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| Ford Aerospace & poro go.o

| Communications Corporation Newport Beach. Cahfornia 92658 9983
Aaronutronic Division

M120-88-941
October 7, 1988

U. S. Nuclear Regulatory Commission WF1
Mailstop MS6H20
11555 Rockville Pike
Rockville, Maryland 20852

Attention: Mr. Steven L. Baggett

Subject: Additional Data to Support the Application for Radiation
Safety Evaluation and Registration

Gentlemen:

Ford Aerospace Corporation, Aeronutronic Division (Ford Aerospace), hereby
submits the additional data requested during the telephone conversation
between Mr., Steven L. Baggett of NRC, and Mr. Robert A. Macare of Ford
Aerospace on September 21, 1988. Specific questions, requests and comments
are summarized with their respective responses on the attachment hereto.
The supporting data package referred to in the attachment includes:

1) F/A-18 FLIR brochure,
2) MIL-Q-9858A,
3) NATO AQAP-1, and
4) MIL-STD-810C.,

Please continue to direct your inquiries regarding this matter to
Mr. Mrare's attention, at (714) 720-5008, or to my attention at (714)
720-5735.

| Sincerely,
1 '

|
. _

_ .

B. T. Enomoto
Contract Administrator
Electro-Optical Systems Operation
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, ' . Attachment to_,
' -

M120-88-941 ,
. .

Responses to Reauest for Additional' Inputs / Clarifications

i

1. Question: What alloys of Aluminium are 'used in the fabrication of the Laser !

] Optical module?
i

| Answer: Aluminium alloys 6061 and 2014 are used in the fabrication of the
: Laser Optical module.
i
t-
:

{ 2. Comment: Submit copies of NATO ADAP-1, MIL-0-9858A and MIL-STD-810C.
i

j Answer: Copies of the-above are included in the supporting data package.
i
j
4

!- 3. Question: What is the count 2ng efficiency of the equipment used to derive
; the radiation profile?
;

t

Answer: The counting efficiency of the test equipment is reported to bei

better than eighty (80) percent by the manufacturer of the scaled
!. Source (Amersham U.K.).
4
i
"

4. Comment: Indicate death of penetration of skin layer of the hand tv the |
alpha particles.

Answer: The range of alpha particles in soft tissue is approximately
40x10-6 cm. In ef f ect, the alpha particles will dissipate the2r
energy 'in the dead skin layer ignoring any losses in free a:r
between the source and the affected part of the hand,

i

l

5. Comment: Supply data on the pod;_ site, location, mounting, etc.

Answer Pod data is supplied as part of the supporting data package.

6. Comment: Request for exemption from color requirements on labels.

Ford Aerospace is hereby requesting an exemption from the use of
color coded labels. The appropriate precautionary notes w11! be
included in the technical manuals concerning the handling of the
device containing Americium-241.-

7. Question: Why is the laser designed to withstand but not actually tested to
the environments listed on Page 7, Items 1-5?

Answer: The FLIR pod itself has been tested to these environments, but
since the laser is contained within an environmentally controlled
cavity of the FLIR pod, it is not actually tested to these
environments. Instead, the supplier has to prove, by analysis,

y that the laser is designed to withstand these environments.

i

~

-
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ENCLOSURE to M120-88-941;

$

| F/A-18 FL R
| Day / Night Infrared
'

Imaging / Tracking System
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AMENDMENT 2
'; 8 March 1985'

SUPERSEDING
AMENDMENT 1

'

' 7 August 1981

~

MILITARY SPECIFICATION
!
! ^

QUALITY PROGRAM REQUIREMENTS

This amendment foms a part of Military Specification MIL-Q-9858A dated
16 December 1963, and is approved for use by all Departments and Agencies
of the Department of Defense.

PAGE 2

2.1, lines 9 and 10: Delete " MIL-C-45662--Calibration System Requirements"
and substitute: " MIL-STD-45662--Calibration Systems Requi rements".

PAGE 3

*3.6, lines 13,14,15 and 16: Delete "These data shall, on request, be
identified and made available for 'on site' review by the Government Represent-
ative" and substitute: " Quality cost data maintained by the contractor shall,
upon request, be furnished the Government Representative for use by the
Government in determining the effectiveness of the contractor's quality

; program." 4

PAGE 4

|
4.2, line 15: Delete " MIL-C-45662" and substitute: " MIL-STD-45662".

The margins of this amendment are marked with an asterisk to indicate where
changes (additions, modifications, corrections, deletions) from the previous
amendment'were made. This was done as a convenience only and the Government '

| assumes no liability whatsoever for any inaccuracies in these notations.
| Bidders and contractors are cautioned to evaluate the requirements of this
| document based on the entire content irrespective of the marginal notations
| and relationship to the last previous amendment.

Custodians: Preparing Activity:
Amy - AR Air Force - 05
Navy - NM
Air Force - 05 (Project QCIC-0056)

i

QCIC 0056

r
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t MIL-Q-9858A
. 14 DECEMBER 1963

'

BUPERSEDING

( Mit 4 9ssa
9 APRIL 1959

MILITARY SPECIFICATION

QUALITY PROGRAM REQUIREMENTS
rhis 7 -Pt Aes 6een 1;M by the r . ; -me el Defenu and is mondecery fer mee 6y
the Departmeste of the Ame, the Wesy. 84e Air Peres sad the De/enu Supply Apeney.

,

1. SCOPE All supplies and services under the con-
1.1 Applicability. This specification shall "d' * '' 'anMactund or performd

i apply to all supplies (including equipments, within the contractor's plant or at any other
| sub-systems and systems) or services when s urce, shall be controlled at all points nec-,

referenced in the item specification, contract essary to assure conformance to contractual
dw. requirements. The program shall provide for

the prevention and ready detection of dis.
1.2 Contractual Intent. This specification crepancies and for timely and positive cor-

requires the establishment of a quality pro- rective action. The contractor shall makegram by the contractor to assure conipliance objedtive evidence of quality conformance
. with the requirements of the contract. The readily available to the Government Repre-I

program and procedures used to implement sentative. Instructions and records for qual-
this specification shall be developed by the ity must be controlled.
contractor. The quality program, including
procedures, processes and product shall be The authority and responsibility of those!

documented and shall be subject to review in charge of the design, production, testing,
| by the Government Representative. The qual- and inspection of quality shall be clearly
,

| ity program is subject to the disapproval of stated. The program shall facilitate deter-
the Government Representative whenever minations of the effects of quality deficiencies
the contractor's procedures do not accom- and quality costs on price. Facilities and
plish their objectives. The Government, at its standards such as drawings, engineering
option, may furnish written notice of the changes, measuring equipment and the like

acceptability of the contractor's quality p* which are man = mary for the t.restion of the

E N R- required quality shall be effectively managed.
The program shall include an effective con.

1.3 Summary. An effective and economical trol of purchased materials and subcontract-
quality program, planned and developed in ed work. Manufacturing, fabrication and
consonance with the contractor's other ad- assembly work conducted within the contrac-
ministrative and technical programs, is re. tor's plant shall be controlled completely
quired by this specification. Design of the The quality program shall also include ef-
program shall be based upon con::ideration of fective execution of responsibilities shared
the technical and manufacturing aspects of jointy with the Government or related to
production and related engineering design Government functions, such as control of
and materials. The program shall assure Government property and Government
adequate quality throughout all areas of con- source inspection.
tract performance; for example, design, de-

| velopment, fabrication, processing, assembly, 1.4 Relation to Other Contreet Require-
! laspection, test, maintenance, packaging, snents. This specification and any procedure or[ shipping, storage and site installation. document executed in implementation there-
'
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quality (including such things as pur- quality program. Corrective action will ex-
chasing, handling, machining, assembling, tend to the performance of all suppliers and
fabricating, processing, inspection, testing, vendors and will be responsive to data and
modification, installation, and any other product forwarded from users. Corrective

, treatment of product, facilities, standards or action shallinclude as a minimum:
g equipment from the ordering of materials to (a) Analysis of data and examination of

dispatch of shipments) shall be prescribed product scrapped or reworked to determine
in clear and complete documented instruc- extent and causes; !

tions of a type appropriate to the circum- (b) Analysis of trends in processes or
stances. Such instructions shall provide the performance of work to prevent noncon-

' criteria for performing the work functions forming product; and
and they shall be compatible with acceptance (c) Introduction of required improve-
criteria for workmanship. The instructions ments and corrections, an initial review of

'

are intended also to serve for supervising, the adequacy of such measures and monitor-
inspecting and managing work. The prepara- ing of the effectiveness of corrective action,

| tion and maintenance of and compliance with taken.
work instructions shall be monitored as a

, 3.6 Costa Related to Quality. The contrac-
function of the quality program. tor shall maintain and use quality cost data

3.4 Records. The contractor shall maintain as a management element of the quality pro-
and use any records or data essential to the gram. These data shall serve the purpose of
economical and effective operation of his identifying the cost of both the prevention

| quality program. These records shall be and correction of nonconforming supplies (e.
available for review by the Government Rep. g., labor and material involved in material
resentative and copies of individual records spoilage caused by defective work, corree-
shall be furnished him upon request. Records tion of defective work and for quality control
are considered one of the principal forms of exercised by the contrector at subcontrac.
objective evidence of quality. The quality tor's or vendor's facilities). The specific qual.

I program shall assure that records are com. ity cost data to be maintained and used will
| plete and reliable. Inspection and testing rec. be determined by the contractor. These data
' ords shall, as a minimum, indicate the nature shall, on request, be identified and made avail-

of the observations together with the num. able for "on site" review by the Government
ber of observations made and the number Representative.
and type of deficiencies found. Also, records

| for monitoring work performance and for 4. FACILITIES AND STANDARDS
l inspection and testing shall indicate the ac- 4.1 Drawings, Documentation and Changes.

ceptability of work or products and the ac- A procedure shall be maintained that con-
tion taken in connection with deficiencies. cerns itself with the adequacy, the complete-

; The quality program shall provide for the ness and the currentness of drawings and
| analysis and use of r(cords as a basis for with the control of changes in design. With

management action. respect to the currentness of drawings and
3.5 Corrective Action.The quality program changes, the contractor shall assure that re-

| shall detect promptly and correct assignable quirements for the effectivity point of
'

conditions adverse to quality. Design, pur- changes are met and that obsolete drawings
chasing, manufacturing, testing or other and change requirements are removed from
operations which could result in or have re- all points of issue and use. Some means of
sulted in defective supplies, services, facili- recording the effective points shall be em.

