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MIL-STD-1670A
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DEPARTMENT OF DEFENSE
Washington, D.C. 20301

ENVIRONMENTAL CRITERIA AND GUIDELINES FOR AIR-LAUNCHED WEAPONS

1. This Military Standard is approved for use by all Departments and
Agencies of the Department of Defense.

2. Beneficial comments (recommendations, additions, deletions) and any
pertinent data which may be of use in improving this document should be
addressed to: Commanding Officer, Engineering Specifications and Stand-
ards Department (Code 93), Naval Air Engineering Center, Lakehurst, New
Jersey 08733 by using the self-addressed Standardization Document Improve-
ment Proposal (DD Form 1426) appearing at the end of this document or by
letter.
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prov1ded for dur1nq the equ1pment des1qn and test phases. T e past prac—
tice of qualifying weapons to arbitrary vibration levels and temperature
extremes of standards and specifications without first investigating the
ted in weapons severely
T
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environment early in the design phase and translating this environment in-
to des1gn criteria that is to be demonstrated prior to the weapons operational
use.
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1. SCOPE

1.1 Air-launched weapons environmental criteria and guidelines.
This standard establishes guidelines for the environmental engineering re-
quired in support of air-launched weapon developments. Air-launched weapons
include the following:

(a) Air-to-air weapons
(b) Air-to-surface weapons including free-fall weapons
(c) Aircraft gun pods
The following environments are not considered in this standard:
(a) Nuclear environment
(b) Electromagnetic environment

(c) Short wavelength, coherent, electromagnetic
environment (laser effects)

1.2 Purpose. The purpose of this standard is to:

(a) Provide acquisition managers with guidelines for the
implementation of the required "most realistic test
environment possible," per DoD Directive 5000.1.

(b) Provide guidelines for determining the environmental
conditions to which air-launched weapons will be
subjected during the factory-to-target sequence.

(c) Describe the tasks involved in applying the essential
environmental design criteria in all phases of
weapon development.

(d) Provide the developer with background data on which
to base weapon environmental design and test re-
quirements.

2. REFERENCED DOCUMENTS
2.1 Issues of Documents. The following documents of the

issue in effect on date of invitation for bids or requests for proposals
form a part of this standard to the extend specified herein.




Downloaded from http://www.everyspec.com

||IL-'S| D'lﬁ?OA
30 July 1976
STANDARDS
M2 NS an
Mililary
MIL-STD-210 Climatic Extremes for Military
Equipment
MIL-STD-810 Environmental Test Methods
MIL-STD-961 Qutline of Forms and Instructions
for the Preparation of Specifications
and Associated Documents

(Copies of specifications, standards, drawings, and publications required
by suppliers in connection with specific procurement functions should be
obtained from the procuring activity or as directed by the contracting

£32 nnen

~L£ Y
vtriLer, )

3. DEFINITIONS

3.1 Environmental Profile RQQQLL_LEERL. A report that quanti-
tatively describes the various s environments that a a given weapon may encounter
in its factory-to-target sequence. Each environment is categorized as
Aamanina Aav nan_AdAamaninae +tha rAavirmacenandina vatdinanala Ffawr ecenirh ratannni
uuumgulg Ul lIUlI_uﬂlllﬂyllly, LIIT LU ICDPUIIUIIIS fQaviviiaicc 1ur uLen \.u\.cy\n 1=
zation is given,

3.2 Environmental Design Criteria Document (EDCD). This
document contains a parametric delineation of environments to which a

specific weapon design must be responsive, environmental design require-
ments, and an environmental qualification test plan.
3.3 Factorv-to-Taraet Sequence., The sequence of events and

e v SV o oA A AR =254

situations in the life cyc]e of a weapon from the time it is accepted at
the manufacturing plant until it has accomplished or failed to accomplish
the required mission.

4 1 Ganoral A maior task in the development of a weanon
. Te & U i =|: l|.lll\AJVI wu.:-\ v \:u\_ MO VO ivpinciiv v woKp v
is to ensure that its design is compatible with the environment to which
it will be subjected, This standard provides the guidelines for use by

the developing actiyity in conducting the required environmental engineer-
ing tasks. The technical approach, completeness and adequacy of the
developer‘s plan for implementation of this standard is subject to approval
by the cognizant acquisition nanager.

~N



Downloaded from http://www.everyspec.com

MIL-STD-1670A
30 July 1976
4.2 Environmental Development Plan (EDP). In order to assure

that the weapon will be designed and tested for all pertinent environmental

conditions to which it will be subjected throughout its life cycle, the
developing activity shall submit an environmental development plan (EDP

for approval by the cognizant acqu1s1t.uu manager. The EDP shall includ

plans for conducting environmental engineering tasks during engineering

des1gn and-aé;éi6bﬁent and subm1tt1nq necessar ry documentation in accord-
ance with the guidelines of this standard.

4.3 Documents. The environmentai engineering effort shali be
mammmbad e diin daasivescda o dlem Fone D inmioiaa e Niamn 3T NDamand DODY o d &b
repuried irn, LW Uuluinernius . Lie EllVI!UlllllCllLdl Froriie repure \crn) anu uvne
Environmental Design Criteria Document (EDCD). Both shall be 1isted on
the Form DD 1423.

4.3.1 Environmental documents development sequence, Figure 1

identifies the development sequence of the required environmental engineer-
ing documentation for the design and development of weapons.
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4.3.2.1 Submission of EPR. The EPR shall be developed during
the program initiation phase of weapon development and shaii be submitted
+n +ha ~rArniT2ant arniticetdiAn manamam and annunaund kn-‘-‘nnﬂ AavialAansn~a +ha
LU uIicC LUSIIILUIIL Gb\{ul)lblull ma IGHCI anu GPPIUVCU vgiurc UCVCIUPIIIB LIc
EDCD. Early submission of the report and approval is necessary so that
information on environmentally induced stresses can be included in the
tradeoff studies of candidate weapon designs.

4,.3.2.2 Support information for the EPR. The following infor-
PORE S P Y Y Y N Y Lo Al oA PP, Y P - T rnn .27 L o A e A L. &L
mativn, necess>ary 10r e aeyv EIUPIIIE"L o1 Luiie trFr, Will D& proviaea Dy Lne
armiicitinn mananars
uuqula [ S AVIE |||ul|u3cl .

(a) Candidate carrying aircraft, with aircraft flight
limitations (altitude, Mach number, etc.), launcher
locations on the candidate aircraft, and store mix,
if possible.
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(c) Required life of the candidate weapon components,
(storage 1ife, service life, number of flights,

etc.)

(d) Anticipated combat use tactics,

(e) Proposed logistics cycle.

(f) Anticipated operational deployment (desert, world-
wide, etc.).

f~\ Ninamatinmal avmamdacman m;m avieddn~ cdmdTam PPN

\y) uperaciviial gxperiente uil eXisiiinyg >iyiiar weapuris.

(h) Other as required by the developing activity.

4.3.3 Environmental Design Criteria Document (EDCD). The EDCD

shall contain specific quantitative design parameters for the weapon, en-
vironmentai design requirements, and an environmentai test pian in accord-

am A

anice WILII "} J J J-

4.3.3.1 Submission of EDCD, The initial EDC
usually require revisions because some environments, s
are highly hardware-dependent and must be determined by

acquisition program,

ubmitted will

;s c5§E1ve flight,
detailed data

4.3.3.1.1 DCD initial submission, The environmental design cri-
+aria Adovalnanad dAurina +ho nrnarvam 1ni1+1atinn nhaca fvram a dat+ailad
vl lu’ UCVCIUPCU AUl llls wlic Pl Usl «ni It LI ivil FIIUJC 1T vl MO LT IO
analysis, extrapolation, and synthesis of the environments delineated in
the EPR, shall include quantitative design parameters for those environ-

ments for which data exist and estimates for those environments that
are hardware-dependent. A plan for the acquisition of data to replace
the estimates shail be inciuded in the initiail submission,

a4 312 EDCOD ro

Teweoe ic s U W

shall incorporate the hardwar
environmental measurement programs deiineated in the 1n1t1a1 submission.
These data shall be developed when the basic configuration of the weapon
is established. The final rev1s1on to the EDCD, complete with appropr1ate
aata snall be t h MIL-STD-961

1
H

Environmental Test Plan (ETP). An environmental test
all be 1nc1uded as part of the weapons spec1f1cat1on and

a oA _ b of I L 4

3
1] crm ::'w
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5, DETAILED REQUIREMENTS

5.1 Documents, An Enyironmental Profile Report (EPR) and
an Environmental Design Criteria Document (EDCD) shall be prepared for the
development of the weapon, The EPR shall contain analyses of all probable
environments and events in the factory-to-target sequence (Section 5.2).
This report shall specify those applicable environmental conditions to
which a given weapon can be expected to be exposed. The EDCD shall include
parameters for use in the design and test of the weapon for those environ-
ments specified in the EPR. Appendices A through F contain data, recom-
mended approaches, and guidelines that can be used in the preparation of
these documents.

5.1.1 EPR. The EPR shall contain, for each environment or
event, the following:

(a) Assumptions (applicability of the environments,
events, or situations listed in section 5.2).

(b) References and source data,
(c) Techniques or methods of calculation.
(d) Calculations and results.

(e) Conclusions (when sufficient data are available)
or plans for a further data-acquisition program.

(f) Suggested parameters for initial design and test
purposes.

(g) Other considerations:

(1) MIL-STD-210 is the current document describing
climatic extremes. This document must be ana-
lysed for applicability for use on a specific
weapon.

(2) Synergistic effects and sequences shall be
applied to environmental and safety tests
(see section 5.3).

(3) The operational status of the weapon (nonopera
ting, periodic check-out, training, repair
cycle, and fully operational) shall be consid-
ered,
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(4) The packaging and transportation container
shall be considered as an integral part of
the weapon for purposes of environmental
anaiysis, design, and environmentai tests,

..... LSRN A PN
asd> GIJPI Idelt:.

—
(4]
——

Safetv constraints (rnvpmno such events as

\ = =2L%

fragment impact, accidental re]easev fuel fire)
shall be considered,

(6) Uperat1onai ex per1ence on existing similar

weapons Sna

_J
’.

The EDCD shall contain the following:

(a) A data display matrix (Tables I-IV in Appendix A

are typical examples) of the environments specified
in the EPR. The data dispiay matrix shail inciude:

(1) Tha anviranmantal navamatarce +n ha 11ead in
\+7 LN A IV 1 VIl ey Pu' unic LT o vv o uacwu "
initial desigr and test

(2) Combinations of simultaneously occurring

environments.
21\ TAArd L mandlan ALl dblmmnn dAmcmldma —mmsmmeaalmsan Ll
\2) Lugneit rLation Ut Lnouse Jdes iy paraiigiers wnatc
vanitivra fiinrthan inuvactinat+inn [ciirh ac hy an
l\—\-'u!l‘. [ VY ) ey ) III'CJ\«IHUK.IUII \Ju\'ll ug 1) «“uil
environmental measurement program).

In the initial submission, a plan shall be included
for acquisition of data identified in (2) above.

~~

cr
~

The revised data display matrix, including data
acquired by the environmental measurement program
(paragraph 5.1.2b).

parameters andp;of11es of the'f1na1 revision of
the environmental design criteria document and test
time durations based on analysis of the weapon's

factory-to- target sequence. The environmentai test
plan shall include environmental qualification tests,
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required safety tests, suggested production
acceptance tests, and where applicable, tests
to be conducted to extreme limits for safety
information; each test shall be identified with
respect to these four categories.

5.2 Environments. The major environmental conditions that
may be encountered by the weapon in the factory-to-target sequence, and

V\.. e LR LAV P e e LA L

as a minimum the cond1t1ons wh1ch shall be addressed by the deve10p1ng
agency are listed in the following paragraphs. Situation-dependent environ-
ments are listed in paragraphs 5.2.1.1 through 5.2.1.13, and the situa-
tions in which such environments will be encountered are given in para-
graph 5.2.1.14. A discussion of the aynam1ca||y induced environments and
the events that produce them are presented in paragraphs 5.2.2.1 through
5.2.2.4. Unusual system-oriented environments (such as cosmic radiation

and insects) are not treated herein, but shall be included in the environ-
mental profile report if applicable.

