate
thickness. '

c. Désign and test -a series of specxmens representlng these areas. each one
to simulate a single failure mode. These initial specimens will generally
be low complexity specimens. From this point, a series of specimens should
. be' .designed . and . tested which simulate progressive design complexity.

" Premature failure or an unanticipated failure mode are indications of flaws -
in the design or analysis and corrective action ‘must be taken before
proceeding to the next level of complexity. If mixed failure modes are
observed in a certain specimen type, more tests are required to determine
the most critical failure mode and the associated mean strength/life.
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30.2.2 Pre-production component desigp v ;;ﬁ ication tests. These tests are
to allow early verification of the static fatlgie =+Tﬂnﬂ+h capability of

final or near-final structural designs of crltlcal structural areas. The
pre-production component test program shall be proposed by the contractor and
conducted as approved by the contracting activity. These tests shall include
but not be limited to splices and joints, fittings, panels, assemblies and
full-scale components.

30.3 Full-scale tests. The contractor shall perform tests in accordance
with the requirements specified herein, as modified and amplified by the
contract or supporting contractual documents, unless the contract specifies
that tests will be performed by the Government. Not less than three full-
scale laboratory test articles shall be wused: one for the static tests, one
for the fatigue tests, and one for the dynamic environmental tests.

¥
L7
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30.3.1 ocgucung or LES\_.S i0e Iequil d s
cation shall be performed in such sequence and tlmellness. that tests to the
minimum loads required prior to release for flight, release for demonstration,
delivery of vehicles for preliminary evaluation and trials, and service use
shall be completed at least 30 days prior to the scheduled date for such
release or delivery. In particular, the structural tests shall be so se-
quenced that the flight loads survey and - demonstration program will not be
delayed. Test sequencing shall be such as to minimize the possibility of

failures that would result in damage and subsequent repairs that would
significantly delay completion or influence the validity of other required

At A wrltas e ) wmwally - e R R W e =P P S P il

structural tests. All tests to design ultimate load shall be completed prior
to performing failing load tests for any condition. In addition, loads for
the failing load test shall reflect the data from the flight load surveys of
Appendix B, as - applicable. In all cases, the test sequencing sh?}l be

approved by the Government prior to starting the test program. The following
conditions shall also apply:

L ™
wilded Wil

.a. Repeated load tests of integral fuel tank structures on the test article -

shall be completed prior to performing tests for any other conditions to
loads which would result in permanent deformation of the airframe struc-
ture. :

b. Design ultimate load tests for flight conditions shall be completed
prisr to performing tests for other than flight conditions to design

ultimate loads or to'maximum design loads.

¢. . Should the test program be delayed such that fleet operations-are
SCheduled.beforefcriticalrteSting can be accomplished, the contractor shall
. revise the sequence - of testlng as directed by the contracting: activity to
“ensure that crltlcal testlng 15 accompllshed 1n a t1NEIY manner. o

30.3.2 m_nsﬂl;ggt_ﬂm

a. Items such as fixed equipment and useful load and their support struc-
tures may be omitted from the test structure provided the omission of these
parts does not significantly affect the load, stress, thermal distribu-
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tions, or deflection of the structure to be tested, and provided the
omitted parts would not be critically loaded in the tests if they were
installed. All attachment holes for equipment, brackets, and other items
must be included.

b. Substitute parts may be used provided specific prior approval is
obtained from the contracting activity, they reproduce the effects of the
parts for which they are substituted, and the structural integrity of the
parts for which substitutions are made are demonstrated by supplementary
tests in a manner satisfactory to the contracting activity.

c. The powerplant and .accessories may be replaced by a fabricated test
fixture that properly ‘“transmits the powerplant loads to the powerplant
vibration isolators or the engine mounts, -or both, as applicable. The
means for applying the loads to this fixture (such as, loading rods through
the body or engine support structure) shall be determined by the contrac-
tor. All structural modifications. necessary to accommodate the loading
-devices shall be designed to assure. that the strength and:rigidity charac~
teristics of the modified -structure will be equivalent to those of the
actual structure. All such modifications and test fixture designs shall be
as approved -by the contracting activity prior +to fabrication. Engine
access and service doors shall be installed and secured.

d. Paint or other finishes that do not affect strength and rigidity or
fatigue structural. integrity may be omitted. .

e. Prior to any tests, or prior to shipping the test structures to Govern-
ment facilities.for testing, a number of buttock lines, water lines, body
stations, and wing stations shall be painted on the test'structure. These
should be clearly identified and of sufficient number to facilitate
determining all desired reference -points on the airframe.

f. All mechanical portions of the flight control system must be intact and
all hydraulic actuators for the control systems shall be operable. When
tests are -conducted at Government facilities and, if required, special
provisions shall be made to the actuators to permit externally controlled
operation. When external power is to be utilized, any unnecessary portions
of the normal internal power systems may be omitted. ‘

.g. All other actuating systems shall be externally operable for tests at
Government facilities. Air-actuated systems may be replaced by hydraulic
systems in order to simplify testing procedures. 'The external actuation '
-capability may be utilized for tests conducted by the contractor if test

operatlons can be 51mp11fled.

© 7 .30.3.2.1 Ugg oﬁ tegted gart Unless only proof load tests are’ requ1red~

and specifically approved by the contracting activity, parts of the strength--
test structure which have been subjected to structural tests shall not be used
on a flight artlcle
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30.3.2.2 Structure to be aded. All parts of the structure, except
noncritical parts (the loading of which has no significant influence on
critical parts), shall be loaded during a required structural test program.
In each test condition, all parts of the structure critical for the pertinent
design condition shall be tested and loaded simultaneously. Critical ribs,
formers, and frames of each typical design shall be subjected to critical
design loading during testing of the component in which these members are
incorporated. Class I castings which form part of the primary structure shall
have been substantiated by prior tests to failure, and contracting activity
approval obtained, prior to performing the structural tests outlined in this
specification. :

30.3.2.3 Positions of control systems and control surfaces. Control

systems and control surfaces shall be displaced to the positions corresponding
to the design conditions, or the most critical position for which the parts
are being tested.

30.3.2.4 Test instrumentation.

30.3.2.4.1 General. The contractor shall determine the kind and amount of
test instrumentation necessary to comply with the test requirements of this
specification. All required instrumentation shall be furnished by . the
contractor as contractor-furnished equipment (CFE), The method of data
acquisition and the number and type of recording devices for each test shall
be proposed by the contractor for approval by the contracting activity.

30.3.2.4.2 Ipstallation, calibration, and maintenance. The contractor

shall install and calibrate all missile instrumentation used in performing the
tests. All -instruments and instrument systems shall be installed in accor-
dance with the highest standards of mechanical, electrical and electronic
installation practices. All. transducers and gage installations shall be
properly located, be properly damped, have flat frequency response charac-
teristics commensurate with the frequenc1es of excitation of the variable to
be measured, and be properly mounted to assure valid measurements and freedom
from extraneous excitations. For dynamic tests, the maximum time lag between
any two or more channels requiring time correlatlon shall be not greater than
the - time constant corresponding to the channel having the lowest flat freq-
uency response requirement. Strain gages and other instrumentation associated
with on-board fatigue monitoring equipment shall be installed on the static
and fatigue articles in the same location and in the same manner as that .
proposed for the production missile. Calibration of each -transducer or gage
~ installation shall be. made through +the szgnal cond1t10n1ng equ1pment as .

msr.auea in the laboratory to at /least the maximum’ range of exc.l.wu.oi‘l

-expected during the course of the tests. . Calibration test measurements- shall @ -

" be obtained and recorded during both 1ncrea51ng and decreasing values of the

‘pertinent - parameter which ‘the instrument -is intended to measure to assure

repeatability and freedom from hysteresis. All _stra1n~gage installations on
simple and complex structures shall be installed to minimize interactions or-
"cross-talk" during combined loadings; such interactions as do exist shall be
properly accounted for -during the calibration. Installation - of strain-gages
which are impossible or impractical to calibrate shall be resorted to only if
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it can be shown, prior to such installation, that the computed loads from such
installations are meaningful and useful. The instrumentation shall be.
operated and maintained by the contractor during the test program. A detailed
description of all instruments and recording devices, methods of calibration,
locations of instruments and calibration data for each test and test article
shall be documented in accordance with the applicable provisions of Appendix
C. '

30.3.2.4.3 Goverpment tests. If and when tests by the government are
required under terms of the contract , the contractor shall consult with the
:designated test activity to determine the kind and amount of instrumentation
required. All such required instrumentation shall be installed by the
contractor as contractor furnished equipment and calibrated in accordance with
the requirements of 30.3.2.4.2. A detailed description of all instruments and
recording devices, methods of calibration, location of instruments, and
.calibration data for ‘these tests shall be documented in accordance with the
.provisions of Appendix C. '

30.3.2.5 Disposition of strensth-test structures. The disposition of
strength test structures, after completion of authorized tests, shall be in
accordance with instructions issued by the contracting activity. -Prior to
~receipt of such instructions, strength-test structures shall not be intention-
21ly damaged or mutilated. The structural test articles shall be prepared for
long term storage to avoid corrosion and degradation.

30.3.3 Support during test. Subject to the qualifications of 30.3.4.3,
the actual interaction between the component being tested and its adjacent
components shall be existent or simulated to the satisfaction of the contract-
ing activity. - Structural components may be tested in a jig and loaded by
. dummy structure only when there is no possibility of interference or deflec-
tion that would result in improper loading of the component under test, or
adjacent components, and only when the loads and reactions that act on the
component being tested are statically determinant or the reactions may be
rendered statically determinant by neglecting redundant reactions that do not
have a significant effect on loads in the component being tested.

30.3.3.1 §a§§;x_§gyigg§.' "When loads are applied in such a manner that
they are not relieved when the rate of deformation of the specimen increases

rapidly, as when failure occurs, safety devices such as shear links or

pressure blow-off valves shall be -employed to préclude excessive deformation
~ or overloading of other parts of the structure, or exc9551ve damage to test
- artlcles ‘

30.3.3.2 5gppQz;__gﬁ;ggg;;gl;_gggggmg.' All control systems shall be
_statically tested while installed in the strength-test structure, except that .
‘proof “load tests required prior to flight shall be performed on ‘a f11ght
article. .

30.3.4 Simulation requirements.
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30.3.4.1 Test loads to be used. Initial static testing shall be performed
using analytically derived loads and available wind tunnel data. Loads
easured in the flight load surveys program shall be incorporated into the

me
static test program at a suitable time if these loads are higher than the
analytical loads to the degree specified by the contracting activity.

30.3.4.2 Distribution of loads. The distribution of loads during the test
shall duplicate the actual distribution as closely as possible, except as
provided in 30.3.4.3.

30.3.4.3 Simplification and combination of loading. If sufficiently
justified and if prior approval of the contracting activity is obtained,
loading conditions may be simplified for static and repeated load tests. This
may be accomplished by modifying the distribution of the loads applied to
regions of a structure that (1) are not critical in the loading condition
being simulated in the test or (2} are identical in construction to other
regions of the structure that = are more highly stressed during the same or
another test condition. However, simplification of the method of loading
shall not be such that unrepresentative permanent deformations or failures
will occur. Where feasible, more than one loading condition mav be applied
simultaneously to dlfferent portions of the structure, prov1ded that the
interaction of the separate loading conditions does not affect the critical

design loading on any portion of the structure.

30.3.4.4 Load application duri ests. The first consideration for load
application shall be the factor of time. If complete flight condition
simulation is required for structural verification, such as, if thermal
stresses become significant, then true time-load profiles must be applied to
the strength-test structure. If time is not a factor, the test may then be
considered a static test and the load shall be applied in discrete increments.
Up to limit load, these increments shall be not more than 20 percent of limit
load. Test loads between limit load and ultimate load shall consist of load

1ncrements not greater than 10 percent of limit load.

30.3.4.5 EWMQGLMM All environmental effects

which may produce significant reductions in strength of the structure ox which
‘may produce significant induced stresses shall be simulated in appropriate
tests. These shall include elevated and lower than ambient cryogenic tempera-
. ture effects. ~Thermal effects such as produced by high temperatures from
- aerodynamic heating, engine heat, deicing systems, or other internal sources .
of heat, -and low temperatures, such as, those produced by cold or cryogenic
fuels; shall be simulated on a real’ time basis in. order. to produce true
thermal gradients. Testing on any other basis, such as, room-temperature

.increased-load - ‘compensation for thermal effects or thermal similation -on a

. non-realtime ba51s shall be accompllshed only as approved by the contractlng..'
' act1v1ty.‘ - . . ‘ _ .

30.3.4.5.1 '5;g;ig_;gg;igg_gﬁ_;ggmgggiggg. To account for the degradation

" of material properties due to combined temperature and moisture -effects, one-
of the following shall be applied to the testing of composites:
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a. Environmentally precondition the test article for the worst case
combination temperature-moisture condition and test under these conditions.

b. Select the critical test conditions based upon consideration of poten-
tial failure modes and quantitative "compensation" or "knockdown" factors
derived from the environmental compensation design allowables and develop-
ment test results.

If the latter is chosen, the actual failure load shall be the applied load
adjusted by the appropriate environmental and statistical "knock down" factors
.derived from the design allowable development test results for the same
:failure mode. Additionally, at ultimate load all measured strains must be -not
greater than allowable strain levels developed for the worst expected load
environmental degradation combinations.

30.3.4.6 Effects of internal pressurization. Critical loads resulting
from the pressure differentials on pressurized portions of the structure, such
as fuel tanks or cells, shall be simulated.

30.3.4.7 Deformation of fairings, covers, locks, and fastepers. During
structural tests for flight conditions, the deflection, deformation -and
operation of movable and removable fairings and covers, ‘and movable mechanical
equipment shall be determined with respect to retention in their intended
positions without gaping, and operate as intended.

30.3.4.8 Movable surface operational tests. Movable surfaces, including

control surfaces and wing pivots, shall be tested to determine satisfactory
functioning within design operating limits. These tests shall be performed
- with the associated load induced deflection in the movable surface and missile
structure to which the movable surface is attached. These tests may be
performed on suitable components up to 1.25 limit load including deflections
~to 1.25 limit load factor, subject to the approval of the contracting ac-
tivity. ‘ : T : S '

30.3.5 Test measurements. All measurements recorded during static and
fatigue tests shall be consistent with the test program objectives. Strain,
defiection, temperature, and applied load data are generally the required
measurements, except for specific deviations requested by the contractor and -
‘approved by the contracting activity. Measurements shall be made at represen-
tative points and of sufficient quantity and accuracy to verify the assumed
load distributions, stress analysis, thermal analysis, and deflections. For

--static tests conducted 'in discrete load = increments (see 30.3.4.4), measure- .
ments shall be made at each increment. For true time f£light profile testing,

. the test data will be recorded on a time basis and with a data sampling rate -
-sufficient to accomplish the above required measurement objectives. -

- 30.3.6 Miscellaneous. , ,

30.3.6.1 Determination of deformation load. Compliance with deformation

load requirements of this specification for each structural component shall be
demonstrated during each test of that component.
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30.3.6.2 Failing load tests. Failing load tests shall be conducted as
required for specific purposes, such as fleet inspections and growth poten-
tial. The contract addenda will specify required failing load tests.

30.3.6.3 Test-correction factor. Test-correction factors shall be
‘determined and the test results shall be corrected to represent a structure

having mechanical properties in accordance with this specification, and having
minimum dimensions.

30.3.6.4 Metallurgical analysis. Analyses of the failure in each static
and fatigue test shall be made to assure that the failure was mechanical or
fatigue in nature, and not due to manufacturing or metallurgical peculiari-

ties.

30.3.6.5 Premature failures. If premature failures occur, the cause of
the failure shall be determined prior to continuing with or repeatlng the test
and prior to corrective action on test or flight articles.

30.3.6.6 Structural failure definition. A test failure-shall be con-

sidered the occurrence of one or more of the following events during testing:
a. Inability to sustain the applied ultimate test load.

b. Evidence of yielding and/or permanent set of metal structure at or below
115 percent limit load and no yield of composite structures at 150 percent
limit load.

c. Partial or full separation of a bonded or mechanically fastened com-
posite structural jeint.

d. Initiation of a crack in metallic structure or delamination of composite
‘ structure in a prlmary load carrylng structural component.

e. Any unpredlcted straln redlstrlbutlon in or nonllnearlty within the
comp051te structure at or below ultlmate load.

f. Measurement of strains whlch exceed the envxronmentally and statlstlcal-
ly reduced 6951gn ultimate allowables. :

E. Any event which creates  a condltlon which will not satlsfy fatlgue,
crack growth or stlffness requlrements of 3.6,

h;; " Any structural anomaly that during 'a normal serv1ce operatlng condltlon
would necess1tate a structural repalr “to cr1t10a1 safety of fllght com-
uponents S .

The actual fallure load of the comp031te structure shall be the applled load
adjusted by the appropriate environmental and statistical "knock down" factor
derived from de31gn allowables development test results for the same fallure
‘mode.’
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30.4 Static tests.
30;&.1 Test conditions. Static tests shall be performed in accordance
with Table I. _
TABLE I. Static tests.
Test Component Loading condition Magnitude of load and
special requirements
_— e —
1. Wing Most critical bending Failure: +g
with associated torsion
2. Wing Most critical bending Design ultimate: -g
with associated torsion |(for cruise missiles)
3. Wing deploying Most critical. Failure
mechanism and sup-
.porting structure
k. Tail fin and :sup- Most critical Failure
-porting structure
5. Tail fin and sup- Next most critical Design ultimate
porting structure
6, Tail fin deploying | Most critical Failure
mechanism and sup-
.porting structure’
7. Canard and sup- Most critical .Failure
porting structure
8, Canard and sup- Next most .critical _Design ultimate
"} porting structure
9. Canard deploying Hoét critical Failure
mechanism and sup-.
porting structure
10. | Control system Most critical JFailure: Test each
: S g ' o *control subsystem .
11. | Control éystem Ultimate Demonstrate that each
: ' : . control subsystem
will operate under
ultimate load
12. | Body Most critical vertical Body failure
: bending incl. torsion
%: ——
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TABLE I. Static tests - Continued.
. ——
Test Component Loading condition Magnitude of load and
special requirements
== S T L
13. Body Most critical vertical Design ultimate
bending incl. torsion
in opp. direction to 13
14. | Body Most critical lateral Design Ultimate
bending incl. torsion
15. | Body Critical wing support Body failure
structure flight load
16. | Body Maximum total tail load | Design ultimate
17. | Body Most critical launcher Design ultimate
imposed load
18. |Msl launch platform { Most critical Failure
interface structure
19. (Msl launch platform | Next most critical Design ultimate
interface structure
20. | Body fuel tanks Most critical Design ultimate
21. | Engine installation| Most critical Mount failure
22. | Engine installation| Next most critical Design ultimate
23. | Engine installation| Critical nonflight ‘Design ultimate
24, Ducts. ramps, lnlets Critical Failure
25. | Elements ‘Test to failure, each structural element for
! which the allowable stresses are not known and
B B : -cannot be calculated with reasonable accuracy..
26, Fittings Test to failure, each principal fitting for
N e ‘which the’ d351gn ultimate strength is_not known
. : : ‘and cannot be calc. with reasonable accuracy.
1 27. | Miscellaneous ‘Test to failure, miscellaneous assemblies for -
S .| which the allowable loads are not known and -
1cannot be calculated with reasonable accuracy.;
28. | Hoisting poipts " Critical '  0931gn ultimate -
29. | Jacking points Critical’ Design ultimate .
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30.4.2 Overpressure, thermal, and gust response. The contractor shall

substantiate overpressure, thermal, and ' gust response limits on critical
components by laboratory tests.

30.4.3 Proof tests.

30.4.3.1 Proof tests prior to first flight. Design limit lcad shall be
applied to each control subsystem up to the control surface attach points.
Each control subsystem shall be operated through its full travel while
supporting design-limit hinge moment. These tests shall be conducted on the
first flight article. The primary flight control surfaces shall be tested to
design limit load and may be conducted on a flight article, on the static test
-article, or on appropriate test Jjigs. Yielding shall not be permitted for
captive flight articles.

30.5 Miscellaneous tests.

30.5.1 nte uel t. test. Slosh, pressure, temperature, and

vibration tests shall be performed on representative ‘test-box specimens to

+gubstantiate that the sealing characteristics. of .the tank are satisfactory for
~-all eritical environmental conditions of the missile.

30.5.2 RAir loads model wind tunnel tests. Air loads model wind tunnel

tests shall be performed early in the design stage ‘to determine external
component loads within the missile maneuvering envelope. [Loads {shears,
‘bending moments, and torques}, hinge moments, and pressure shall be measured.
-Wind tunnel tests shall also be performed to investigate the characteristics
of the oscillatory pressures on critical parts of the missile whlch will
experience aerocacoustic loads.