; ties, technical data, standards or other ployed and be available to the Government.
elements of contract performance which With respect to design drawings and de-
could create excessive losses or costs must sign specifications, a procedure shall be,

j be identified and changed as a result of the maintained that shall provide for the evalua.

| 8
|

!

!

|
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material, the contractor shall utilize to the - applicable requirements for manufacturmg,.

;
fullest extent objectives evidence of quality inspecting, testing, packaging, and any re- '

furnished by his suppliers. When the Gov- quirements for Government or cont' actorr
ernment elects to perform inspection at a inspections, qualification or approvals. Tech-,

| supplier's plant, such inspection shall not be nical requirements of the following nature'

used by contractors as evidence of effective must be included by statement or reference
.

control of quality by such suppliers. The in- as a part of the required clear description:
clusion of a product on the Qualified Prod- all pertinent drawings, engineering change '

; - ucts List only signifies that at one time the orders, specifications (including inspection
i manufacturer made a product which met system or quality program requirements),

,

| specification requirements. It does not relieve reliability, safety, weight, or other special
| the contractor of his responsibility for furh- requirements, unusual test or inspection pro-

.

! ishing supplies that meet all specification re- cedures or equipment and any special revi-
! quirements or for the ' performance of sion or model identification. The descriptiont specified inspections and tests for such ma- of products ordered shall include a require-

terial. The effectiveness and integrity of the ment for contractor inspection at the sub-
control of quality by his suppliers shall be contractor or vendor source when such action

| assessed and reviewed by the contractor at is necessary to assure that the contractor's
! intervals consistent with the complexity and quality program effectively implements the

quantity of product. Inspection of products contractor's responsibility for complete as-
; upon delivery to the contractor shall be used surance of product quality. Requirements!

for assessment and review to the extent nee- shall be included for chemical and physical
essary for adequate assurance of' quality. testing and recording in connection with the
Test reports, inspection records, certificates purchase of raw materials by his suppliers.
and other suitable evidence relating to the The purchase orders must also contain a re-
supplier's control of quality should be used in quirement for such suppliers to notify and,

| the contractor's assessment and review. The obtain approval from the contractor of
| contractor's responsibility for the control of changes in design of the products. Necessary
i purchases includes the establishment of a instructions should be provided when provi-
| procedure for (1) the selection of qualified sion i.s made for direct shipment from the
| suppliers, (2) the transmission of applica- subcontractor to Government activities.
! ble design and quality requirements in the

Government contracts and r.ssociated tech- 6. MANUFACTURING CONTROL
nical requirements, (3) the evaluation of the

| adequacy of procured items, and (4) effec- 6.1 Materials and Materials Control. Sup-
tive provisions for early information feed- p3;,,,s materials and products shall be sub-! ,

back and correction of nonconformances. jected to inspection upon receipt to the
extent necessary to assure conformance to

5.2 Purchasing Data. The contractor's technical requirements. Receiving inspection

-

quality program shall not be acceptable to may be adjusted upon the basis of the quality
the Government unless the contractor re. assurance program exercised by suppliers.
quires of his subcontractors a quality effort Evidence of the suppliers' satisfactory con-
achieving control of the quality of the serv- trol of quality may be used to adjust the
ices and supplies which they provide. The amount and kind of receivinginspection,
contractor shall assure that all applicable re. The quality program shall assure that raw
quirements are properly included or refer- materials to be used in fabrication or proc-

| enced in all purchase orders for products essing of products conform to the applicable
) ultimately to apply on a Government con- physical, chemical, and other technical re-
: tract. The purchase order shall contain a quirements. Laboratory ' testing shall be

complete description of the supplies ordered employed as necessary. Suppliers shall be re-
including, by statement. or reference, all quired by the contractor's quality program

1

!
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able conditions. When modi $ cations, repairs and positive system for controlling noncon-
or replacements are required after Anal in- forming material, including procedures for

|spection or testing, there shall be reinspee- its identincation, segregation, and disposi- 1

tion and retesting of any characteristics tion. Repair or rework of nonconforming
afected. material shall be in accordance with doen-

mented procedures acceptable to the Govern-
6.4 Handling, Storage and Delivery. The ment. The acceptance of nonconforming

quality program shall provide for adequate supplies is a prerogative of and shall be as
work and inspection instructions for handl- prescribed by the Government and may
ing, storage, preservation, packaging, and involve a monetary adjustment. All noncon-
shipping to protect the quality of products forming supplies shall be positively identined
and prevent damage, loss, deterioration, do- to prevent unauthorized use, shipment and.

gradation, or substitution of products. With intermingling with conforming supplies.
respect to handling, the quality program Holding areas or procedures mutually agree.
shall require and monitor the use of proco- able to the contractor and the Government-.

dures to prevent handling damage to articles. Representative shall be provided by the con-
Handling procedures of this type include the tractor. The contractor shall make known
use of special crates, boxes, containers, trans- to the Government upon request the data
portation vehicles and any other facilities associated with the costs and losses in con-
for materials handling. Means shall be pro- nection with scrap and with rework neces-
vided for any necessary protection against sary to reprocess nonconforming material to
deterioration or damage to products in stor- make it conform completely.
age. Periodic inspection.for the prevention
and results of such deterioration or damage 6.6 Statistical Quality Control and Analy-

shall be provided. Products subject to deteri- sis. In addition to statistical methods required

oration or corrosion during fabrication or by the contract, statistical planning, analysis,,

interim storage shall be cleaned and pre- tests and quality control procedures may be

served by methods which will protect against utilized whenever such procedures are suit-

such deterioration or corrosion. When nec- able to maintain the required control of
essary, packaging designing and packaging quality. Sampling plans may be used when

shall include means for accommodatmg and tests are destructive, or when the records,
, inherent characteristics of the product ormaintaining critical environments within

packages, e.g., moisture content levels, gas the noncritical application of the product,
pressures. The quality program shall assure indicate that a reduction in inspection or

testing can be achieved without jeopardizingthat when such packaging environments
must be maintained, packages are labeled to quality. The contractor may employ sampling )
Indicate this condition. The quality program inspection in accordance with applicable mil.

shall monitor shipping work to assure that Itary standards and sampling plans (e.g.,
from MII,-STD-105, MII,-STD-414, orproducts shipped are accompanied with re- ,

Handbooks H 106,107 and 108). If the eon- !quired shipping and technical documents and
that comphance with Interstate Commerce tractor uses other sampling plans, they shall i

Commission rules and other applicable ship- be subject to review by the cognizant Gov-
ping regulations is efected to assure safe ar- ernment Representative. Any sampling plan

rival and identi6 cation at destination. In used shall provide valid con 8dence and qual- |
compliance with comractual requirements, ity lev 4"

the quality program shall include monitoring 6.7 Indication of Inspection States. The
provisions for protection of the quality of contra.ctor shall maintain a positive system
products during transit. for !.dentifying the inspection status of prod-

i ucts. Identification may be accomplished by
! 6.5 Nonconforming Material The contrac- means of stamps, tags, routing cards, move
j tor shall establish and maintain an effective tickets, tote box cards or other aoninal con-
!

! 7
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quate storage, maintenance and inspection of well as inspections and tests. The purpose of
bailed Government property. Records of all this control is not only to assure that partie-
inspections and maintenance performed on ular units of hardware conform to contrac-
bailed property shall be maintained. These tual requirements, but also to assure interface
procedures and records shall be subject to compatibility among these units of hardware
review by the Government Representative. when they collectively comprise major equip.

8. NOTES ments, sub-systems and systems.

(The following information is provided 8.2 Exemptions. This specification will not
solely for guftlance in using this specification. be applicable to types of supplies for which
it has no contractual significance.) MIL-I--45208 applies. The following do not

n rmally require the application of this.

8.1 Intended Use. This specification will
l spechadon:

apply to complex gupphes. components, equip-
ments and systems for which the require- (a) Personal services, and
ments of MII,-I-15208 are inadequate to pro- (b) Research and development studies
vide needed quality assurance. In such cases, of a theoretical nature which do

! total conformance to contract requirements not require fabrication of articles,
i cannot be obtained eff'ectively and economic-

ally solely by controlling inspection and test- 8.3 Order Data. Procurement documents

[ ing. Therefore, it is essential to control work should specify the title, number and date of

| operations and manufacturing processes as this specification.

Custodians: Preparing Activity:
Army-Munitions Command Air Force-Hg USAF

| Navy-Office of Naval Material
Air Force-Hg I'SA F
DSA-Hg DSA
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INSTRUCTIONS: In a continuing effort to make our standardization documents better, the DoD provides this form for use in

;( submitting comments and suggestions for improvements. All users of military standardization documents are invited to provide
' suggestions. *!his form may be detached, folded along the lines indicated, taped along the loose edge (DO NOT STAPLE), and

mailed. In block 5, be as specific as possible about particular problem areas such as wording which required interpretation, was
too rigid, restrictive, loose, ambiguous, or was incompatible, and giee proposed wording changes which would a'llenate the
problems. E9ter in block 6 any remarks not related to a specific paragraph of the document. If block 7 is filled out, an
acknowledgement will be mailed to you within 30 days to let you know that your comments were received and are being

| considered.
,

|
, NOTE: '!his form may not be used to request copies of documents, nor to request waivers, deviations, or clarification of
i specifiestion requirements on current contracts. Comments submitted on this form do not constitute or imply authorization

to waive any portion of the referenced document (s) or to amend contractual requirements.
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|, (1) The purchaser may achieve this by stipulating in the contract
those functions which must be controued.

i

(2) For his protection the purchaser should exercise such
surve1 Hance over the manufacturer's controls, including
inspection, as is necessary to assure himself that the
manufacturer to assure himself that the manufacturer has

iachieved the required quality. Such surveillance should I| extend to sub-contractors when appropriate. The amount of !l surveillance performed by the purchaser is a function of the !
demonstrated effectiveness of the manufacturer's controls and
of the demonstrated quality and reliability of his products. I

In the event that the purchaser's surveillance demonstrates
that the manufacturer has not exercised adequate control

!the purchaser wiu have valid reason because of his contract !;- stipulations to discontinue the acceptance of the product
|| concerned pending action by the manufacturer to correct j

whatever deficiencies exist in his quality control system.
||

This Allied publication has been issued to stress the
| A importance of quality control disciplines and is intended to
| assist the customer in the implementation of Item (b) above.