5.2.1 Situation-dependent environments. (See Appendix A for
environmental data and calculation techniques that may be applied to this
section.)

5,261_1 IemneratLrei Temperature shall be presented in degrees

F and °C) as a function of time. Steady- state
or soak conditions shall be supported with written evidence of applicability.

5.2.1.2 Humidity. The humidity environment is presented in one
of the foliowing forms:
(a) Percent relative humidity at a corresponding dry
bulb temperature.
(b) Pounds of water (H,0) per pound of dry air.
(c) Clearly labeled combinations of (a) and (b).
Each steady-state relative humidity value shall be supported by written
evidence of applicability.
5.2.1.3 Precipitation. The precipitation environment shall be

presented in terms of fall rate in millimeters per hour (mm/h), change in
fall rate, relative velocity, and particle size and distribution. Forms

of precipitation inciude rain, snow, sieet, hail, ice and freezing rain.
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5.2.1.4 Small particulate water. Small particulate water shall
be presented in pounds of water per pound of dry air. Precipitate of small
particulate water shall be presented in pounds of water per square foot
of projected surface area. Small particulate water considerations shall
address clouds, fog, frost, and dew.

5.2.1.5 Sand and dirt. The sand and dirt environment shall be
presented in the following form:

(a) Chemical composition of the sand and dirt (includes

Fe,05, A£203, and S102).
(b) Particle size distribution.
(c) Relative particle velocity.

5.2.1.6 Wind. Wind shall be presented in terms of displacement
per unit time. Wind shear (spatial variation of velocity with respect to
a vertical axis) shall be presented where applicable.

5.2.1.7 Pressure. Pressure shall be presented in terms of force
per unit area. Pressure or pressure differences are associated with changes
in altitude, meteorological characteristics, water submersion, and thermal
expansion. (Blast pressure should be considered as applicable.)

5.2.1.8 Corrosion. Corrosion shall be considered in terms of the
effects of reaction kinetics and oxidant interface. Typically, corrosion
is produced by the action of acid gas and salt spray, and by galvanic and
microbiological processes.

5.2.1.9 Dissociated gases. The dissociation of oxidant gases and
halogen compounds shall be given as parts (of oxidizing radical) per million
(of air). When the possibility of exposure of oxides of chlorine, fluorine,
bromine, iodine, nitrogen, or ozone exists, the potential for dissociation
shall be considered. The most prominent dissociated gas is ozone.

5.2.1.10 Fungus. The fungus environment shall be presented with
reference to temperature, humidity, nutrient supply, time, and exposure.
Consideration shall be given to any situation in which water or hydrocarbon
liquids stand in metal structures. The EDCD shall call attention to the
hazards of adding fingerprints, labels, inspection stamps, or organic
substances to materials that are non-nutrient to fungus where applicable.

5.2.1.11 Solar radiation. Solar radiation sgall be presented as
British thermal units per hour square foot (Btu/hr-ft¢) in conjunction with
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the temperature, wind speed, and relative humidity at a given instant of
time. Note: Direct solar radiation is but one part of a many-part heating
matrix; some other radiation sources are:

(a) Earth's albedo

(b) Hardstand aibedo

(c) Reflection from other ordnance

(d) Sky brightness

(e) Reradiation from clouds

(f) Reradiation from liquid droplets or airborne solids

5.2.1.12 Electrostatic and Residual Magnetism. Electric charge
buildup shall be presented in standard electrical terms.

5.2.1.13 Water immersion. Immersion shall be presented in terms
of depth of immersion, temperature, and duration.

5.2.1.14 Situations. The fol1owing situations shall be considered
in specifying the environments of 5.2.1.1 through 5.2.1.13:

(a) Transportation and handling

(1) Flatbed truck, exposed
{(2) van truck
(3) Boxcar

(4) Flatcar

(5) Handling equipment

(6) Exposure on deck of cargo ship
(7) Hold of cargo ship

(8) Hardstand

(9) Cargo aircraft

10
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(5) Dump storage, revetment

(6) Railroad siding

mAem bt Aanmal hawmdls

(c) Operational handling and storage

(1) Maintenance test

(2) Maintenance shop

(3) Aircraft carrier main deck

(4) Weapons handling equipment

(5) Unsheltered ordnance assembly table
(d) Aboard aircraft

(1) Aircraft, carrier main deck

(2) Aircraft, carrier hangar deck

(3) catapult lineup

(4) Aircraft, in a revetment
(5) Aircraft, on the runway

—
(=)}
~

Vertical takeoff and landing (VTOL) jet blast

(7) Jet blast (from other aircraft)

—
—



Downloaded from http://www.everyspec.com

MIL-STD-1670A
30 July 1976
(8) Bomb bay
(9) Store station of aircraft
(10) Rocket exhaust impingement
(11) Aircraft in flight
(12) Aircraft, hangered
(e) Launch-to-target
5.2.2 Dynamically induced environments.
5.2.2.1 Acceleration. The acceieration environment shall be
presented as gravity units {g) for linear acceleration, or radians per
second squared (rad/sec 2) for angular acceleration. Both shall be re-
ferenced to a given axis. The acceleration may be a given number pre-
sented in a load factor envelope piot.
The following acceleration-producing events are
examined:
(a) Handlinag and hoistinag operations
(a) Handling and hoisting operations
(b) Aerobatic maneuvers of the carrying aircraft
(c) Aerodynamic loading during aircraft flight
(d) Inertial accelerations during powered flight
(e) Weapon maneuvers during flight to the target
(f) Catapult launch
5.2.2.2 Shock. The shock environment shall be presented in one
or more of the following forms with direction noted:

(a) Shock amplitude versus time, with acceleration
amplitude in g specified on the vertical axis and
duration in milliseconds on the horizontal axis.
Only deterministic wave forms, such as haif-sin

1]

e,
saWtOOtn trianguliar, or square, shall be presented

12
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(b) Shock spectrum shall be preseqted as response

ampiitude in g (vertical axis) versus frequency
4m hawnées (LU= [hauwicoanm+al aviced Tha +una nf
N nNeériZ (nZ) \norizofital axisyj. ine vype oi
shock spectrum, the damping factor, and the
shock pulse duration used in the calculation
of the shock spectrum shall be provided.

(c) Fourier spectrum shall be presented as accel-
eration ampiitude in g (positive and negative
vertical axis) versus frequency in Hz (hori-
zontal axis). The time interval of the shock,
the effective filter bandwidth of the trans-

formation, and smoothing techniques used in the
transformation shall be presented.

The following shock-producing events are examined:

{al Truck trancnortation

(a) Truck transportation

(b) Rail transportation

(c) Ship transportation

{ AN anmAl -\n Assvatmem e d dmAaticdtinn Avean

{d} Handliv i auring transic, incCiuding arop

(e) Underway replenishment

(f) Airfield and aircraft carrier handling

(g) Catapuit takeoff

(hY Arrected landina

(h) Arrested landing

(i) Ejection shock during aircraft/store separation
(including adjacent store separation)

(j) Propulsion unit ignition, boost/sustain transi-
+iAan and chutdnwun (inrl, |A1'nn adiarant ctnvra
LIUIIyg Qi Oon Lvuuvuwil \'ll\ol UIII\J GUJU\'CIIL QLU T
ignition).

=) 7
(k) Fin opening or abrupt control-surface movement
(1) Operation of electro-explosive devices

13
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(m) Operation of mechanical explosive devices

(n) Operation of mechanically initiated explosive
devices

(o) Operation of mechanical retraction devices

e

(p) Rail launch tip-off

5.2.2.3 Vibration. The results of analytical investigation
or vibration data analysis shall be presented in either or both of the
following graphical forms:

(a) Amplitude shall be presented in g (vertical axis)
versus frequency in Hz (horizontal axis).

(b) Pgwer spectral density shall be presented as
gé/Hz (vertical axis) versus frequency in Hz
(horizontal axis), Additionally, the following
information used in data analysis shall be pro-
vided: (1) bandwidth, (2) averaging time, and

(3) overall vibration level.

The following vibration producing events and conditions
shall be examined:

(a) Transportation by truck, raii, ship, and aircraft
(b) Handling or transfer operations

(c)

7

(1) Turbulent boundary layer (especially on high
performance aircraft)

(2) Shock wave impingement
(3) Flow changes caused by adjacent stores, pylons,

and aircraft surfaces, and cavity effects with
weapon bays

(4) Rotating devices within or on the weapon

(5) Rotating devices within or on the aircraft

14
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(6) Responses of the aircraft structure

{7} Fliaht line movement

(7) Flight line movement

(8) Catapult launch

(9) Takeoff and landing operations
f1n\ Adiarnnd i €imina
\ivVy Aujaccent yun 11r iy
(11) Weapon control surface and wing responses
(12) Any unusual protrusion into the airflow

(d) Launch-to-target
(1Y Turbulent boundarv laver
(1) Turbulent boundary layer
(2) Propulsion unit
(3) Rotating devices
(4) Any unusual protrusion into the airflow

5.2.2.4 Acoustic. The high-intensity acoustic environment
shall be presented as follows:

(a) The overall sound pressure Tevel shall bg given in
decibels (dB) referred to 0.0002 dyne/cm* (20 micro
pascals).

(b) The sound pressure level in each 1/3 octave band
between 37.5 and 9,600 Hz shall be given and refer-
red to the overall sound pressure level or 0.0002
dyne/cmc. This may be presented graphically or in
a table as decibels versus frequency. The location
of the microphones shall be noted.

The following high-intensity acoustic producing events shall be examined

(a) Captive carry on high- performance aircraft.

(b) Free or powered flight.

15
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(¢) Mounting region with respect to jet engine intake

or exhaust Tocation.

(d) Firing of adiacent weanons.

\ ’ I v J [ A

(e) Stores with open cavities on carrying aircraft.

5.2.3 Chance of encounter. wWnen the Tactory-to-target

sequence of the weapon is examined, the chance of encountering each situ-
ation and the associated environments shall be evaluated on the basis of

the specific mission. (Appendix E provides an example for this type of
information for a specific weapon.)

5.3 Synergistic effects, Synergistic effects result from
exposure of the weapon to a combination of concurrent environments whose
effects on the weapon are more damaging than the cumulative effect of each
environment acting singly. They may include such combinations as:

{a) mi
\wy '

(b) Temperature, humidity, shock, and vibration during

Erdﬂprr‘L tion.

(c) Aerodynamic heating, altitude variations, humidity,
shock, vibration, and acoustics during aircraft

carriage.
The weapon factory-to-target sequence shall be examined for these effects,
5.4 Environmental engineering points of contact.
{(a) ARMY - USAETL, ETL-GS-AC
C+ Raluniwm VA 22NEN
i Le UTIvVUVIT T LLuvwv
(b) AIR FORCE - AFFDL/FEE
Wright-Patterson A.F.B, OH 45433
{~Y NAUV _ NWrC Cada AR
\Ly INAY vy LUUT TUv
China Lake, CA 93555
Custodians: Preparing activity:
Army - AV Navy - AS
Navy - AS
Air Force - 11 Project No. MISC-0B22

Review activities:
Army - EA, PA, CE
User activities:

Army - WV
Navy - EC, OS

16
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APPENDIX A
ENVIRONMENTAL DATA AND CALCULATION TECHNIQUES

10. Scope. The environmental data and calculation techniques
presented herein may be used to provide preliminary data before hardware
becomes available for field acquisition of data, i.e., during the program
initiation phase of development.

10.1 Introduction. The data presented herein are the current
values or calculation methods for each environment discussed and always
include consideration of the operational status of the weapon system.
For example,

(a) The weapon/container is exposed to the environments
during transportation and storage. The weapon is
not required to function during this exposure but
must function after removal from container.

(b) The weapon is exposed to the environments during
airfield/aircraft carrier handling, but may be con-
tainerized during underway replenishment. The
weapon must function following exposure to these
environments.

(c) The weapon mounted in its use configuration is ex-
posed to the environments on board the carrying air-
craft and must function during or following exposure
to these environments.

Several environments cannot be adequately defined because
of the complexity of the problem of definition or lack of knowledge about
the environment. Some of the environments that fall in this category are
those involving fungus, corrosion, and rainfall at altitude. These environ-
ments are not detailed herein, but their effects on the hardware are to be
noted in the EDCD.