30.6 Fatigue tests.
30.6.1 E‘.ati.’gp_e_t_e.g;g

activity, all fatigue tests shall be performed on the fatigue article. Tests
shall be continued until the service life with a scatter factor of two is
demonstrated, and thence until major, nonrepairable failure occurs, or until a

-scatter factor of four is demonstrated. The loads shall be increased during
the fourth lifetime, if required, to bring on a major failure. Inspections

- shall be made to detect cracks and to track crack progression. RAny crack,
delamination or similar defect.occurring during the first two lifetimes shall
be,considered a failure and shall require redesign and rétest.

an £ 11 Taat vige Thae test wie and assoc'ni-nd' aminment cha 1] be"

R D AGT S AR 111 wi Ilip <l

capable - of  applying not less than 150 percent of design limit 1load plus

TYua L Saalaa

environmental factors for the maximum wing deflection condition. This is to

provide for possible increases in 1n1t1a1 loadlng requlrements and for failing
load test capabllrty._

30.6.1.2 Crack propagation and fail-safe tests. RAny fail-safe or crack

propagation testing conducted on a fatigue test article shall not in any-
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manner interfere with the fatigue life evaluation testing and shall not be
conducted without the approval of the contracting activity.

30.6.1.3 Instrumentation. Strain gages shall be used on the test articles
at control points selected to monitor those regions shown by fatigue analysis
to be critical for repeated loads. These gages will be read at frequent

intayvalce aanciectant with tact nroeram abhiossntivae Qévain ogaocae trill alesa ha
bl rlwd VAL Wy wANlivd hw wiwdie A Wi il w ph Wk W WA ) W el e e wiwd Wlll QUKW O wiid (=T =LV e, =

used to verify critical assumed load distributions not verified by other
testing (e.g., static strength testing). In addition, instrumentation shall
be used to monitor applied test loads. Crack-detection instrumentation shall
be installed where appropriate. .

30.6.1.4 Temperature effects. Environmental effects which may produce
creep and/or significant reductions in fatigue strength of the structure or
which may produce significant induced stresses shall be simulated in ap-
propriate tests.

30.6.1.5 Wing and body tests. The wing, body, and wing-carry-through
structures shall be tested for captive and flight loads in accordance with the
fatigue spectra of 3.6.2. Loads shall be applied to the tail fins, body, and
canards to balance the wing loads. The spectra shall be applied in a flight--
by-flight sequence. The ground-air-ground cycle shall be accounted for in  as
realistic a manner as possible. The test loadings for flight conditions shall
be those which result in the greatest wing root bending moments and shall
include a realistic combination of symmetric and rolling pull-out conditions
subject to the approval of the contracting activity.

30.6.1.6 Control fins, canards body tests. Additional cycles over
and above those applied to balance the wing loads of 30.6.1.5 shall be applied
to the control fins, canards, and body, as necessary, to produce a spectrum of
control fins, canard, and aft body loads for which the missile is designed.
The CG position shall be that which will produce critical loads in control
flns, canard, and body o _ o

30.6.1.7 ant;ol svstem testg The lateral, directional, and longitudinal
control systems which are subject to aerodynamic loads shall be repeat-load
tested. An approved rational loading schedule - shall be sustained without
failure. . Particular attentlon shall be paid to the prov151ons of 30.3 durlng :
these tests. .

30.6.1.8 Control gg"gm reliability - tgstg ‘Control surface components and
_ controls shall be fatigue tested to assure structural rellablllty. o
30. 6 1.9 1gtgg;gl_;fggl;tggk__iggt. For massxles where a fatxgue test

értlcle has been provided, fuel tank tests shall be conducted on the article -
.- during the . fatigue testing or - _alternatively -on full-scale - representative

section{s). Where no fatigue test article has been provided, a full-scale
fully representative section(s) of the proposed integral tank(s) shall be
subjected to test. This article(s) shall be subjected to repeated loadings
simulating flight conditions, carrier and ground loadings, temperatures, and
pressures.

-0
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30.6.1.9.1 Leakage inspection tests. The contractor shall propose, for
contracting activity approval, leakage, repair, and inspection criteria. A
method for readily detecting leaks, such as, the use of special dyes in the
test fluid, shall be used and accurate records of all leakage, repairs, and
inspections shall be kept. The use of a test fluid other than the standard
missile fuel shall be contingent upon the results of investigations made by
the contractor relative to the deteriorating effects of actual fuel and the
test fluid upon the tank sealant. The test fluid shall simulate the viscosity
and surface tension of the standard fuel. For purposes of qualification, one
service life of fatigue spectrum of 30.6.1.5 shall be sustained without
disqualifying leakage or disqualifying repair. No scatter factor is required
for this test. If the leakage exceeds the limits specified in the approved
criteria or if other normal servicing procedures and repairs-become necessary,
the qualification portion of the test shall be repeated after redesign of the
critical leakage area.

30.6.1.10 Teardown inspection. A complete detailed teardown inspection,
including fractographic - examination, of test article(s) of 30.6.1.5 through
30.6.1.9 and 30.8.2 shall be accomplished for occurrence of the following
events:

a. Following catastrophic failure within two lifetimes testing of the test
article(s} thus requiring repair and requalification.

b. Following completion of four lifetimes testing of the test article(s),
and with concurrence of the contracting activity. Inspect and locate areas
of the structure which are sensitive to fatigue for determination of
periodic inspections throughout the service 1life of the missile. Areas
determined to have initiated defects prior to two lifetimes shall require
fleet forward and retrofit repairs, which shall have been certlfled for two
lifetimes.

30.7 Structural dvnamic tests.

30.7.1 Flutter model wind tunnel tests. Flutter model wind tunnel tests
shall be performed early in the design stage to substantiate the specified
flutter margins or to substantiate flutter analysis used to perform parameter
variation investigations. Transonic models shall be used when limit-speed,
-V, is greater than 0.7 Mach number. These tests shall be performed for a
sufficient range of design variables to include the design flight envelope, a
complete range of weights, and the reduction of stiffness due to maneuvers and

thermal enviromnments. . As a minimum, the investigation shall include.the
flutter characteristics of -the wing, body, control flns, and control surfaces.
- where the flutter speeds are sensitive to variations in one oTr more. parame-

- ters, the critical parameters shall be varied to cover the expected range. It

gshall be .demonstrated by suitable analysis and tests that the model dynamical- -
ly simulates the full-scale missile. If it is determined by analysis, static
. tests, or ground vibration tests that significant discrepancies exist between
the flutter parameters of the model and the missile, additional tests .on -
modified models shall be performed. Before the flutter models are installed .
inthe wind tunnel,the following testsshall be performedto validate the models:

b
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Static load-deflection tests to verify the calculated stiffness dis-
"y tions.

b. Section mass properties ({(weight, C6 location, and mass moments of
inertia) tests to verify the calculated values. :

¢. Vibration modal tests on the complete flutter model to determine modal
frequencies, mode shapes and node lines, and modal damping coefficients to
correlate with analytical modal parameters.

30.7.2 Compliance tests., These tests chall be made on a flight article

prior to first flight of any article. When a change is made that is likely %o
affect the flutter characteristics of the missile, the tests shall be per-
formed on a flight article incorporating the change prior to flight of any
changed article. Tests of 30.7.2.1 through 30.7.2.3 shall be repeated on the
last full-scale development (FSD} or first production missile.

30.7.2.1 Mass measurements of control surfaces. The total weight, static

unbalance, and mass moment of inertia -of all control surfaces about their
hinge lines shall be accurately measured and recorded.

30.7.2.2 Free play measurements of control surfaces. The contractor shall

demonstrate that the free play for control surfaces are within the limits
specified in 3 8.3.3 by making measurements. Incremental loads shall be
applu:d first in One dLLUbLLUu. noimal to the mean plane of the surface, and
then in the opposite direction. Corresponding deflection measurements shall
be taken. The total free play shall be determined from a plot of applied locad
ve measured deflection for both directions of loading. The loads used in the
tests shall not cause appreciable structural deformations. These shall be
performed prior to or during the ground vibration modal tests.

30.7.2.3 Rigidity tests for control surfaces. Rotational rigidity tests

shall - 'be performed on all control surfaces - to - determine the rigid-body

rotation of the surface as a function of applied torque. These tests may be
combined with the free play tests specified in 30.7.2.2. The data obtained,
together -with the measured mass moment of inertia, shall be used to calculate
the uncoupled control surface rotational frequency. Both clockwise and
counterclockwxse moments shall be applied to determine. rotat1ona1 rlgldzty
data. Both. synmetrlcal and antisymmetrical LOaGiﬁE conditions shall be
employed ‘if the actuating system is such that the frequencies for the sym-

metrical and antisymmetrical rotational modes differ, as in the case where the.

left-hand and rlght ‘hand elevators are connected by - a torque tubé. Applied -

moments to- .all control surfaces shall be as large as practicable, but shall’
not cause structural deformations; for horizontal surfaces, the applied moment

‘shall be at least 1arge enough to overcome grav1tat10na1 effects.

30.7.2. ¥y Ealance welgh; at;gcbmgn; tgsts.' Tests shall be performed on

balance un'l chte artashmante 11n'|.r=u:n¢ " and enmnAarding c"‘ﬂlﬂ"'“‘!"ﬂ +n dnmnn-
CipilLy,y, aLLalCilllefiis, L1NXEEES, anG SupplIting STINUCLUITC T Cehell

~'strate that these components can withstand, without failure, the statlc and

repeated inertia load factors specified in 3.8.3.1.3.
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30.7.2.5 Damper tests. If dampers are used, tests shall be performed on
the damper and supporting structure to assure that components will not fail
under static or repeated loads, that the dampers will operate at high tempera-
tures, and that proper maintenance and inspection under service conditions can
be readily accomplished. In addition, freeplay measurements shall be per-
formed to substantiate that the freeplay is within the prescribed limits.
Tests shall be performed to obtain the damping characteristics as a function
of frequency up to at least twice the frequency range ‘that the damper is
designed to be effective.

30.7.2.6 Actuator stiffness tests. Unless specified in the -contractor's
procurement specification for the actuator's, tests shall be performed to

determine the following:

- a. Static stiffness and freeplay of the actuator(s} prior to and subsequent
to life cycle testing.

b. Actuatorsi(s)' dynamic stiffness over the range of frequencies for all
operating modes, -including failure modes, of the system.

30.7.3 Missile ground vibration modal tests. -:Missile ground vibration
modal tests shall-be performed on the first FSD missile prior:to its first
flight and on the FSD missile to be used for aercelastic stability £light
tests prior to its first flight. These tests shall determine modal frequen-
cies, mode shapes and node lines and modal - damping coefficient for the
assembled missile and main missile components. The objective of the ‘test
:shall be to obtain modal data to verify, and update if required, the analyti-
cal modal data which were used in the structural dynamic analyses :flutter
-analyses, dynamic analyses, flutter models). Where applicable, these tests
shall be used to demonstrate that resonant vibrations of the missile :com-
ponents have been avoided when actual missile periodic vibratory excitation
loading has been applied. In addition to the ‘conventional ground vibration
"modal tests on the missile and main missile components, component vibration
modal tests for control surfaces, actuating systems, and linkages for balance
weights shall also be performed. The pitching and vawing frequencies and mode
shapes of the powerplant system, including propeller, rotor, or fan if
applicable, shall be measured for use in whirl - flutter calculations. These
tests shall be repeated on the last FSD or first productlon missile. The_
contractor shall notify the contracting activity at least three weeks prior to
. .commencement of these tests, so that the contracting act1v1ty representative
can thness the tests.

30 7.3.1 !;bzat;gngteﬁgeangggetue

. 30.7.3.1.1 Exg;t;ng_ggg;gmgnt The m1551le shall be vibrated by means of

an exciter(s) attached at one or more places on the structure. The exciter(s)
shall be designed to produce simple harmonic or random motion, have stable
output frequency characteristics, and have a force output relatively indepen-

dent of the vibration amplitude of the structure being excited.
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, 30.7.3.1.2 Measuring equipment. Accelerometers and associated electronic
equipment shall bhe used to monitor and record vibration amplitude and phase.
Force gages shall be installed in the drive connection between the exciter(s)

and the missile structure to monitor and record the excitation force.

30.7.3.2 ~Missile configuration. The missile shall be equipped with all
items having appreciable mass. Whenever practicable, fuel in partially full
tanks shall be simulated by a non-flammable liquid. Tests shall be performed
for several weight configurations if wvariable gross weight conditions are
possible and if they cause significant changes in the vibration modes and
frequencies of the missile, ‘

30.7.3.3 Support of missile. The missile shall be supported so that the
rigid body frequencies of the missile on its support are less than one-half
the frequency of the lowest elastic wing or body mode to be excited.

30.7.3.4 General vibration test procedure. A wvibration pickup shall be
placed at an appropriate location and an amplitude-frequency response curve

shall be obtained to determine the natural frequencies. -The frequency
increments seleacted shall be sufficiently small so that no important resonant

peaks are overlooked. The frequency range covered during the vibration tests
shall include all modes that may be important with  respect ¢to flutter.

‘Alternate pickup and vibrator locations shall be employed as a check since
node lines may have passed through the first selected vibrator and pickup
locations. At each resonant frequency, amplitude and phase measurements shall
be carefully taken at a sufficient number of positions to define the mode of
vibration. A complete missile modal survey shall be made. At least 6
spanwise stations and 3 chordwise stations shall be selected in making
amplitude measurements perpendicular to the plane of the wing, fin, or
stabilizer. Additional chordwise locations will probably be necessary for
low-aspect-ratio surfaces. At least six fore-and-aft stations shall be
selected in making amplitude measurements in the plane of the wing, fin, or
stabilizer. The mode shape measurements obtained shall be plotted as -tests
progress so that the vibration modes can be. evaluated. - In addition, the
relative orthogonallty of the modal data shall be determlned as each succes-
sive mode is obtained. The single or multiple p01nt random test method may be
used to measure the m15511e vibration modes.

30.7.3.4.1 Muuwm_m Rnalysis _ |

f shall be performed to validate or modify the dynamic mathematical model - such

‘that correlation is achieved between analytical modal parameters (frequencies
and mode ‘shapes) and - the experimental ‘modal- parameters -In .addition, oxrtho-.
gonality checks shall be performed to indicaté acceptable normal modes whereby

the generalized mass matrix obtained from.an integrated triple matrix product o

~ of the .experimental orthonormalized mode shapes. and the theoretical or
" modified mass matrix ‘of the system have off—dlagonal elements less than 10
percent of the unlt ‘diagonal elements.

30.7.3.5 MMMMW The modes excited:

during ground vibration tests depend on the . type of configuration. being
tested. The vibration modes of a missile that carries heavy masses on the
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w1ng, has the stabilizer located near the top of the fln, or in general
carries heavy masses on the outer span locations of its main components, will
be highly coupled and generally cannot be described except by diagrams which
show the vibratory deflection shapes and relative motion and phase of each
part of the missile. Missiles that do not carry these masses usually have
relatively uncoupled vibration modes which can be described by naming the type
of motion which is predominant, such as, wing bending, wing torsion, stabil-
izer bending, or some other uncoupled mode. In general, the predominant
vibration modes of 30.7.3.5.1 through 30.7.3.5.9 shall be cbtained.

30.7.3.5.1 Wing group.

30.7.3.5.1.1 Wings.

a. Wing vertical bending, symmetric and antisymmetric, fundamental and
higher modes.

b. Wing torsion, symmetric and antisymmetric.
c. Wing fore-and-aft bending, symmetric and antisymmetric.

d. Wing pitching for missiles having all-movable deployable wings, sym-
metric and antisymmetric.

30.7.3.5.1.2 Wi mounted control s es. For all control surfaces on
wings:

‘a. Rotation about the hinge axis, symmetric and antisymmetric.

b. Bending (including rib bending) and torsion of the control surface,
fundamental and higher modes.

30.7.3.5.1.3 Wing mounted accessories. For devices located on the leading
or trailing edges of wings, including but not limited to, coupling probes and

heavy pitot -tubes, the vibration modes of these devices, including the

¥ e’ e T wmwas o L2 =0~ - S22 RS AR2E e A

response of the structures. to which they are attached shall be obtained.

30.7.3.5.2 Hhi:l_mgﬁg_flutgg:.' When applicable. to the propu151ve system
used, the englne with propeller/fan blades shall be mounted to a rigid

aan B -

structure. With the exciting equipment attached to the hub, propeller/fan
plane natural frequencies in pitch.and yaw shall be obtained. Propeller /fan
bendlng and tor510n modes shall be obtalned
130.7.3.5.3 Ia;l_mg
~a. Body tor51on and body sxde bendlng. fundamental and hlgher modes
b. Body vertlcal bendlng. fundamental and hlgher modes. '
c. Stabilizer synnmtrlc and antisymmetric bendlng, fundamental and higher

.modes.
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d. Stabilizer torsion, symmetric and antisymmetric modes.
e. Stabilizer pitching, symmetric and antisymmetric modes. For all movable
stabilizers the symmetric rotational modes may be highly coupled with
stabilizer symmetric bending and torsion, and with body vertical bending.
f. Stabilizer rocking about its attachment to the body or fin.

g. Stabilizer yawing. Generally a very important mode for stablllzers
located at the outer span stations of the fin.

h. Stabilizer fore-and-aft bending, symmetric and antisymmetrie.
i. Elevator rotation about its hinge line, symmetric and antisymmetric.

j. Elevator bending (including rib bending) and torsion, fundamental and
higher modes.

k. Fin bending (symmetric and antisymmetric for multitail missiles). Fin
bending in phase and out of phase with stabilizer bending shall be in-
cluded.,

1. Fin torsion (generally highly coupled with stabilizer yawing if stabili-
zer is located at the outer span stations of the fin).

m. Fin yawing and rocking if fin is all-movable.

n. Rudder rotation about its hinge axis (symmetric and antisymmetric for
multitail missiles).

0. Rndder spanwise and chordwise'bending and torsion.

30.7. 3 5.4 _agarg_

a. . Canard symmetrlc and antlsymmetrlc bendrng, fundamental and higher
modes.

b. Canard torsron, symmetrlc and antlsymmetrlc modes.

c. Canard prtchlng. symmetrlc and antisymmetric modes. For all-movable
_ canards, -the symmetric. rotational may be. highly coupled w1th canard
symmetric bendrng and torsron. and wlth body vertrcal bendlng

d Canard rocklng about 1ts attachment to the body
€. Canard yawing.

£ Canard fore -and- aft bendrng, symmetrlc and antlsymmetrrc modes.

30 7.3.5, 5 Ag;gating_gggtems. Vlbratlon tests shall ‘be performed to

" determine the dynamic characteristics of actuating systems, such as, $ervo
‘boost, fully powered sexrvo control, closed-loop missile flight control systems
and other related powered control systems. The tests shall be performed with

the actuating system installed in the missile. The impedance of the control
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systems shall be determined both from the input and output sides of the
control surfaces. In addition, tests shall be performed to determine parame-
ters for servo-flutter stability analyses.
30.7.3.5.6 Concentrated balance weights and attachments. The frequencies

of mass balance assemblies shall be obtained in both lateral and vertical
missile directions.

30.7.3.5.7 s8] igi
rigid body modes shall 1nclude

Missile

a. Vertical, side, and fore-and-aft translations.
b. Pitching, rolling, and yawing.

30.7.3.5.8 Accessories. The frequencies of accessories installed on the
missile, including but not limited:to, pitot tubes, antennae, and instruments
shall be determined if they affect the vibration modes of structural com-
ponents which are important with respect to flutter.

have been determined to be flutter critical by ana1y31s shall be measured on
the missile or ‘in laboratory tests for.flutter - safety evaluation required.by
3.7. The effects of inplane stresses. on panel modes and frequencies.due to
maneuvering leads or aerodynamic heating shall be determined when they are of
sufficient magnitude to affect panel flutter speeds. Laboratory vibration
tests shall accurately simulate the edge conditions, substructure, and cavity
depth of the panel as mounted in the missile.

30.7.3.5.9 Skin ranels. The modes and frequencies of skin panels which

30.7.4 Influence coefficient and structyral rigidity tests. Structural
rigidity or influence coefficient tests shall be performed to substantiate
stiffness characteristics being employed in the flutter analyses and those
used in designing flutter models. Missile components shall be loaded sta-

.tically at those loading conditions which result in reduction of structural

. L] » N - » L3
stiffness which in turn causes flutter margins to be lowered. Misgile

components shall be statically tested at various loading conditions up to and
including 1.2 times limit load. At each load increment, static deflections at
‘selected locations on the components shall be recorded. These tests shall be
performed on the static test artlcle

30.7.5 Thermoelastic - tests. Thermoelastic tests shall be performed on
missile components fabricated from fibrous composites. Thermoelastic tests of
components from material other than fibrous composites shall be performed
unless the results of analysis required by 30.6 of Appendix C indicate that.a
critical problem does not exist. Full-scale components of the missile shall

.be heated and . cooled in a manner to simulate. the most critical heating - and
"coollng rates and temperatures to be encountered in flight. The components
shall be vibrated in thelr natural modes as the heat is applied and removed so
that time histories of the changes in natural frequencies are obtained. These

‘tests shall be performed on fully instrumented components or - partial com-
ponents of a test article having restraint or boundary conditions as if
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installed o th
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30.7.6 Component vibration modal tests. Component lifting surface

free-free or cantilevered vibration modal tests shall be performed to verify,
and update if required, the dynamic math modeling of each component. The test
- articles shall include control surfaces, all-movable control surfaces,
horizontal stabilizer (no elevator),. vertical stabilizer (no rudder), and wing
(no control surfaces). These tests shall be performed on the first component
fabricated early in the development phase.

gile. The test articles shall not have been subjected to

30.8 Dynamic fatigue tests.
30.8.1 Sonic fatigue component tests. Sonic fatigue component tests shall

he performed on missiles structural components to establish their prospective
service lives and to substantiate the analYSLS of the sonic Iatlgue PfﬁVéﬁLLOﬂ
program. These tests shall be completed during the design and analysis phase
of the sonic fatigue prevention program and as far in advance of the final
design release as possible to allow sufficient time for the redesign and

retesting of components that may be found to have inadequate fatigue lives.