[ . NATO - QUALITY CONTROL SYSTEM REQUIREMENTS FOR INDUSTRY

102. SCOPE
i

This document establishes requirements for a contractor's
;

quality control system. It identifies each of the elements of a system
to be designed, established and maintained by the contractor for the;

|purpose of ensuring that supplies and services conform to contract
!requirements. The system shall be satisfactory to the authority !

designated in the contract or their authorized representative, herein '

; referred to as the Quality Assurance Representative.
|

j

103. APPLICABILITY

This document applies to all supplies and services when referenced
in a contract or purchase order. If any inconsistency exists between the
contract requirements and this document, the contract requirements shan
prevail.

;

104. REVIEW AND EVALUATION OF THE QUALITY CONTROL SYSTEM

The quality control system established in accordance with the
provisions of this document shall be periodically and systematically reviewed
by the contractor to ensure its effectiveness and is subject to evaluation
by the Quality Assurance Representative who may disapprove the system

j or any of its elements,
bl Nx
: 1-2
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| CHAPTER 2 |.

REQUIREMENTS

201. GENERAL
,

I The contractor shall maintain an effective and economical programme
! for quality, planned and developed in conjunction with other contractor _ functions
, necessary to satisfy the contract requirements. The requirements shall be
!~ met by the establishment and implementation of procedures which ensure that !

i

acceptable supplies only are presented to the Quality Assurance Representative.
| The programme shall demonstrate both recognition of the quality require-
| ments of the contract and an organized approach to satisfy these requirements.
; The programme shan ensure that quality requirements are determined and
| satisfied throughout au phases of contract performance, including, as

;

applicable, design, development, purchasing, fabrication, processing, '

assembly, inspection, packaging, shipping, storage and systems check.
The programme shall provide for the early and prompt detection of actual

|

;

or potential deficiencies, trends or conditions which could result in
iunsatisfactory quality, and for timely and effective corrective action.

Objective evidence that the quality control system is effective shall be
. readily available to the Quality Assurance Representative.

'

202. ORGANIZA TION-
-

_ Effective management for quality shall be clearly prescribed in,

| writing by the contractor. The contractor shall delegate to those personnel
performing quality functions both the responsibility and the authority to
identify and evaluate quality problems and to initiate, recommend, or provide
solutions during all phases of the contract.

The contractor shall appoint a management representative
preferably independent of other functions, with authority to resolve matters|

. pertaining to quality to the satisfaction of the Quality Assurance Representative.

203. PLANNING

The contractor shall conduct, at the earliest stage of contract
performance, a sufficiently extensive review of contract requirements to
ensure during all phases: (1) the adequate and documented control of design,
development and manufacturing activities; (2) the timely identification and
acquisition of any controls, processes, inspection equipment, fixtures, tooling
and skills that may be needed to ensure product quality; (3) the updating of|

inspection and testing techniques including the development of new instrumen-
tation; and (4) the compatibility of manufacturing, inspection procedures, and
applicable documentation before manufacture begins.

2-1
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and development programme objectives through the timely identification
of problem areas and the use of defect data feedback from previous designs

;when appropriate.
!

As a result of the foregoing the engineering data developed for
. purchasing, manufacturing, inspection, instauntion purposes, etc., shan.'

reflect the requirements of the contract.

! 208. DOCUMENTATION AND CHANGE CONTROL

The contractor shan establish and maintain control of au
i documentation essential to the accomplishment of work. Applicable drawmgs,; technical requirements, contract change information, work instructions and

inspection instructions shall be available at the time and place of manufacture
-

i, and inspection. The latest copies of the contractor's procedures shan be
:

available at au locations where operations essential to the effective functioning
of the contractort s quality control system are performed. Au changes to

: contractor documentation shall be in writing and processed in a manner which
will ensure prompt action at the specified effective point. The contractor
shau maintain a record of changes as they are made. Documents shan be
reissued after a practical number of changes have been issued. Written

;

notations on documents are not acceptable change procedure's. Provisions
i7 ( shan be made for the prompt removal of obsolete documents from au pointsi ( $ of issue and use.
!
1 209. CONTROL OF INSPECTION, MEASURING AND TEST EQUIPMENT
;

The contractor is responsible for providing, controning, calibrating
j g and maintaining inspection, measuring and test equipment suitable to
! demonstrate conformance of supplies with contract requirements. Sub-

contractor-owned devices shan be subject to surveinance by the contractor
to ensure their suitability for intended use, proper calibration and maintenace.,

!

Equipment shan be used in a manner to ensure measurements whose uncertainty
is known and is consistent with the required measurement capability.

4

Calibration of measurarnent equipment shall be in accordance with AQAP-6.
.

} Jigs, fictures, templates, patterns or other such devices used as a
;

media of inspection shan be proven capable of verifying the acceptability of
I

articles prior to release for use during manufacture and shan be re-proven at
i established periods. The contractor shan establish the extent and frequency

of such trials and maintain records as evidence of control. Design data
{ pertaining to tools and gauges shan be made available, when required, by

the Quality Assurance Representative for verification that the devices are
functionally adequate. The contractor shan identify and report to the Quality
Assurance Representative any measurement involving measurement capabnity'

that exceeds the known state of the art or any new measurement capability
.

needed to inspect the product in adequate time for such capability to be developed.

( 2-3
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211. MANUFACTURING CONTROL
|

(a) General '

The contractor shall ensure that manufacturing operations are carried
out under controlled conditions. Controlled conditions include documented
work instructaons defining the manner of manufacturing or proces sing and
including criteria for workmanship, suitable manufacturing equipment, and
any special working environment. Workmanship shall be defined to the
greatest practical extent by written standards, or samples inspected and
accepted by the contractor and theQuality Assurance Representative as
examples of satisfactory workmanship. The contractor shan provide for
the performance of such inspections as may be required after each work
operation that affects quality. In lieu of inspection, control by monitoring

| process methods, equipment, and personnel may be provided. Both
) inspection and monitoring shan be provided when both are essentir.l.
| Inspection methods or controls selected by the contractor shall be
| corrected whenever their unsuitability is demonstrated.

(b) Control of Special Processes
|

~

The contractor shan establish and maintain control of all special
processes (e. g. metallurgical, radiological) which form part of the production,

y\ inspection or required safety precautions. Equipment, essential processing
environments or personnel qualifications shall be subject to approval or
certification to the satisfaction cf the Quality Assurance Representative.

212. PURCHASE R SUPPLIED MATERIEL

The contractor shan establish and maintain procedures for the
inspection, storage and maintenance of materiel provided for incorporation ;

into the supplies. Any materiel lost, damaged or otherwise unsuitable for !use shan be promptly reported.

| 213. COMPLETED ITEM INSPECTION AND TESTING
!

The contractor shall provide for the eramination and testing of the
i

completed item to ensure that contract requirements are satisfied. Any
unusual difficulties, deficiencies or other condhions adversely affecting
quality shall be reported to the Quality Assurance Representative.

214. SAMPLING PROCEDURES

Sampling procedures used by the contractor shan be as stated in the
; contract or shan be subject to approval by the Quality Assurance Representative. -
,

h ( 2-5
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218. ACCOMMODATION AND ASSISTANCE-

The contractor shall provide the Quality Assurance Representative
with the accommodation and facilities required for the proper accomplishment
of his work, and shall provide any assistance required by the Quality4

Assurance Representative for verification, documentation, or release of-

materiel. The Quality Assurance Representative shall have the right of
access to any area of the contractor 8s or his sub-contractor's, premises
where any part of the work is being performed. The Quality Assurance
Representative shall be afforded unrestricted opportunity to verify
conformance of the supplies with contract requirements. The contractor
shall make his inspection equipment available for reasonable use by the'
Quality Assurance Representative for verification purposes. The contractor 's
personnel shall be made available for operation of such inspection equipment
as required.

,

| .
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"
ENVIRONMENTAL TEST METHODS

I f' 1. SCOPE

1.1 Purpose. This standard establishes uniform environmental test methods
for determining the resistance of equipment to the effects of natural and

I,bythecontractualdocuments.
induced environments peculiar to military operations. It provides environ-
mental test methods in order to obtain, as much as possible, reproducible
test results. The test methods described herein are intended to be applied

1.2 Application of test methods. Test methods contained in this standard

apply to all items of equipment. WHEN IT IS KNOWN THAT Tile EQUIPMENT WILL
'

ENCOUNTER CONDITIONS MORE SEVERE OR LESS SEVERE THAN THE ENVIRONMENTAL
LEVELS STATED HEREIN, THE TEST MAY BE MODIFIED BY THE EQUIPMENT SPECIFICATION.

1.3 Numbering system. The test methods are numbered sequentially as they
,

are introduced into this standard with the first method being number 500.
2

1.4 Revision of standard. Any general revision of this standard which
results in a revision of sections 1, 2, or 3 will be indicated by revision
letter after this standard number, together with the date of the revision.

1.5 Revision of test methods. Any revision of test methods is indicated
;

by a decimal following the method number. For example, the original
,

number assigned to the first test method is 500; the first revision of
that method is 500.1, the second revision is 500.2, etc.

(
'

1.6 Method of reference. Test methods contained herein shall be refer-
enced by specifying:

a. This standard number
.

b. Method number

c. Procedure number of required.

,
d. Other data as called for in the individual test method.

1

(For example: MIL-STD-810C, Method 500.1, Procedure I including Method 500.1
paragraph entitled, Summary.)

_
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2. APPLICABLE DOCUMENTS
3 ,,

2.1 The following documents, of the issue in effect on date of invitation
far bids or request for proposal, form a part of this standard to the extent

.

specified herein:
,

SPECIFICATIONS
.

Military -

.

MIL-P-116 Preservation-Packaging, Methods of
MIL-S-901 Shock Tests, H.I. (High Impact), Shipboard Machinery,

Equipment and Systems, Requirements for
.

MIL-G-5572 Gasoline, Aviation, Grades 80/87, 100/130, 115/145
MIL-A-8591 Airborne Stores and Associated Suspension Equipment,

General Specification for
MIL-C-9435 Chamber, Explosion-Proof Testing
MIL-C-45662 Calibration System Requirements

STANDARDS

Fed ral

FED-STD-101 Preservation, Packaging, and Packing Materials, Test i

Procedures
Military

MIL-STD-167 Mechanical Vibrations of Shipboard Equipment
MIL-STD-210 Climatic Extremes for Military Equipment
MIL-STD-331 Fuze and Fuze Components, Environmental and Performance,

Test For

.