20. Temperature. The thermal environment of air-delivered
ordnance during the factory-to-target sequence is divided into two basic
categories: (1) transportation, storage, and handling, and (2) captive
and free flight (launch-to-target). The first category accounts for the
major part of the factory-to-target sequence; the second category generally
provides the thermal extreme situations. The weapons response to tempera-
tures in both of these categories must be considered in the weapon design.

17
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20.1 Storage and transportation temperature comput tions.

..... dadinm Af wumaannan Famramadiinma nuuafilae Aimmana cdamana and Frnancnanda
\.Ulupu Lativunl Ul wocapull Loahipcraturc prul rico uur 1y swrayc anu cvraropur ta=
tion requires determination of (1) the appropriate thermal forcing func-
tions, and (2) weapon response to these forcing functions. During dump

storage, the primary forcing functions are (1) direct and reflected solar
and atmospheric radiation and (2) convection from ambient air. During
covered storage and transportat1on the dominant forc1ng functions are

[.l) convection from the surrounmng a1r‘ ana (2) a iiation excnange with
or er
11

n (-] (=)

W puted u e ar

theor1es and techniques. An enerq bala nce that describes the system must
be developed, and the appropriate set of equations solved. This involves
consideration of natural convection, conduction, and radiation heat trans-
fer. To construct an accurate thermal model, configuration, surface emis-

sivities, and properties such as thermal conductivity, density, and specific
haoa4+ miet 2alen ha bnruan A +uniral avamnla 9¢ Aimn c+navanae nf a2 enlid nrn.
ncau Illuab QAiIoV VT RNIIVUWIl. n . Plbﬂl CAGIIIPIC "o uuluy <2 LU ugc v Q oviiu piI v
pellant rocket motor in a container. The parameters involved in this

s1tuat1on are as follows:

(a) Radiation and convection between the container and its
surroundings (uniess the container temperature profile

lb PIUVIUEU as an alUL}.

——
o
N

wIRRRL L ST S LR LA

Conduction through the container wall (often negligible).

(c) Radiation exchange between the inner wall of the con-
tainer and the surface of the motor.

onvection in the

otor

—
Q.
o —
3 O
:F
Q
-~
=3
«Q
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<
o
[¢2]
Iy
b3
[1°]
[¢0]
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r
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m
O
Q
=
I
[o7]
p
=
(]
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(e) Conduction through the motor, liner, and propellant

grain.
20.1.1 Sample problem (dump storage). Predict the temperature re-
sponse of an 8-inch-diameter solid rocket motor in a container subjected
+n tha Aailyu rurla nf +famnavatiiva and accenriatad cnlav wadiasinn valatiun
v LIic UUIIJ b]\olc vl DCIIIPCIUUUIC UliIu doovLv iuLTu oviaig TAQUIUALIVIly FCcIiaLvive
humidity, and wind speed given in MIL-STD-210.
Basic Assumptions
(a) Motor in 6-foot-iong container aligned paraiieil with
wind direction.
(b) Thermal forcing functions: solar radiation, atmospheric

radiation, convection with ambient air.

18
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(c) One-dimensional (radial) heat transfer through 30-
degree segment of top of container/motor system
(giving conservative results since the top receives
maximum solar radiation).

(d) System initially soaked at 100°F.

(e) Constant thermal properties (temperature-dependent
properties may be included).

Method of Solution

(a) Develop thermal model of system.
(b) Define input conditions.
(c) Write energy balance for each thermal node.

(d) Solve resulting system of energy balance to obtain
temperature response of each node.

Thermal Model

CROSS SECTION VIEW

SIDE SECTION VIEW

CONTAINER
=7 ¥ -te
AIR GAP 41N -5
CASE "‘ - —_;_2
LINER -
AlR GAP :; NODE PART THICKNESS, IN
e | CASE 0.0625
SHELL 2 LINER 0.025
GRAIN 4IN ~7 3 AIR GAP 0.150
-8 | 4-8 | SHELL GRAIN 0.825
8IN - 9 AIR GAP 0.5
R GAP 9
AIR GA 10-14 | INNER GRAIN 1.7
-1o 5 AIR GAP 4.0
INNER - 16 CONTAINER 0.l
GRAIN
"'§ DRAWING NOT TO SCALE
-14
B |
¢
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Thermal Properties

Container
Motor case
Liner
Grain

NOTE:

Input Conditions

Daily Cycle of Temperature and Other Elements Associated
With the High Temperature Extreme for Ground Operations

Downloaded from http://www.everyspec.com

Thermal Specific
Density, conductivity, heat,
1b/ft Btu/hr-ft-OR Btu/1b-OR
483.8 25.0 0.12
483.8 25.0 0.12
108.9 0.19 0.28
105.2 0.22 0.29

Thermal mass of air gaps neglected.

Local standard Temperature, Relative humidity Wind Solar radiation
time, hours 3 °C % ft/sec meters/sec BPHQ LPH?
61 95 35 6 9 3 0 0
0 94 34 7 9 3 0 0
03 93 34 7 9 3 0 0
04 92 33 8 o 3 0 0
0h 91 33 8 g 3 0 0
06 90 32 8 3 18 5
07 9] 33 8 (, 3 85 23
08 95 35 € \, 3 160 43
09 101 38 € Ko, 3 231 63
10 106 41 3 \ § 14 4 291 79
1 110 43 @ 14 4 330 90
12 12 a4 ?. 14 4 355 9
13 116 47 9 14 4 355 9€
14 118 48 14 4 330 90
15 19 48 14 4 291 79
16 120 49 5 4 4 231 63
17 19 a8 3 14 4 160 43
18 18 48 3 14 4 85 23
19 114 26 3 14 4 18 5
20 108 42 4 14 4 0 0
21 105 a 5 14 4 0 0
22 102 39 6 14 4 0 0
23 100 38 6 14 4 0 0
24 98 37 6 9 3 0 0

4BPH - British thermal units per square foot per hour.

b

PH -~ Langleys per hour.

20
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Atmospheric Radiation (q_, )
atm

4 2
= B + -
YQtm o lajr (@ + bve) Btu/ft°-hr
where
o 0.1714 ¥ 10~ 2 0,4
G = 0.1/714 X 10 © Btu/hr-ft=-"R
Tyip = 2ambient air temperature, %R
a = 0.5
b = 0.06, 1/+/mb
e = R.H. X saturation vapor pressure, mb

Average Convective Heat Transfer Coefficient (FC)

-— 172 n o ~

he = 0.036 k/L Pr*/> Re, ”*° Btu/hr-fté-OR
where

k = thermal conductivity, Btu/hr-ft -OR

L = length of container, ft

Pr = Prandtl number, cp;L/k

Re = Reynolds number, Vipju

v = wind velocity. ft/hr

c, = specific heat of air, Btu/1b-°R

JIA viscosity of air, 1b/ft-hr

P =  density of air, 1b/ft>

Air properties are evaluated at film temperature
where

T - Tair + Tcontainer

fiim ' 2

Energy Balance

An energy balance, which equates the heat stored to the
difference between heat in and heat cut, is required for each thermal node
of the system
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tainer is as follows:

Heat . solar + Aatmospheric _  convention with
stored radiation radiation ambient air
_ radiation _ convention _ radiation exchange
emitted with air gap with motor skin
Thus,
pc b dT/dt a.q +ta,q + K (T -T)
F*p sisolar LHatm c air
—oeT oh, (T -1 ) cae(tt -1t )
int! air gap €l motor’
where
n - A 2 AL mmmdem D -1 1L 11:;.3
r = aensiLy Or container wati, iIb/TL
<y = specific heat of container wall, Btu/1b-°R
b = thickness of container wall, ft
- i . . ; [0 )%
1 = container temperature, R
~ = ahcarntivitv to <nlar radiation (~nN &)
aS WDV P\ol'l\oJ ww "AVE RN} UM A viIvie \— V.VI
Yolar = solar radiation heat flux, Btu/ftd-hr
n - . -
=L = absorptivity to long wavelength atmospheric
radiation (= 0.9)
= atmospheric radiation heat flux Btu/ftzehr
Hatln | d ’ I
Tair = ambient air temperature, °r
2 0,4
o = Stefan-Boltzmann constant, Btu/ft -hr-"R
F — PR I SN N AL ammbalan aiialana [N 0\
c - CHISSIVILY U1 cuniaingr suridce (—vu.7)
Vint = convective heat transfer coefficient on internal
ciivmLanmm AL mmmdaloon [N O DA L .CJ.2 on\
surrace or colnLainer (—vU.o pLu/nr-rv - K
air gap - temperature of air gap between motor and container, °R
T o tne = temperature of motor case, "R
HiV LU

™
]
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Similar expressions are developed for each thermal node, equating
to heat transfer to and from adjoining nodes by conduction, convection,
and radiation.

(ﬂ
-—l
-l
[#]

u\-

The resulting system of equations may be solved numerically by
computer. With a typical thermal analyzer computer program, the energy
balance equatlons may be deve]oped within the program, using the geometry
and propert1es of the thermal model and the required boundary conditions

- v

as input.

For this particular problem, the SINDA thermal computer program is

used, and the system of equat1ons is solved by implicit "forward-backward"
f1n1te differencing (Crank-Nicholson method).

Resuits (Typical Soiution)

175 ¢
CONTAINER
————— MOTOR CASE
- —— - —iNNER SURFACE
OF GRAIN
| N\
lv'
. N\
° / - - —‘\\ ~
Yoy \
2 125t 4 N,
] / 7 \ N,
/, NN
E‘ /7 T
(o] N ————— \\\ N\
> - — // \
75 A 1 1 )
0 0800 i2G0 is00 2400
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20.1.2 Cumulative probability for dump-storage (1imi

IG vuuawv i i uu H
Where the data from MIL STD 210 are not approprfate for calculating
container-wall temperatures, usable values for container-wall maximum
and minimum temperatures can be obtained from Figures 2-4. Cumulative
probability is plotted as a continuous function from 0 to 1. A manage-
ment decision on “design maximum" temperatures may be made utilizing
cumulative probability, keeping in m that three sigma is 0.997. Figures

2-4 are each based on 8,760 hourly s from a given thermocouple

e

vl VL VU

20.2 Air-temperature profiles for transportation and storage.
Air-temperature profiles for selected transportation and storage situations
are shown in Figures 5-10. For information on transportation and storage,
see the references listed in Appendix F.

ion Analvsig
Y

e ki yI IS
x 3

t
of the aerodynamic heat transfer (heating o eapons involves
(1) developing an accurate thermal model of the weapon, (2) defining the
environment (input) in terms of flight profiles and atmospheric conditions,
(3) caicuiating the aerodynamic heat transfer coefficients over the external
surfaces of the weapon, \4; writing an energy balance for each thermal node,
and (5) solving the resulting network of equations. Some of the above may
not be necessary in all cases.

20.2.1 Cantive- and free-f1i

LVl g a vuyv- ~ LRiia

The greatest uncertainty arises in the definition of the
environment. The flight conditions and atmospheric temperature determine
the recovery temperature, which is the forcing function in the aerodynamic

heating of a body. Realistic mission profiles must be used, with consid-
eration given to the effect on aircraft performance of ngnstandard day con-
ditions and external stores. Extreme atmospher1c temperature prof11es are
obtained from MIL-STD-210. These MIL-STD values, however, cannot be used

in applications 1nv01v1ng the changes in altitude indicated in mission
profiies and air-to-air and air-to-surface missiie tragector1es. Until a
familu AF ~AAnmcictandt had amd ~~1A ...AAA mndmncnmbhamacr 10 Aaunlanad crirnh annls
raliiry Uil LuipnisLenL nue ana Coi1a moae:r atun Sprigres 1> ucvoiupeu, Sucn appiri=
cations should be handled using the U.S. Standard Atmosphere, 1962, or the
Standard Atmosphere Supplement, 1966.

Techniques for calculating the aerodynamic heat transfer co-
efficient are generaiiy well deveTOped An important exception is inter-
ference nedtmg, CaUSéG Dy control surraces ano other surface DY‘OU"USIOHS
that can result in heating rates several times the undisturbed values. In
speed regimes and configurations where this problem exists, it must be treated

using the best engineering technigues ava11able.

Development of adequate thermal models can range from a fairly
imple process, such as th r a case- bonded rocket motor where on]y heat
c th 1

[P T FO P ey

i Lnrougn 4a Synmie
s in that for a gui

vect1on. radiation between co
sources must be considered.
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Figure 2. Cumulative Distribution of Desert Dump
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Figure 10. Airfield and Dump Storage Container
Inner Wall High Temperature Profile.