30.8.1.1 ctural co s _to t . Candidate structural
component assemblies and subassemblies, both internal and external, for sonic
fatlgue tests shall be selected from each zoned area of the m15511es and shall

YarAn ) e
include, but not be limited to, any cne o
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a. Structural components whose fatigue lives cannot be adequately predicted
(such as structural components composed of wuntested or new materials,
unusual design configuration, light weight structures]).

b. Structural components subjected to predicted sound pressure levels
greater than 140dB.

c. Structural ggmnggggtg whgge redicted lives are less than that.required

to survive sound pressure levels 3,5dB greater than the predicted environ-
ment for the service life of the missile with a scatter factor of four.

30.8.1.2 -lggt_gggi;gnmgnt. Sonic fatlgue tests shall be performed until
the service life with a scatter factor of two is demonstrated with applied
" sound’ pressure levels 3.5dB -greater than simulated predicted environment.
Thereafter, testing shall be continued until a scatter factor of four 'is
achieved ‘or a major nonrepairable failure occurs.  Other simulated environ-
ments (such as temperature and pressure differential) comhlned with the sonic

env1ronment shall be 1mposed vwhen applicable.

©30.8.1.3 Measurement'and _instruméntation requirements. Microphones shall -
"be used to control and continuously monitor the acoustic environment during
the test. S8train gages vibration transducers, or other instrumentation shall

o Tk s & O™ | ¥ i L W RS e Tl 6 W e Vi ae =il TRt

be'placed on the specimen in such a manner that the dynamic response: of the
structure can be measured and the strain distributions can be determined.
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Continuous recording and monitoring of the dynamic response is necessary to
detect changes which may be indicative of fatigue failures in the structure.

30.8.1.4 Fatipgue-detection methods. The failure criterion shall be based
on the detection of cracks by unmagnified visual means. The fatigue detection
‘methods shall not alter the natural response of the structure to sonic
excitation or otherwise influence the fatigue life of the test article.
Changes in dynamic responses of complex structural parts could indicate
out-of-sight failures. These changes include shifts in resonant frequencies
and amplitude changes in vibration or stress. '

30.8.2 Dynamic environmental tests. Vibration environmental ground test
and aeroacoustic environmental ground test or a combination of both shall be
performed to demonstrate that the structural integrity and operation of the
missile is not impaired when excited by the simulated service life vibration
and aeroacoustic environmental levels and associated durations.

30.8.2.1 Test article. The test article shall be a full scale functional
missile representative of production missiles in all structural aspects.

30.8.2.2 Suspension of test article. .The test article shall be suspended
by suitable means to assure that the rigid body frequencies of the test
article on its suspension are as low as possible but shall .be not greater than
one-half the frequency of the lowest elastic mode of the test article.

30.8.2.3 -Test conditions. The test conditions shall simulate the various
predicted service life wvibration and aeroacoustic environmental levels and
associated durations. When the test duration{s)} are less than the missile
service life environmental duration(s), 'the test amplitude(s) shall contain

ai U ol i/l L

test time compression factors.

30.8.2.4 Instrumentation requirements. Accelerometers-shall be used to

control and monitor the vibration spectrum at appropriate intervals during the .-

vibration test. 'Microphones shall be used to control and monitor the sound
pressure levels at appropriate intervals during the aeroacoustic test. Strain
- gages and accelerometers shall be - used to measure the dynamic responses of
critical structure. ' '
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STRUCTURAL DEMONSTRATION TESTS
10. SCOPE

10.1 Scope. This appendix contains the demonstration requirements for the

Tavmda £ = s
evaluation of structural integrity for guided missiles and compliance with the

design requirements of this specification. The types of testing include, but
are not limited to:

a. Structural loads survey tests
b. Vibration and aercacoustic enviromment survey tests.
c. Rercelastic stability flight tests.

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

10.2 Purpose. The purpose of this apbendix is to define the requirements
for ground transportation, launch platform captive and free-flight structural
tests for development and proof-of-design of structural integrity of guided
missiles.

20. APPLICARBLE DOCUMENTS

20.1 Government documents.

20.1.1 Specifications, standards. and handbooks. The following specifica-
tions, standards, and handbooks form a part of this document to the extent

specified herein. Unless otherwise specified, the issues of these documents
ehall ha t+haea 1iedad in tha igeuae of thea Dernartment of Dafense Index_ Qf

w i e AN Wit  dodesd WL id il e b o? LA WA Tl b predds Wi A WA WA WwrAsar e

Specifications and Standards (DODISS) and supplement thereto, cited in the
solicitation.

STANDARDS
MILITARY . .
‘ MIL;STD-1763 - Airgraft/Stores Certification Procedures.

(Unless otherwise indicated,. copies of federal and military specifications, =
standards, and handbooks are -available from the Naval Publications and Forms
Center. (ATTN NPODS). 5801 Tabor Avenue. Phlladelphla. PA 19120 5099, ) :

‘U l 2 ALY ’!Av ______ .l_t j_;-_e'_.L'_ J_a._l_.... - _-L1-n-\4-1:\no. - T}}e
following other Government documents, drawings, and publications forma part
. of this-specification to -the extent specified herein. Unless otherwise

‘specified, the issues are those cited in the solicitation. T :
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PUBLICATIONS
NATIONAL RDVISORY COMMITTEE FOR RERONRUTICS

NACA Report 1178 - Calibration of Strain-Gage Installations in Aircraft
Structures for the Measurement of Flight Loads

' (Copies of other Govermment documents, drawings, and publications required
by the contractors in connection with specific acquisition functions should. be
-obtained from the contracting :activity or as directed by the contracting
officer.}

20.2 Order of precedence. .In the event of a conflict between the text of
this document and the references cited herein, the text of this document takes
pprecedence. Nothing in this document, however, supersedes applicable laws and
regulations unless a specific exemption has been obtained.

30. REQUIREMENTS

30.1 ~ General requirements. Ground transport, launch :platform captive
carriage, launch platform captive flight, and free-flight demonstration tests
of the missile shall be performed to obtain data to substantiate the missile's
rstructural integrity and to demonstrate compliance with the design require-
ments of this specification.

30.1.1 Structural demonstration test program. A structural demonstration
test program shall be performed by the contractor and approved by the con-~

[N —— i dhn mimes i1atle
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mission requirements and may include, but is not limited to the following:

a. Structural loads survey tests during:

1. Captive carriage (for ground and ship launched missiles).

2. Captive flight (for air launched missiles).

3. Carrier suitability (for air launched missiles mounted on carrier
based aircraft). ' ‘

4. Free-flight.

~ b, Vibration and aeroacoustic environmenf survey tests during:

1. Captive carriage (for ground and ship launched m15511es).
‘2. Captive flight (for air launched m1551les)

3. Free-flight. :

4. Transportation. -

1. Captive flight (for air launched missiles).
2. Free-flight. ’ :
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30.1.1.1 Demonstration test planning conferences. At least two months

prior to commencement of testing, a conference between the contractor and
contracting activity shall be held to review and finalize the details of the
structural demonstration preogram. Upon completion of each structural test
phase, additional conferences shall be held to review the test results and
establish a Plan of Action and Milestones (POR&M) to correct any deficiencies
uncovered during the test demonstrations.

30.1.2 Vehicles for demonstration test program.

30.1.2.1 Launch platfo The ground, ship, and aircraft launch plat-
form(s) shaIl be as de31gnated by the contracting activity.

30.1.2.2 Transportation container. The transportation container shall be
designated by the contracting activity.

30.1.2.3 Test missiles. The contractor shall provide all the structural
test vehicles (STVs) and environmental measurement vehicles (EMVs)} with
installed instrumentation. These test missiles shall be: structurally,
inertially, and aerodynamically similar to the production missile and to the
design presented in the structural "analysis, structural dynamic analysis,
structural test reports, and drawings. Configuration, material, and quality
of workmanship shall be the same as for production missiles. Significant
modifications made during the development program of the missile shall be
incorporated on the test missiles. Explosive or hazardous materials may be
simulated by non-explosive or nor-hazardous materials having sxmllar physical
and thermal properties.

'30.1.3 Data acquisition system. The test data acquisition system shall be -
- provided by the contractor. The instrumentation, installation, calibration,
data-handling equipment, and methods of data reduction and analyses shall be
~ specified by the contractor and approved by the contractlng act1v1ty and shall
provide for the following.

a. For captive flight and free-flight tests (of air launched missiles), a
. telemetry system shall be employed which shall be capable of transmitting
‘all critical parameters required to ensure safety of flight. In addition
‘ to the telemetry system for captive flight tests, a launch platform on-
. . board hard wired system may be used to record continuous test data signals.

b. For captive carrlage tests (of ground and ship launched mlsszles)
launch platform hard w1red system shall be used to record . continuous testﬂ
data - 51gnals. . )

Q. Measurements shall be made with callbrated transducers recorders. and _
‘assoc1ated electronlc equipment. The output of the transducers shall be

s e deler e e dad Eae o & £1:~h Y eesmd

_ycuumwuu;y TEeCOTAEqd. .l.U.I. post flight analysis.

d. The dynamic range, frequency response, linearity, etc., of the data
acquisition system shall be compatible with the 1ntended application of the
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data. The data sample length at each steady test condition shall be of
b E s mt et Arvmttan b rovmid s adamiatra ctbatiotiaal analsss s
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30.1.3.1 Instrumentation requirements. The contractor shall install and
calibrate the instrumentation on the STV's and EMV's required for the test

program. The contractor shall also be responsible for recording, telemetry,
data reduction, and data analysis of the required measurements.

30.1.3.1.1 Types of instrumentation. Test instrumentation shall consist

of a sufficient number of transducers to define the acoustic environment,
vibration response characteristics, aeroelastic stability, structural loading,
airload distribution, temperature distribution, . as well as other instrumenta-
tion such that the data obtained will allow valid comparisons of the test “data
with the appropriate structural analyses, laboratory test results, and design
conditions. Test instrumentation may consist of, -but not limited to, micro-
phones, accelerometers, temperature measuring devices, strain gages, pressure
transducers, motion sensors, and calibrated load bridges (shear, bending,-and
torsionl.

30.1.3.1,2 Test condition parameters. Instrumentation to measure -the
general flight parameters listed below shall be installed. The data obtained
from measurement instrumentation shall be used to show compliance with test
Tequirements.

a. Airspeed and Mach number.
b. Pressure altitude.
c. Angles of attack, sideslip, and bank.

d. Normal, lateral, and longitudinal linear accelerations referenced at the
center of gravity of the missile.

e. Roll, pitch, and vaw angular rates and accelerations referenced at the
center. of gravity of the missile. :

30.2 Ile_t_ez.l_:.e_mgemem-

30.2.1 §;;gg;y;al;lgggg_gg;ggx_gggtg.' Structural loads survey tests shall

be performed for the test conditions of 30.2.1.2 to measure loads of the

missile structure. These tests data shall be used to substantiate the
structural integrity of the missile for critical loading conditions and
compllance w1th the de51gn requirements of thls speclflcatlon.

30.2.1.1 1n;;:umgn;g;_gn_;ggn_:gmgg_g. H15511e structural loads shall be

measured with strain gages and calibrated load bridges. RAirload distributions
shall be measured with pressure transducers. Accelerometers, thermal instru-

‘mentation and missile/aircraft 1nterface instrumentation (for air launched-“

missiles) shall alsc be prov1ded " The loads 1nstrumentat10n ‘shall be capable
‘of measuring shear, bending moment and torsion for tne missile  body and
primary aerodynamlc surfaces of the missile. :
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a. Strain gages: The missile shall be instrumented with sufficient
calibrated load bridges to measure wing, fin and body shear, bending

moments, and torsion. A set of backup calibrated strain gages shall also
be installed, but not wired to the recording device. All calibrations
shall be performed to 100 percent of captive flight design limit load and
75 percent of free-flight design 1limit load. The number of calibration
load conditions shall be as required to derive 1load coefficients in a
method similar to NACR Report 1178 and demonstrate good agreement between
measured and applied loads for all significant combinations of applied
shear, bending moment, and torsion.  In cooperation with the appropriate
Government Test Activity (GTA), the contractor shall develop a check
calibration condition which W111 be performed at the contractor facility
and repeated at the test site prior to data acquisition. This condition
will be applied at a load level consistent with the capabilities of the
GTA. If missile configuration makes calibrated load measurement impracti-
cal, direct strain measurement may be utilized with contracting activity
approval. Areas of critical margins are to be instrumented for strain.
These strain gage locations should correspond with static test instrumenta-
tion. Strain gages shall also be located to obtain representative stress/-

strain distributions for comparison with analysis.

b. Rccelerometers: The load instrumentation shall include sufficient
accelerometer coverage (in addition to the requirements specified in

30.1.3.2) over the STV to determine the inertia load distribution required
to Anrral :rtn ‘ﬁ'lth a_nd :ubc'l':l‘nf'l ate 'H'\n Qfaf‘l o and dvnarm.c analvs 15.
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Accelerometers shall be placed at the following locations, as applicable:
1. Vertical on both the right and left wing tips and midspan region.

2. Vertical on both right and left horizontal tips.

3. Lateral on the vertlcal tail tip(s).

.4. Vertlcal and lateral wlthln 12 1nches of the nose and tail of thel':

missile body.

5. Control surfaces.

o ——.
¢. Missile/aircraft interfacs: Instrumentation shall be installed to

determine .the loads at the launch platform interface (missile to.launcher;
launcher to pylon, missile to pylon, pylen to aircraft) to substantiate the

- structural integrity of the missile and missxle/alrcraft combination.. Load -

measurements = shall include, but not be limited to those required to-
determine vertical, side, and drag loads; pitch, yaw, and roll moments; and
. missile interface hook and sway brace loads and moments. The follow1ng

1nstrumentat10n may be used as appllcable. to measure these loads: - - o

1. Strain gages.

2. Calibrated strain gages to measure shear, bending moment, and
torsion.

wn
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3. Accelerometers to measure load factors.
4. Pressure transducers.

d. Temperature transducers: The STV thermal instrumentation shall consist
of thermocouples, thermistors, or other devices +to measure the missiles
external skin heat transfer rate distribution and internal componentisj
temperatures. These devices shall be located such that representative
temperature and heating distributions are obtained. The instrumentation
shall be of sufficient density to detect hot and cold spots. An adequate
distribution of internal temperature measuring devices (such as thermo-
couples or thermistors) shall be located in and around the critical
components or structure subject to temperature restrictions.

e. Other instrumentation: Instrumentation shall be installed to measure
the forces, pasition, and hinge moment of control surfaces.

30.2.1.2 Test conditions.

30.2.1.2.1 aptive i . For ground and ship launched missiles,
structural load measurements shall .be made on the 5TV while retained on the
launch platform{s). The actual selected test parameters shall 'be consistent

with -the missile/launch platform combination mission regquirements.

30.2.1.2.2 Captive flight. For air launched missiles, the STV shall be
carried on each designated aircraft's weapon station (if carried on more than
one). Structural measurements shall be made for captive flight operating
conditions. The operating conditions -.shall include take-off, c¢limb, cruise
flight, maneuvering flight, adjacent store release and jettison, and descent.

). 1aad c““rnu ehall hn noarfarmad +n Aotarmina 1aad +vranda Far Aritisal
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maneuvers 1ncluding pull-ups, pushovers, rolling maneuvers, and lateral
directional maneuvers. Both abrupt and steady maneuvers shall be performed.
- The loads survey shall be performed for all. critical store combinations and
loadings. The survey shall .be performed at a minimum of three altitudes and
eight Mach numbers at each altitude. The flight altitudes and speeds shall be
selected to include the minimum altitude at which the maximum design Mach
number can be obtained, the minimum altitude at which transonic effects begin
to occur, and the minimum altitude at which the maximum dynamic pressure can
be obtained, consistent with the design limit speed envelope of each air-
~ craft/missile combination and safety of flight. The minimum altitude need not
- be lower than 2,000 feet above the surface or terrain. :

~30.2.1.2.3  Carrier suitability. Carrier sultablllty tests’ shall be
f Py T mmmmendnmmn seidi MTF _ OMN_417L£9 famec =dam mesmmbhad micailan mareiad An
Pﬂl I.Ul.lllvu J.ll avuuviuallive wailll Ml JIiV 1L7/09 LUL dll .lﬂ.ullbllﬂu HLADODAATY WOLL ATW Wil

carrier-based aircraft. Carrier -suitability testing is required to test the
' STV under dynamic conditions of actual -catapult launches and. arrested. landings
"to substantiate the missile's ‘compatibility with the aircraft. The STV shall
be mounted on the most critical armament station of the test aircraft desig-
nated - by the contracting activity. Carrier suitability shall be demonstrated
on each designated aircraft type. Since the carrier suitability tests require

on
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use of government faci1ities. the GTA shall exercise technical control over
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30.2.1.2.4 Free-flight. Free flight tests shall be performed with test
data taken at predetermined test points defined by Mach number, altitude, and
maneuver. The flight profile (altitude and speed) shall be programmed to
include the minimum altitude at which the maximum design Mach number can be
obtained, the minimum altitude at which transonic effects begin to occur and
the minimum altitude at which the maximum dynamic pressure can be obtained
consistent with the design limit speed envelope of the missile. Missile
maneuvers shall be programmed to apply critical loads to the airframe. These
selected. test parameters shall be consistent with the missiles mission
requirements. For these tests, missile launch/ejection shall be con51dered
part of free-flight and loads shall be measured.

30.2.2 Vibration and aeroacoustigc environments survey tests. Vibration
and aeroacoustic environments survey tests shall be performed for the test

conditions of 30.2.2.2 to measure the dynamic response characteristics of the
missile structure due to dynamic load inputs, and to measure the aeroacoustic
environment, both internal and external. Measurement data shall be used to
demonstrate that the airframe structure, structural components, and equipment
do not experience excessive vibration which would contribute to structural
fatigue or equipment malfunction. Flight test data shall alsc be used to:

a. Verify and update the predicted design vibration, aeroacoustic, and
shock enviromments.

b. Validate analytical design data, and together with analytical, labora-
tory and ground test data substantiate that fatigue failures of the
airframe structure and structural components will not occur for the service
life of the missile.

c. Demonstrate each equipment is not subjected to vibration, aeroacoustic, -
or shock environments greater than the corresponding levels prescribed in
the equipment specifications.

30.2.2.1' Instrumentation requirements.

a. Accelerometers shall be installed on the EMV to define the vibration and
~ 'shock response characteristics of the missile. Accelerometers and mounting -
brackets or blocks shall not alter the response characteristics. The EMV
- shall - be divided into 2ones (such as' forward, center and aft body, wings,
"and control surfaces) and measurements shall be made at - several locations
in each zone. Emphasis shall be placed on locations where high amplitudes -
~ of vibration are expected to occur or where fallures could be crltlcal w1th .
‘respect to mission’ completlon : S .
b. Dynamic pressure transducers shall be mounted on and within the EMV to
define the aeroacoustic enviromment. ~Selection of these transducers and

mounts shall preclude transducer response to mechanical vibrations.
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30.2.2.2 Test conditions.

30.2.2.2.1 Captive ¢arriage. For ground and ship launched missiles,
vibration measurements shall be made on the EMV while on the launch plat-
form(s). The actual selected test parameters shall be consistent with the
missile/launch platform combination mission regquirements.

30.2.2.2.2 Captive flight. For air launched missiles, the EMV shall be
carried on each designated aircraft's weapon stations where the dynamic
environment will be most severe. Vibration and aercacoustic measurements
‘'shall be made for ground and scaptive flight operating conditions. The
-operating iconditions shall include ground engine run-up to maximum thrust,
taxi, takeoff, climb, cruise flight, and maneuvering flight with at least five
.speed increments at three altitudes, approach glide, and landing.
a. Flight altitudca- The flight altitudes and speeds shall be selected to
include the minimum altitude at which design Mach number can be obtained,
the minimum altltude at which transonic effects ‘begin to occur, and the
minimum altitude at which the maximum design dynamic pressure can be
obtained consistent with the design limit speed envelope of each aircraft/-
missile combination and safety of flight. The minimum altitude need not be
lower than 2,000 feet above the surface or terrain.

b. Flight maneuvers: The flight maneuvers shall include symmetrical pull-up
and pushover, wind-up and wind-down turns with at least five load factor

increments, sideslip and split "S8" at cornering speeds (maximum load factor
to maximum angle of attack).

c. Vibration and aeroacoustic measurements shall also be made under the
conditions listed below when they apply to the particular aircraft/missile
combination being tested. The actual selected test parameters shall be
consistent with the aircraft/missile mission requirements.