(Copies of specifications, standards, drawings, and publications required by
suppliers in connection with specific procurement functions should be obtained
fro 2 the procuring activity or as directed by the contracting officer.)

,

2.2 Other publications. The following documents form a part of this standard
to the extent specified herein. Unless otherwise indicated, the issue in
offset on date of invitation for bids or request for proposal shall apply.

American Society for Testing and Materials

E-297-70 Standard Methods for Calibration of Ionization Vacuum Gauge Tubes
E-491-73 Standard Recommended Practice for Solar Simulation for Thermal

Balance Testing of Spacecraft
(Application for copies should be addressed to the American Society for Testing
and Materials, 1916 Race Street, Philadelphia, Pennsylvania 19103.)

2 .

_ . -
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American Geophysical Union |

"The Relation of Raindrop Size to Intensity" - Laws and Parsons, Transac- |
l : tions of the American Geophysical Union, Part II, paragraphs 452-459, 1943.

'

(Copies of the above publication may be obtained from the American Geophysical |
|

Union, 2100 Pennsylvania Ave., N.W., Suite 435, Washington, D.C. 20037.)

Ameri,can National Standards Institute, Inc.
'

.

S1.1 Acoustical Terminology (Including Mechanical Shock and
(1960 issue) Vibration)
S1.6 Preferred Frequencies for Acoustical Measurements-

224.10 Octave-Band Filter Set for the Analysis of Noise and
Other Sounds

(Application for copies should be addressed to the American National Standards
Institute, Incorporated; 1430 Broadway; New York, New York 10018.)

U.S. Committee on Extension to the Standard Atmosphere

U.S. Standard Atmosphere, Supplement, 1966. .

.

(Copies of the above publication may be obtained from the Superintendent
( of Documents, Government Printing Office, Washington, DC 20402.)

3. GENERAL REQUIREMENTS
4

3.1 Test conditions. Unless otherwise specified herein or in the equip-
ment specification, measurements and tests shall be made at standard
ambient conditions. Standard ambient conditions are:

a. Temperature 23' t 10*C (73* 18'F)*

Relative humidity 50 percent 30 percent
.

Atmospheric pressure 725 +50 mm. Hg. (28.5 +2.0 in. Hg.)
-75 -3.0

When these conditions must be closely controlled, the following shall be
maintained:

| b. Temperature 23' i 1.4*C (73* i 2.5'F)
Relative humidity 50 percent i 5 percent

|'
Atmospheric pressure 725 +50 mm. Hg. (28.5 +2.0 in. Hg.)

;
-75 -3.0

3
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3.1.1 Measurements of test conditions. All measurements of test conditions I-

shell be made with instruments of the accuracy specified in 3.1.3. -

3.1.2 Tolerance of test conditions. Unless otherwise specified, toler- |
*anca of test conditions shall be as follows:

c., Air temperature at the control sensor 1.4*C (12.5'F). The equipment 1

sensor response time (T) shall be 20 seconds or less. Temperature gradient I

cer:ss the cross-sectional area occupied by the test item shall not exceed
0.3*C (0.5'F) per foot in any direction, but never more than 2.2*C (4*F) -

tttel (equipment nonoperating).

b. Pressure: When measured by devices such as manometers, 15 percent or
,

1.5 mm. (0.059 inch) of mercury, whichever provides the greatest accuracy.
Wh:n measured by devices such as ion gages, 10 percent to 10-5 Torr,

c. Relative humidity at the control sensor: 5 percent.

d. Vibration amplitude: Sinusoidal: 110 percent j
Random: See Method 514.2.

1
1

o. Vibration frequency: 12 percent, or 11/2 Hz below 25 Hz.

f. Acceleration: 110 percent. ')

NOTE: (T) is the time required for the sensing system to respond to 62.3
p:;rcent of a step change in temperature in the measured environment.

3.1.3 Accuracy of test apparatus. The accuracy of instruments and test
cquipment used to control or monitor the test parameters, shall be verified
and shall satisfy the requirements of MIL-C-45662 to the satisfaction of the
pr: curing activity. All instruments and test equipment used in conducting
tha tests specified herein shall: .

c. Conform to laboratory standards whose calibration is traceable to the |

prime standards at the U.S. Bureau of Standards.
,

b. Have an accuracy of at least one-third the tolerance for the variable
to be measured. In the event of conflict between this accuracy and a
r;quirement for accuracy in any one of the test methods of this standard,
tha latter shall govern.

4

i
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| \
| 3 1.4 Stabilization of test temperature

| 3.1.4.1 Operating. Unless otherwise specified, temperature stabilization
i will have been attained when the temperature of the part of the test item

considered to have the longest thermal lag is changing no more than 2.0*C' ~

(3.6*F) per hour. Exceptions may occur on large test items.-

I -. item considered to have the longest thermal lag reaches a temperature within

3.1.4.2 Nonoperating. Unless otherwise specified, temperature stabiliza-
| tion will htve been attained when the temperature of the part of the test|

2.0*C (3.6*F) of the prescribed temperature, except that any critical com-|

ponent (e.g., battery electrolyte for engine starting test) will be within
1 *C (1. 8'F) . Exceptions may occur on large test items. When changing tem-,

peratures, the temperature of the chamber air may be adjusted up to 5'C
(9'F) beyond the desired end point for a period of time of up to I hour to
reduce stabilization time, provided that the stabilization requirements of
this paragraph are ultimately attained relative to the specified end point

|

temperature, and provided the extended chamber temperatures will not cause
damage to the test item.

3.2 Performance of test
,

|

3.2.1 Pretest performance record. Prior to proceeding with any of the -

environmental tests, the test item shall be operated under standard ambient |

conditions (see 3.1) to obtain data for determining satisfactory operation ''
I of the item as specified in the equipment specification, before, during and

after the environmental test, as applicable. A record of specific pretest
data shall be made to determine that the test item performs within prime
item specification requirements. The pretest record shall also include the
following, as applicable:

The functional parameters to be monitored during .and after the test, ifa.
not specified in the equipment specification. This shall include accept-*

able functional limits (with permissible degradation) when operation of the
test item is required. )

' 1
. ,

| 3.2.2 Installation of test item in test facility. Unless otherwise specified, i

the test item shall be installed in the test facility in a manner that will
! simulate service usage, making connections and attaching instrumentation as

necessary. Plugs, covers, and inspection plates not used in operation, but
used in servicing shall remain in place. When mechanical or electrical con-
nections are not used, the connections normally protected in service shall be*

adequately covered. For tests where temperature values are controlled, the
test chamber shall be at standard ambient conditions when the test item is
installed. The test item shall then be operated to determine that no mal-

I
function or damage was caused due to faulty installation or handling. The

!
|

5|

:

;

|
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requirement for operation following installation of the , test item in the test ~

I fccility is applicable only when operation is required during exposure to the
.

specified test.
~

3.2.3 Performance check during test. When operation of the test item is
l required during the test exposure, suitable tests shall be performed to
! d;tcraine whether the test exposure is producing changes in performance ,

whIn compared with pretest data. ,

3.2.4 Post-test data. At the completion of each environmental test, the '

tsst item shall be inspected in accordance with the equipment specification
and the results shall be compared with the pretest data obtained in accord-
anca with 3.2.1. .

3.2.5 Test data. Test data shall include complete identification of all
tsst equipment and accessories. The data shall include the actual test !

sequence used and ambient test conditions recorded periodically during the |

tsst period. The test record shall contain a signature and data block for
csrtification of the test data by the test engineer. '

3.2.6 Failure criteria

c. The item shall have failed the test when any of the following occur: 3
!

|

(1) Monitored functional parameters deviate beyond acceptable limits
cstchlished in 3.2.1.

(2) Catastrophic or structural failure.

(3) Mechanical binding or loose parts, including screws, clamps, bolts,
and nuts, that clearly result in component failure or a hazard to personnel
s:faty. ,

!
(4) Malfunction.

|

(5) Degradation of performance beyond pretest record or equipment speci-
*

ficction requirements established in 3.2.1 (record to be made after test).

NOTE: Certain types of equipment (e.g., propellants and electrically driven |

devices) are often expected to demonstrate lesser performance at an environ-
mental extreme, particularly low temperature. A failure would occur only
if degradation is more than expected.

i

(6) Any additional deviations from acceptable criteria established |
1b2 fore the test and recorded according to 3.2.1.

.

|
1
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l A.
(7) Deterioration, corrosion, or change in tolerance limits of any inter-

i nal or external parts which could in any manner prevent the test item from
meeting operational service or maintenance requirements.

| b. Any additional or different failure criteria shall be as specified in !'

l the equipment specification. |

|
3.3 Test facilities and apparatus. Test facilities, chambers, and apparatus I

used in conducting the tests contained in this standard shall be capable of
meeting the conditions required.~~

,

3.3.1 Test chamber
1

! 3.3.1.1 Volume of test chamber. The volume of the test chamber shall be
I such that the bulk of the item under test will not interfere with the

generation and maintenance of the test conditions. When testing multiple
sample items simultaneously, the test chamber shall be of sufficient size
so that each test unit is provided uniform environmental conditions and is
not subjected to nontest environments.

3.3.1.2 Heat source. The heat source of the test facility shall be so
located that radiant heat from the source will not fall directly on the
test item, except where application of radiant heat is one of the test

| conditions.
| (
) 3.3.1.3 Location of temperature sensors. Unless otherwise specified,

thermocouples or equivalent temperature sensors utilized to determine or |
|I control the specified chamber temperature shall be located centrally within'

! the chamber, in the supply airstream, or in the return airstream whichever
provides the specified test conditions at the bulk under test and shall

! be baffled or otherwise protected against radiation effects.
|

| 3.3.1.4 Internal air circulation. The conditioned air flow shall be suitably.

baffled to provide uniform air flow around the test item. If multiple test

items are tested, they shall be so spaced as to provide free circulation
between the test items and the chamber walls.' '

! 3.4 Test data. Test data shall include complete identification of all
test equipment and accessories. The data shall include the actual test
sequence used and ambient test conditions recorded periodically during
the test period. The test record shall contain a signature and date block
for certification of the test data by the test engineer.

4. TEST SEQUENCE

i 4.1 See table I for recommended test sequence,
t

.
,

*
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| T4BLE I. Recommended test sequence O
*3

D= e
; (Read down) op
I e-a *=*

Croup I (see notes 1. 2) Croup II (see notes I, 3) $8Test htW
; A B C D E a b e d e f g h i j
'

500.1 Imv Fressure ! i 1 3 3 4 2' 2 2 2 3 4 3 2 3
(Altitude)

2 2 2 2 2 1 1 1 3 1 1 1 1 I 2
i

84 4 3 1 1 2 3 3 1 4 2 3 2 3 1 -' I502.1 Low Temp.