20.2.1.1 Sample problem. Predict the temperature response of a
5-inch-diameter weapon warnead during aerodynamic heating and cooling.

Basic Assumptions

(a) One-dimensional heat transfer (radial direction only)
(b) Aircraft/missile interference effects neglected
(c) Radiation neglected.

Thermal Model

T O X -_"' SKIN

«@— CASE
2.5 IN. /A «@— EXPLOSIVE
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Thermai Properties
Thermal
conductivity, [Density x specific heat,
Btu/hr-ft-CR Btu/ft3-OR
Skin 30 55
Rods 12 35
Case 80 35
Explosive 0.19 29

Aerodynamic Heating Rate

Tha
i

where

-0

‘R

T

ie eqgua

flight is:

tion

governing heat flow to or from a body

a=h (TR -7
1 ch ol D
heat flow per unit area, Btu/hr-ft

aerodynam}c heat transfer coefficient,
Btu/hr-ft4-OR

recovery temperature, YR

temperature of body, °R

The following expressions give the heat transfer coefficients
i

g
and recovery temperatures for 1
plate in a perfect gas with consta

v
A
la

ﬁt specific heat.

number is assumed to be 500,000.

Chawm 1
r 1

O
ture and heat transf
T
and

T N N N N NN NTY

aminar regions on a flat plate, the recovery tempera-
er coefficient are computed from the equations:
= T_(1+0.17M %)
GO O
ann 1/2 1/3
= G.332 k e

*/s Re;"“ Pr*

PO

V. 1 IOV

aminar and turbulent regions on a smooth flat
The transition Reynolds
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where
* = evaluated at Eckert's reference temperature, T*
o = evaluated at free stream temperature, T,
c; = specific heat of air
5,550\2 _exp 55,500[T*; } 0
= 0. 24{ 1 +-—-( T* ) exp (5,500/T*) -1] 2 pBtu/1b-2R
h = local heat transfer coefficient, Btu/ftZ-hr-OR
k* = thermal conductivity of air
1.529075(10)73 v/'1* 1.8 fe corea? oo Oo
= Btu-ft/ft -hr- R

M = free-stream Mach number
Pr* = Prandtl number =[.L*C;/k*
Re¥ =  Reynolds number =P *p S/*
Tm = free-stream temperature, %R
TR = recovery temperature, R
TW = plate surface temperature, Or
™ = Eckert's reference temperature, %R
= 0.28Tn + 0.50TW + 0.22TR
Vo = free-stream velocity, ft/hr
s = distance from eading edge of plate, ft
Hx = vyiscosity of air
/2
_ 2. 66(10)—"T *=
= TTeeiggg P/t
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P = free stream density, 1b/ft3

8

o
=
oo

px =p T [ T*
® ©
For turbulent regions on a flat plate, the recovery tem-
perature and heat transfer coefficient are computed from the equations:

T OAL 2 AY

TR = T (1+0.178M ¢ )
and
h = Pm cpwvmst
where
St = Stanton number cf/(ZS)
cg = local skin friction coefficient
= y{F_[209,y(F Re) -0.65231}
T r A
F _ \'R - oo/
¢ T [sin”! @) + sin”} (B//E )P
~n = T 27T + 7T
¢ '‘R-""0 W
n - T T
p IR - lw
_ 2 _ 2
Vo= TRt 2T, - 4T T, 4T
0.772
c ) (TR/Tw )
rx rF (T /T ‘0.7021
| 5 c\ wl w 7 4
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w
1}

Reynolds analogy factor
0.89 + Pr [11.5 «/cf/Z N/T /T
1+ 11.5 ch/Z JTw/Ta)

Input Conditions

Three hypothetical flight conditions are considered.
(a) High-altitude cruise (Aerocooling).

(b) Low-altitude attack (aeroheating).

(c) High-altitude supersonic intercept (aeroheating).

The Mach number and altitude profiles associated with
conditions (a) through (c) above are shown in Figures 11-13, respectively.

Atmospher1c temperature profiles based on MIL-STD-210
should be used in the analysis of the high-altitude-cruise and low-
altitude-attack flight conditions. The co]d-atmosphere model (Figure 14)
should be used with the high-altitude cruise, the hot-atmosphere model
(Figure 15) with the Tow-altitude attack, and the U.S. Standard Atmosphere,
1962, with the high-altitude intercept.

Energy Balance and Solution of Equations

The procedure for setting up the nodal energy balances and
solving the resulting network of equations is the same as that described
in the dump storage sample problem of paragraph 20.1.1.

Results

Computed warhead temperature response curves for the three
flight conditions of interest are given in Figures 16-18.

30. Humidity. The humidity environment to which a weapon will
be exposed is independent of the weapon. The severity of the environment
is a function of geography, temperature, altitude, and time of day. The
humidity environment is potentially degrading to most weapon components.
Conditions that cause moisture penetration of weapon components should be
considered during the design phase of the weapon. Some of these are (1)
condensation in air-conditioned avionics equipment after aircraft flight,
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Figure 11. High-Altitude Cruise Profile.
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Figure 12. Low-Altitude (Sea Level) Attack Profile.

(2) exposure of seals to low pressure at altitude followed by exposure
to high humidity at the completion of the combat mission, and (3) ex-
posure of containers incorporating breather valves to daily temperature
changes. Figure 19 shows an accepted world wide humidity environment.

40. Sand and dirt. The severity of the sand and dirt environ-
ment is a function of geography, humidity, temperature, and wind conditions.
(See references listed in Appendix F.) The sand and dirt particles are
particularly destructive to jet engines, missile seeker domes, control sur-
face actuating devices, and moving or rotating devices that are not sealed.
In certain types of carrying aircraft, such as vertical takeoff and landing
aircraft (VTOL) and helicopters, these effects are magnified. The sand and
dirt environment is defined by composition and particle size as follows:

Composition:
Fe203 . . 5 to 10%
A£203 .. . 15 to 30%
SiO2 . . . remainder

Particle size:
0.0001 to 0.125 inch in diameter

34
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Figure 14. Cold-Atmosphere Model (Sample).
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Figure 15. Hot-Atmosphere Model (Sample).
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50. Acceleration.

50.1 Captive flight. The loads experienced by the weapon during
captive carry are determined by the carriage location and the flight 1imi-
tation placed on the carrying aircraft. Priorto the availability of hard-
ware and the establishment of combat use tactics, captive flight loads
based on simiiar weapons and the loads specified in MIL-A-8531 should be
used as appropriate to carrying aircraft flight conditions.

50.2 Launch-to-target. Accelerations experienced by weapons
following Taunch are dependent on the propulsion unit thrust profile, mis-
sile weight, and limitations placed on the weapon's aerobatic maneuvers.

60. Shock.

60.1 Transportation shock, truck. The shock inputs to the weapon
container during truck transport are initiated by transit across such road
hazards as bumps, chuckholes, and railroad tracks. Values of 3.5 g, 25 to
50 milliseconds, half-sine pulse are typical for this environment.

60.2 Transportation shock, rail. The shock inputs to the weapon

containers during rail transport are initiated during assembly and dis-
assembly (humping) of the train and during rapid or emergency stop. Typical
values for this environment are 25 g, 25 ms, half-sine.

60.3 Transportation shock, ship. The shock environment on board
ship arises from an adjacent underwater detonation. Before analysis of the
weapon structure is started, appropriate criteria must be determined.

............. m -LA-I. -~

OU IY‘dl’lprl"l’,dLlUll, lldll(“ uq SIUCK. llle W!;'de CU t
contents are subJected to repeated shocks due to handling durin
and unloading prior to and following each transportation event. The fo]~
lowing drop heights and disposal criteria apply to both environmental and
safety criteria.

3
[}

Drop height, ft Weapon condition

0-11/2 In container: safe and no
degradation of performance

OQut of container: safe for
damage inspection

11/2 - 10 Safe in or out of container for
return to work

10 - 40 Safe in or out of container for
immediate disposal

40
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60.5 Underway replenishment. The weapon is subjected to shocks
during underway rep1enishment Two methods of underway rep]en1shment are
vertical replenishment by helicopter and direct nigr‘l 1ine transfer from
the AE/AOE. The maximum transfer line velocity is 10 ft/sec; hence impact
against steel plates at velocities up to 10 ft/sec are possible. This

impact is equivalent to a drop of about 19 inches.

60.6 Airfield/aircraft carrier handling. Airfield/aircraft
carrier handling shocks are initiated by excursions across bumps, obstacles,
and irregularities on the hangar deck, flight deck, elevators, magazines,
and airfield. Obstacles inciude arrestment cables, tie-down rings, ground

fara dicrnnt +
power cables or cable shields, and elevator/deck interface discontinuities.

Normally, weapons are transported on the AERO-21 handling skid, a rigid-frame
trailer with hard rubber wheels and no shock mitigation devices to protect
the weapon from shocks incurred in transit. Typical values for this envir-
onment are 15 g, 75 ms, half-sine.

60.7 Shock, captive carry. Captive carry shock is induced by
catapult takeoff and arrested landing. The shock caused by catapult and
arrestment should be part of the captive flight environmental measurement
program. Typical values are 25 g, 20 ms, half-sine, positive and negative
in the lateral axis, and 6 g, 25 ms, half-sine, positive in the vertical
axis. The number of anticipated catapults and arrested landings for the
weapon is obtained from ana]ysis of projected combat use tactics (a bomb
may undergo one f11ght, an a1r to-air missile may undergo several hundred

€liabhéea ) PPy Ty ~ s

fiights) and is also a function of attachment to the aircraft.

60.8 Shock, launch-to-target. The launch-sequence shock environ-
ment is highly weapon dependent. Factors contributing to this environment
are (1) aircraft separation mechanism, (2) propulsion unit ignition, (3)
initial acceleration rate, and (4) pyrotechnic events used to initiate mis-
sile functions. Figures 20 and 21 present typical shock and shock spectrum
data for store/aircraft separation. Contributions of propulsion unit igni-

tion, pyrotechnic events, and fin opening cannot be estimated. When hard-
ware js available, structural response to these phenomena is measured.

ol W vl SpPVIITT vV iCS T MRS w

Reasonable limits can be specified for a m1ss11e and its aircraft interface
to stay within these limits.

70. Vibration.

70.1 Transportation vibration, truck. The weapon is packaged or
containerized during transportation by truck; hence the vibration is input
to the package or container. Vibration during truck transportation is caused
by truck passage over rough roads or terrain and by unbalanced rotating
portions of the truck power train. The magnitude of the induced vibrations
depends on the type of truck used, the load condition of the truck, and
the skill of the operator. Figure 22 shows typical vibration levels for
this environment.
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70.2 Transportation vibration, rail. The weapon is packaged
or containerized during transportation by rail; hence the vibration is
input to the container or package. Vibration during rail transportation
is caused by the passage of the railcar over rough rail bed. In addition,
starting, stopping, and train makeup and disassembly (humping) induce high
transient vibration Tevels. Figure 23 shows typical vibration levels for
this environment.

70.3 Transportation vibration, ship. The weapon is packaged or
containerized during transportation by ship; hence the vibration is input
to the container or package. The vibration experienced by the weapon 1is
caused by the rotating equipment on the transporting vessel and by the
response of the vessel to high sea states. The magnitude of the vibrations
depends on the type of ship, constraints placed on slam or emergency
maneuvers, and maximum sea state in which the ship operates. All types of
commercial and naval vessels must be considered. Figure 24 shows typical
values for this environment.

70.4 Transportation vibration, aircraft. The weapon is packaged
or containerized during transportation by aircraft; hence the vibration
is input to the container or package. The vibrations in the aircraft

caused by aerodynamic loads, rotating equipment, and runway roughness during
takeoff and landing are transmitted structurally; vibrations caused by the
jet engine exhaust are transmitted acoustically. Figure 25 shows typical
values~ for this environment.