1. Operating afterburners and'assist takeoff units.

2. While opening and with open weapon bays and deploylng m1551le
trapeze or pallets.

k Durlng rapld ground - acceleratlons or deceleratlons. such as catapult
- launch and arrested landlngs . :

30,2.2}2.3 Free-flight. ‘Free—fiight test data shall be taken at predeter-
mined test points, defined by Mach number and altitude. The flight altitude

-and. speed . test points shall  be selected to include the minimum altitude-at

which the maximum design Mach number can be obtained, the minimum altitude at-
which transonic effects begin to occur, and the minimum altitude at which the
maximum design dynamic pressure can - be obtained consistent with the design
limit speed envelope and safety of flight. Actual selected test parameters
shall be consistent with the missile mission requirements.

F el
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©30.2.2.2.4 Transportaticn. Transportation environmental survey tests
shall be performed with the EMV inside its container. Vibration measurements
shall be made on the EMV to substantiate that the missile will not be subject-
ed to vibration and shock environments greater than the corresponding predict-
ed environments used in the design of the missile. The mode(s) of transporta-
tion to be used during these tests shall be designated by the contracting

activity, and may include railroad, truck, and air transportation, shore to
ship transfer, and ship to ship transfer.
30.2.3 Rercelastic stability flight tests. Reroelastic stability flight

tests for both the captive flight (for air launched missiles) and free-flight
conditions shall be performed to measure the dynamic response (frequencies and
damping) trends for substantiating that the missile is free from aerocelastic
instabilities, including sustained limit amplitude instabilities throughout

the free and captive design limit speed flight envelopes. In addition, flight
test data shall be used to validate analvtical design data and, together with

Lo b WUl 2L s A L et AL ] e Wl W W AP RS A e Sl s s T

analytical, laboratory, and ground test results, shall demonstrate that the
design requirements of this specification have been satisfied for all configu-
rations of the missile.

©30.2.3.1 Modal excitation. R method of inflight vibration exitation shall
be employed which is capable of exciting the structural modes that contribute
to the critical flutter conditions.

30.2.3.2 Instrumentation requirements. Transducers shall be installed on
the STV's to define and detect the expected modes of wvibration, including
frequencies and damping characteristics. As a minimum, accelerometers and
motion sensors shall be installed and vibration response measurements made at

the following locations:

a. Vertical (forward and aft) on both thé right and left wingtips, longltu-
dinal on one side only).

b. Vertlcal {forward and aft) on both rlzht and left horizontal tail tips,

longitudinal on one side only.
c. Lateral (forward and aft) on vertical tai) tip(s).

d. Relative rotational plckups shall be used to determine the motlon of
each control surface :

- e, Vertical and . lateral within 12 1nches of the . nose and ta11 on the _‘.

_‘m15511e body.

__30 2. 3 3 lg't gg; n§

30 2. 3 3 1 gagglvg fl;gh Captive flight (for air launched missiles)
tests shall be performed - wlth test data taken at predetermined test points,
defined by Mach number and altitude, in a prescribed order of ascending
critically. The test points . shall be selected at increasing Mach numbers up
to design limit speed in suitable increments at constant altitude. Three or
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more altitudes, tested in descending order, shall be selected to include the
minimum altitude at which the maximum design Mach number can be obtained, the
minimum altitude at which transonic effects begin to occur, and the minimum
-altitude at which the maximum design dynamic pressure can be obtained consis-
tent with the design 1limit speed envelope(s) and safety of flight. The
sminimum altitude need not be 1less than 2,000 feet above the surface or

R S e A nnd hall W £ Py, | +akl 1A '
~CeYTain. INné Uesis Snali DEe PEYrioIled 1n suitable increments for safet'f and

shall proceed after the dynamic test engineers at the ground station have
determined from near-real-time data analysis that it is safe to do so.

30.2.3.3.2 Free-flight. -Free-flight tests shall be performed with test
data taken at.predetermined test points defined by Mach number and altitude.
The flight profile (altitude and speed) shall be programmed to include the
minimum altitude at which the maximum.design Mach number can be obtained, the
minimum ,altitude at which transonic effects begin to occur, and the minimum
-altitude at which the maximum design dynamic pressure can be obtained consis-

tent with the design limit speed envelope. ‘Flight test data shall also be
taken at high altitude .where certain types of control surfaces -are found to be
more critical. T These selected test .parameters shall be consistent with the
‘missiles mission requirements.

[=)]
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ANALYSES, DATA, AND REPORTS
10. SCOPE |

10.1 Scope. This appendix contains the requirements for data necessary to
show compliance with the design and test requirements of this specification
and to show the dependent relationship between the schedules for structural
engineering analyses and testing and schedules for manufacturing.

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

20. APPLICABLE DOCUMENTS

20.1 QGovernment decuments.

20.1.1 Specifications, standards, and hggghgokg.A The following specifica-

tions, standards, and handbooks form a part of this document to the extent
specified herein. Unless otherwise specified, the issues of these documents
shall be those listed in the issue of the Department of Defense Index of
Specifications and Standards (DODISS} and. supplement thereto, cited in the
solicitation. '

SPECIFICATIONS
MiLITRRY
MIL-M-81260 - Manual, Technical, Aircraft/System/Equipment
Maintenance. :
STANDARDS
MILITARY _
MIL—STD-1530 - Aircraft Structural-Integrity Progrém.-Airplane
‘Requirements.
HRNDBOOKE
- MILITARY
MfL-HDBK*S - :_nerospace Vehicle Structures Hetalllc Haterlals and

~ Elements for.
(Unless otherw1se 1ndlcated copies of federal and m111tary speclflcatlons,
standards, and handbooks are - available from the Naval Publications . and Forms
Center, (ATTN NPODS) 5801 Tabor Avenue, Phlladelphla. PA 19120 5099.)

20.1.2 ther ations. The follow;ng other.,
Government documents (publications) form ,a part of this specification to the

63




Downloaded from http://www.everyspec.com

MIL-M-8856B
APPENDIX C

extent specified herein. Unless otherwise specified, the issues shall be
those in effect on the date of the solicitation,

PUBLICATIONS
AIR FORCE

Regulation 80-13 - Aircraft Structural Integrity Program (RSIP)
AIR FORCE Flight Dynamics Laboratory (AFFDL)

TR-67-140 -  Development of Crlterla to Predict and Prevent Panel
Flutter.

(Copies of other Government documents (publications) ‘requlred by contractors

ll'l connecr..lon wlm SP&CIIIC acqulslr.lon IunCthIlS SﬂOU..lG DB ontalneu .I:I'Om (.Ile
contracting activity or as directed by the contracting officer.)

20.2 - 0rder of precedence. In the event of a conflict between the text of
this document and the-references cited herein, the text of this document takes
precedence. Nothing in this document, however, supersedes applicable laws and
regulations unless a specific exemption has been obtained.

30. REQUIREMENTS

30.1 Submittal, format, and revision.

30.1.1 Submittal. The required data items for acquisition of -guided
-missiles within the scope of this specification are listed in Table I, which
- specifies the latest acceptable time for the initial submittal of each item.

‘Each submitted report shall be accompanied or preceded by the contractor's

reports or data referenced therein. A cross reference for all data items by
aragraph number and :applicable data item description (DID} number is also
shown in Tah'lp I of this annendlx (see 6.3). . ‘
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TABLE I. Latest ipitial s it d
Applicable Date Applicable
Report paragraph {see footnotes DID no.
1/ and 2/) (see 6,3)
Sched of structural work| 30.2 90 days after ATP/DOC |DI-P-21461A
Structural description 30.3 90 days after ATP/DOC [DI-S-3595/
5-~123-1

Structural design loads | 30.4.1 90 days after ATP/DOC |UDI-S-23272C
criteria
Fracture control plan 30.4.2 90 days after ATP/DOC |UDI-S-23272C
Reroelastic stability
program 30.4.3 90 days after ATP/DOC |UDI-S-23272C
Structural design loads | 30.5 60 days prior to UDI-5-21462A
analyses structures CDR.,

Revision 60 day after

completion of applic-

able flight tests
Reroelastic stability 30.6 Initial report: UDI-S-23272C
analysis . 30 days.prior to

structure CDR

Intermediate revision:

30 days after first

flight

Final revision:

60 days after comple-.

tion of applicable

flight tests _
Internal loads 30.7.1 90 days after ATP/DOC |UDI-S-23272C
methodology . : _ : . o . _ ‘
Structural analysis'- 30.7.2 30 days prior to : UDI;S-214623 '

structures CDR

Final rpt. revision:.

60 days after comple-
tion of applicable .
flight tests
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TABLE I. Latest initial submittal date - Continued.

Applicable Date Applicable
Report paragraph (see footnotes DID no.
1/ and 2/} {see 6.3)
Air loads model wind 30.8.1 60 days after comple- | DI-T-2072
tunnel test tion of each tunnel
entry.
Flutter -model wind 30.8.2 60 days after comple- | DI-T-2072
tunnel test tion of each tunnel
entry
Airframe rigidity tests | 30.8.3 see footnote 3/ DI-T-2072
Dynamic environmental 30.8.4 60 days after comple- | DI-T-2072
test :tion of applicable
: .captive tests
Descr. of test articles { 30.9.1.1 | -90-days after ATP/DOC | ‘DI-NDTI-
. : 80566
Static test plan 30.9.1.2 90 days prior to start|‘DI-T-21463R
of testing
Fatigue test plan 30.9.1.3 ‘| 90 days prior to start| DI-NDTI-
: -of testing 80566
Sonic fatigue component { 30.9.1.4 90.days prior to start DI;NDTI-
test plan of testing . 80566
Structural design, .deve-| 30.9.1.5 90 days after ATP/DOC }-DI-NDTI-
lopment and preproduc- ' , ‘ 80566
tion verif. test plan
Static test progress 30.9.2.1 90 days after ATP/DOC | DI-T-2072
Fatigue test progresé 30.9.2.2 1 90 déys after ATP/DOC | DI-T-2072
Static test : 30.9.3.1 90 .days after comple- | DI-T-2072
S ’ B ‘tion of each test ' B
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TABLE I. Latest initial submittal date - Continued.
Applicable ‘ Date Applicable
Report paragrarh (see footnotes DID no.
1/ and 2/) (see 6.3)
1:::— -
Static design develop-
ment and preproduction 30.9.3.1.1 30 days after tests DI-T-2072
component design veri-
fication test
Fatigue test 30.9.3.2 90 days after comple- | DI-T-2072
: tion of each test
Fatigue development test| 30.9.3.2.1 60 days after comple- § DI-T-2072
tion of each test
Fatigue test teardown 30.9.3.2.2 90 days after comple-~ | DI-T-2072
ingpection tion of full scale
cyclic test teardown
inspection
Sonic fatigue component | 30.9.3.3 60 days after comple- | DI-T-2072
test tion of each test
Material substantiating | 30.10 30 days prior to DI-T-2072
data and analysis structure CDR
Reroelastic stability, 30.11.1 90 days prior to start| DI-NDTI-
vibration and aero- of instrumentation on 80566
acoustic flight test missile
planning
Structural flight test | 30.11.2 90 days after ATP/DOC | DI-NDTI-
planning _ 80566
Flight load survey - 30.11.3 45 days. prior to start| DI-NDTI-
instrumentation : ' or instrumentation 80566
calibration planning .
Structural captive and | 30.11.4 90 days prior to DI-5-30729
flight test program R flight of test mi - B
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TABLE I. Latest initial submittal date - Continued.
Applicable Date Applicable
Report paragraph (see footnotes DID no.
1/ and 2/) (see 6.3)
Aeroelastic stability 30.11.5.1 Two weeks after each °| DI-T-2072
flight test letter missile flight test -
Vibration and aero- 30.11.5.2 Two weeks after each pI-T-2072
sacoustic flight test , missile captive or
i ‘letter flight test
.Reroelastic instability,| 30.11.5.3 Immediately DI-RELI-
-vibration or sonic ] 80253
fatigue occurrence
Vibroacoustic environ- 30.11.5.4% 60 days ‘after comple- | DI-MISC-
‘ment measurement tion of tests 80653
Flight load survey 30.11.6 30 days after DI-T-30728
instrumentation and calibration is
calibration progress completed
Flight load survey 30.11.7 60 days-after comple- | DI-T-30728
instrumentation and tion of calibration
calibration
Flight 103& operations 36.11.8 60 days after comple- | DI-T-30729
survey data ' tion of tests
:-Dynamic Tesponse test 30.11.9 120 days after comple-] DI-T-30730
: . tion of tests ‘
Structural flight test °{ 30.11.10 30 days after DI-RELI-
anomaly and failure - occurrence 80253
Strength summary and 30.12 30 days prior to - DI-S-3589/
operating restriction ’ request for autho- S-111-1
- rization for first o
flight (footnote 2/)
Structural redesign 30.13 60 days prior to & DI-5-30590

o
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TABLE I. Latest initial submittal date - Continued.

Applicable Date Applicable
Report paragraph (see footnotes PID no.
{see Note 1 and Note 2} (see 6.3)
]
Air-Vehicle structural 30.14 90 days after ATP/DOC | DI-S-3570A
integrity program (ASIP)
master plan
Structural manual 30.15 90 days after ATP/DOC |UDI-S-23272C
Structural dynamic 30.16 90 days after ATP/DOC {UDI-S5-23272C
manual
Maintenance instructions} 30.17 Concurrent with UDI-S-
for control surfaces delivery of first 23272¢C
production missile
e —

1/ Date of authorization-to-proceed (ATP} shall apply if such authoriza-
tion is grantgd prior to date of contract (DOC}).

2/ The dates in this table are initial submittal dates. Revisions to be
submitted in accordance with applicable paragraph.

3/ Fifteen days prior to first flight, or alternatively, seven days prior
" to first flight the contractor's flutter engineer shall present and
discuss the results of the tests with the contracting activity. In the
latter case these reports shall be submitted not later than the date
required for submittal of the 1ntermed1ate aeroelastlc stability
analyses report.

30.1.2 Form of reports. Each report shall be securely bound in a loose
leaf style with stiff cardboard covers and shall be reinforced at the binding
edge. The binding shall afford easy insertion of revision pages. Reports
shall be 11-1/2 inches by 8-1/2 inches and not more than approximately 2
inches thick. If the 2-~inch dimension is inadequate, reports shall consist of
separate volumes, each not more than ' approximately 2 inches-thick. Each page
shall be titled in sufficient.detail to identify that page as associated with
- a specific condition, missile component, or member. ‘Each page shall bear the
page number, report number, model designation, and date.  Reports shall
- consist of the following parts: : o o

. 30.1. 2:1 'Qg;g; The cover shall’ contaln the contractor's ldentlflcatlon -
of the report by title, number, and guided m15511e model ‘designation.

30.1.2.2 Title page. The title page shall contain ‘the follow1ng.
a. Contractor's identification of report by title and number.
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b. Guided missile model designation(s) and contract number{(s).
c. Date of issue.

d. Signature of the report originator, the report checker, the department
head, and in the case of test reports, the test witnesses.

e. Index of revisions. Such index may be shown on a page following the
title page, if extensive.

30.1.2.3 Table of contents. The table of contents shall be arranged in
order of sequence. The table may be omitted from reports of 15 pages or less.

30.1.2,4 Reférences. The table of references shall list all report and
drawing numbers, and titles referred to in the report. When reports are
referenced which are'essential (or submittal is prerequisite) for review of
the report under consideration, the date of submittal of the reference report
shall be included.

30.1.2.5 Svmbols. Symbols, abbreviations, and units, if they do not
-appear in -standard lists of missile nomenclature, shall be defined in a table
of symbols. The units of all quantities shown ‘in the reports shall be noted.

30.1.2.6 Summary. The summary shall list the principal results discussed
by the report. Suwmaries are not required for design loads reports.

©30.1.2.7 Introduction. The introduction shall include the purpose and
-authorization for the report. Introductions are not required for design loads
and stress analysis reports.

30.1.2.8 Discussion. The discussion shall include a description of the
item investigated, -loading conditions involved, and methods of analysis.
Descriptions of the structure supplemented by sketches showing structural or
- mechanical details, ‘including the attachments of all major components, shall
_be included for clarity.

30.1.2.9 BApalvsis. Steps in arithmetic or algebraic-solutions - shall be
included only when necessary for clarity. Lengthy derivations of - formulas
-shall be placed in an appendlx. When calculations performed by computer are
‘inciuded, information shall be included to explain the methods used and the

results obtained. ' Diagrams or sketches showzng points of appllcatlon of -loads
shall be 1nc1uded

30 1 2.10 Q_nglgg;_ng Conc1u51ons are requlred for all reports wlth the
exceptlon of the d651gn loads report

30.1.3 urgg;lg_mg_rﬁlggt;gng Hodlflcatlons of the m15511e structure or
modifications affecting the loads on the structure, including new or revised

w\-,[uJ.yluvut installations made SGbseq'ucut to the latest submitted A=+:' will

.Tequire that new reports or revisions to previously delivered reports be
submitted. These shall substantiate the modifications concerned.
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30.1.4 Substantiation of related models. Contract documents shall define

by reference to this specification, the data required for substantiation of
prototype and production missiles. For related models, revised or added pages
shall be submitted for incorporation in reports that have been submitted for
earlier models if the material in the basic report is applicable to the
subsequent model.

30.1.5 Revision. Revised material shall bear the same page number as
those pages which are to be replaced plus the word "revised" and date of
revision. The revised subject matter shall be identified. Additional pages
shall bear the same number as the preceding page followed by a lower case
letter unless the additional pages follow the last page of the report.
Revised or added material shall include a revised title page indicating the
date of the revision. The revised title page shall contain the information of
30.1.2.2.

30.1.6 icrofiche copy o orts. After a report has been approved and
accepted by the contracting activity, microfiche cards (105 mm by 148 mm)
containing miniaturized images of original hard copy report pages shall be
submitted to the contracting activity. In addition, to ensure maximum
retention and distribution of selected reports, a copy (or copies} shall be
submitted to the Defense Documentation Center (DDC) for appropriate storage
and dissemination.

30.2 Schedule of structural work report. This report shall contain a

complete list of the estimated dates for performance of all related structural
work and shall be kept current by revisions at not less than 60-day intervals
or as specified in the contract. The report shall contain, but not be limited
to, the following:

a. Report titles and submittal dates of all design, analysis, and test
-data. The contents of - each report shall be 1ndlcated by reference to the
numbers of this  appendix.

b. By major structural components dates for

{NOTE: Ava;lablllty in the follow1ng means available at the contractor's
engineering facility for review by representat1ves ‘of the contracting

act1v1ty ).

-1, Availability of. preliminary loads.

. BAvailability of final loads. ' :

Furnishing loads data to the structural test group. S

. hAvailability of preliminary stress analysis.
Availability of preliminary fatigue -analysis. .

. Availability of final stress analysis. :

Availability of final fatigue analysis.

. Engineering drawing release to manufacturing.

. Start of component assembly.

Completion of first component assembly

O\Dm‘-JO\U\‘IF'WN
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c. Dates for performance of laboratory tests.
d. Titles of applicable data which have been submitted previously.

e. Dates for submittal of structural drawings with separate listing of
titles and drawing numbers for each major component group.

f. Date of first flight.

g. Dates for release for demonstration.

h. Date of first delivery to contracting activity for flight tests.
i. Date of first delivery to service operating activities.

j. The code used to identify captive and flight loading conditions. This
identification shall correlate conditions selected for analyses and tests
with those of this specification.

30,3 Structural description report. This report shall contain reduced
size drawings, perspectives, sketches, or other data, as necessary, to pemmit
a review by the contracting activity of related structural -design and analysis
data. Included therein shall be information concerning the general arrange-
.ment, inboard profile, wing group, tail group, body group, .powerplant housing,
engine mount, -armament arrangement, and operation of the control systems which
depict clearly the information of the following subparagraphs relative to the
skin, stringers, longerons, ribs, formers, frames, and spars. If the informa-
tion is presented by drawings, it is desired, but not necessary, that they be
folded in the lengthwise direction only. Specially prepared drawings are not
required and need not comply with DOD-D-1000 or other specifications, provided
that the information presented is legible. Reduced size copies of drawings
are acceptable, This report need not be complete at first submittal and need
not present final data, but shall be revised and amended at intervals of not
more than 60 days as the design progresses. ‘

a. Location.
b. Skin panel size and gage.

¢. Material and material condition: = The report shall contain, as a
separate section, a description of the materials used in the missile. The
description shall consist of lists, divided by form (for example, castings,
forgings, sheet, sandwich or bonded construction, integrally stiffened
sheet) of the names of the parts made of each material, and of separate

perspective sketches either of the entire missile, or of major components
(wing, fuselage), showing the location of use of each material in each

‘form. Usage of the following materlals and alloys, where appllcable. shall
.hp dnqm"l'hed : ) ;

1. Aluminum,.
2. Magnesium.
3. Titanium.
4. Corrosion-resistant steel.
5. Low alloy steels.
6. Special steels, such as die steels.
7. Nonmetallics, both reinforced and transparent.