503.1 Temperature
5' 58 5' 5' 5 3'* 88 tS.: tS ,a go, e 3,a 5'= a 2 4 5'e n 5 '' 'i

'

1504.1 Temperature.
-s gs gs a a !

t5' 4' 4' 4' 5 '* 8* * 4 s sAltitude ** ** ** " **

4 8 8 8 8$05.1 Solar Radiation 3 3 4 4 4 .. .. .. .. .. .. 6' '.. .. ..

(Sunshine) '

506.1 Rain
" * ~~ ~ " "

39 9 8 12 12 8 3 8 9 8' 7 9 3 7' 12507.1 Humidity
,

508.1 Fungus 10 10 9 13 13 9 9' 9 10 9'es 8.8 1388 10 9

8 8 8509.1 Salt Fog 11 11 10 14 14 10 10' 10' It' 10'' ' 9' 11'' ' 10' 9 '' ' 14 '' '
510.1 Dust (Fine ya y gg ya y y ggs ggs 7 11 10 5 !! 10' 7Sand)

{
i5" i Tg;;;,, .. .. >> .. .. i2s S.s !32 13, is iii . .i3 i.. .. ..

512.1 laakage
(Immersten) 6 6 6 6 6 6 6 6 6 6 6 7 6 6 6 *

Il 12 12 12 12 II 12 12 11 8513.2 Acceleretion ** ** " " "

514.2 Vibration 13 13 14 to 10 le 14 14 15 14 14 14 15 14 11 ;
*

515.2 Ac ical
.. .. .. .. 15'* * 15'* * 15'' * 16 15 15 16' 16 15 15

12 12 13 9 9 33 13 13 14 13 33 15 14 13 10516.2 Shock
,

I

i

*
.

, q. . . -

:

w '
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TA812 1. Recommended Test sequence (etwittnued)

Croup I (see notes 1. 2) Croup II (see notes 1. 3)
Test teethod

A B C D E a b c d e f g h i j

517.2 space slaulation
(Unnanned Test) -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

518.1 Temperature-
threiditr-
Altitude -- -- -- -- -- 16' 16' 16 17 th' 16' 17' 17' It' 16:8 8

519.2 Gunfire.
Vibration.

17' 17' 178 IS' 17' 12' It' It' 178 17'Aircraft -- -- -- -- --

Note 1. Test seqtrence la given in rertical tolusen. A superscript aJjacent to the sequence number is explained sa fellees:
1. Test with limited app!! cation.

2. Test recommended for missile in addition to those tests not marked with a superscript.
3. Test not generally applicable to airborne or ground launched vehicles.
4. Test not generally appilcable to alrereft or helicopters. .

5. Test not generally applicable to ground tatsched vehicles.

loote 2. Croup I

A. General Sase. (sheltered) and All grounJ equipment not included in electronics and
3. General Base. (unsheltered) commamications, or aircraft and missile support classe9

C. Alecraft and missile support. Equipment used outdoors on airfields and missile launchint Pads for oorelcias. '

maintenance support. checkout, etc. Electronic equirnent not included.
D. Communications and electronics (sheltered) and Commicetion ar.d electrente equipment of all
E. Consunications and electrontes (unsheltered)

ty and mWt with electric circuhe.

Note 3. Group 11 L

Equipment installed in airplanes helicopters, air launched and ground launched vehicles. See Test teethod 517.2 for
guidance in testing satellites and space vehicles.
s. Auxiliary power plants and power plant accessories (primary power plants excluded.)

wZ
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Note 3. Croup II (continued) r.
co-

b. Liquid systems. Liquid carrying or bydraulic actuated equipment. $"~8
c. Gas systems. Cas carrying er gas actuated equipment. En

d. Electrical equipment. All electrical equipment but met electronic. ,

e. Mechanical equipment. Equipment hartog only mechanical operating parts.
'

,

f. Autopilots, gyroe and guidance equipment. tactuding accessories, but not electreates.

g. lastruments lactuding indicators, electric noters, signal devices, etc., but not electreales. i

h. Armament. (hms. Bombing and rocket equl ment, but act electronte.I

i1. Photographic equipment and optical devices. 4

:

J. Electronic and e m ications equipment. {
l
,

!
f

I ,

i

i

.

?

I
i

i

i !

.

1

4 1
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5. TEST ME'll10DS
t
' 5.1 Individual methods for environmental testing follow.

.

6. NOTES
.

6.1 Worldwide climatic environmental conditions are enumerated in MIL-STD-210B,
Climatic Extremes for Military Equipment. AS'Di E491-73, Standard Recommended

; Practice for Solar Simulation for Thermal Balance Testing of Spacecraft lists
*

! specific solar simulation techniques.
|

( 6.2 International standardization agreement. Certain provisions of this

| standard are subject of international standardization agreement STANAG 3518 AE.-

! When amendment, revision, or cancellation of this standard is proposed which
affects or violates the international agreement concerned, the preparing
hetivity will take appropriate reconciliation action through international

! standardization channels including departmental standardization offices,
| if required.

!
.

Custodians: Preparing activity:
Army - EL Air Force - 11

! Navy - AS
Air Force - 11 Project No. MISC-0896

! Review activities:
Army - MI, MU, ME, AV, GL, TE, MT, AT, CE
Navy - SH, OS, YD, EC
Air Force - 10, 18, 19

| International interest (see 6.1)

|
.

!

| !
$ 11* -

.
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| METHOD 500.1

LOW PRESSURE (ALTITUDE),

.

1. PURPOSE. The altitude test is conducted to determine the effects of

I . sure conditions found at high ground elevations.

reduced pressure on equipment. This method is applicable for the purpose
of determining the ability of equipment to withstand reduced pressure encoun-
tered during shipment by air and for satisfactory operation under those pres-

1.1 General effects. Degrading effects may include leakage of gases or fluids
from gasket-sealed enclosures and rupture of pressurized containers. Under low,

pressure conditions, low density materials may change their physical and chemi-
| cal properties. Erratic operation or malfunction of equipment may result from
! arcing or corona. Greatly decreased efficiency of convection and conduction
| may occur as heat transfer mechanisms under low pressure conditions are
: encountered.
|

2. APPARATUS. Altitude chamber.

3. PROCEDURES

3.1 Procedure I
I
'- Step 1 - Prepare the test item in accordance with General Requirements,

3.2 and maintain standard ambient temperature during the entire
( test.

|

[ Step 2 - Decrease the chamber pressure to 429.1 mm of Hg (16.9 inches of
Hg or 15,000 feet above sea level) at a rate not to exceed 2,000 fpm.

i

| Maintain this pressure for not less than 1 hour and then operate
the test item where applicable and obtain results in accordance~

with General Requirements, 3.2. (If a sudden loss of pressure in
the cargo compartment could cause failure of the test item which

|

could damage the aircraft, the equipment shall also be tested to'

.

withstand an altitude of 40,000 feet, non-operating.)

Step 3 - With the test item not operating, return tne chamber to standard
ambient conditions at a rate not to exceed 2,000 fpm.

I Step 4 - Operate and inspect the test item and obtain results in accordance
with General Requirements, 3.2.

I 500.1-1 METHOD 500.1
10 March 1975
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'

3.2 Procedure II. DISCONTINUED. (See Method 504.1, procedure I).
_

4. SGNARY. The following details shall be as speelfied in the equipment
spIcification:

.

c. Pretest data required

b. Failure criteria

Length of time required for operation and required measurements. .c.

.

)

.

l
.

i ME1110D 500.1 S00.1-2
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METHOD 501.1

'

; . HIGH TEMPERATURE
*

.5 -

| 1. PURPOSE. The high temperature test is conducted to determine the resistance
| of equipment to elevated temperatures that may be encountered during service lifs
: .either in storage (without protective packaging) or under service conditions.
|

| 1.1 General effects. In equipment, high temperature conditions may cause the..

| permanent set of packings and gaskets. In items of complex construction,
| binding of parts may also result due to differential expansion of dissimilar

materials. Rubber, plastic, and plywood may tend to discolor, crack, bulge,
'

check, or craze. Closure and sealing strips may partially melt and adhere to
contacting parts.

1.2 Procedure 1 is intended to approximate the exposure of equipment to a
high temperature storage condition for a period of time prior to operation.,

|

1.3 Procedure II is intended to approximate the cyclic high temperature
stresses that equipment is exposed to during storage and operation.

( 2. APPARATUS. Temperature chamber.

|
3. PROCEDURES

.

| \

l 3.1 Procedure I
|,

Step 1 - Prepare the test item in accordance with General Requirements,
3.2.

,

| Step 2 - Raise the internal chamber temperature to 71*C (160*F) or as
! specified in the equipment specification.-

Step 3 - Maintain the internal chamber temperature for a period of 48 hours
. or as specified in the equipment specification while insuring the

relative humidity is not in excess of 15 percent.
!

| Step 4 - Adjust the internal chamber temperature to the highest operating
temperature for which the test item is. designed to operate and
maintain until temperature stabilization of the test item is
reached.

|

|,,, 501.1-1 METHOD 501.1g

10 March 1975
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;

Step 5 - Operate the test item until the item is stabilized or as ,
-

specified in the equipment specification,,and obtain'results
in accordance with General Requirements, 3.2.4.

'

Step 6 - Return the test item, nonop'erating to staridard ambient condition
'

and stabilize.
.

Step 7 - Operate and insp'ect test item'and obtain results in accordance
with General Requirements, 3.2.

.

NOTE: The rate of temperature change (steps 2, 4, and 6) may be th'e' maximum
attainable by the chamber, but shall not exceed 10*C (18'F) per, minute.

.

3.2 Procedure II

Step 1 - Prepare the test item in accordance with General Requirements,
* "

3.2.

Step 2 - Raise the internal chamber temperature to 49'C (12,*F).0
,

Step 3 - Maintain internal chamber temperature for,6 hours at 49'C (120*F).

Step 4 - Raise the internal chamber temperature to 71*C (160*F) within
,)a time period of 1 hour and then maintain at that temperature for

4 additional hours.

Step 5 - Lower the internal chamber temperature to 19'C (120*F) within a
time period of 1 hour.