70.5 Captive flight vibration (high-performance aircraft). The
vibration environment exper1enced by the weapon during captive carry on
high-performance aircraft is induced by fluctuating pressure fields about

the weapon. The vibrations are random in nature and are characterized by
their statistical properties. Some of the forcing functions that induce
random vibrations are the turbulent boundary layer about the weapon, vortex
shedding, separated flow, and shock wave impingement. The vibration levels
experienced during captive carry are a severe, iong-term dynamic environment.
When hardware becomes available, this environment is measured on each candi-
date use aircraft (see Appendix D). Prior to hardware availability, a first
approximation of the anticipated random vibration levels may be calculated
by the methods given in MIL-STD-810.

70.6 Captive flight vibration, intermediate-performance aircraft
Turboprop). The vibration environment experienced by the weapon during
captive carry on intermediate-performance aircraft is the result of (1)

u1hv:|f1nnc raculting fraom nronallar naccaae throuah the adir at the h1lado

TUIUALIVIISG T TOoOUI LIy 11 Wil pruvpciriicl PUISUYT Ll vuyll viiv @ QAL LviiC wikuo

passage frequency, and (2) random vibrations resulting from fluctuating pres-
sures about the store during captive carry. The pressure fluctuations arise
from the turbulent boundary layer, vortex shedding, and shock wave impingement.
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1e random vibrations are characterized by their statistical properties,
V1brat1on effects from both sources are summed producing a combination
of complex sine-wave vibration superimposed on the random levels. The
methods of MIL-STD-810 may be used to calculate the random vibration
levels. In addition to the random vibration levels, the spectrum will
contain narrow-band spectral peaks at the propelier passage frequencies
and harmonics.

70.7 Captive flight vibration, helicopter. The vibrations
induced are complex sine waves and are caused by (1) rotating equipment
on board the helicopter which transmits the vibrations through the struc-
ture to the store, and (2) pressure fluctuations about the store caused
by the propeller passage and occurring at the blade passage frequency. In
the absence of measured data, the methods of MIL-STD-810 may be used to
calculate vibration ieveis. The total weight of the store and launcher

must be used for calculating the amplitudes of vibration at rotor passage

frequencies of multiples thereof. The number of anticipated captive car-

ries must be determined in order to develop the duration of exposure to
these forcing functions.

70.8 Vibration, on board aircraft. The vibration environment
experienced by the weapon mounted on board aircraft is dependent on the
class of a1rcraft mount1ng location on the aircraft, and the flight dynamic
limitations of the carrying aircraft. In the absence of flight data and as

a first approximation to the appropriate vibration levels, the methods of
MIL-STD-810 may be used.

70.9 Gunfire vibration, on board aircraft. The vibration environ-
ment experienced by a weapon mounted in near proximity (8 feet or less) of
the muzzle of rap1d fire multibarrel automatic guns is an extremely intense
short term environment. The vibrations are induced by biast pressure from
the muzzle 1mpinging on the aircraft structure or store. These over-pressures

,,,,, Fom OF
occur at rates from 25 to 100 Hz and excite the structure in the muzzle

vicinity. An additional effect is localized aerodynamic flow separation,
which has the effect of causing intense random vibrations in the higher
frequency ranges. These phenomena result in vibrations that are a mix of
complex periodic vibrations at harmonics of the firing rate of the gun with
random vibration at the higher frequencies. Measurement of the effects of
this environment is necessary. The calculation procedures of MIL-STD-810

are used to caiculate the power spectral density piot, and the high=frequency
random vibration portion.

70.10 Vibration, launch-to-target. The vibration environment
experienced by the missile during free or powered flight is induced by
fluctuating pressures about the weapon and by the thrusting of the pro-
pulsion unit. The vibrations are random in nature and are characterized
by their statistical properties. MIL-STD-810 can be used to calculate
approximate vibration levels.

46

B L CE T S



Downloaded from http://www.everyspec.com

MIL-STD-1670A

Appendix A

30 July 1976
70.11 Acoustic environment. The weapon experiences fluctuating
pressures resulting from unsteady aerodynamic flow dur1ng free flight and
captive carry on high-performance aircraft. These fluctuations are gen-
erally random in nature and may or may not exhibit spat1a1 correlation.

nvironment highly dependent on hardware and air steam interaction,

which air ram-air turbines (RAT), and nose geometry are typical
des1gn variables that can cause more intense pressure fluctuations. This
environment is commonly called acoustics. The levels may be calculated
using the methods of MIL-STD-810.

80. Sampie data display matrix. A method of presenting environ-
mental design criteria is shown in Tables I - IV. When displayed in this
manner, all major events, corresponding environments, and weapon status in
the factory- to-target sequence are noted. The numbers given in the data
display matrix are for illustration purposes only.

80.1 Transportation. The weapon shall perform as required in the
development specification subsequent to the missiie and container being
subjected to the environments listed in Table I.

80.2 Storage, handling, and underway replenishment. The weapon

shall perform as required in the development specification after the weapon
(in its container) has been subjected to the environments defined in Table
II.

80.3 Airfield and a:rcraft carrier storage, and handling. The
weapon shall perform as required in the development specification after the
weapon (in its Sh1pp1ng conta1ner) has been subJected to the storage environ-
ments specified in Table III. The weapon shall perform as required in the

deve]opment spec1f1cat1on after be1ng subJected to the hand11ng env1r0n-

P W - S S T S

80.4  Captive and free flight. The weapon shall perform as required

in the development specification, while being SubJected to the env1r0nments
specified in Table IV.
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Transportation Environmental Criteria.*

TRANSPORTATION
ENVIRONMENT/EVENT
Truck Rail Ship Air (Flight)

Air Temp/Time (high) Fig. 1 Fig. 1 Fig. 3 Fig. 5

Air Temp (low) Fig. 2 Fig. 2 40°F for 24 hrs Fig. 4

Relative humidit Fig. 12 Fig. 12 Fig. 12 Fig. 12

Rain 50 ma/hr for 50 mm/hr for 50 mm/hr for NA
1 hr 1 hr 1 hr

Ice and hail 25 mn/hr 25 mm/hr 25 mm/hr NA
50 mm buildup 50 mm buildup 50 mm buildup

Snow 250 mm/hr for 250 mm/hr for 250 mm/hr for HA
1/2 hr 1/2 hr 1/2 hr

P &

Corrosion rates Negligibl Neg” v‘ Negligible Negligible
(time (* 9 (time (time
dependent) q dependent) dependent)

Sand dust 45 knot wind & aow wind NA NA

(Para 6.3.3) .015 to 3.2 mm V‘ 15 to 3.2 mm
dia particle o fia particle
size size

Shock 3.5 g for 25 g for 80 g, 4 ms vert Negligible
25-50 ms 25 ms
haif sine wave haif sine wave

Vibration Fig. 8 Fig. 9 Fig. 10 Fig. 1

{peak values)

Electromagnetic To be determined

enyironment

Acoustic Negligible Negligible Negligible Negligibie

Altitude Sea level to Sea level to Sea level 10,000 ft.
10,000 ft. 10,000 ft {(Para 6.2)

Fungus Use non- nutment matemals only

*Table for iliustration only.

h— MISSILE IS IN SHIPPING CONTAIHER

-
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TABLE II. Storage, Handling Environmental Criteria.*
STORAGE

ENVIRONMENT/EVENT T At Sea

Igloo Covered Dump Transfer
Air Temp/Time (high) 100°F for 24 hrs Fig. 1 Fig. 6 Fig. 7
Aiv Tamn /Tima { 1aw) NOC £nwm 72 ke 1TNOC £ 79 hinc ANOE £Awm 79 huwne ANOL Fawvm DA e
niv lClle[lllllC \tuw v i "o r¢ 1D il ALV B o 7€ THHD it AV N Tur rc 1D VT 1ur o™ oD
Relative humidity Fig. 12 Fig. 12 Fig. 12 Fig. 12
Rain NA Negligible 50 mm/hr for 1 hr 50 mm/hr for 1 hr
Ice and hail NA Negligible 25 mm/hr for 1 hr Negligible
Snow NA Negligibl~ 250 mm/hr for Negligible

1/2 hr

Corrosive rates 0.1 in. of 0 q 0.1 in. of Negligible

HRS/yr Qv HRS/yr (time dependent)

-~ h 4
Sand and dust Negligible @ .t wind 45-knot wind NA
{Para 6.3.3) > o to3.2m .015 to 3.2 mm
v .1a particle dia particle
9 size size
Shock NA NA NA 10 ft/sec
impact
velocity
Vibration NA NA NA Negligible
tiectromagnetic To be determined
environment
Acoustic Nealiaible Naaligihle Nealiaihle Nealiaihle
Acoustic Negligible Negligible egligible i €
Fungus Use non-nutrient materials only
T T T
Immersion NA l NA l
- MISSILE IS IN SHIPPING CONTAINER ——

*Table for illustration only.
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TABLE III. Airfield and Aircraft Carrier Storage
and Handling Environmental Criteria*
AIRFIELD AIRCRAFT CARRIER
ENVIRONMENT/EVENT
Storage Handling Storage Handling
Air Temp/Time Fig. 6 140°F for 2 hrs Fig. 3 110°F for 2 hrs
(high) (1)
Air Temp/Time -40°F for 72 hrs -40°F for 72 hrs 40°F for 24 hrs 30°F for 24 hrs
{(Tow (1)
Relative humidity Fig. 12 Fig. 12 Fig. 12 Fig. 12
Rain 50 mm/hr for 1 hr 50 mm/hr for 1 hr NA 50 mm/hr for 1 hr
Ice and hail 25 mm/hr for 1 hr 25 mm/hr for * hr NA None
Snow 250 mm/hr for 250 mm/hr o NA None
1/2 hr 1/2 hr ‘\v‘v
Corrosion rates 0.1 in. of Ne @& 0.1 in. of Megligible
HRS/yr Y .Jent) HRS/yr (time dependent)
_ _ PR
Sand and dust 45-knot wind P ¢ wind NA NA
{Para 6.3.3) .015 to 3.2 mm 9 . to 3.2 mm
dia particle 1a particle
size size
Acceleration NA NA NA NA
loads
Shock NA 15 g for 80 g, 4 ms vert 15 g for
11-18 ms 11-18 ms
half sine wave half sine wave
Vibration NA Negligible Refer to Fig. 10 Negligible
Eiectromagnetic To be determined
environment
Arnnctic Nenligihla Manliaihle Nanliagihla Noanlianihle
Acoustic Negligible Negligible Negligible Negligible
Fungus Use non-nutrient materials
1
MISSILE IN I MISSILE OUT I MISSILE IN MISSILE OUT
e SHIDPING OF CONTAINER Sl CONTAINER ——@wam- OF CONTAINER —me
CONTAINER | |
*Table for illustration only.
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TARIE TV Cantivua and Cwvan Flairht+t Chnusnmanmandal Cunidaniad
ITAULL 1¥. vVapuLvivoe anu ri1ccoc b iynie L FTULIIIHCH LAl LIl 1L a
ABOARD AIRCRAFT
ENVIRONMENT/EVENT
VA Launch To Target
Skin Temp/Time 150°F for 10 min Up to 187°F
(high) 120°F for 1 hr for 4 min
Skin Temp/Time {low) -62°F for 4 h4 -3°F for 5 min
Relative Fig. 12 Fig. 12
humidity
Rain Aircraft flight Aircraft flight
iimitations Timitations
Ice and hail Aircraft flight Aircraft flight
Timitations Timitations
Snow Aircraft fligh’ Aircraft flight
limitation v Timitations
Corrosion Negligib® AV NA
Sand and dust .015 ‘kv i NA
(Para 6.3.3) di- S . size, NA
"Y elative
Acceleration Fi, 27 and 28
Shock 15 g for 20 ms + long, Fig. 13 & 14
+ vert
Vibration Fig. 15 through 25 Fig. 15 through 25
Electromagnetic Appendix A
environment To be determined
Acoustic Fig. 26 Fig. 26
Gun blast 2 psi, plane wave NA
1 ms duration
Ignition shock NA Half sine
Altitude
poup—————————— MISSILE OUT OF CONTAINER L
*Tabie for iliustration only.
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APPENDIX B
USE OF ENVIRONMENTAL DATA IN DEVELOPMENT TEST PLANS
10. Scope. This appendix provides guidelines for the use of

environmental data in developing test plans.

1N 1 Trn+wvndii~rdyinn Tha intant Af anuiwmvanmantal $Faectina 4¢ +n

V. 1 AL VUUL LIVl . THNT 11ivenL v cuviruiigicnual Lteatiny 1> wu
demonstrate proper functioning of a weapon following and during its ex-
posure to the environments encountered in the factory-to-target sequence.