12
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d. Methods of attachment and assembly of skin panels and major components.

30.4 Structural design loads criteria and program reports. The reports of
30.4.1 through 30.4.3 shall consist of that information necessary to detail
the design criteria for determining all stxuctural design loads. 1ll devia-
tions from specifications that are pertinent to a particular report authorized
by change orders subsequent to date of contract and the justifications for the
deviations shall be included as an appendix to this report. This report shall
not repeat the explicit design requirements of this speclflcatlon or the
detail specification, but shall expand or amplify generalized requirements as
contractually necessary and appropriate +to.make the requirements specifically
applicable to the missile under acquisition. Where the requirements grant the
contractor an option or alternative in the method of compliance therewith, the
report shall state the option or alternative chosen.

30.4.1 Structural design lgéds criteria report. This report shall
include, but not limited to, sections a through h.

Handling and transportation design loads criteria.

Launch platform interface design loads criteria.

. Launching design loads criteria.

Transition from launch to free-flight design loads criteria.

PJO.U"N

e. Free-flight design loads criteria: This section shall present all
design weights specified in this specification and the derivations thereof;
center of gravity (CG) envelopes, including weight vs CG diagrams and the
derivations thereof; design V-n diagrams for symmetrical and unsymmetrical:
flight; design load factors, airspeeds, and rotational velocities and ac-
celerations; elevated temperature criteria; and all critical loading con-
figurations. - This section shall set forth the specific design conditions
.selected for analysis, discussion of design features which affect deter-
mination of critical conditions, sources of aerodynamic data, and methods
and assumptions to be used in the calculation of aerodynamic loads.
Structural maneuvering capability shall be defined by superimposing all
limiting factors, 1nc1ud1ng, but not limited to, control power, angle of
.. attack, and buffet on altitude vs Mach number envelopes. Effects of weight
- ‘and ' CG shall be ‘included. A range of KEAS curves and Vy ‘and Y 'curves
shall be superlmposed and the de51gn gust load factor shall be shown.

£, Control- system design loads crlterla" Thls section shall present a

detailed description of the control system, its components, and- the -
- functions thereof.  This report shall also- show clearly the sources andl

complete explanations of all loads on the system and its components

8. Repeated loads criteria: This section shall present the Tepeated loads
requirements in terms of specific de sxgn requirements and parameters,

including:
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. Mission and maneuver analyses.
. Maneuver loads spectra and the derlvatlon thereof.
| h ‘Gust loads.

5. Airepeeds and maneuver load factors to be used for design of compo-
nent parts of the airframe, such as flight control systems.

6. Ground operations including, when applicable; catapult and arrest-
ments.

h. Vibroacoustic criteria and program: This section shall include a list
of actions and dates pertinent to the airframe structural dynamic loads and
sonic fatigue program consistent with the program set forth in the Schedule
of Structural Work Report and discussion of environment prediction,
structural dynamic response analysis and sonic fatigue component tests, as
follows:

1. Aercacoustic environment prediction: This section shall include,
but not be limited to, the following:

(a) Three views of the missile with major dimensions and surface
areas identified.

{(b) A list of the significant aeroacoustic load sources. This list
shall include, but not be limited to, the following:

(1) Boundary layer pressure fluctuation noise.

(2) Wake noise.

{3) Cavity noise.

(4) Base pressure fluctuation noise.

(5) Noise caused by oscillating shocks.

(6) ALl other noise of aerodynamic origin that may be associ-
ated with unsteady flow phenomena. .

~(e¢) The temperature-humidity environment to be assumed in aero-
acoustic loads calculation, and detlnltlon of regions or structure
experiencing hlgh temperatures. . :

“{d) A tabular enumeration. and its derlvatlon of time. duratlon and

associated temperatures of acoustic loads for the specified service
life -of the missile. The tabulation shall show pertinent informa-
tion requlred to determlne the aeroacoustlc deSLgn env1ronment.

te) The methods of aeroacoustlc loads predlctlons to he used and‘
the bases for their se;ectlon.

(f} Outllne of development of any new or unconvent10na1 methods of
predicting aeroacoustic loads. Any experimental work whlch will be
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undertaken to obtain data needed in predicting aercacoustic loads
(such as wind tunnel models, and rocket models}) shall be discussed
in detail.

(g) Plans for environmental measurements of airframe structural
aercacoustic loads during all captive operations and missile
flight. ;

Dynamic response analysis section: This section shall include, but
be limited to, the following:

(a) Discussion of methods to be used for identifying structural
components that are susceptible to sonic-fatigue.

(b) Discussion of methods to be used for determining the sonic -
fatigue vresistance of the structure and predicting its sonic -
fatigue life.

(¢) Techniques to be used for designing sonic-fatigue strength into
structural components. The bases for their proposed use shall also
be stated.

{d) The method in which combined environmental {such as tempera-
ture, creep, corrosion, pressure differentials. and lecad factor)

L md e 22dTT Lm o A P e | o i
8rIeCtl5 Wiil D& accounced LQ.‘L blld].]. U‘.’- ﬂl-dLUu-

3. Sonic-fatigue component tests: This section shall include, but not
be limited to, the following: .

&..

(a) Retionale to be used for determining whether component testing
will be performed on various sonic-fatigue susceptible structural
components.

(b} Description and basis for selecting test methods for sonic -

A A W ik B VAT AR A ariad

fatigue component tests.

(e) Description of the test facilities and test eéuipment that are
available and their characteristics, capabilities and limitations.

Vibration environments --prediction section.  This . section shall

lnclude, hut not be 11m1ted to, the followxng'

"(al . 11 of sourg_ ‘of osclllatorv exc1t1nz forces,. and ‘if

£ 292U UL UIoLlildiuly il

available, v1bratlo level measurements appllcable to the airframe

' structural de513n.;

(b) The total time duration for the spec1f1ed service 11fe of the

_ missile for each different vibration env1ronment to be encountered

during captive and fllght operations.
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(¢) Description and analysis, where applicable, of anti-vibration

provisions (including anti-vibration mountings, special structures,

and location of propulsion systems}) to be applied to control the

airframe structural vibration environment; and, if available, the

measured effects of devices planned or required to control airframe
© structural vibration.

(d) Proposed investigations for making accurate predictions of
airframe structural vibration environments and prediction techni-
ques to be used.

(e} Plans for environmental measurements of &airframe structural
vibrations during captive and flight operations.

5. Dynamic environment tests: This section shall include, but not be
limited to, a description of ~the test facilities and test equipment
that are available and their characteristics, capabilities and limita-
tions.

30.4.2 Fracture control plan report. R fracture control plan shall -be
prepared outlining the provisions for damage tolerance to be 1ncorporated into
the design and construction of the missile. The plan shall provide for the
establishment of a fracture control board to provide an organizational focus
to supervise the implementation of the plan's provisions. The fracture
control plan will outline provisions for implementing a fracture critical
parts program. The plan shall include the following major elements:

Redundant load path structure.

Damage tolerant material.

Critical component list.

Fracture mechanics test program.
Fracture mechanics analyses {(metals).
Fracture control (advanced composites}.

Madawg
Material and process contrels.,

.- Nondestructive testing and inspection.
Guaranteed fracture properties of materlals.

.

-

eI MO Q0 T

30.4.3 MMLLMELLM This report shall contain a
description of the technical approach to be used in substantlatlng the
- required flutter margins of safety, as follows:

a. Methods of representing the inertial and elastlc characterlstlcs of the

e
missile and determining. vibration modes.

b. Hethods of - representlng aerodynamic forces. including compressibility,

.control ‘surface gap effects, and “aerodynamic 1nterference effects for -

contiguous airfoils.

¢. Methods of representing thermal effects.
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d. Methods of flutter and divergence analyses to be followed and a
description of the flu tt er modes to be investigated.

e. The substantiation and demonstration tests, such as structural model
tests, flutter model tests, thermoelastic tests, rigidity tests, ground
vibration surveys, and flight flutter tests shall be described and
discussed.

f. A list of actions and dates pertinent to the flutter and divergence
program consistent with the program set forth in the Schedulte of
Structural HWork Report.

30.5 Structural design_loads analyses report. This report shall present
in detail the magnitudes and distributions of all applied structural design

loads. The development of any new or unconventional methods of determining

loads, or load distributions used in the structural design shall be explalned
in deta11 Wherever possible, correlation of methods and assumptions with
wind tunnel or flight test data, or both, shall be shown. Such explanation
and data correlations shall be presented in appendices to this report. This
report shall include, but is not Timited to, the foliowing:

a. Handling and transportation loads.

b. Launch platform interface loads.

c. Launching loads.

d. Transition from launch to free-flight Joads.

e. Free-flight loads analysis: This section shall present at least the
following information:

and other da 1sed to determine

MITW WV ieitwr \l\l“tl

3f ae;odynamic loads.

- 2. Height and balance analysis, moments of inertia, and distfibution
of inertia loads, shears, and moments for unit linear and -angular
acce:erat1ons and unit anguiar veiocities. : :

3. List of missile weights, speeds, altitudes, 1load factors, load
distributions, and other pertinent conditions that were 1nvest1gated
with -sufficient amplifying 1information to . show that such
investigations covered all critical loads. :

4. The. basis for selection of the design load conditions, 1nc1ud1ng ,

‘discussion of design features affecting -loads, parametric analyses,

.and ‘loads trend data- sufficient to provide a foundation for the

validity of the selected conditions.

5. Comparative tabulated values or curves of loads, shears, bending
“moments, and torsions .showing the more critical nature of one
condition versus another.

6. Details of analyses methods with sample calculations, . as
appropriate. : -
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f. Control system loads: This section shall present the loads to be used
for the design of the control system, including the components thereof.
The source, derivations, magnitude, and analysis of system loads shall be
presented. System components shall be 1listed and their functions and
static and repeated operation shall be explained in sufficient detail to
show ¢clearly their operation.

g. Repeated loads. This section shall present the net shear, bending
moment, and torsion distributions for the various components of the missile
to be the basis for fatigue analyses and tests. These loads are based upon
the fatigue loads spectra and operational environment defined in the
fatigue criteria report. This report shall contain the following:

1. Distribution of applied in-flight loads at the wing, fuselage,
control surfaces, and other surfaces, including missile weight, alti-
tudes, speed, symmetrical and unsymmetrical load factors.

2. Details of analyses methods with sample calculations, as appro-
priate.

h. Vibroacoustic environment analysis. This section shall consist of an
initial analysis report and final analysis which shall be submitted as a
revision to the report.

. QuUSTl 315
of the analyses for a roacoustlc and v1bratlon env1ronments of the
airframe structure shall include the requirements of {a) and (b).

{a) Rerocacoustic loads environment.

(1) A complete list of the important noise sources associated
with missile captive ‘and flight operations.

(2} A

i
methods empl

concise description of all aercacous

ol o e N Tl
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oyed, including testing of acousti
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odel

(3) The characteristics of the aeroacoustic loads, including
-but not limited to, the type of noise spectrum (i.e., contin-
uous, discrete or mixed), the one-third octave ~band pressure

levels, and - the frequencies of discrete components of the

spectrum

(&l The effects -of varlatlon in enalne thrust._mxssxle speeds,
‘and other . ‘important operating varlables on these aeroacoustlc
_ load characterlstlcs

(5) Isobel (overall and one- thlrd octave bands) contour plots
of the aerocacoustic loads superimposed on the external surface
configuration of the missile - for various important captive and
flight modes. . :
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{6} The aerocacoustic design loads for all of the various
airframe structural components, including those located inter-
nally.

(7) For structures that are aerodynamically or otherwise
heated, the structural temperatures associated with the aero-

- acoustic loads shall be included.

(b}

(8) Exposure time at the various aerocacoustic load levels for
the service life of the missile. Incorporate the results from
mission profile analysis.

Vibration and other oscillatory loads environments.

{1) A description of the vibration prediction methods employed.
Any vibration measurements made during the development program
of the weapon system, the propulsion system, or other sources
of vibration shall be included in the analyses together with
the measured effects of devices that are planned or required to
control vibration of the airframe structure.

(2) A summary description of the vibration environment charac-
teristics, including, but not limited to, type of -vibration
spectrum, acceleration spectral densities (g /Hz vs frequency),
the one-third octave band ioad levels, and the frequencies of
discrete components of the spectrum, to be encountered by the
missile while captive and in free-flight, at various locations
on the airframe structure.

{3) The effects of variation in engine thrust, missile speed,
dynamic pressure, load factor, and other important operating
variables on these vibration environment charagteristics.

Yy n A - t.l\'\ - | i ~F +ha affe ssharma armm]l iasahla
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of the anti-vibration 1mp1ementat10ns (including but not

limited to, anti-vibration  mountings, special structure, and .

location of propulsion systems) to be applled to control the

-vibration of the airframe structure.

(5) Exposure time at the various vibration  levels for the’
service life of - the missile. Incorporate the results from

:_mission'profile analysis.

2. Final vibroacoustic environment analysis: This report shall revise
the initial data to reflect the results of all airframe-structural-
aéroacoustic and ~ vibration environment tests, both captive flight andf
free-flight. An assessment on how the prev1ously reported airframe's
structural aeroacoustic loads and vibration environments shall be

amplified in view of all test results. Correlation between analytical, -
ground test and flight tést aeroacoustic and vibration results shall be
performed and discussed. - In addition, this revision shall contain data
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demonstrating that the required vibration level limits at the wvarious
missile components have not been exceeded, and that the minimum damping
requirement is met for all siznificant airframe dynamic response modes.

30.6 Aerocelastic stabilityv analysis reports. These reports shall consist
of an initial analysis report, an intermediate analysis -report, and a final
analysis report. »

a. Initial aeroelastic analysis report. As a minimum, this report shall
include the requirements of 30.6al through 30.6a&.

1. Flutter analyses section: '~ The flutter analyses results shall be
presented for the minimum altitude at which the maximum design Mach
number can be obtained, the minimum altitude at which ' the maximum
design dynamic pressure can be obtained, and the minimum altitude at
which transonic effects begin to occur. .These flutter analyses shall
be presented for several Mach numbers at each altitude. In addition,
the analyses results shall be presented for other altitudes deemed
necessary either by the contractor or the contracting activity.
Compressible aerodynamics -shall be used in the high subsonic and
supersonic speed ranges. Analytical or empirical corrections, as are
available, shall be applied for analyses in the transonic speed regime.
Finite span effects shall be included in the analyses for lifting
surfaces when these effects are significant. The effects of aerodynam-
ic interference shall be included for surfaces where significant flow
interaction occurs. The effects of transient and steady state heating
shall be included in all analyses for thermal considerations specified
in this specification. In cases where the results of the flutter
- analyses show the flutter stability to be marginal or where the flutter
speeds are sensitive to variations in one or more parameters, the
critical parameter(s) shall be varied to cover the expected range,
where the range shall include, but not be limited to, the implications
of wear due to service usage and changes in rigidity up to limit load
conditions. - The analyses may be based on calculated vibration modes
or, if they are available, on measured vibration modes. Sufficient
number of modes shall be used to present the important dynamic charac-
teristics of the missile. The report shall include, at least, the
results of the three-dimensional flutter analyses described in 30.6ala
through 30.6alj. For a few selected critical conditions and configura-
tions, matched point flutter analyses results shall be presented. ' The
‘methods and notation used in the analyses shall be clearly described
‘and- defined unless standard flutter methods and notations are used and
referenced. The reports and results of the analyses shall be complete
and as concise as is practical and shall list the numerical values of
.the flutter parameters used. The results of all flutter analyses
performed shall be presented as plots of the damping coefficient ngt
and variation of frequency (Hz) for each mode versus equivalent air-.
speed (knots). Significant descriptive information shall be listed on
each plot. The results of parametric studiés shall be presented as
plots of flutter speed versus the variation in significant parameters.
A discussion of the mechanism of flutter for all critical flutter modes
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shall be included. A summary plot shall be included showing predicted
flutter speed and missile limit speed, { . versus Mach number for
various altitudes. The predicted flutter speed boundary shall be given
for structural modal damping coefficient "g" equal to zero and also for
ag = +0.02 on the summary plot.

(a) Wing flutter analyses: Both symmetric and antisymmetric modes
shall be investigated for various CG positions. Significant
fuselage, empennage, and control system modes shall also be includ-
ed.

(b) Empennage flutter analyses: Both symmetric and antisymmetric
modes shall be investigated and critical parameters shall be varied
to cover the expected ranges of design values. Significant fuse-
lage modes shall also be included.

{c) Control surface flutter analyses: The rotational frequencies
of all control surfaces shall be varied in the flutter analyses to

cover the probable ranges of operation. The control surface
torsional and bending degrees of freedom shall be included in the
analyses.

(d) Other surfaces which are exposed to the air stream: Flutter
investigations shall be performed for missile components, other
than control surfaces, which are exposed to the air stream. These
include but are not limited to canard surfaces, scoops, booms, and
strakes.

(e) Deployable-surface flutter analyses: "Flutter analysis shall be
performed for missiles of which wings and/or control surfaces are
deployed during the transition from the launch platform to free-
flight. Both symmetrical and anti-symmetrical modes shall be
investigated. As a minimum deployable-surface first and second
bendlng. rotatlon, and torsion modes shall be included. Where the
axis of rotation is not in the plane of the surface, the fore and -

aft motion of the surface shall be ingluded. :

(£) Reroservoelastic analyses: The dynamic characteristics of
control surface actuating systems shall be included in the flutter
analyses. The effect of high temperatures on the dynamic charac--
teristics of the actuating systems, 1nclud1ng the hydraullc fluid
(if applicable), shall be included. . , :

(g) Chordwise mode flutter: Evaluations based on exxstlng ex-

‘ perlmental and theoretlcal data shall be made to determine that the
required flutter margin of safety exists for those structural
sections and surfaces on supersonic missiles which are deemed to be.
most susceptible to chordwise mode flutter.

(h} Panel flutter: Evaluations based on existing éanel flutter
design criteria, such as that contained in AFFDL Technical Report
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67-140 but not limited thereto, shall be made to determine that the
required flutter margin of safety exists for those skin panels and
fairings on a supersonic missile deemed most susceptible to flut-
ter. When panels may be subjected to in-plane compressive stresses
due to missile maneuvering or aerodynamic heating, a buckled or
near buckled condition (whichever is more critical} shall be
assumed unless an accurate prediction of the compressive stress and
its effect on panel flutter can be made. The aerodynamic condi-
tions used shall be the local conditions existing at the panel
surface which may be altered from the £ree stream by missile
attitude or surface shape.

(i) Whirl mode flutter: When applicable, whirl mode instability
analysis shall be performed for the total and complete propulsion
system plus the missile system. The analysis shall include, .but
not be limited to, the following:

{1) Rirframe modes.

(2) Engine modes and engine mount- isolator modes.

(3} Power transmission system modes including drive

modes.

(&) The modes of fans or any other blades.

(5} The fan or all other blade aerodynamic and dynamic loads,
such as gyroscopic loads.

{6) All accessories for all systems that are considered impor-
tant.

14/]
o
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(j) Fail safe: Analyses shall be made that assume failures of
-various components of the missile that are significant from a

flutter standpoint. As a minimum, the failure, malfunction, or
~disconnection of any single element of the flight contrecl system,
~or in any flutter damper connected to a control surface shall be

analyzed.

2. Divergence analyses section: Divergence analyses shall be performed
- for all wings, stabilizers, and fins. Divergence analyses shall:also
be performed for long slender bodles having significant lift or forward
located .|..|.:.l..;ug_ bl-l.l..Ld.\.-Ub, and all-movable control surfaces and thsir
actuating systems. The divergence analysis shall determine the diver-
gence -speed {or dynamic pressure}), the load amplification, and corre-
sponding elastic deformation and loads at the design 1limit speed to
-show that the structural design limit loads will.not be exceeded. The,
 sectional aercdynamic derivatives. used in the analyses shall be based
on experimental data, insofar as is practicable. The analyses shall be’

' _ performed for the same altitudes specified 1n 30.6al. .. Compressibility

correctlons shall be made where appllcable. The effects of transient

| ha in
ana b!..co.uy -stats m:cu..Lua shall be included in all mral"ses for thermal

considerations specified in this specification. The _results of the
analyses shall be presented as plots of - dlvergence speed in knots
equrvalent airspeed versus Mach number for various altitudes. In-
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addition, these plots shall show the design limit speed, ¥, versus
Mach number.

3. Basic data section: All data necessary to perform the detailed
vibration modal analyses, flutter analyses, divergence analyses and
aeroservoelastic analyses shall include, but not be limited to, the
following:

{a) Plots of missile design limit speed in knots equivalent air-
speed and Mach number versus altitude.

{b) A three-view drawing, to scale, of the complete missile general
arrangement showing major dimensions and locations of non-struc-
tural mass items, control surfaces hinges, and balance weights.