Step 6 - Repeat steps 3, 4, and 5 two additional times (making a total
of three 12-hour cycles).

*

Step 7 - Adjust the internal chamber temperature to the highest operating
temperature under which the test item is designed to operate and
maintain until temperature stabilization of the test item is

-

reached.

Step 8 - Operate the test item until the item is stabilized or as speci-
fied in the equipment specification and obtain results in accord-
ance with General Requirements, 3.2.

I
METHOD S01.1 501.1-2
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; Step 9 - Return the test item, nonoperating, to standard ambientIj conditions and stabilize.

: . Step 10- Operate and inspect the test item and obtain results in accord-
ance with General Requirements, 3.2.

) l 4. SlM1ARY. The following details shall be as specified in the equipment
'

specification:,

\ |
' |~

a. Procedure number )l

b. Pretest data required
.

; c. Failure criteria

d. Highest operating temperature at which the test item is designed to
operate

Length of time required for operation and required measurementse.

f. Internal chamber temperature if other than 71'C (160*F)

g. Internal chamber temperature dwell time if other than 48 hours.
I
i

ii

.

I -

|

i

| 501.1-3 METHOD 501.1
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METHOD 502.1
i

LOW TEMPERATURE

.

1. PURPOSE. The low temperature test is conducted to determine the effects
of low temperature on equipment during stdrage without protective packaging

i and service use.
,

| t

| 1.1 General effects. Differential contraction of metal parts, loss of
'

*

resiliency of packing and gaskets, and congealing of lubricants are a few
of the difficulties associated with low temperature.

2. APPARATUS. Temperature chamber.-

3. PROCEDURES

3.1 Procedure I

Step 1 - Prepare the test item in accordance with General Requirements,
3.2.

Step 2 - Lower the internal chamber temperature to the storage temperature
-57'C (-70*F) or as specified in the equipment specification and
maintain for a period of 24 hours after stabilization or for the

: period specified in the equipment specification.

Step 3 - Inspect the test item in accordance with General Requirements,,

,.

3.2.

1

Step 4 - Adjust the internal chamber temperature to the lowest temperature
-

under which the test item is designed to operate as specified in
the equipment specification and maintain until temperature stabi-

| lization of the test item is reached.

Step 5 - Operate the test item until the item is stabilized or for the,

! time specified in the equipment specification and obtain results
in accordance with General Requirements, 3.2.

Step 6 - Return the test item, nonoperating, to standard ambient
conditions and stabilize.

.,

502.1-1 METHOD 501.1
10 March 1975
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Step 7 - Operate and inspect the test item and obtdin the results in .

accordance with General Requirements, 3.2.

NOTE: The rate of temperature change (steps 2, 4, and 6) may be the maximum
cttainable by the chamber but shall not exceed 10*C (18'F) per minute, r

4. SUMMARY. The following details shall be as specified in the equipment
spscification:

.

c. Pretest data required

b. Failure criteria
.

Storage temperature and duration if different from step 2c.

d. Lowest operating temperature

Chamber air velocity, where the heat transfer rate from the surface of theo.
test item is important

f. Length of time required for operation and required measurements.

}

|
}

.

.

t

i

METHOD 502.1 502.1-2 j
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METHOD 503.1

TEMPERATURE SHOCK

1. PURPOSE. The temperature shock test is conducted to determine the effects
on equipment of sudden changes in temperature of the surrounding atmosphere.

1.1 General effects. Adverse effects could occur in service due to rapid
altitude changes during shipments and airdrops.

..

2. APPARATUS. A high temperature chamber and a low temperature chamber.

3. PROCEDURE.

3.1 Procedure I

Step 1 - Prepare the test item in accordance with General Requirements
3.2 and raise the internal chamber temperature to 71*C (160*F).
Maintain for a period of not less than 4 hours or until the
test item stabilizes.

Step 2 - At the conclusion of this time period, the test item shall be
transferred, within 5 minutes, to a cold chamber with an
internal chamber temperature of -57'C (-70*F).

\

Step 3 - The test item shall be exposed to this temperature for a period
of not less than 4 hours or until the test item stabilizes.

Step 4 - At the conclusion of this time period, the test item shall,'

within 5 minutes be returned to the high temperature chamber
maintained at 71*C (160*F) .

.

Step 5 - The test item shall be exposed to this temperature for a period
of not less than 4 hours or until the test item stabilizes.

* Step 6 - Repeat steps 2 through 5.

Step 7 - Repeat steps 2 and 3.

Step 8 - Return the test item to standard ambient conditions and stabilize.

I 503.1-1 METHOD 503.1
10 March 1975t
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!

Step 9 - Operate and inspect the test item and.obtain results in accordance ~

with General Requirements, 3.2.4.
|
! NOTE: For step 2 and step 4, when authorized by the procuring activity, large

cr heavy test items shall be transferred from one chamber to the other in the ,

'

I
rinimum practical times.

,

!

| 4. SUMMARY. The following details shall be specified in the equipment
; specification: .

c. Pretest data required

b. Failure criteria. .

:

.

|
,

1

|
|

.

.

i

!

.
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METHOD 504.1
*

i

TEMPERATURE-ALTITUDE

1. PURPOSE. The temperature-altitude test is conducted to determine the
ability of equipment to operate satisfactorily under simultaneously applied
varying conditions of low pressure and high/ low temperature. The equipment
category, as used in this method, is determined by the required altitude
operating range and the required sea level continuous operating temperature,

| delineated in table 504.1-I.
!
'

1.1 General effects. Deleterious effects to be anticipated include leakage
,

of gases or fluids from sealed enclosures, rupture of pressurized containers, I
*

| congealing of lubricants, cracking or rupture of materials due to contraction l

) or expansion, short circuiting of electrical wiring and other damaging effects
which might be expected from exposure to any of the above environments singly.
In addition, equipment dependent on a convection type cooling system may be |
affected due to the reduction of efficiency of heat dissipation in less dense |

.
air.

| |

! 2. APPARATUS. Temperature-altitude chamber and auxiliary thermal sensors |
| with associated recording devices (see note (a)).

3. PROCEDURES
k

' 3.1 Procedure I. The test item shall be prepared in accordance with General
Requirements, 3.2. In general, the testing schedule outlined in table 504.1-II

| shall be followed. However, each step in table 504.1-II represents a condition
j which the test item may encounter in service; therefore, each step may be
; applied independently of the others. For operating conditions other than

those specified in table 504.1-I, the alternate temperature-altitude conditions,

| in figures 504.1-1, 504.1-2, 504.1-3, or 504.1-4 shall be used. When changing
chamber conditions from those required for one step to those required for any
other step, in the sequence given in table 504.1-II or in any sequence, the
rates of temperature and pressure changes may be the maximum attainable by the
chamber, but these rates shall not exceed 1*C (1.8'F) per second for airborne
equipment or 10*C (18'F) per minute for test equipment and 0.5 inch of mercury
per second. Pressures for altitude tables are contained in U. S. Standard
Atmosphere supplement, 1966.

!

l 504.1-1 METHOD 504.1
10 March 1975
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TABLE 504.1-I. Equipment Categories for Temperature-Altitude Tests
.),

* EQUIPMENT MODE. ,

l'"""

EQUIPf:ENT ALTITUDE RANGE TEMFENatuRE
CATECORy (F T') (*C) OPERAflNG ,

iPERATINGCONilN-
INTE]1 SHORg-

,lT-
UO US gTEN flWE

~ * ~

1 Sea Level
3-62 to 85 x- - - ,

_-40 to 55
x - - -

. <

2 Sea Level 55 to 71 x - --
*to ,310.000 -f 2 to 85 - -

-

-40 to 55 x - - -
3,,g,,,g

to 55 to 71 x :- - -
3

' -62 to 85 - - x-

-54 to 55 x - -
-

,

4 See Level 55 to 71to x - .-

30,000 -62 to 85 x-- -

-54 to 55 x - -- -

5 See Level 55 to 71 x -- -

to
39,000 -62 to 85 x- - -

,

,54 to 71 x - - -

I6 Sea Level 71 to 95 x - --

to |
70,000 -62 to 95 x |- - -

Sea level to -54 to 95 x - - -

7 100,000(95'c
Continuous See 95 to 125 x - --

LevelOperation) -

125 to 150 x -- -

1

-62 to 125 u- - -

See level to +54 to 125 x = - -

100,000(125"C
8 Cent ines. sus ten 125 to 150 X - --

LevelOperetson)
x150 to 2f0 - - -

x-62 to 150 - - -

X - Applicable equipment mode at specified temperature and altitude
Notes:

1. Thirty minutes of operation followed by a fifteen-minute de-energized period.
2. Ten minutes of operation followed by a fifteen-minute de-energized period.
3. Air transportation to 15,000 ft except where a sudden loss of pressure in

the cargo compartment could cause failure of the test item which could )
damage the aircraft, the equipment shall also he tested to withstand an s

altitude of 40,000 feet, non-operating. },

METHOD 504.1 504.1-2
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Step la - With the test item de-energized, adjust the chamber tempera-

iture to that specified in step la of table 504.1-11. After '

|
' (Equipment the test item temperature has stabilized, the chamber pressure

' Categories shall be adjusted to simulate the altitude specified in step
1 6 2 only) la of table 504.1-II. Maintain these test conditions for at

, I.
'

At the conclusion of this time period the test item shall,
; least the length of time s'pecified in step la of table 504.1-11.
|

to the extent practical, be visually inspected for the presence
of deterioration which would impair future operation.|

Step lb - With the test item de-energized, adjust the chamber test.

conditions to those specified in step lb of table 504.1-11.
(All Equip- After the test item temperature has stabilized, maintain.

ment Cate- these test conditions for at least the length of time speci-
gories) fied in step lb of table 504.1-II. Where it is possible, with-

out changing the test conditions, the test item shall be
visually inspected for the presence of deterioration which
would impair future operation.

Step 2 With the test item de-energized, adjust the chamber test-

conditions to those specified in step 2 of table 504.1-II.
These chamber test conditions shall be maintained through-
out this step. After the test item temperature has
stabilized, the test item shall be operated at the lowest

( specified input voltage (see note (b)). The test item
shall operate satisfactorily immediately following the
specified warmup time (see note (c)). The test item shall
be de-energized and restabilized at the temperature
specified in step 2 of table 504.1-II. The above operational

| sequence shall be repeated two additional times.