Each environmental test or sequence of tests conducted in support of
feasibility evaluation, qualification, reliability and maintainability
demonstration, and acceptance tests addresses a spec1f1c environment or
combinatio of environments deiineated in the EPR. The environmental
1A a
ia <

Tanad smaliidac.
tupcu IIIL!UUCD,

(a) Tests reflecting the environments and parameters in
the environmental profile report and environmental
design criteria document.

(b} The combinations of environments whose synergistic
nfFfarte ran raien Aamnnadatinn Af waananm nanfarmansca
CHITLLY LAail LaudtT ucyiauatLivull Ul woapuil pcr tuniialive.,.

(c) Required functionability of the test item during and

following the environmental test.

(d) Detailed failure criteria and disposition instructions.

Th

2N I imidtatinne Af anuvimanmantal cimiiTadtsan ~anahilsdsac ~

LV . LIBITLAGLIVIIDO VI CHYITUVINICIILAI SHiiiIiaLivil LapauvitiLvico. [ )L~
limitations of present environmental simulation methods, along with the
wide diversity of environments and air-launched weapon encounters, requires

e following sections address some of the areas
in the development of the plans.

careful consideration. T
which should be considere

Q.:'

uctu n
carrv1nq con? ns
dup11cat1on of captive flight vibration. The alternative is to conduct a
vibration test or an acoustic test or combinations of both. Each approach

has its pitfalls.
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A vibration test attempts to duplicate, with a single-
degree-of-freedom exciter, the effects of the high-intensity fluctuating
pressure field. The vibration test may be adequate if, following an
appropriate measurement program (see Appendix D) and detailed structural
analysis, the motion of several points on the structure are specified

alonag with tha innutl{ce) from tha vihration avcitar
u'UI‘S LANR B 2 — 1 L\ LEN BV 1)} wIIC v il ubluil CALV I LLCT

Acoustic tests adequately simulate the flight dynamic
environment if the environment can be totally defined and a similar acoustic
field generated 1n the 1aboratory The test forces the weapon to vibrate

in a manner similar to the service use forcing function. Because of high-
Furaniiancy 11m1‘+3+1nnr~ NnF vihwatsnn +nct antirnmant and Taw Franmiianscuy Tims
FrTyuciivy 1imivativiin vl VIUIAGL IVl LTOL Tyurpiiciie anu juw=ilrcyuciivy 1 i =
tations of acoustic facilities, both acoustic and vibration tests should be
conducted. The acoustic 1evels should be developed following a detaited
measurement program. In specifying an acoustic test, the corresponding
motions expected on the structure should be detailed.

20.2 Temperature simuiation. The test equipment generaiiy used

for temperature or temperature profile s1mu1at]on is the laboratory test

oven. maost of which are forced convection h.naf'ln'n cource Thev mav be a

VVCIlg UI LV VI vk iwrr Qi T sy iy (S

<
usable simulation tool, depending on t deled.

7

o

20.2.1 Aerodynamic heating. When the aerodynamic heating environ-
ment is specified in the environmental test plan as a specific test or as
part of a combined test, care must be taken in spec1ry1ng the skin tempera-

dicvan b muanaLfaT A Thawvra S o cdamdacmd 1mis +n canuilada Fhde AmirtiAanmAand
Lurey/ e pruli jie. trere I iV S Lariuaru Wdy L0 Siifiiirdie tnisds environmentc
in the testing laboratory. One method used to approximate the specified
skin temperature profiles is forced convective heating in an oven.

20.2.2 Dump storage (hot). The primary forcing function in hot
dump storage is solar radiation. Radiation is a directional heat1ng mode;
hence the area of maximum (or high) heat flow is Tess than haif the area of
A-I.\A s Thhn hhand £TA A dcmdan 2l timmmmmem oo oo s e e ihhnmm b sl amnn AF
Le weapurni. (e feat 1 iuw I1mnuwu  Lie weapuin 1> maximum wneén tne survace O3
impingement is normal to the rays of the sun. All other surfaces receive
less than the maximum heat. When specifying tests that attempt to duplicate

natural radiation heating environments with a convection oven, the heating
rate in the oven and the effective heated area should be taken into consid-
eration.

aN Phnansan Af Aanuvusinanmantal +acd mamamadane 1 ahnwatAavry +act

2U. LIV ILE Ul celiviTulinieiital Les L parailicicei o. Lavvraclvvil y Lvcovu
levels are converted from the parameters and profiles in the environmental
design criteria document. Number of occurrences and test durations are

based on the factory-to-target sequence, the use requirement for the weapon,
and operational information on similar weapons (see Appendix E). The wide
diversity of factory-to-target sequences is illustrated in the following.

($a]
S
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(a) A typical air-to-air missile may be subjected to as
many as 600 captive-flight hours, 400 catapult take-
off and arrested landing shocks, and 10 excursions
through the transportation storage and repair cycle

'y
-~ D s o

prior to being expended or removed from service.

(b) A 1,000-pound bomb normally experiences 1 hour of
capt1ve f11ght, one catapu]t takeoff no arrested
landings, and one excursion through the transporta-
tion and storage portion of the factory-to-target
sequence before being expended,

30.1 Time_compression. Time compression techniques are used in
lieu of extended tests where appropriate. Time compression failures or
degradation should be representative of the failure modes experienced under
actual use conditions. Care should be taken to clearly identify possible
faiiures that may be acceierated as a resuit of using time compression
techniques.

40. Dvnamic test fixturing, control, analysis, and instrumentation.

40.1 Fixturing. The environmental test plan specifies the test
parameters such as vibration levels, axes, test times, and the fixture that
wiil noid the test item. The environmentai criteria documentation shouid be

Avaminad An N I Y-S ) -a.l..“. hn +and 44 A oemd

examined to determine whether the test item is containerized and where and

how the item is mounted in service use F'n{hnmnn snacified in the environ-
use. sSpe Lne gnvairon

r-)
mental test plan should simulate service or normal mounting means. The
principal problem, or pitfall, in selecting an adequate vibration or dynamic
test is in the selection of the fixture. Some situations that require dif-
ferent approaches are these:

(a) During transportation, the weapon is containerized.
The vibration and shock inputs are to the container.

(b) Avionics equipment may be mounted on racks with vibra-
tion/shock isolators; hence, the vibration and shock
inputs are to the mounting rack.

(c) A weapon in captive carry is mounted on a bomb rack
or launcher. The vibration inputs are to the weapon,
which is mounted on an appropriate rack.
40.2 Control and measurement points. The Tocations of the measure-
ment and control transducers shouid be specified for vibration and Shock
tests. Some examples of specifying the measurement point and control are:

(a) When the normal mounting of the item is in the container,
the vibration input is controlled in the plane at the
base of the container in the test axis.
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For a captive-flight vibration test, the measure-
ment po1nts on the weapon are the same as points

used during the acquisition of the captive-flight
The control transducer(s) and 1nput points

[ SR | ~s_19 _ = N 2 — £ AL
rerminea v0i 10wl ng SpEC1T1 ys1s
1 s ﬂ r L o 1
)

-t —
L
3
[}

ﬂ
g
c
«

40.3 Instrumentation and analysis. The environmental test

plan should detail the instrumentation, accuracies, limitations, and

analysis techniques.

The plan may specify the techniques and limitations

delineated in MIL-STD-810. Exampies of the type of detail expected in

P

Lﬂe test ptan are:

(a)

(b)

Instrumentation type, accuracy, calibration redundancy.
These should include accelerometer type, thermocouple
type, tracking filter required, basic response time
of meters and control equipment, limitations on case
strain sensitivity and mounting natural frequency of

arn~rnlamAamadranme 1iead Fruvnam iency response NnE mIrnn

aCleierdmelers usea, vvrequ \.,'y rESPUNST UT miliu-
nhones, and limits of measuring wet bulb/dry bulb
temperatures.

The analysis techniques specified will include limi-
tations on random vibration analysis and shock spec-

PP
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10. Scoge. This appendix illustrates some of the uses of
environmental data in the design evolution of weapons.

10.1 Introduction. The use of environmentai data in the
design evolution of weapon hardware is necessary to assure proper
function of the hardware in its use environment. Reliability estimates
of the weapon are based, in part, on demonstrated ability to function
during and after exposure to the environments detailed in the environ-

environmental design criteria document uses
nvestigations and data along with f1e1
n

aL PR,

he environmental extremes and

mental profile report. The
the results of analyti
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e weapon.
The effects of a thermal grad1ent can cause s1gn1f1cant differences in
performance when compared to the effects of steady state temperature con-
As a minimum, the effects on the foiiowing areas shouid be

L] > Y
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)
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(b) Limitations placed on warhead materials.

(c) Seeker dome dimensions, material, and geometry.
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{(d) Limitations on semiconductor types.

(e) Temperature gradients in electronic circuits, which
can degrade the function of circuits that were de-
signed using constant temperature in stability
analysis.

30.1 Thermal _analysis. A minimum thermal design should cover
the following analyses:

(a) An aerodynamic heating analysis that uses the required
flight regimes and weapon tra3ector1es to determine
skin temperature extremes.

(b) An analysis of component and structural response to
anmadimamia haasdtmm Tn ~nntinatinan with Athan artiuva
acruouyiaiii v llcﬂblllg 1 CUNJUIILL IIVIT Wil vuilicy UALLIVT
heat dissipaters within the weapon (should be con-
current with the structural analysis effort).

(c) An analysis of weapon response to long-term-storage
thermal environments. This analysis uses storage
temperature profiies measured on similar hardware.

40, Vibration (acoustics), shock, and acceleration. The dynamic
environment can degrade the performance of the weapon. The effects can

range from fracture of a weapon structure to generation of noise in electron-
ic circuitry, which can degrade sensitivity. Some examples of possible
dynamic degradation of weapon function are:

(a) Degradation of propulsion unit properties (such as
cracking of propellant grains and separation of the
liner).

(b) Degradation of warhead properties and electrical
functions of fuzing devices.

-—do

(d) Momentary discontinuities in connectors, relays, and

switches.
7\ Aoao e e e Y o2 . O ai o Laalaen
{(ej Catastropnic structurai faiiure (Tracture, Dreaxdgl':)
from cumulative damage effects.
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(f) Weapon guidance and control problems caused by
large vibratory displacements at resonant nodes

highly degrading to the performance of strapdown
inertial guidance schemes.)

EN = Nuisemoameams == 2o - - A o e S conn oo Do Alemii V1 D mmismsa b
V. uyuamu. dlldlyblb A minnnum aesiyn >Snouia cuver une
followina analvcac
LA~ lv“llla UIIUIJJ(-JQ
(a) A load analysis that considers loads and loading
conditions, detailed in part in the environmental
design criteria documentation, to ensure structural
integrity of the weapon.
(h) A Aataiload ctviicrtiival analucic +n Adotavminae +hoe
\v ) M U LU IITU JguviUuLvLvuil g UIIUIJDIJ LW T LTI HLIIIC LViIIT
normal response modes of the weapon. This will
include a mathematical model developed in con-
junction with a laboratory modal vibration study
(c) Other analyses that examine the effects of unusual
aerodynamic conf 1guranioﬁs such as air conditioning
crnnnc vam_aivr +urhina DAT) and nthar nwvatriicinnce
J\-UUPJ’ rTanITant LUuIn v Il \l\l'\l[’ QI vLIiicis 'Jl VLI WD IVIID .
60. Handling and transportation (in container). The weapon

is packaged or containerized during transportation and is subjected to
a series of hand]ing or carrier-induced shocks and vibrations. For

design purposes the container and hardware are considered as a unit and
the transmissibility characteristics of the container/weapon are established
at+ wvariniie +famnarvatiirac Whan +haca +vancfar ~rhavartarictire ava dotavrminad
e YUl 1IVvuo bCIIlPCl ALUI To. reiIcCit LIICTOoCT LI QAo 1 I LIIKRITFULLTTI ToLiwo QT JuT LTIHInInicu y
the weapon response to shocks and vibrations is calculated and included in
the load analysis document

70. Mater1a1 deterioration (corrosion, funqus, and humidity).
The materials used 1n fabricating weapons are subjected to chemical, electro-
chemical, and biological deterioration. The environmental profile report
chniild Aa+asl +ha +unaec Anf anuvivranmante (hemids+yv ~AAVvvAcCIANn fiinanc) +hat
SQIVUIAG uc vl ) viilc L% PC) v TV LT VINNCTITII LY \riuniTu L L 'Y CUTN T VO TUILy Iullgu.)[ il o
degrade the weapon materials.