(c¢) Blown-up drawing of missile components.

(d) Planview drawings, to scale, with major dimensions, showing
locations of balance weights, dampers, hinges, axes of rotation,
and actuators of all control system surfaces. A description of the
type, weight, and final - assembly and installation of balance
weights and their natural frequencies when installed in the mis-
sile.

(e) For flutter dampers, a description of the method of operation,
installation in the missile, design values intended to meet damping
versus frequency, and results of laboratory qualification tests of
the flutter dampers.

{(£) If the NASTRAN computer program is used for the finite element
model and vibration modal analyses, a listing of the input data.

{g) For the main lifting surfaces,. if  an elastic axis theory is-
used, plots of chord length, weight per unit span, CG location,
mass moments of inertia per unit span, static unbalance about

~elastic axis per unit span elastic axis location, EI and GJ versus
span, and root stiffness.

(h) For control surfaces plots of leading and trailing edge
" locations, hinge line location, welght per unit span, CG location,

static unbalance about hinge axis per unit span, mass moments of
.inertia about hinge axis per unit span, EI and GJ versus span, and-
) rotatlonal stiffness.

(i) For fuselage. plots of welght mass moments of Lnertla. elastlc;
akis, EI.and GJ versus length o

(1) DeSign'stiffness.of all actuators.

(k) Schematic diagram of the missile flight control systems,
{longitudinal control system, lateral control system, directional
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control system). Also a detailed explanation of how the hydraulic
{including redundancy), electrical, and power supply, as applica-
ble, is used to actuate these various control systems.

(1) Mass properties (weight, CG location, mass unbalance about
hinge line, and mass moments of inertia) of all control surfaces.

(m) Foxr concentrated masses such ‘as engines, weight, CG location,
mass moments of inertia, and stiffness of the supporting structure.

2
5

“‘) U.I s
control surface show1ng
manufacturing tolerances.

4. Vibrational modal analyses section: Dynamic characteristics of the
entire missile which are required to perform aercelastic stability and
dynamic response analyses shall include, but not be limited to, +the
following:

(a) A description and figures of the symmetric and antisymmetric

- L1on and = aa rimET, w— Sl 2l -.. =

complete missile. Ldeallzed dynamic mathematical model. A table
-showing the dynamic degrees-of-freedom and their location in
missile coordinates.

(b} Plots of calculated normal modes (mode shapes and node lines),
frequencies and generalized masses of the fully coupled missile.

b. Intermediate aercelastic analysis report: This report shall be based on
the initial report but updated based on the results of the ground tests of
the aeroelastic stability substantiation program such as ground vibration
modal tests, compliance tests, wind tunnel flutter model tests, and other
tests that have been completed. Corrections shall be included which
—account for all significant differences between measured ‘and calculated
mass properties, stiffness, and free-play, and modification of aerodynamics -
based on wind tunnel tests (both flutter model and steady state aerodynam-
ies model). The dynamic mathematical model used in the analyses shall
reflect modifications made which are based on correlation studies between
experimental and analytical modal parameters {mode shapes and frequencies).
The report shall also 1nclude. but not be llmltEd to the follow1ng°

1. A tabular summary of all flutter analyses performed indicating for

“each analysis. the modes used, the aerodynamic theory representation,

the - flutter speed obtained, and the minimum wvalue of the damping

"coefficient, "g", obtained for speeds from mlnlmum up to 1.15 tlmes the -
‘llmlt speed. ' ' c

2. The flutter summary plot(s) shall be updated show1ng predlcted
flutter speed boundarles and m15511e limit speed, V,, versus Mach
number for various altitudes. - Indicate by shaded areas within the
flight speed envelope where, if any, the minimum flutter margins exist
‘for various missile lifting surfaces.

84



Downloaded from http://www.everyspec.com

MIL-M-8856B
APPENDIX C

3. The updated divergence analyses results shall be presented as plots
showing predicted divergence speeds and missile limit speed, §{ , versus
Mach number for various altitudes.

4. All flutter analyses results shall be presented as plots of the
damping coefficient "g" and variation of frequency (Hz) for each mode
versus equivalent airspeeds (knots). Results of modal deletion flutter
analyses and match point flutter analyses shall also be presented.

5. Rll aeroservoelastic analyses results shall be presented as plots of
gain (dB) and phase (degrees) versus frequency (Hz) for various Mach
numbers and altitudes.

6. Addenda to this report shall be submitted to update the analyses
based on the results of ground tests that have been completed after

. initial submittal, such as when limit load rigidity tests show reduc-
tions in structural stiffness under load. Flutter analyses shall be
updated to include the lower stiffness levels at compatible flight
conditions where flutter margins are minimum.

7. Addenda to this report shall be submitted for parametric variation
flutter analyses performed to determine sensitivity of the flutter
speed margins of the missile due to variation of mass properties of
control surfaces. These parametric study results shall be presented
for all control surfaces and other controls exposed to the airstream.

8. Recommended missile  configurations to be evaluated during the
aeroelastic stability flight test demonstration.

¢. Final aeroelastlc analysis report This report shall contazn data
demonstrating flutter and divergence safety requirements up to 1.15 vy for
the missile. It shall include the summarized results of all the required
flight flutter and divergence tests. Final plots of damping coefficient,
"g", and frequency of oscillation of the critical modes versus knots
equivalent airspeed and Mach number for various altitudes shall be present-
ed. A discussion of the correlation between  the flight flutter and
divergence test data and the results of the analyses and tests performed
during the flutter and divergence program shall be included. The obijective
of this discussion shall be to substantiate that the 3.8.1 required damping
- coefficient, ."g", margin exists up to V; and to substantiate that the 3.8.1 -
" required flutter and divergence margins of safety beyond V| exist. R final
vibration and flutter analyses computer :program shall be made available in
an operational ready to use form along with user's manuals to the con-
tracting activity.

. 30.7 I.n_mgl_lg.au@lz_;.mmg

30.7. 1 te oads me o . The methodology to be used for
determlnlng the internal load distribution shall- be prepared for contracting
activity acceptance. This report shall contain all data required to substan-
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tiate the input to the analysis program being used. It shall include but not
be limited to:

a. The math models of the structure: both the model developed by the
analyst and the one drawn by the computer.

b. Structural arrangement drawings in such detail that the model can be
compared to them.

c. Program input and output in a presentable form, including computer plots
of the cutput where practicable.

30.7.2 Structural analvsis report. The structural analysis report shall

contain the following sections:

a. Stress analysis: Stress analysis shall consist of those data that
relate to the analytical determination of the ability of the ‘missile
structure to support critical loads and meet the specified strength
requirements. This section shall include curves, tables, or both, giving
the particular component detail resultant loads, shears, bending moments,
and torsional moments. In general, the stress analysis section shall
contain detailed analyses of the major components of the structure and
summaries of .stress calculations of other components. Emphasis shdll be
aglven to presentatlon of the stress analysis in a manner that will allow

raplu 1]1(81'[31'5‘;&(.10]'1 OI me s:.gm.l::l.cam: I'BSU.L\T.S .l.ﬂe SCI'ESS Eﬂ'ld.lfsls Sﬂﬂ.l..L
include a description of the structural components analyzed, giving “the
type of construction, arrangement, material, location by coordinates of
‘load carrying members, and other pertinent data. Sketches shall -be
-provided throughout the analysis to minimize the necessity of referring to
drawings of the missile. The presentation of detailed loads shall be
complete and show clearly the steps considered in their development.
Detailed loads shall be identified as limit or design ultimate loads.
Identification of special factors 'used shall be included.- Stresses shall

‘be calculated for the maximum loading conditions of components or members,

“chosen in each case to afford an adequate check of the structure. Unortho-
wdox methods of .stress analysis shall be substantiated for accuracy and
~application. The derivation or source of unusual stress analysis formulas
- ishall be shown. Computations in the stress analysis shall be made on the
*basis of design ultimate loads; however, where computations based on yield
-strength of materials indicate yielding, they shall also be  included.
TComputed margins of safety shall be clearly indicated. R summary table of
‘minimum margins of safety and a table listing all castings - and their
.margins of safety ghall be included in each.report. Wherever measurements
- obtained ‘during structural tests permit, the stress distributions of the.
major components, as determined by analysis, shall be correlated with those

determined from test data. Stress analy51s shall be prepared as separate'“"

sub sections for the follow1ng majoxr’ structural _gToups:

1. Wing, including all attachments and actuating structure and movable -
control surfaces. '
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2. Fuselage except wing and control surface attachments.

3. Fixed and movable control surfaces, their attachments, and actuating
structure.

4. Control system including actuators,
5. Miscellaneous structure.

b. Fatigue analysis: Fatigue analysis shall provide verification of the
ability of the airframe to withstand the fatigue design load spectra of
section 3.6.1 for the required life. All data necessary for this determi-
nation shall be included or supplied in conjunction with other reports.
The analysis of structural sections of all load carrying assemblies of the
airframe, selected as fatigue sensitive, shall be presented in detail in a
comprehensive manner. Data supporting the selection of the sections
analyzed shall be included with sketches depicting the structural detail,
section location and geometry, and the applied loading. All stress
calculations shall be included or referenced. References are limited to
formally submitted loads or stress reports. Include the supporting data
and justification of the fatigue dllowable {S-N) curves used and identify
the . wing 1-g stress levels for the design conditions. The method and
procedure used for computing fatigue damage will be clearly specified. The
analysis shall provide plots of damage by stress level, loading source,
usage or other parametric relationship.

¢. Damage tolerance analysis: The damage tolerance section shall contain
the analytical wverification of the damage tolerance characteristics of the
airframe. The report shall contain a classification of the structure as to
the choice of damage tolerance concepts to be employed. Allowable initial
flaw sizes, inspection intervals, classification of inspectability, and
inspection details required to support the analysis shall be as agreed to
‘by  the contracting activity and shall be specified in the report. The

o report shall substantiate the ability of primary structural components to

meet the residual strength, rigidity, and life requirements in the presence
-of initial flaws, battle damage, and fatigue cracks. Calculations shall be
included that show the growth behavior of initial damage in a structure
subjected to operational environments, thermal profiles, and critical
combined static and dynamic loads. The analysis shall cover the time from
initial damage to complete failure of the component. The calculation of
critical flaw sizes, flaw growth rates, and residual strength shall utilize

" ‘the damage. tolerance test data generated during the design development (DD)

"and. pre-production verification (PDV)} test programs.  The report shall
include consideration of the method of spectrum ordering including flight--
. by-flight application of stresses, Also included shall be estimates of the
variability of flaw growth due to environment and stress levels. The
report shall be a complete document in itself and shall contain all
pertinent data required to determine the damage tolerance of the critical
areas selected for analysis. Data supporting the selection of critical
structure to be ‘analyzed shall be included depicting the structural
function and detail, section location and geometry, material, initial
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defects, applied loading, environment, thermal profile, and other pertinent
information. The methods and procedures used throughout the analysis shall
be specified, and a complete list of references shall be included.

d. Sonic fatigue analysis., This section shall include the following:
1. Initial sonic fatigue analysis.

(a) Analysis of all structure that may be sonic fatigue critical.

{b) Fatigue properties (S-N curves) of new or uncommon materials.

(c) Sample design calculations to show compliance with fail safe
and minimum maintenance and repair requirements.

(d} Discussion of how the following factors have been accounted
for:

(1) Random amplitude distribution of stress response of struc-
tures excited by broadband random sonic load.

{2) Non-linearity of structural response.

(3) Structural damping.

(4) Multi-mode structural response.

{5) Combined environments - elevated or low temperature, creep,
corrosion,  pressure differentials, nuclear radiation, and
non-aercacoustic vibrations, in addition to the aero-
acoustic load.

{e) A list showing the estimated sonic fatigue life for each struc-
tural component analyzed.

2. Final sonic fatigue analysis. The data of 30.7.2d4 shall be revised
to reflect the final aercacoustic loads environment analyses of 30.5h2
" based on the laboratory, captive, and flight tests data compiled during
the vibroacoustic loads program: 1nc1ud1ng data measured on the flight -

artlcle.
-30.8 Reports of laboratory tests to define _gnzi:gnm@nxg_gng__ghgxgggg;;
, 2 ! 2 . ) . . .
:30.8.1 i ads model wi ast Te . The report on the air-

loads wind tunnel test results shall contain the dates and place of the. tests,
comparisons of model and full scale missile parameters, drawings and photo-
. .graphs of representative models and their -supports, tést conditions, plots and .
tabulation of - data acquired (labeled as to parameters measured and units of

measurement), and plots showing the wind tunnel characteristics. Comparisons - -

71 °f test results with theoretical results, if available, shall be 1nc1uded
_All data shall be presented 1n terms of both model and m15511e parameters.’

30.8.2 Flutter model wind tunnel test report. The report on the flutter
model test results shall contain "the date and place of tests, the model
flutter parameters as compared - with similar parameters of the full scale -
missile, drawings and photographs of representative models, and of the model
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support. The report shall contain the results of tests used to determine that
the model does simulate the missile. The report shall also include the test
conditions, the mode and frequency of flutter encountered if flutter occurs,
plots of the damping. coefficient and frequency versus velocity if transients
are measured, plots of the flutter speed and frequency versus the variation in
important parameters if a parametric study is performed, and comparisons of
test results with the results of theoretical flutter analyses on the model.
The method of correcting for compressibility in the theoretical flutter
analysis shall be included. Plots showing the wind tunnel characteristics and
indicating the flutter boundary that must be attained (including the flutter -
margin} shall also be included. 2all data shall be presented in temms of both
model parameters and missile parameters.

30.8.3 Jirframe rigidity test report.

a. Flutter compliance data. This section shall contain the results of
tests performed to demonstrate compliance with the detailed requirements,
as specified in section 3.8, for:

1. Total weight, OCG location, static unbalance about hinge line and
mass moments of inertia of all control surfaces. A comparison of test
data with calculated values shall be included.

2. Location and tolerance of balance weights, provision for re-
balancing, and the protection installed to prevent changes in mass
balance of control surfaces due to atmospheric effects.

3. Frequenc1es of installed mass balance weight installation and
comparison with calculated values.

4, Test results of balance weights, attachments, linkages, and support-
ing structure that substantiate that these components can withstand,
without fallure. the specified static and repeated 'inertial load
factors. ~ .-

5. Freeplay of all control surfaces and comparison with specified
values. Dimensional analyses of all actuating system parts for each
control surface showing minimum and maximum freeplay values due to
manufacturlng tolerances shall be 1ncluded.

6. Rotat10na1 stlffness of control surfaces and comparlson Hlth theo-
retlcal values. T -

7. Component vibration modal test data’ 1nclud1ng natural freguencies,
- damping, mode shapes .‘and node lines. Comparison -of v1brat10n ‘modal
‘test data with calculated ‘modal data shall be included. :

8. Hydraullc dampers damplng versus frequency, freeplay and serv1ce
llfe .
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9, Results and summary of all laboratory tests on all fail-safe fea-
tures to substantiate fail-safe design requirements.

10. Actuator test data including static stiffness, freeplay, and
dynamic stiffness for all operating modes of the system.

Ground vibration modal test data: This section shall contain the

results of the ground vibration modal test, as follows:

1. Description and photographs of the missile suspension system, the
excitation system, instrumentation, procedures, data reduction proce-
dures, and the missile configuration.

2. Plots of the amplitude versus frequency and frequency response
function for several suitably located vibration plckups monitoring the
frequency sweeps.

3. The natural fregquency, damping, and mode shape and node line loca-
tions for all modes that are important with respect to flutter. A
comparison of the missile experimental vibration modal data, calculated
vibration modal data and flutter or vibration model data shall be
included.

4. The quality of the experimental mode shapes shall be evaluated by
examination of the .modal data orthogonality. <The generalized mass
matrix obtained from an integrated triple matrix product of the experi-
mental orthonormalized mode shapes and the theoretical or modified mass
matrix of -the dynamic system shall not have off-diagonal elements
greater than 10 percent of the unit diagonal elements.

5. Results of all vibration tests {including tests with temperature
effects simulated) performed to determine the dynamic characteristics

~of actuating systems of control surfaces shall be included. The data

shall include the impedance of the control systems as determined both
from the input and output sides of the control surfaces.

6. A supplement shall be submitted presentlng the 1nvest1gat10ns'
performed to correlate the experimental modal parameters { frequencies
and mode shapes) with the analytical modal parameters. Discussion of

. eriteria. and rationale on. procedures used to evaluate the differences

between experimental and analytical modal parameters. Discussion and

"~ rationale:of methods iused to modify or fine tune the analytical -dynamic

mathematical model which has physical - relevance so that correlation .
between: experimental and analytical modal parameters is achieved.-

""¢. Thermoelastic test data: Tﬁis~§ectioﬁ'shall‘iﬂcluaefthe.feSuits.Of full "

scale component vibration tests with simulated 'in-flight thermal environ-
ment. The predicted and measured temperature distributions on the com-
ponent and in important internal members, and the natural frequency and
mode shape of each important vibratory mode shall be presented as a
function of time. A description and photographs of the test specimens,
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test setup, test equipment and instrumentation, procedures, and method of
data reduction shall be included.

d. Rigidity test data: This data shall contain the results of those static
tests performed to substantiate rigidity characteristics applicable to
flutter, divergence, and vibration. The report shall contain a description
and photographs of the tests, instrumentation, test procedures, data
reduction procedures, and plots or tables showing the applied load distri-
butions for the simulated critical flight conditions and the incremental
loads used. The deflections of the structure to incremental loads at limit
load shall be presented and compared with data. obtained for similar
incremental loads for the low-load and intermediate-load conditions. A
comparison of the stiffness distributions or influence coefficients
obtained from the tests shall be made with data used in the theoretical
analyses and obtained from similar measurements on the flutter models or
other types of models.

30.8.4 Dynamic environmental test report. This report shall include the
results - of the vibration and aeroacoustic environmental ground tests as
follows:

a. A discussion of the work performed, test objectives, results and conclu-
sions.

b. Date and place of test.

c. A description of test setups, facilities, test methods and conditions,
test article suspension equipment supplemented by drawings and photographs.

d. Test procedures, test levels and associated tolerances, durations, and a
copy of the test log.

‘e. The types of instrumentation and data processing systems used and their.
calibration characteristics and all pertinent data analysis processing
parameters.

£. A listrdf rigid body suSpension‘modes {frequencies and mode shapes}.

g. Test measurements of the vibration input and responses of the test
article at the beginning, end, and at appropriate intervals during each -
run. These test data shall be prov1ded as acceleratxon spectral den51ty on
log- log format . . :

h. Test measurements of the acoustic field surroundlng the test artlcle at
the beginning, end, and at approprlate intervals during each test run.
These test data shall be provided as . one- third octave ‘band sound pressure
levels in 4B unlts

i, A detail description and discussion of any test failure anomaly which
may occur during the test. Reasons for the failure and recommendations for-
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future action regarding design changes to correct the problem and assoc-
iated analysis and retest requirements shall be included.

30.9 Reports of laboratory tests to define static and fatigue strength.
The following reports are required describing the static and fatigue test
pPToOgTrams.

30.9.1 Test plans and program reports.

30.9.1.1 criptio est articles re . This report shall contain a
description of all test articles including differences between test and flight
articles such as dummy installations (e.g., engine mass), items proposed for
omission (e.g., fairings, doors), a 1list of all items not identical with
flight or production parts, and all other detailed information pertinent to
the static and fatigue test-articles. Modifications to the test articles
subsequent to the issuance of this report. and prior to the start of tests
-shall be described in appendices to this report. Modifications during static
and fatigue testing to permit achievement of test loads shall be described in
the appropriate test progress-and final reports.

30.9.1.2 Static test plan -report. This report shall contain in detail for
each static test loads data, thermal data, computational methods, summaries of
critical conditions, load envelope curves, physical dimensions of the test
article, test article component weights as delivered for test, and applicable
instrumentation data. The report shall include:

a. Discussion of the basis for the critical conditions selected for test
including plots of test loads, shears, and moments for all conditions
described. Comparisons with corresponding plots in design or analyses
reports shall be shown; if test plots are identical to design or analytical
plots, reference to the appropriate design or analyses reports may be made
provided such reports have been submitted previously.

1. Loads.

(a) Intermediate and maximum test loads to be attained, including
‘loading sequence. Estimated dates for attainment of intermediate
test loads if such loads are significant check points during the
tests and the maximum loads are not to be attazned as an initial
goal of the tests.

* (b) Where the test article is-a full- -scale complete m13511e,‘a11
. loads shall be referenced about a standard location on the struc-
ture and be balanced about this refarence location.. .

(e) Complete mlssile loads shall be represented for all major test--'-"

conditions. These loads shall be rational in all cases except for
component tests where arbltrary balancing loads may be used with
sufficient justification. It is not necessary to present balancing
loads for small component static tests; however, the contractor
will be free to make recommendations as to such loads.
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{d} Rll major component static loads shall be presented separately
in tabular and graphical form. Shear, moment and torsion data are
required. If loads are presented in the form of artificial panel
point applied loads, these panel point loads shall be in addition

to the above regquirements.