. Step 3 With the test item de-energized, adjust the chamber-

temperature to that specified in step 3 of table 504.1-II.
| The test item temperature shall be stabilized. The test

item shall be energized at the highest specified input
voltage (see note (d)) and the chamber pressure adjusted
to simulate the altitude specified in step 3 of table 504.1-II.
Upon reaching the specified chamber pressure and while
maintaining the chamber temperature, the test item shall
be checked for satisfactory operation and the results

; recorded.

i

|

| 504.1-3 METHOD 504.1
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With the test item de-energized, adjust the chamber test
-Step 4 -

conditions to those specified in step 4 of table 504.1-II.
After the test item temperature has stabilized, the
chamber door shall be opened and frost permitted to form
on the test item (see note (e)). The door shall remain

-

open long enough for the frost to melt, but not long
enough for the moisture to evaporate. The chamber door
shall be closed and the test item operated at the highest
specified input voltage (see note (d)) to ascertain satis-
factory operation immediately following the specified -

warmup time. The test item shall be energized and de-
energized at least three times.

.

Step S - Adjust the chamber test conditions to standard ambient
conditions. After the test item temperature has stabi-
lized, an operational and performance check of the test
item shall be made and the results compared with the data
obtained in General Requirements, 3.2.1, and evaluated
using the failure criteria of General Requirements, 3.2.4.

With the test item de-energized, adjust the chamber testStep 6 -

conditions to those specified in step 6 of table 504.1-II.
The test item temperature shall be stabilized and then )
maintained for at least the length of time specified in '

step 6 of table 504.1-II. At the conclusion of this time ;

period, where practicable, the test item shall be visually
inspected for any deterioration.

With the test item de-energized, adjust the chamber testStep 7 -

conditions to those specified in step 7 of table 504.1-II.
After the test item temperature has stabilized and while
maintaining the chamber temperature, operate the test '

item continuously at the highest specified input voltage
(see note (d)) for the length of time specified in step 7
of table 504.1-II. Thermal sensor readings of the test item
temperature shall be recorded every 30 minutes. At the -

end of the time period specified in step 7 of table 504.1-II,
and while maintaining the test conditions, the test item
shall be checked for satisfactory operation and the results
recorded.

I
-

'
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With the test item de-energized, adjust the chamber test| Step 8'
-

/ conditions to those specified in step 8 of table 504.1-II.

\ and maintain until completion of the fourth operating
, time period. After the test item temperature has stabi-
* lized, the test item shall be operated at the highest

specified input voltage .(see note (d)) for four time

I ..,
periods each of the duration specified in step 8 of
table 504.1-11. The first three time periods of operation

| shall be followed by a 15-minute period with the test
'

item de-energized. The test item shall be checked for
satisfactory operation during each operating time period
and the results recorded. Thermal sensor readings of the
test item temperature shall be recorded every 10 minutes
of test item operation.

-

Step 9 - With the test item de-energized, adjust the chamber test
conditions to those specified in step 9 of table 504.1-11
and maintain until completion of the fourth operating time
period. After the test item temperature has stabilized,
the test item shall be operated at the highest specified
input voltage (see note (d)) for four time periods each
of the duration specified in step 9 of table 504.1-II. The
first three periods of operation shall be followed by a
15-minute period with the test item de-energized. The test
item shall be checked for satisfactory operation during

( each operating time period and the results recorded. Thermal
sensor readings of the test item temperature shall be record-

( ed at the beginning and end of each operating time period.

Step 10 - With the test item de-energized, adjust the chamber
temperature to that specified in step 10 of table 504.1-II.
The test item temperature shall be stabilized. The test

- item shall be operated at the highest specified input
voltage (see note (d)) and the chamber pressure adjusted
to simulate the altitude specified in step 10 of table
504.1-11. Maintain these test conditions for the length

of time specified in step 10 of table 504.1-II. Thermal
sensor readings of the test item temperature shall be
recorded every 30 minutes. At the end of the time period
specified in step 10 of table 504.1-II, and while maintaining
the test conditions, the test item shall be checked for
satisfactory operation and the results recorded.

|
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Step 11 - With the test item de-energized, adjust the chamber -

temperature to that specified in step 11 of table
*

504.1-II (see note (f)), and maintain until completion
of the fourth operating time period. The test item -

temperature shall be stabilized. The test item shall
be energized at the highest specified input voltage
(see note (d)) and the chamber pressure adjusted to
simulate the altitude specified in step 11 of table
504.1-II. The test item shall be operated for four .

time periods each of the duration specified in step 11
of table 504.1-II. The first three time periods of
operation shall be followed by a 15-minute period with

*

the test item de-energized. The test item shall be
checked for satisfactory operation during each operating
time period and the results recorded. Thermal sensor
readings of the test item temperature shall .be recorded
every 10 minutes of test item operation.

Step 12 - With the test item de-energized, adjust the chamber
temperature to that specified in step 12 of table 504.1-II
(see note (f)). The test item temperature shall be
stabilized. The test item shall then be energized at the

)highest specified input voltage (see note (d)) and the
chamber pressure adjusted to simulate the altitude speci- ,

fied in step 12 of table 504.1-II. Maintain these test I

conditions for the length of time s,ecified in step 12
of table 504.1-II. Thermal sensor readings of the test

item temperature shall be recorded every 30 minutes. At
the end of the time period specified in step 12 or table
504.1-II, and while maintaining the test conditions, the
test item shall be checked for satisfactory operation and
the results recorded. -

Step 13 - With the test item de-energized, adjust the chamber
temperature to that specified in step 13 of table 504.1-II .

(see note (fj), and maintain until completion of the
fourth operating time period. The test item temperature
shall be stabilized. The test item shall be energized

at the highest specified input voltage (see note (d)) and
the chamber pressure adjusted to simulate the altitude
specified in step 13 of table 504.1-II. The test item
shall be operated for four time periods as specified in
step 13 of table 504.1-II. The first three time periods

of operation shall be followed by a 15-minute period with
the test item de-energized. The test item shall be checked
for satisfactory operation during each operating time period
and the results recorded. Thermal sensor readings shall be
recorded every 10 minutes of test item operation. !

504.1-6 METHOD 504.1
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Step 14 - With the test item de-energized, adjust the chamber' '

temperature to that specified in step 14 of table 504.1-II
(see note (f)), and maintain until completion of the

. fourth operating time period. The test item temperature
shall be stabilized. The test item shall be energized |

at the highest specified input voltage (see note (d))
and the chamber pressure adjusted to simulate the alti- i

'

: tude specified in step 14 of table 504.1-II. The test
item shall be operated four time periods each of the '

duration specified in step 14 of table 504.1-II, and shall.

be followed by a 15-minute period with the test item de-
energized. The test item shall be checked for satisfactory
operation during each operating time period and the results |,

recorded. Thermal sensor readings of the test item tempera- ;

ture shall be recorded at the beginning and end of each |
operating time period. '

Step 15 - Adjust the chamber test conditions to standard ambient
conditions. After the test item temperature has stabi-
lized, an operational and performance check of the test
item shall be made and the results compared with the
data obtained in General Requirements, 3.2.1, and evalu-
ated using the criteria of General Requirements 3.2.4.

Notes:

a. The following guidelines are provided for consideration when'
determining location of thermal sensors used to monitor the test
items:

(1) One or more sensors in the ambient air within each major
unit.

.

(2) Contact temperature on the largest mass in each major unit.

(3) Contact temperature on the part(s) where the highest surface
temperature is expected.

(4) Contact temperature on the part(s) whose temperature is likely
to limit equipment performance.

; b. For equipment other than electronic equipment, the input conditions
shall be such as to produce the minimum internal physical stress.

504.1-7 METHOD 504.1
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All characteristics which are likely to be affe*cted by low tempera-

, |c.
tures shall be checked first. Should the time required to check '

the test item exceed 15 minutes beyond the warmup time, the test
item shall again be stabilized at the temperature specified for .

step 2 in table 504.1-II and the operational check continued.
I

d. For equipment other than electronic equipment, the input conditions
shall be such as to produce the maximum internal physical stress.

! When the chamber door is opened it is intended that frost will -

e.
form; however, should the relative humidity of the air be such
that frost will not form, an artificial means shall be used to

provide the relative humidity necessary to have frost form. .

f. Following those steps where a change in temperature at low pressure
is required, the pressure may be increased to ambient before chang-
ing the temperature and then returned to the required pressure

| following temperature stabilization.

| 4. SUhMARY. The following details shall be as specified in the equipment
| sp:cifications:

a. Pretest data required

b. Pertinent equipment operation parameters limits (input voltage, etc.) ;

c. Failure criteria.

.

e

1
5
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TABLE 504.1-II. Test Conditions for Temperature-Altitude Tests

CATEGORY STEP le Ib 2 3 4 5 6 7 8 9 11 12 13 14 15

temp ( C) 25 -62 0 0 e5 55 52
1 Att(Ft) 40,000 EltE SITE 10,000 Omit Site Stit Omit Omit 10,000 Omit OM it Omit cult

itME 1 HR 2 HR _ - - --- 16 HR 4 14R 4 HR
_

TEup ' C) 25 A2 - 40 -40 -10 f5 55 il $2 'R

i 2 Alt (Ft) 40,000 SITE SifE 10,000 SITE ti1E Site Site Omit 10,000 10,000 Omit Oult OMIT
16 HR 4 HR 20 Mit. 4 HR 20 Min1ME 1 HR 2 HR --- --- ---

TEuP ('C) -(2 - 40 40 -10 ES 55 71 49 F5.

3 Alt (Ft) OMIT *ITE SafG 15,000 Site Sitt !'tE Site CM:t 15.000 15,000 04tt Omit Omit
16 HR 4 HR 20 M I P. 4 NR 20 MinilME 2 HR --- -- ---

___

TEWP ('C) -62 -$4 -$4 -10 85 55 71 4a 54 to 57 .,

4 Att (Ft) Omit Site SttE 30,000 tite b Sitt ! s tE ' t rE Owl? 20,000 20,000 30,000 30,000 Omit E,

--- --- --- 2 16 HR 4 HR 30 Mita 4 re 30 MIN 4 HR 30 MIN 3TIME 2 HR

f$ TEMP ('C)
-62 -54 -54 -10 e5 55 71 30 47 20 35

[P 5 Alt (F') T?lt $1TE Stif $6,000 flTE ti1F Sitt Stri OMI- 40,000 40,000 50,000 50,000 OMIT
w itME 2uR --- --- -- 16 HR 4 HR 30 MIN 4 HR 30 MIN 4 HR 30 MIN g

TEvr''C) - (,2 -54 -54 -10 3 95 71 95 36 60 10 3; i*
*

6 Att(FT) O'71 t iltE Sitt 70,000 SITE SifE Site Sitt Omit 50,000 50,000 70,000 70,000 Omit*

--- --- -- { 16 HR 4 HR 30 MI': A HR 30 MIN 4 HR 30 MIN {ttME 2 HR
v =

TEvP(*C) -(2 -54 -54 -10 125 95 125 150 r0 90 -10 20 45 '.
7 Alt (F1) CMit SITF Sitt 80,000 Sitt G Siff Site Sitt StIE 50,000 50,000 100,000 100,000 100,000 . ~ . .