[6,]
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APPENDIX D

GUIDELINES FOR MEASUREMENT, ACQUISITION, AND PROCESSING
OF AIRBORNE WEAPON ENVIRONMENTAL DATA

10. Scope. This appendix covers the basic aspects of ac-
quiring environmental data and some typical processing techniques.

10.1 Introduction. A captive- or free-flight environmental
measurement program will be conducted early in the weapon development
cycle to verify the analysis performed in developing environmental en-
gineering documents. The captive-flight data should be included in
revisions to environmental design criteria document.

20. Data required. Specific data requirements should be
determined from the EPR. The minimum data acquisition program should
cover:

a) Vibration

(
(b) Temperature
(c) Acceleration
(d) Acoustics

(e) Shock
20.1 Data acquisition devices. A typical instrumentation

system for measuring, acquiring, and processing captive- or free-flight
environmental data is shown in Figure 26.

30. Transducers. Typical airborne transducers are:
(a) Piezoelectric accelerometers
(b) Piezoresistive accelerometers
(c) Strain gages
(d) Microphones (or high-frequency pressure pickups)
(e) Thermistors

(f) Thermocouples
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TRANSDUCERS

(SEVERAL CHANNELS
OF DATA MAY OCCUPY g
ONE TRACK) e

\

MICROPHONE
(PILOT'S VOICE)
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TIME CODE

EVENT MARKER

v
\0@
v\f

SIGNAL CONDITIONERS

| (AMPLIFIERS, MULTIPLEXERS
BRIDGE COMPLETION
NETWORKS, ETC.)

28V DC POWER |

14 TRACK
MAGNETIC
TAPE RECORDER

(FM OR DIRECT
RECORDS)

PLOTTER

GRAPHS
LISTINGS

Figure 26.
30.1 Accelerometers.

sponse vibrations.

tions, and accelerometer mass loading effects.
response is from 0 to 5,000 Hz, depending on the specific type.
curacy of the accelerometers is +5 percent.

SUPPLY
(AIRCRAFT OR
BATTERIES)
j—/ OR ‘—\
REFORMAT :
ANALOG-TO-
DIGITAL EDIT AND ‘::.E&TG
DIGITAL e-—— CONVERTER | | TIME CODE READOUT
COMPUTER (POSSIBLY INTERVAL WITH VISUAL
USING SAMPLE SELECTION
NS LD DATA ASSESSMENT
AMPLIFIERS)

Typical Instrumentation System.

Accelerometers are¢ used to measure re-

The accelerometers can have errors associated with
improper mounting methods, temperature and acoustic effects, cable mo-

62
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30.2 Strain gages. Strain gages are used to measure the static
and dynamic strains. Acceptable gages are thin-foil types and are not
reusable. Strain measurement inaccuracies are caused by transverse
sensitivity, strain-averaging over the gage area, hysteresis, and tem-
perature effects. Frequency response can be as great as 50 kHz.

30.3 Microphones. Microphones are high-frequency pressure
transducers used to measure the acoustic environment in a weapon section
or on the weapon surface. Errors can be caused by temperature, vibra-

tion, and ambient pressure changes.

30.4 Thermistors and tnermocouple Thermistors and thermo-
couples measure the thermal response of the weapon surface or component.
Thermistors change resistance with temperata res; thermocouples generate
an electromotive force dependent on wire material and reference tem-

perature. Thermocouples require a reference junction unit and can be

simply constructed. Care must be used to eliminate lead wire fatigue.
Thermistors are expensive when used in large quantities since each one
requ1res an operat1ona| amplifier. Thermistors may require high power

Tavale and maw ha nanlidnaais
iéveéis an ld_y UC llUlll Illt.'d'-

40. Signal conditions. A detailed description of signal
conditioners is not presented herein because each s1qna] cond1t1oner
comprises components that have special functions. However, when com-
ponents are used to construct a s1gna1 conditioner, care must be taken
to ensure proper impedance matcn1ng, adequate Trequency response, and

Aen s ta e memon e S e

—e
5
)
)
-

stabil |u.y under real environmental operating conditions and pacKaging
constraints. The signal conditioner conforms to IRIG Telemetry Stan-
dard 106.

50. Magnetic tape recorders. Magnetic tape recorders con-

form to IRIG Telemetry Standard 106. Data are usually recorded in some

code or moduiation, with several channeis of data combined on one tape
dumanl, £aimn muvmaatbanm AFFI A3 AnmA T adAdst+aAnn +~ $+hn dada PV PR
Lratk 1ur yrreacwer CIIILIEILy. 17 auuivivil LU Lune daltd, d VCIEIEHLE
signal is recorded to enhance subsequent data processing using tape
compensation techniques at a ground facility. Prior to use airborne
recorders are carefu 11y evaluated under realistic operating environ-
mental conditions.

60. System caiibration. Calibration of the total system
eclhal1Tl ha ~nmimladad cnd acn 2o cme: L2 aTd cnmmmsiimmon o b TL o~ Lmdal o
SQMai 1 be Lulpieileud priur Lo driy r1ieiu measurenerntc Ine Loual Systiei
includes transducers, signal conditioners, tape recorder, and wiring.
The system calibration determines the frequency response of each
channel.
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flight test program, the variations of weapon and ai

a‘l“"u'avb conf lgurauuu. When e
r

tions are analyzed for:

(a) Effect of an adjacent weapon

(b) Effect of doors, inlets, cavities, scoops, and
protrusions

(c) Different aircraft and flight profiles

80. Analysis. Analysis of the measured environmental data
includes:

{al Filterinag or c<calina

\\-ll Ll LI A = lils A A A s llls

(b) Transformation to the frequency, time, or amplitude
domain

{c) Conversion from analog to digital or digital to
analog the techniques range from visual examination
of oscillograph records to implementing sophisticated
Fourier transform techniques with a digita 1 computer.

90. Interpretation of analysis results. Upon completion of
the analysis, the data are interpreted in terms of variations due to :

(a) Different measurina nointc on the weano

Ay W Wil e LLAAS XA A ll'v '-'UIIIUJ iy AR ASS I'\—\‘r"v"

(b) Different flight conditions

(c) Different aircraft

(d) Weapon carriage configuration

(o))
<+
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10. Scope. The appendix provides sample data on the factory-

to-target sequence of a given missile and notes sources from which the
data may be obtained.

10.1 Introduction. Data on existing missile systems are
availahlae fvram cavaral entirrac and mav ha 1iced hy woannn cvct+tam doval.
“auvatriuwvi o 11 v 2CV¥VCi Ul S2VUI LT O uiv lllu" Ve UoCTu IJJ "CUPUII _).'YJLC"I “MOeve )
opers in preparing an environmental prnfﬂe report for the weapon sys-
tem being developed. An evaluation of the res1dences and time spent
in each residence for a specific air-to-air missile, SPARROW III
AIM-7E/7E-2, is presented as an example of the type ¢f information
needed.

9n Dwinrinal Aa+a cniivern Thn nm1nr1n:1 EFlant foadhacrl

| lilblyul MA LA OUVUUI LT . 111C Pl i |\.|p0| ¥ 1ITC VLV 1 CTTUVULVRN
source fnr air-launched gquided missiles is the Fleet Analysis Center

\n

(FAC), Naval Weapons Station, Seal Beach, Corona, Calif. FAC maintains
records of significant events in the factory-to- target sequence of air-
launched guided missiles. Field activities report each of the follow-

ing events of each serialized air-launched guidance and control section.

{a) Tw ~rtivity +

\Qjy i actviviyg L

(b) The results of maintenance or check-out performed

on board attack aircraft carrier (CVA), at Naval
Weapons Station (NNS), or at Naval Air Rework

{r) Tha niimhavr nf rantiva flinhtce nimhar nf Fcantive
\\—, IR~ nunuvct v \auPbl'C LI ) Isll&d, nuniuca wvi \-UPLIVC
flight hours, and number of catapults and arrest-
ments.
20.1 FAC sample data. An example of a computer run performed

by FAC shows the type of information that can be developed from this

suurce.

—~
s Y}
~—

FAC data on a subsample of 174 SPARROW III
AIM-7E/7E-2 missiles were analyzed to determine
the probable number of days each missile spent in
NWS or overseas storage, in surface transportation
(rail or truck), on an ammunition ship (AE), and

~a

on a CVA.

[
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The data on the 174 missiles included the NWS
factory acceptance test date of each TSG/FCG
(target seeker group/flight control group) unit,

the f1r1ng data and location, and dates of test
and captive flights at successive locations be-
tween NWS factory acceptance and T1r1ng of the

S lead Ty Tha mne smaor: ~ £
|

ccrds, which wou
11

(1) For each pair of successive missile locations,
the days elapsed between the Tast record at
cam A el b
rst |

w '-Ih
— c;

irs ca

econd loc

(2) If the first and second of a pair of loca-
tions were West Coast NWS and West Coast CVA,

or Ea§t anst NNS_and gast Coast CVA, no time

was allotted for truck/rail transportation

between the CVA and the NWS; the number of

days elapsed between the last record at the
first activity and the first record at the

second activity was divided by two. This

number was added to the number of days
elapsed between the first and last record
at each of the two activities.

(3) If the first and second of a pair of locations
were other than as in (2) above, the number of

days of surface (rail or truck) and/or AE
transportation needed to transport the missile
from the first to the second location was sub-
tracted from the number of days elapsed between

the last record at the first activity and the
first record at the second activity; the re-
sult was divided by two and added to the time
at each of the two activities as in (2).

(4) For each missile, the resulting number of days

spent at each activity was combined for similar
activities {NWS, overseas storage, CVA, surface
transportation, or AE) to derive an estimate
for the total time each missile spent at each
type of location.

66
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(c) The frequency distribution of total missile time at
each type of location was determined for the total
sample of 174 AIM-7E/7E-2 missiles and is shown in
Figures 27-32. These statistics are summarized in

Tabie V.
20.2 Other information sources. There are several avenues of
approach in developing information on possible use modes of a particular

weapon. This information includes carry configurations of similar weap-
ons, use experience on weapons with similar combat roles, and aircraft
limitation in different store mix configurations. Some of the possible
sources for this information are

(a)

T
)

npS
Vi
rcera

raft.

H-EB

the maximum performance capab111t1es of the carrying
aircraft with all possible store mixes.

(b) OPEVAL/TECHEVAL reports on simiiar weapons in use.
L of NP o mnam b siond 2o mmadlad mmcaboad Saaddaa
THESE 17EpuUriLs Ldil e useu Lo preaitt Luinbat LatClics
for thoa weannon cvetom hoeina davalnned
LAV N | Wil "\-uvv'l JJJU\-'.I Ve l|'3 u‘—'ul\lpcu-

(c) Consultations with air and ground crews about use
experience with similar weapons. These consultations
supplement the information developed above.
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TABLE V. Factory-to-Target Sequence Summary (Sample Size: 174)
Standard 95
Time Mean deviation, | Percentile, | Percent of
segment Probability time, days days days total time
NWS 1.0 492 420 1,244 48
storage
Overseas 0.49 163 320 878 16
storage
CVA 0.83 366 338 1,020 34
AE 0.36 7 n 24 1
Rail/truck® 0.26 8 14 1

4poes not include time required to transport missiles between NWS
and CVA or AE.
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APPENDIX F
BIBLIOGRAPHY OF ENVIRONMENTAL DOCUMENTS

10. Scope. This appendix presents a partial list of recom-

_mended reports for use with this document. (Note: bibliographical

documents listed herein may be obtained from the originating agency or
from the National Technical Information Service (NTIS).

20. Temperature.

Goldie, N., et al. "Upper Air Temperature Over the World",
Geophysical Memoirs No. 101 (First Number, Volume XIII),
Meteorological Office, Air Ministry, M.0. 63la. Pub-
lished by Her Majesty's Stationary Office, London,
England, 1958.