(e} The report shall include unit inertia tables and air load
distributions in addition to the net test loads. RAir loads distri-
butions will be used primarily for backup data and to help derive
the most rational possible test load distribution.

{f) All major concentrated inertia loads shall not be included with
distributed test loads. If it is not possible to exclude these
loads from the distributed load tables, their magnltude and loca-
tion shall be clearly stated or referenced

" {g) Each test condition shall be prefaced with a summary page which
presents all applicable test parameters such as missile weight,

load factor, speed, and altitude. 1In addition, the critical areas

favr +had navkriomlar Aaanditian ehall ha natad
O Tiiav parcilu.sal \-vuu;.\,.bvu SNaii D€ nNeTeq.

2. Thermal data.

(a) Sufficient data shall be presented so that the following
information may be obtained:

{1) Total power input to the specimen (kilowatts).
{2) Heat flow diagrams, heat sinks, heat concentrations, etc.

{3} Numher of contrel areas desired and size of each.

{4) Physical properties of the specimen such as specific heat
and coefficient of thermal expansion, Material properties
"should be based upon the temperatures to be used.’

(b) Time versus temperature or heat flux input profiles shall be
presented for all elevated temperature test conditions. .

{c) In areas where the necessity for elevated temnera‘ture testing

A= S

is questlonable. data support reasons for or against hot tests.
shall be presented. o o , S ,

b. Descrlptlons of test articles, setups and procedures. A description of
the test apparatus,. the strain gage locations, the deflection and deforma-
- ‘tion ' measuring equipment, loading platforms, wing 1lift simulation, . in-
‘strumentation, and tension pad locations are to be included. Such informa-
tion may be included in a single report covering the ‘static test program in
which case the description of each test setup and Drocedure is not requlred

" in each test plan report.

1. Instrumeritation.
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{a) Drawings and tabular data indicating exact transducer locations
and orientation shall be included in the test manual. For tests
conducted by the contracting activity, photographs shall accompany
this information when indicating location or orientation of inac-

cessible transducers.

{(b) Predicted and allowable parameters (stress or strain, deflec-
tion, temperature, pressure, and load) shall be supplied for all
critical structural areas or components for each test condition.
When possible, these data should be included with the preface for

p s
each load condition.

{c) For tests conducted by the contracting activity:

{1) Prior to commencing instrumentation, the contractor shall
furnish a listing of the general measurement requirements.

{2) Instrumentation details (such as types of transducers and
size and gage of wire) shall be coordinated with ‘the contract-
ing activity before transducer installation is initiated.

(3) All instrumentation wiring and outputs shall -be compatible
with the data acquisition and processing system of the Govern-
ment facility at which the tests are to be conducted.

(4) Suggested data sampling rates shall be presented.
{5) Manufacturer's specifications for all installed transducers

shall be presented; such as calibration data, transducer type,
resistance, gage factor, and bridge voltage.

c. Each test shall be identified by applicable_nppendix A paragraph number..

+30.9.1.3 Fatigue test plan report. This report shall contain the géneral

plan for each fatigue test, including a detailed description of the test

article, test equipments, test loads, - thermal data, computational methods,
instrumentation data, inspection techniques, and test procedures in such
detail as necessary for conducting the test. The report shall include:_

a. Discussion of the basis for the selection of test conditions; develop-
.ment of the test loading spectra, and all other information pertinent to
‘the establishment of fatigue test conditions. The methods and technlques
~used for. derlvatlon of the test loads and spectrum shall be descrlbed in

o ‘detall

1 LOAds”défa - Test démége‘ Vefsﬁs desigh damage shall be presented at:

all critical p01nts of structure. Thé ‘following requirements pertain
to the presentation of loaqs data: '
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(a) For tests of the complete airframe, all loads shall be referen-
ced about a standard location on the structure and all loads
balanced about this reference location.

(b) Complete airframe test locads shall be represented for all major
test conditions. These loads shall be rational in all cases except
for component tests where arbitrary balancing loads may be used
with sufficient justification.

(c) Fatigue test loads shall be represented in tabular and graph-
ical form, Shear, moment, and torsional data are required. If
loads are presented in the form of artificial panel point applied
loads, these panel point loads shall be in addition to the above
requirements,

(d) Test loads comparison with d951red loading including shear,
moment, and torsion for each load level.

(e} Major concentrated inertial loads shall not be included with
distributed test loads. If it is impossible to exclude these loads
from the distributed-lead ® tables, their magnitude and locatlon
shall be clearly stated or referenced.

2, Thermal data.

{a) Sufficient data shall be presented to directly obtain the
following information:

(1) Total power input to the specimen (kilowatts).

{2) Heat flow diagrams, heat sinks, and heat concentrations.
(3) Desired number of control areas and size of each.

(4) Thermal propertles of the materlal 1n operatlng environ-
ment :

{b) Times versus temperature or heat flux input profiles shall be

presented for all elevated temperature test conditions. Where heat

flux profiles are to be programmed, recovery factors and adiabatic -
wall temperatures must be supplied.

b. Description of all test articles, a detailed description of test setups,
tacilities, test methods, loading equipment, method and sequence of load
applidatlon and’  instrumentation equipment and capabilities shall ‘be -
included. - This descrlptlon may be included in.a single report, but must

1nc1ude all 1nformat10n for Speclflc fatlgue tests as approprlate. :

el A descrlptlon of crack detectlon technlques. 1nstrumentat10n, 1nspect10n“"

techniques, and plan for detalledllnspectlon

1. Instrumentation data - Instrumentation details shall be coordinated
with the contracting activity prior to transducer installation. '
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(a) Drawings, and tabular data indicating exact transducer loca-
tions and orientation shall be presented. Photographs will accom-
pany this information when indicating location or orientation of
inaccessible transducers.

{(b) Predicted and allowable parameters {such as stress or strain,
deflection, temperature, pressure, and load} shall be supplied for
all critical structural areas or control points for each test
condition. :

{c) Suggested data sampling rates shall be presented.

(4} Manufacturers specifications shall -be presented for all trans-,
ducers installed on the test article (such as calibration data,
transducer type, resistance, gage factor, and bridge voltage).

2. Inspections - The methods of inspection, the number of inspections,
and the specific area to be inspected shall be presented.

d. A plan for the disposition of test failures, repair of test articles,
design changes for production and retrofit, and substantiation of design
changes. This plan shall appropriately take into account significant
failures as opposed to failures of a minor nature.

30.9.1.4 Sonic fatiguwe component test plan report. This report shall
contain the general plan for each sonic fatigue component test including the
following:

a. Discussion of the basis for the selection of test conditions, develop-
ment of the applied acoustic test spectra and duration, derivation of time
compression factor, and all other information pertinent to the establish-
ment of sonic fatigue test conditions. The methods and techniques used for
derivation of the test spectra shall be described in detail. :

b. -Description of all sonic fatigue component test articles.

¢. Detailed description of facilities, test fixtures and setups, test

methods and procedures, acoustic excitation equipment, method and sequence
of acoustic load application, and instrumentation equipment and capabili-
ties. This description may be  included in a single report, but must
include all information for each spe01f1c sonlc fatlgue component test as
approprlate. S :

d. Descrlptlon of crack detectlon -techniques, delamination detection
techniques, 1nstrumentatlon, lnspectlon technlques, and plans for detalled .
inspection.- . '

e. Drawings, and tabular data indicating exact transducer locatlons and
orientation shall be presented
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.f. A plan for the disposition of test failures, repair of test articles,
design changes for production and retrofit, and substantiation of design

changes.

30.9.1.5 Structural design, development and preproduction verification
test plan report.

a. This report shall contain an outline and schedule of all static,
fatigue, and sonic fatigue component tests to be performed prior to full
scale production tests. Types of component tests identified are as
follows:

1. Design development tests.
(a) Element tests.

(1) Materials selection.
(2) Process evaluation.
{3) Fastener evaluation.
{4) Manufacturing methods evaluation.

(b) Structural configuration development tests.

{1) Splices and joints.

(2) Panels (basic section).
(3) Panels with cutouts.
(&) Fittings.

(5) Assemblies.

2. Pre-production component design verification tests.

. {a) Splices and joints.

(b) Fittings.

{c) Panels.

(d) Assemblies including (a), (b) and (c} above.

(e} Full scale- components such as wlng carry through, horizontal
tail support, and wing pivots. ‘ '

3. Any. other structural tests performed prlor to full scale productlon
- tests. _

b. This" report shall 1nc1ude a dlscu551on of each oomponent.teot which -
shall 1nc1ude the follow1ng 1nformat10n. ' . g

1. Complete Just1flcat10n for selection of tests, including a discus-

- sion of why that component was selected for testing, ‘and how the test
results will be used in the design development and design verification -
program. Documentation to support the proposed test shall also include
analyses directed at establishing the cost and schedule trade-offs
involved in decision concerning early tests of major structural ele-
ments and components.
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. Test schedule
Description o f component to be tested.

. Number of components to be tested.

Description of the test setup and test procedure.
Type and magnitude of test loads.

. Description of instrumentation.

~lOh O B
« = N

30.9.2 Test status reporis.

30.9.2.1 Static test progres eports. The initial submittal of static
test progress reports shall be made in accordance with Table I and shall
include the information of 30.9.2.1a with as much information required by
30.9.2.1b through 30.9.2.1i as is available. Subsequent submittal with
revised 30.9.2.1a information and latest new information shall be submitted at
30 day intervals through completion of the static tests. These reports shall
contain for all static tests the following information:

a. A list of all test articles with a schedule and list of tests including
test sequence, and submittal date of the plan for each test in tabular
form. ©Specific applicable paragraph numbers in Appendix A shall be shown
for all tests described. Planned submittal dates for the remaining
information of items.30.9.2.1b. through i. shall be included. 1A summary in
bar chart form shall be included.

b. Actual test date for each test including dates for intermediate loads if
test 1is not scheduled to be performed immediately to -specified maximum
load.

c. DeSLgn conditions and maximum loads to be attalned
d. Submittal date of final report for each test.
e. Test loads sustained to date.

f. Test summaries: The summary, consisting of supplemental pages, shall
include a discussion of test results, conclusions, discussion of compliance
with specification requirements, deficiencies disclosed, reinforcements,
the flight or production articles in which reinforcements will or will not
be incorporated, and the effect of the test on the test program, flight
program, evaluation of the weapon system, and dellvery of the m1551le

g. Failure to meet speclflcatlon. : As -s500n as possible, . the contractor
shall _report to the contracting activity, events which affect the progress
‘of .a test program. Premature. deformations, premature failures under

static, dynamic, and fatigue loads, inability to sustain load, or delays in.

the program are such events and shall be considered as automatic evidence

of the existence of a failure to meet specifications. .The cognizant plant
. representative will record such . evidenice of the existence of " a def1c1ency ‘.

Arbrasatineg antie
CONTracting n\-\.-.l.v.l.t.;.

by maklng an off1c1al report ‘to this effect to the contractor and to the
+ N

h. Significant achievements: The attainment of significant achievements,

goals, or milestones during the static test program shall be described.

98




Downloaded from http://www.everyspec.com

MIL-M-8856B
APPERDIX C

i. Modifications to test articles: RAll structural modifications to the
test articles to permit attainment of test loads, not previously covered in
the description of test articles report, shall be described, including
vhotographs and sketches as appropriate.

30.9.2.2 Fatigue test progress reports. The initial submittal of fatigue
test progress reports shall be made in accordance with Table I and shall
include the information of 30.9.2.2a. Subsequent submittal with revised
30.9.2.2a. Information shall be made at 30 day intervals through the comple-
tion of the fatigue tests. These reports shall contain for all fatigue tests
the following information:

a. All test articles shall be listed with a schedule and list of tests
including test sequence, and submittal date of the plan for each test in
tabular form. Specific applicable paragraph numbers in Appendix A shall be
shown for all tests described. A summary in bar chart form shall be
included.

b. Monthly reports. These reports shall include spectrum progress at the
time of report and all failures on primary and secondary structure since
the last monthly report, giving particulars such as extent of failure and a
definition of the location such as fuselage station, wing station, water
line and buttock line. Description of failure shall include direction,
size, and point of origin of damage. Other particulars shall include:

1. Test article repair details including schedule information such as
cycling time lost for repairs.

2. Time of test failure in terms hours.

3. Reference to engineering change proposal {ECP)} containing design
changes for productlon oxr retroflt

b Reference to appllcable Technlcal Orders for 1nspectlon and rework
of production missile.

c. Speclal reports. Special reports -shall be submltted ‘éach time a failure
occurs of such a magnltude ‘that the safety of the fleet may be in immediate
jeopardy, or the test is stopped by the contractor because of the safety of
the test -specimen, or the contractor feels a failure will necessitate a
major fleet repair in the future. Special reports shall also be submitted
because of any accident to. the cyclic test equipment -or jig. :structure.
These  special reports shall contain data such as date of incident, spectrum -
or layer when incident occurred, detailed account of damage and all other
details pertaining to the incident. This report shall be transmitted not
later than one working day after occurrence of the incident; in the case of
"a major emergency, the contractlng activity office of primary respon-
sibility shall be contacted by telephone within 2 hours of the incident.
The attainment of significant achievements, goals. or milestones during the '
fatigue test program shall be reported.
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4. Inspection data. Such data shall be submitted for all test failures of
significance. The time of submittal shall be dependent upon the urgency of
the inspection but not later than two weeks after discovery of the test
fajilure. The inspection data shall be submitted in letter report form with
the following information:

1. Recommended inspection period.
2. Urgency for inspection.
3. Man-hours to inspect.

4. Inspection technigques, including access information, and recommended
non-destructive testing methods if other than wvisual 1nspect10n is

required.

5. Recommended repair, rework, or replacement procedures in the event
that inspections reveal structural damage.

6. Identification of missiles that are to be affected.

-7. Sketches and photographs, marked-up if necessary to show appropriate
areas of structural damage and repair.

30.9.3 Final test reports.

30.9.3.1 Static test yeports. These reports shall describe fully each

test and all significant data obtained. The data shall include:

a. A detailed discussion of test results, conclusions, reinforcements,
modifications and necessary changes to flight or production articles. The

missiles in which changes will be 1ncorporated and number of backfitted
missiles shall be indicated.

'b. Plots of percent limit, ultimate, or design load, as appropriate, versus
deflections showing points of permanent set and any large differences
between predicted and actual deflections. For major components, stress
- measurements obtained during structural tests shall be correlated with the
stress distributions determined by analysis. Plots of stress versus percent
load must be shown for the locations of maximum stresses and the critical
locations. .

C. Photographs showing elastic buckles. permanent buckles; significan;
~failures. : : . : . S ,

_ . d. Envelope of de51gn or ultimate strength for vertlcal drag, and side
) loads and comblnatlons thereof ‘ :

30.9.3.1.1 Stat;c design develggmegt and p;gg;gdug;ion component design
verification test report. This report shall describe fully each test and all
significant data obtained., The data shall include:

a. Date and place of tests.
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b. A detailed discussion of
Plots of load versus defl

Stresses.

. Photographs showing significant failures and other pertinent informa-

ion.

t results.
i

es
ction.

ﬁ‘m oD

1

The report also shall include a complete discussion of how the test results
will be used in the design development and design verification program.

30.9.3.2 Fatigue test report. This report shall include a detailed
discussion of all test results, conclusions, reinforcements, modifications,
and necessary changes to flight test and production articles. Areas on the
test article where 1loadings were found to be unrealistic and all areas where
structural modifications have been made shall be identified. Each particular
failure shall be discussed. Such discussion shall include the type of
failure, area of failure, percent of ‘life expended in terms of spectrum block
when failure occurred, and action taken on each failure. Liberal use shall be
made of isometric sketches and photographs. 1All data necessary to maintain
constant surveillance of the Fleet shall be submitted.

30.9.3.2.1 Fatigue develo t test orts. These reports shall deseribe
in detail the specimens and components that were tested and shall contain the
following data:

a. Description of each specimen. 1In addition, the structural function of
the components shall be described.

b. Load and stress (magnitude, direction, frequency) environment applied to
speCLmens. .

c. Frequency and type of inspections.
d. Description (including drawing and/or photographs) of 1oad1ng equlpment
. e. Instrumentatlon (type, locationi.

f. 'Results of test (description and photograph, discussion, time, and mode
of failure; metallurgical, strength property and dimensional analyses-
instrumentation data and analysis; teardown inspection).

g. Recommend ed ¢ -"a“ge- to structural configurations.
30.9.3.2.2 e test teardown inspectio .. This report shall

. record the .areas inspected and the results. of the. full-scale fatigue test
-teardown 1nspect10n ‘It shall show the location of any - failures by use of
sketches and photographs. The structural damage report shall also include the .
method of inspection, location and description of damage, results of metallur-
glcal examlnatlon and xnvestlgatlon. and- 1nstrumentat10n data revxew. C

30.9.3.3 Sonic e _compone est re . Thls report shall include

the results of the component tests, as follows:

a. An outline of fhe work performed.

1N
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b. & description of the test methods employed in determining the sonic
£ H 1iFa
& 4 LL

4+ha erment oase e P A J.
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c. Data and place of tests.
d. Test conditions.
e. The type of noise source employed and their characteristics.

f. R description of the instrumentation and data processing used, its
characteristics, and its limitations.

. Techniques of specimen arrangement.

. A descrlptlon of the dynamic properties of representative components.
. Methods of data interpretation.

. A comparison of test results with theoretical or expected results.

k. A description of the cumulative damage theories emplovyed.

e e TR

1. A list showing the test or deduced service life for each structural
component that was tested. For those components that were found by test to
thave fatigue lives less than that required, the course of action taken for
‘redesign and retest must be described in the report.

m. The recommended course of action regarding possible redesign and retest
of certain components if other tests indicate necessary revisions in the
sonic loads environment used for design purposes.

30.10 Material substantiating data and analysis report. This report shall

include data and analyses to substantiate the use of material property values
from sources other than MIL-HDBK-5, as specified in section 3.4, and to
substantiate compliance with applicable design requirements. The data shall
be presented in a manner similar to the presentation in MIL-HDBK-5.

30.10.1 Fibrous comggg';g .

‘a. Mechanical propertles Minimum mechanical properties for use as
structural design allowables shall be furnished for fibrous composites.

TSuch properties .shall be for room temperature conditions, and for all

combinations of flber and stress directions determined as critical or the
- intended operating env1ronment As a minimum, the following mechanical

nmananmbliasr ahnll ha fomls

PIOPET I..l!'::a shall be included:

1. Ten511e ultlmate strength longltudlnal (0°) .and transverse (90°)
1nclud1ng attendant elongatlon S . T

2. Tensile yield strength longltudlnal and transverse

w34 Compressxve ultimate strength 10ng1tud1na1 and transverse 1ncludlng"

attendant deformation.

L. Compre551ve vield strength- longltudlnal and transverse,
5. Shear ultimate strength-membrane and interlaminar.
. =6, Core shear strength.

=
()
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. Flexural strength.

. Bearing ultimate strength-tensile and co npre
Bearing yield strength-tensile and compressi

10 Modulus of elasticity.

11. Poisson's ratio.

12, Density.

\OCD-J

b. Typical properties. Physical properties and certain other properties of
the fibrous composite materials intended for use in the design and con-

struction of missile shall be developed as typical (average) values. For
such bproperties, information on data scatter shall be furnished based on

ek 8 Pavpioa ATy daa e inia wa ez Smin WS S W ELTae 2464 ulillollod
&

all test values obtained. As a minimum, such properties shall be the
following: ‘

Full range tensile stress-strain curves with tabulated modulus data.
. Full range compressive stress-strain and tangent modulus curves.
Shear stress-strain and tangent modulus curves.

. Flexural stress-strain curves.

Fatigue data-tension/tension and tension/compression stress-life

urves.

QO N WD

6. Reduced and elevated temperature.effects-temperature range from
-65°F to a maximum of +160°F or to the maximum elevated temperature to
be encountered by the vehicle under acquisition, whichever is greater.

7. Directional variation of imechanical properties including 360° polar
plots, as appropriate.

8. Pullout strength of material where mechanical fasteners are used.

9. Variation of mechanical properties with laminate thickness and with
test specimen width.

10. Creep rupture curves.
11. Effects of fatigue loads on mechanical propertles
12. Notch sensitivity.. -

13. Climatic effects.

14. Effects of cyclic rate of load on fatlgue strength
15. Fire resistance. .

16. Material repairability.

17 Thermal coefficients.

e. Spec1a1 deflnltlon of propertles As aﬁpropriate.r-the mechanical and
‘phy51ca1 properties developed shall be - specially defined to accommodate
unique failure characteristics of fibrous comp051tes. Such definitions

- shall- include, but ‘are not limited to, yield strength in terms of ultimate

stress or secondary modulus, bearing strength associated with hole elonga-
tion and shear tear-out criteria, compression strength associated with
stability criteria, specimen type, failure mode, and fatigue strength
associated with failure criteria such as crazing or other matrix properties
degradation when such degradation is sufficient to result in incipient
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fatigue failure. Where wet and dry properties differ, wet properties also
shall be established.