Naval Ordnance Test Station. A "Fortran IV Program for
the Solution of One-Dimensional Heat Conduction
Problems in Multilayer Plates. Cylinders, and
Spheres Subject to Arbitrary Aerodynamic Heat Trans-
fer", by W. R. Compton and L. D. Shultz. China Lake,
Calif., NOTS, 17 July 1965. (NOTS TM 4061-124.)

------ . "Effect of Parameter Error on Aerodynamic Heating
of an Air-to-Air Missile", by W. R. Compton. China
Lake, Calif., NOTS, December 1963. 32 pp. (NAVHEPS
Report 8421, NOTS TP 3363.)

Naval Weapons Center. "A Survey of Aerodynamic Cooling
Temperatures of Missiles During External Carry on
P-3 Aircraft”, by B. D. Martin and H. Schafer.
China Lake, Calif., NWC, November 1970. 58 pp.
(NWC TP 4958.)

------ . "Measured Temperatures of Solid Rocket Motors
Dump Stored in the Tropics and Desert. Part 1.
Discussion and Results", by H. C. Schafer. China
Lake, Calif., NWC, November 1972. 78 pp.

(NWC TP 5039, Part 1.)
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Captive Flight at High Altitudes. Part 1. Program
Summary and Results", by Howard C. Schafer, NWC, and
Squadron Leader Barry J. Murphy, RAAF. China Lake,

------ . "Measurement of Missile Thermal Response During

calif., NWC, Marcnh 1973. 44pp. (NWC TP 5365, Part 1,
or RAAF No. TN-ARM-18.)

...... . "Measurement of Missile Thermal Re nse During

espor
Captive Flight at High Altitudes. Part 2. Detailed
Description of Equipment and Results", by Howard C.
Schafer, NWC, and Squadron Leader Barry J. Murphy,

-~ A~

RAAF China Lake, Calif., NWC, March 1973. 206 pp.
I

(NWC TP 5365, Part 2, or RAAF No. TN-ARM-18.)
------ "Summary of Selected Worldwide Temperatures in

Explos1ve Hazard Magazines", by I.S. Kurotor1 and
H. C. Schafer. China Lake, Calif., NWC, February
1972. 30 pp. (NWC TP 5174.)

------ . "Temperature Profiles of Truck Transported Ord-
nance", by Billy D. Martin and Howard C. Schafer.

China Lake, Calif., NWC, June 1970. 70 pp.

(NWC TP 4822.)

Schafer, Howard C. "Measured Thermal Response to the
MIL-STD-210B Cold Atmosphere:, in 1973 Proceedings
of the Institute of Environmental Sciences, Mount

Prospect, I11., April 1973.

-Q.
<

L L S VI B O

74

—v -y ———— -a

Tw ALl W wea -



/a4 oo s

e U

Lve

30.

40.

50.

60.

Downloaded from http://www.everyspec.com

MIL-STD-1670A
Appendix F
30 July 1976

Sand and dirt.

Naval Weapons Center. "Survey and Study on Sand and Dirt",
by Edward Kuletz and Howard C. Schafer. China Lake,
Calif., NWC, August 1971. 50 pp. (NWC TP 5170.)

Corrosion.

May, T. P. "Corrosion Testing in Marine Atmospheres",
Journal of Environmental Sciences, Mount Prospect,
IT11. Vol. 7, No. 7, December 1964. Pp. 23-27.

Miscellaneous natural.

U. S. Air Force, Cambridge Research Laboratories. "Hand-
book of Geophysics and Space Environment", by
Shea L. Valley. Bedford, Mass., AFCRL, 1965.

U. S. Army Materiel Command. "Engineering Design Hand-
book, Part 1. Basic Environmental Concepts".
Washington, D.C., USAMC HQ, October 1969.

(AMCP 706-115.)

U. S. Army Natick Laboratories, Environmental Protection
Division, Quartermaster Research and Development
Center. "Climatic Extremes for Military Equipment",
by Norman Sissenwine. Natick, Mass., USANL,
November 1951. (Report No. 146.)

Shock.

Naval Ordnance Laboratory. "Comparison of Methods Used
for Shock and Fourier Spectra Comparisons", by
R. S. Reed, Jr. MWhite Oak, Silver Spring, Md.,
NOL, 24 November 1970. (NOLTR-70-243.)

Naval Research Laboratory. "Principles and Techniques
of Shock Data Analysis", by R. D. Kelly and
G. Richmond. The Shock and Vibration Information
Center, Washington, D.C., NRL, 11969. (SVM-5.)
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70. Shock and vibration,

Air Force Systems Command. "Research Study on Ground
Environment Loads Criteria for Guided Missiles",
by M. B. Thompson, J. B. Loser, and R. S. Brown.
Wright-Patterson Air Force Base, Ohio, AFSC, August

1962. (WADC-TR-59-627.)

American Mational Standards Institute, Inc. “American
National Standard: Methods for Analysis and Pres-
entation of Shock and Vibration Data", MNew York,
ANSI, 1971. (S2.10.)

Department of the Army. "Transportability Criteria Shock
and Vibratijon". April 1964. Washington, D.C.,
Headquarters, Department of the Army. (TP 55-100.)

Naval Research Laboratory. "Optimum Shock and Vibration
Isolation", by E. Sevin and W. D. Pilkey. The Shock
and Vibration Information Center, Washington, D.C.,
NRL, 1971. (SVM-6.)

------ . "Programming and Analysis for Digital Time Series
Data", by L. D. Enochson and R. K. Otnes. The Shock
and Vibration Information Center, Washington, D.C.,

NRL, 1968. (SVM-3.)

Piersol, A. G., and J. S. Bendat. "Random Data: Analysis
and Measurement Procedures". New York, John Wiley &
Sons, Inc., 1971.

80. Vibration.

Air Force Systems Command. "Aircraft Gunfire Vibration",
by R. W. Sevy and J. Clark. Air Force Flight Dynamics
Laboratory, Wright-Patterson Air Force Base, Ohio,
AFSC, November 1970. (Technical Report AFFDL,
TR-70-131.)
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------ . "Solid Load Definition Study: The Vibration
Environment", by F. R. Wagner. Air Force Rocket
Propuision Laboratory, Edwards Air Force Base,
Calif., AFSC, January 1969. (AFRPL-TF-68-140.)

------ . "Vibration and Acoustic Test Criteria for
Captive Flight of Externally Carried Aircraft
Stores", by A. G. Piersol. Air Force Flight
Dynamics Laboratory, Hright-Patterson Air Force
Base, Ohio, AFSC, December 1971. (Technical
Report AFFDL-TF-71-158.)

American Society for Testing and Materials. "Effects of
Environmental and Compiex Load History on Fatigue
Life". Philadelphia, Pa., ASTM, 1970. (ASTM Special
Publication 462.)

Curtis, A. J., H. T. Abstein, Jr., N. G. Tinling. "Simu-
lation of Complex Wave Periodic Vibration". The
Shock and Vibration Bulletin, Office of the Director
of Defense, Research and Engineering, Bulletin 41,
Part 4, December 1970.

General Dynamics/Pomona. "Standard ARM ATV-1B and the A-6B
Aircraft; Flight 96 Vibration and Structural Dynamic
Loads". June 1969. (TM 348-48.12-37.)

------ . "Standard ARM ATV-1B and the F-105 Aircraft;
Flight 392 Aircarry Vibration and Structural Dynamic
Loads". June 1969. (TM 348-48.12-36.)

------ . "Standard ARM Missile Level Captive Flight Vi-
bration Test Requirement". Pomona, Calif., GD,
November 1968. (TM 348-48.7-3.)

National Aeronautics and Space Administration. "Vibration

CwRvivS u v U pela [al TS Ll Ay

Manual”, ed. by Claude Greene. George C. Marshall
Space Flight Center, Ala., NASA, 1 December 1971.
(TMX 65669.)

Naval Research Laboratory. “Influence of’nanp1ng in Vi-
bration Isolation", by J. E. Ruzicka and T. F. Derby.
The Shock and Vibration Information Center, Washing-
ton, D.C., NRL, 1971. (SVM-7.)
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------ . "RF-4C Vibration and Acoustic Environmental
Study", by J. F. Dreher and W. D. Hinegardner. The
Shock and Vibration Bulletin, Office of the Director
of Defense Research and Engineering, Bulletin No. 37,
Supplement. January 1968.

—————— . "Selection and Performance of Vibration Tests",
By A. J. Curtis, N. G. Tinling, H. T. Abstein, Jr.
The Shock and Vibration Information Center, Washing-
ton, D. C., NRL, 1971, (SVM-8.)

------ . "Equivalence Techniques for Vibration Testing",
by W. C. Fackler. The Shock and Vibration Information
Center, Washington, D.C., NRL, 1972. (SVM-9.)

Naval Weapons Center. "A Technique for Determining the
Modes of Response of a Beam Using Quasi-Stationary
Random Forcing Function Inputs"”, by Robert G.

Christiansen and Wallace W. Parmenter, China lLake,

Calif., MMC, December 1971. 54 pp. (NWC TP 5244.)

San Francisco Bay Naval Shipyard. "FAST System Concurrent
Evaluation, CMO Project C/S 39, Task I Tests 1, 2,
and 4 with USS Suribachi (AE-21) and USS Dewey
(DLG-14)", by P. E. van Deinse and F. Slater. San
Francisco, Calif., SFBNS, December 1967. (Technical
Report 12-67.)

Schock, R, W., and W. E. Paulson. "A Survey of Shock and
V1brat1on Environments in the Four Major Modes of
Transportation". The Shock and Vibration Bulletin,
Office of the D1rector of Defense, Research and
Engineering, Bulletin No. 35, Part 5, February 1966.

U. S. Army Missile Command. "“Evaluation Program of the
Vibration Environment of Armament Systems Externally
Mounted to Army Helicopters", by B. M. Storey,

Dr. D. D. Kana, P. A. Cox. Redstone Arsenal, Ala.,
MICOM, December 1969. (Report No. RT-TR-69-34.)

Western Gear Corporation. "Static Load Testing and De-

celeration Testing of Western Gear Corporation

n
Transfer Head for AOE 3 and AQE 4", by Lee Hayes

and F. Carey. Everett, Wash., WGC, 1970. Test
Report, Addendum A., May 1970.
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Miscellaneous.

Aerospace Telemetry, Volume I, ed., by H, L. Stiltz.
Englewood Cliffs, N.J., Prentice-Hall, Inc., 1961

Air Force Systems Command. "Analysis of Aeronautical
Equipment Environmental Failures", by Allan Dantowitz,
G. Hirschberger, and Dav1d Prav1d|ow. Wr1ght Patterson

Acwn FCawwcmn Dawma Nu 2 . I
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------ . "The Evolution of USAF Environmental Testing", by

V. J. Junker. MWright-Patterson Air Force Base, 0h1o,
AFSC, October 1965. (AFFDL-TR-65-197.)

Cerni, R. H., and L. E. Foster “Instrumentation for En-

gineering Measurement". New York, John Wiley & Sons,
TInc.. 1062
diive gy 1 IUL.

Department of the Navy. "Replenishment at Sea". Washington,
D.C., Office of the Chief of Naval Operations.

(NWP-38A.)

Mapies, Crill, and Howard C. Schafer. "Some Thoughts on
Militawry Cnuinvanmantal CnarifFiratinne! in 1072 Dwna._
it gearn LIV ITUIIHITHILG T opcL i ivatcvivim £y [ R1} 1J79 171V
ceedings of the Institute of Environmental Sciences,
Mount Prospect, I11., April 1973

Naval Weapons Center. "Environmental Criteria Determination
for Air-Launched Tactical Propuls1on Systems Part 1.

Stockpile-to-Target Sequence", by Howard C. Schafer.
China | aba Cfals € ALIC T.:1vw 1QEAQ 20 &Y HP TD
LiITHila LGART sy LAl 11 .9 iYL Uul] 1 I00. cO pPy. \ AL
4464, Part 1.)

Schafer, Howard C. "A New Standardization Concept for En-
vironmental Criteria”, in 1972 Proceedings of the
Institute of Environmental Sciences, Mount Prospect,

TYI [ P | Py 120 Ma.. 1NN
1., raper no. 150, May 137/c¢.

------ . "A Workable Method for Determining Environmental
Criteria”, in 1968 Proceedings of the Institute of
Environmental Sciences, Mount Prospect, I11.,

Paper No. 361, April 1968.
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