30.11 Flight test reports.
30.11.1 Reroelastic stability, vibration and aerocacoustic flieht test

in rt. This report shall contain a detailed description of the
aeroelastic stability, vibration and aeroacoustic flight test programs. The
report shall also include the following:

a. Installation drawings and photographs showing location of transducers
(accelerometers, microphones, strain gages, and control surface motion

$ensors).

b. Description of instrumentation and methods of data acquisition, record-
ing, telemetry, data reduction and analyses.

¢. For aerocelastic stability flight tests - Method of modal excitation,

speed range and speed increment, altitudes and expected modes of vibration
to be investigated.

d. For vibration and aeroacoustic flight tests - A summary table of flight
test points in terms of pertinent flight parameters such as speed, Mach
number, altitude, dynamic pressure, load factor, and angle of attack.
Maneuvers expected to produce the most severe vibration and aeroacoustic
‘environments and structural dynamic responses shall be identified.

30.11.2 Struct £li rations test planning re . This report
shall ¢utline, in general ‘terms, the scope of the proposed structural flight
load survey, flight demonstration program, the proposed schedule for flight
loads missile including phase-in with static test _and full-scale cyclic

fatigue load tests and the proposed type of 1nstrumentat10n.

30'11 3 p110h+ 1A5A survay qn5+1~|““nu-id--\+-|on T 'L——t-‘— [C [ ..--—..—&-

This report shall present a description of the instrumentation and callbratlon
procedures to be employed for accomplishment of the flight load survey. The
" report shall encompass sufficient details showing sensing element locations
- selected, calibration loading conditions, a discussion of the calibration
'procedures proposed development of loads equatlons, and the expected accuracy

. to be achieved.

'30.11.4 ] ht a g
‘report shall 1nclude a de tailed de

ai tio " inst Jmehtatien;,npproxl-
"mate locations of instrumentation in the missile, ' and the maneuverlng and
.dynamic response test program to be conducted. - If the complete series of
structural - loads reports has not ' been forwarded to ‘the contracting activity
prlor to submittal of the flight test program proposal or if any questlons
- exist concerning interpretation of the requirements for this missile, the
contractor shall discuss the proposed program with the contracting activity
prlor to submittal for approval. A summary table of the structural maneuvers
in - terms of the pertinent £light parameters shall be 1listed. The design
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maneuvers expected to produce the most severe structural loads shall be
identified along with the critical structural members. This report shall be
revised by the contractor as necessary during the course of the test program

to reflect the latest design, analysis, or test information.

30.11.5 Structural dynamic flight test reports.

30.11.5.1 Reroelasti stabilit flight test letter reports. These letter
reports shall contain the results of aeroelastic stability flight tests and
shall include the following:

a. Missile configuration, altitudes, Mach numbers, equivalent airspeed
(knots), load factor, damping coefficient "g" and frequency of each mode
being investigated.

b. An evaluation of test results by structural dynamic engineers.

c. Plot of altitude versus Mach number with curves of constant equivalent
airspeed (knots} and the design limit speed envelope of the missile. The
portion of the flight speed envelope for which aeroelastic stability tests
have been completed prior to the reporting period, and the aeroelastic
stability test points investigated during the reporting period.

d. Summary table of the various missile configurations tested to date.

n A andas tha mawimiiem meidien Tant rn
Irdicate the maximum cqu;vcu.eﬁt. alrspeed {knots}, hlghest Mach number at

the lowest altitude and the highest Mach number with identified altitude
tested to date for each respective missile configuration.

e, Cumulative number of flights'and flight hours of testing.

30.11.5.2 Vibrati roacous light te These
letter reports shall contaln the results of v1brat10n and aeroacoustlc flight
tests and shall include the following: ‘ :

a. Missile configuration, altitudes, Mach numbers, equivalent alrspeed
(knots), load factor, fuel content and dynamic pressure.

b. An evaluation of test results by etructural dynamic engineers.

‘c: Plot.of altitude versus Mach number with curves of constant equivalent
airspeed (knots) and the design limit speed envelope of the missile. The
- portion of the flight speed envelope for which vibration and aerocacoustic
tests have been completed prior to the reportlng period and the test p01nts
investigated during the reporting perlod : .

-, The microphone measured data shall be reduded and presented on ap-
propr;ate plots by one-third octave band analysis of sound pressure levels

A -
AR f £ o] 10 Vot ] P 1 nn Dag-
il Go el ¢ X iV N/m~) versus f;eqdeﬁbf aﬂdg if requ hedl power 5rvc

tral density analysis (psi’ /Hz versus frequency).
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e. The vibration measured data shall be reduced and presented on appropri-
ate plots by spectral analysis of acgeleration (g) versus frequency,
acceleration spectral density analysis (g /Hz versus fregquency), one-third
octave band analysis or combination analyses, where applicable, depending
on predominant characteristics of amplitude time history.

f. Cumulative number of flights and flight hours of testing.

30.11.5.3 astic ipstability, vi ion o onic fati c enc
report. The contracting activity shall be notified immediately by message or

letter report of any aeroelastic instability, vibration or sonic fatigue
failures or excessive vibrations that may occur or be observed during or as a
result of any ground or flight tests by the contractor. The message or letter
shall describe in detail any damage or malfunction which has occurred.

30.11.5.4 Vibroacoustic environment measurement report. This report shall
include: o

a. OQutline of testing performed.

b. -Description of the methods of vibration and aerocacoustic measurement
employed for the :test ‘determination of the wvibration-and aerocacocustic’
environment of the missile,

c. Date and place of test.
d. Test conditions.

e. Types of instrumentation and data processing systems employed and their
calibration characteristics and all pertinent data analysis processing
parameters.

f. Captive test and flight test results at all measured locations both
- internal ‘and external.. Data shall be reduced and plotted in -appropriate
form by spectral analysis (asceleration.(g) versus frequency), acceleration
spectral density analysis (g°/Hz versus frequency), one third octave band
.analysis or combination analyses, where applicable, depending on predomi-
nant characteristics of amplitude time history. Similar data reduction and
presentation for strain or stress data shall be provided.

g. .Captive test and flxéht test results of aerbécoustlc' loads in- termé of
one-third octave band sound pressure levels of varlous 1mportant 1ocat10ns
both internal and- external

h Dlscrete frequencies and amplxtude

Identlflcatlon of 1nterna1 and external v1brat10n and aeroacoustlc_
'sources : :

"‘Comparison of test results with predicted design environments

k. ‘Assessment of whether the design vibration and aeroacoustic env1ronments
should be modified in view of test results. : .
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1. Recommended course of action regarding possible redesign and retest of
certain components because of revisions to the design vibration and
aercacoustic environments, '

30.11.6 Flight load_ survey instrumentation and calibration progress

reports. Brief summary type progress reports reflecting the progress being
made in instrumenting and calibration of the flight load missile shall be
submitted. Any difficulties encountered which are delaying or expected to
delay the program shall be pointed out immediately in order to expedite any
necessary contracting activity action.

30.11.7 Flight load survey instrumentation and calibration yeports. K

summary type report covering the calibration of the instrumentation and
expected accuracy of the flight measurements shall be submitted. The report
shall contain sensing element locations finally selected, calibration loading
conditions, a discussion of the calibration procedures, flight lcad equations,
and the expected accuracy to be achieved in each flight measurement.

30.11.8 ight load erations survey data report. The recorded data
shall constitute proof of the test condition attained, and for flight load

surveys, the aerodynamic loads applied to the missile during the structural
flight test. The contractor shall submit an intermediate report after each
missile flight +test and a final report at the completion of the flight test
program containing the following:

a. The information on the operational missile shall include: three view
drawings; -V-n diagrams; dimensions; weights; and any other significant
items of a structural loads nature. The test missile deseription shall be

O ‘ \ .
b | 51 % ol '5&“631'“:!!“11‘ A'l FFQMH—
included only if there are significant structural or aercdynamic differen

ces, e.g., use of built-up structure in place of honeycomb structure,
different wing camber, or installation of external instrumentation equip-
ment of significant size.

~ b. The comparison of attained maneuvers wversus specified maneuvers in the
structural flight test program shall be represented in tabular form.
Information shall include: missile configuration; test altitude; airspeed.
. or Mach number; weight; CG location; and load factor.

d. The brief account of difficulties encountered during the program shall

include comments on: structural difficulties, aerodynamic difficulties,

maneuvering difficulties and instrumentation and data reduction difficul-

ties.  These comments shall encompass descrlptlons of: aerodynamic modifi-
‘cations required to attain. test conditions or deviations granted from
_unattained requirements, control surface trim deviations or power control

difficulties, and 1nstrumentat10n fallures or other 1nstrumentat10n .and
. data reduction’ difficulties. -

30.11.8.1 Intermediate flight load survey report. The flight load and

test -condition data obtained during each missile flight test shall be reduced,

. -analyzed, and evaluated on a continuing basis throughout the FSD phase of the

test program -and submitted in. report form. In instances - where a flight
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demonstration 1is scheduled, the report need only contaln the applicable
portions (mostly condition data) of the requirements.

‘a, The data obtained from the structural flight tests are of two general

types: loads data and condition data. The term loads data includes air
leoad (from pressure or strain' gage instrumentation), temperature stress
{air load or thermal), and inertia data. The term condition data includes
airspeed, Mach number, altitude, missile altitude, rate of change in
altitude, control forces, control surface positions and hinge moments, and

load factor .data.

b. The loads data describe the external aerodynamic or thermal loads acting
on the structure, the internal effects on the structure. and the inertia
response of the structure. The data from the maneuvering grid portion of
the initial phase strnotural flight program are used to define the load

———,— T ———ee

trends as a functlon of airspeed, altltude. and load factor. The data from
the design criteria maneuvers contain the additional effects of abruptness
of control application, and gust. The data from maneuvering grids shall be
shown versus span, load factor, Mach number or speed, and altitude, with
the data from the design criteria maneuvers (and additional maneuvers that
may have been performed) shown as a function of load factor, as well as
superimposed on the maneuvering grid plots. These data shall be extra--
pointed to design load factors and compared with design loads. Air loads
data from the vertical fin and rudder shall be shown as a function of
maneuver or side-slip, lateral load factor or rudder deflection instead of
normal load factor except where cross-coupling takes place. The air loads
data shall be corrected for weight and CG whenever the data is significant-
ly affected by these conditions. The decision to apply the necessary
correction and the methods of correction shall be decided between the
contractor and the contracting activity. Whenever air loads are shown as a
function of Mach number and altitude, they shall be corrected to the design
load factor. The design loads shall be shown with the air loads whenever

possible. ' ' ' ' ' '
c. Temperature, stress and additional measurements shall be prepared in a
similar fashion to the air loads presentations to show levels and trends.

d. The condition data describes the position and attitude of the missile,
the control positions and forces. All of the condition data shall be shown
in time history form for the final approved maneuvers. The condition data
from the other maneuvers shall appear in the. reports in the form of
cross-reference with the loads data or as peak -data points. '~ There may be
maneuvers performed in the initial phase which exhibit unusual loads or
conditions, and so require time history presentatlon of the data for more
detailed descrlptlon of the maneuver. : :

e. The condltlon data in time hlstory form, shall be presented in related
groups - such as: {1) accelerations at CG and at fuselage nose and tail,
airspeed, Mach number, stagnation temperature, and pressure altitude; (2)
elevator position, hinge moment, angle of attack, and rate of pitch; (3)
aileron position, hinge moment, angle of bank, and rate of roll; and (&)
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rudder position, hinge moment, and angle of sideslip, and rate of yaw. The
time history shall be made complete for a symmetrical maneuver by adding
wing, horizontal stabilizer, -elevator, and fuselage vertical loads to group
no. 2. For a directional maneuver, the vertical tail, rudder, horizontal
stabilizer, and fuselage side loads shall be added to group no. &. The
unsymmetrical maneuvers require the addition of horizontal stabilizer,
elevator, and fuselage vertical loads to group no. 2, wing and aileron
loads to group no. 3, and vertical tail, rudder, and fuselage side loads to
group no, 4. The data shall be presented to show that the test require-
ments have been met. Each time history sheet shall contain information: on
missile configuration, test condition, airspeed or Mach number, and
altitude,

30.11.8.2 Final flight loads survey report. The report shalllbe prepared

in a similar manner to the initial phase data report except that the final
phase data shall replace the initial phase design criteria maneuver data on
the summary plots. Particular emphasis shall be directed toward establishing
that the missile is satisfactory for all critical flight conditions existing
within its design operational flight or, if necessary, provide suitable flight
restrictions for any conditions that cannot be safety attained. Immediately
upon completion of the preliminary draft of the report, the contractor shall
confer with the contracting activity to present and discuss the test results .
and proposed structural flight limits for service missile. In instances where
a flight demonstration is scheduled, the report need contain only the ap-

JET S Jv - -

plicable POI‘thDS {mostly condition data) of the I'EQUII‘BII'IBH‘CS in HPPBHGJ.X B.

30.11.9 Dvnamic response test report. A report presenting the data and
analysis from the dynamic response tests shall be submitted for approval. The

report shall include transfer functions between the internal structural loads
and accelerations at various locations throughout the airframe and the dynamic
load inputs. Both discrete and power spectral density methods of analysis
shall be utilized to compare the load inputs, structural -responses, and
transfer functions with the dynamic loads analysis Transfer functions shall
also be provided between vertical (G accelerations and the load frequency
distribution for the range of weights, missile configurations, speeds, and
altitudes being flown by service missiles. Flight or captive conditions which
result in significant dynamic stresses of the structure shall be identified
and the effects on fatigue life estimated. Hethods used. for the reductions
and analysis of the test data shall be presented. Suitable discussions shall
' be provided for all material presented. Immediately upon completion of the’

preliminary draft of the report, the contractor shall confer with the con-
',tractlng act1v1ty to present and dlscuss the test results. S :

- 30.11.10  Structural fli test “and fa ure re .. A report
‘shall be submitted to the. contracting act1v1ty not later than 30 days after a
_ structural flight test anomaly or failure has occurred during flight testing,

such as overload, fatigue {including vibration or aeroacoustically induced),
aercelastic instability or aeroservoelastxc 1nstab111ty. The report shall
include the follow1ng. :

a. Date and place of incident.

109




Downloaded from http://www.everyspec.com

MIL-M-8856B
APPENDIX C
b. Flight test conditions and missile configuration.

c. Description of anomaly or failure, mode of failure, metallurgical test
results, dimensional analysis, and instrumentation data and analysis.
Photographs showing structural member failure.

d. Detailed discussion and recommended course of action regarding rein-
forcement, modification, redesign, and other changes to Full Scale Develop-
ment (FSD) ~flight test missiles. The effect on flight test program
schedule and any recommended flight restrictions wuntil FSD flight test
missiles are modified. :

e. Recommended a Plan of Action and Milestones (POA&M) for redesign of
production missiles and missiles in which design changes will be incorpo-
rated and number of missiles to be back-fitted.

30.12 Strength summary and operating rTestriction report. A strength
summary and operating restriction report shall summarize the strength of-the
missile for all design conditions at the specified and other critical weights,
by showing a comparison of strength required by applicable -specifications:to
the strength "determined by-analysis and test. -The report shall recommend
restrictions for service operation of the missile and afford a basis for
determining the practicability -of modifying restrictions of varying useful
loads, and making structural modifications. The initial submittal of this
report need not be complete and need not present final data; it shall present
sufficient data and information to substantiate the structural strength and
operating restrictions applicable to the flight envelope and operating
conditions authorized for the initial flight of the missile. Bi-monthly
revisions shall be submitted to keep the data current. The final report shall
include the following information:

a. A brief 'description of the missile. If the missile is a modification of
a previous model, the significant differences between the models shall be
described and the effects of .these differences on .- operating restrictions.
shall be included. ' . '

b. R sumﬁﬁmy of basic data inciuding design and actual- ﬁeights, CG posi-
tions, principal Qimensions, and principal surface areas.

¢. V-n diagrams depicting the required and available strength of the -
missile in terms of load factor, airspeed, and altitude. Load factors

developed by specified symmetrical gusts and maximum speeds. for which limit

strength exists for specifiéd side gusts shall be shown on these V-n '

diagrams. Values of static and dynamic missile normal force coefficients
-on which.V-n diagrams are based shall be shown. - o

d. when it is known ot anticipated that adverse phenomena such as buffet-

~ ing, pitch ‘up to pitch down, abnormal control characteristics, control
surface buzz, and flutter or divergence will limit permissible speeds, load
factors, or both, at any altitudes below service ceiling to values less
than design limits, a discussion of these phenomena and the limits they may
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impose in terms of airspeed, Mach number, load factor, or altitude, or
collec Lj.vr.uy ’ a;ISPEEd Mach numbser s 15ad factor N and altitude shall be
included.

e. The effects of wariations in weight on flight strength and £lutter
characteristics. '

h. Recommendations for operational restrictions including restrictions on
use of lateral and directional controls.

i. List of critical margins of safety for each major component of the
missile. This list shall include, for each margin of safety listed, the
design condition that is critical and reference to the report and page
wherein the margin of safety was determined. These critical margins of
safety shall be based on test results in those instances in which ap-
plicable test results are available, and should reflect the test-correction
factors required in Appendix A. Diagrams or reduced-size drawings of the
missile or of major components, such as a wing and the fuselage, shall be
included which show the most critical and second most eritical design

T Y Tes . .
loading conditions for specific areas or regions of the airframe. The

diagrams or text shall indicate those areas or regions which are almost
equally critically loaded by specific flight and non-flight conditions.

30.13 Structural redesign report. This report shall provide engineering
data for all production changes which in any manner affect the strength and
fatigue life of the airframe, and for all production and retrofit redesigns
resulting from static and fatigue tests. The data shall consist of descrip-
tion, Jjustification, and verification of adequacy of the change. Detail
description shall consist of - adequate sketches, nomenclature, location, and
discussion of the function of the items concerned. Justification for and
verification of adequacy of the redesign shall be as comprehensive as neces-
sary in order for the appropriate activity to grant engineering acceptance of
the change. Necessary loads, stress, and fatigue analysis calculations and
test data shall be submitted as revisions to the approprlate reports. - A
compendium of such calculatlons and data shall be included in the redesign

- report.

30.14 Rir-Vehicle structural integrity program (ASIP} master plan report.
 This report shall depict the: 1ntegrat10n of the required ASIP elements into a .
. logical sequence for design development and qualification of the missile
structure. = The required elements of the ASIP are defined in MIL-STD-1530.
The format and instructions for the preparatlon of the report are contalned in
Alr Force Regulation 80- 13 : .

30.15 Structural mgggg This document shall consist of all the data and

fpfocedures normally = used by the contractor in the structural -analysis of . .=~

missiles including data and procedures used in fatigue analysis. Only the
revisions and addltlons need be submitted if a structures manual has been
previously submltted to the contractlng act1v1ty within- the previous five
years.,
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30.16 Structural dynamic manual This document shall consist of a

detailed descrlptlon of all the procedures and computer programs normally used
by the contractor in the structural Adynamic analyses of missiles, iné¢luding
procedures used in flutter and divergence analyses, aeroservoelastic analyses
and other aeroelastic analyses and dynamic response analyses. Data and
detailed description of procedures used in sonic loads, dynamic loads, sonic
fatigue and dynamic loads fatigue analyses shall be included. Only the
revisions and additions need be submitted if a structural dynamic manual has
been previously submitted to the contracting activity within the previous five
years.

30.17 inte j tions for co rfaces. Maintenance instruc-
tions for each control surface shall be prepared in accordance with
MIL-M-81260. These instructions shall include, but not be limited to, the
following: : :

a. Description and illustration of procedure for measuring freeplay.

b. The maximum allowable freeplay not to be exceeded during the service
life of the missile. _

¢. Scheduled service 1life interval when freeplay measurements must be

performed to assure that specified freeplay limits are not exceeded in -

service.

d. Procedure to be followed and parts to be inspected and replaced in the
event that freeplay exceeds specified limits.

e. Description and illustration of procedure for measuring maés properties,
i.e., weight, CG location, static unbalance about hinge line, dynamic mass
balance, and mass moments of inertia.

£. For control surfaces which are designed with mass balance, the maximum

:\'Inu:ﬂ\'!n c+=+lﬂ and Aunamis nnhalanna nat +n ha avaanda’ nﬁﬂﬂ“!ﬂ+1ﬂ'\ nA

QaAdWAWA LW wihtGhde Wik WUFHIGAULA W HAUWHLGWTG Ve W UT CALGOUNITU . Vool L} -4V ald

illustration of procedure for lncrea51ng and decreasing mass balance
required to compensate for effects of repairs and painting.

g. The maximum allowable mass properties, such as weight, G location,
static unbalance about hinge line, dynamic mass balance, and mass moments

of inertia.  Description and illustration of permissible -repairs "and
limitations. : .
h. Descrlnt;o" and illustratién of inSéectign and maintenance nrggedure for

hydranllc dampers.

The contractor's structural - dynémlc englﬂEeflng' department shall coordinate
"with-the loglst1c engineering department to - assure that the requlred data are-

_included in these maintenance 1nstructlons
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