T itfE 2 HR --- --- 16 HR 4 HR 30 MIN 10 MIN 4 HR 30 Mits 4 HR 30 MIta 10 M i tJ

TEMP (6C) -62 -54 -54 -15 ISO 125 150 2 t.0 90 115 25 50 155
8 ALT (Ft) rfs ti sitt Site 60,000 Sitt Site Sitt Slit SlfE 50,000 50,000 100,000 100,000 100,000

16 HR 4 HR 30 u t t! 10 u t ta 4 HR 30 MIN 4 HR 30 Mlts 10 MititlwE 2 HR --- --- ---

SITE - Altitude of test facility. x
v -
b
d b
O g
U

e

00t,ri "O
t 8
-

_ _ . _ _ _ _ _ _ ._. . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ _ . _ _ _ _ _ . _ . _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
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Curvo A*- Dani n and Tert Raquiremente for continuous1. i
cperation. t

2. Curve B - Design and Test Requirements for intermittent c

operation.
'. Operating requirements for Category 2 equipment are for

continuous operation uith temperature extremes of*0*C
and $$*C.

FIGURE 504.1-1 Temperature Versus Altitude Operational Requirements N
)for Categories I through 5 Equipment. i
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NOTES:

2. Curve A - Design and test requirements for continuous

|
operation,

t. Curve B - Design and test requirements for intermittent
operation.

FIGURE 504.1-2 Temperature Versus Altitude Operational Requirements
for Category 6 Equipment.
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1. Curve A - Design and test requirements for continuous
operation of equipment designed to operate a,t 95 *C at
. sea level.

2. ' Curve B - Design and test requiremente for intermittent
operation of equipment . designed to operate continuously
at 95*C at sea level.

3. Curve C - Design and test requirements for short time
operation of eguipment designed to operate continuously
at '95 *C at sea level., s

FIGURE 504.1-3 Temperature Versus Altitude Operational Requirements )
for Category 7 Equipment.
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NOTES:

1. Curve A - Design and test requirements for continuous
operation of equipment designed to operate at 125*C at
sea level.-

8. Curve B - Design and test requirements for intermittent
operation of equipment designed to operate continuously
et 125*C at sea tevet.

3. Curve C - Design and test fequirements for short t'ime

|
operation of equipment designed to operate continuously
at 125*C at sea tevet.

FIGURE 504.1-4 Temperature Versus Altitude Operational Requirements
for Category 8 Equipment.
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METHOD 505.1,
_

SOLAR RADIATION (SUNSHINE)
.

1. PURPOSE. The sunshine test is conducted to determine the effect of solar

I~Thelimitsandenergylevelsspecifiedhereinprovide
radiation energy on equipment in the Earth's atmosphere. For the purpose of lthis test, only the terrestrial portion of the solar spectrum is considered.

.

the simulated effects j
of natural sunshine. The ultraviolet portion simulates natural sunshine in 1

a general way and is considered to be representative of irradiation in most
geographical locations. The sunshine tests are applicable to equipment which
may be exposed to solar radiation during service or unsheltered storage at the
Earth's surface or in the lower atmosphere.-

1.1 General effects. Heating effects may cause bending, differential expan-
sion, bulging, cracking, crazing, softening and melting, overheating, binding,

i

permanent set of gaskets, etc. Degradation from spectral energy input is I

manifested as fading of fabric colors, checking of paints and deterioration
of natural rubber and plastics.

1.2 Procedure I. Accelerated steady state, solar radiation test; equipment
nonoperating.

1.3 Procedure II. Accelerated cycling temperature and solar radiation test.
,

This procedure is intended to simulate natural cycling temperature and solari

radiation conditions. It is used either for evaluating heating effects on a
i real time basis, or for determining the temperature equipment reaches under

the severest required conditions.

2. APPARATUS. Solar radiation chamber.

2.1 Chamber. The test chamber volume shall be a minimum of ten times that.

of the volume of the envelope volume of the test item. The chamber's simulated
solar radiation source area shall be a minimum of 125 percent of the horizontal
area projection of the test item.

2.2 Solar radiation source. For the purposes of this test, the following
spectral distribution of solar radiation is acceptable: 50 to 72 watts /ft2
of infrared (of wavelengths above 7,800 angstrom units), 4 to 7 watts /ft2
of ultraviolet (of wavelengths below 3,800 angstrom units), and the balance

i visible. The radiation source shall be located at least 30 inches away from
any outer surface of the test item. (Lamp vendor's spectral distribution
curves may be used in establishing the spectral distribution within the above
specified limits. U. S. Bureau of Standards traceability of this vendor data

I
is waived).

505.1-1 METHOD 505.1
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2.2.1 Lamps. Tests which are conducted for degradation and deterioration
, ,

of materials, as well as heat buildup within the test item, may use one of '

tha following acceptable radiation sources: 4

:

c. Mercury vapor lamps (internal reflector type only)
- I

,

b. Combination of incandescent spot lamps (including infrared filters) I

teg;ther with tubular type mercury vapor lamps with external reflectors '

,

c. Combination of incandescent spot lamps (including infrared filters) -

tcgsther with mercury vapor lamps with internal reflectors

d. Carbon are lamps with suitable reflectors -

e. Mercury xenon arc lamps with suitable reflectors

f. Mercury vapor and lucolux lamps with suitable reflectors, or

g. Multivapor lamps with suitable reflectors.

This list is not intended to exclude new lamps available by advanced technology.

2.2.2 Tests which are conducted only for heat buildup within the test item )
may use infrared lamps of the incandescent type or other radiant heating -

source approved by the procuring activity. )
2.3 Solar radiation measurement. Solar radiation intensity shall be measured
with a pyranometer in accordance with General Requirements, 3.1.3.

3. PROCEDURES

1

j 3.1 Procedure I. Accelerated steady state, solar radiation test, equipment
,

| nonoperating. The test item shall be placed in the test chamber in accordance
with General Requirements, 3.2.2, and exposed to radiant energy at the rate of
104 14 watts per square foot (355 14 BTU per square foot per hour) or as
spscified in the equipment specification. The period of the test shall be '

48 hours (or longer if specified in the equipment specification) during which
time the chamber temperature shall be maintained at 49 i2*C (120*F). At the
conclusion of the exposure period, and with the chamber temperature maintained
es specified, the test item shall be operated and the results obtained in
cecordance with General Requirements, 3.2. The test item shall then be
r turned to room temperature, inspected, and results obtained in accordance -

with General Requirements, 3.2.

METHOD 505.1 505.1-2
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3.2 Procedure II. Accelerated cycling temperature and solar radiation test."

The test item shall be prepared in accordance with General Requirements, 3.2.'

' Raise the chamber air temperature to 32*C (90*F). The test item shall then
be exposed to three continuous 24-hour cycles of controlled simulated solar
radiation and dry bulb temperature as indicated in figure 505.1-1 or as speci-
fled in the equipment specification. Tolerances for control of radiation i

I . humidity (uncontrolled) shall be less than 40 percent.

2shall be t5 watts /ft . Tolerances for air temperature control shall be 2*C |

( 3.6*F). At the beginning and end of each test cycle, the chamber relative I

The air velocity in

the chamber shall be maintained within 3 to 6 knots (300 to 600 ft/ min). When
specified in the equipment specification, at 1,500 hours of the third cycle ;

(or at the approximate point of peak test item temperature), the test item |

shall be operated for 1 hour and results shall be obtained in accordance with (
,

General Requirements, 3.2. At the conclusion of the last exposure, the test
item shall be removed from the chamber and operated and inspected and results I

obtained in accordance with General Requirements, 3.2. If the test item is

operated during the test, it shall be returned to room ambient before the
final operation; otherwise the final operation shall be performed as soon as

,

the test item is removed from the chamber.'

NOTE: The test item may or may not be operated throughout the test at the I

option of the equipment specification. h' hen evaluation of heating effects is
important, operation at least at peak temperature should be specified. For |

certain one-shot items (e.g., rockets) thermocouples affixed to critical por-
tions of the test item should be used to determine time and value of peak

g
temperature. The time of operation shall coincide with peak temperature. 1

|

4. St#f!ARY. The following details shall be as specified in the equipment-

specification.

a. Procedure number

' b. Pretest data required

c. Failure criteria

d. Number of cycles if other than three (Procedure II)

Temperature and solar radiation intensity, if other than given in procedure Ie.
or procedure 11

f. Indicate the operation and inspection required of the test item or to be
performed (if any) on the test item during the test cycles, including the
start and duration of each indicated operation or inspection of the test item.

I 505.1-3 METHOD 505.1
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.' METHOD 506.1
, .

RAIN.

I
'

1. PURPOSE. The rain test is conducted to determine the effectiveness of

I* radomes,nosecones,etc.,arocketsledtestfacilityorothersuchfacility

protective covers or cases to shield equipment from rain. This test is
applicable to equipment which may be exposed to rain under service conditions.
Where a requirement exists for determining the effects of rain erosion on

should be considered. Since any test procedure evolved would be contingent
on requirements peculiar to the test item and the facility employed, a
standardized test procedure for rain erosion is not included in this test
method.-

2. APPARATUS

2.1 Procedure I. Rain chamber with wind source.

2.2 Procedure II. Rain chamber.

2.3 Chamber. The rain chamber shall have the capability of producing falling
rain and for procedure I a facility for producing wind blowing at the rates
specified herein. The chamber temperature shall be uncontrolled, except as
regulated by water introduced as rain, throughout the test period. The rain

(' water is emitted in the form of droplets having a diameter range between 0.5
shall be produced by a water distribution device of such design that the

and 4.5 millimeters. The temperature of the water shall be between 11* and
35'C (52' and 95'F) . The water distribution shall be such that, with the
wind source turned off, the rain is dispersed completely over the test item
and an additional test area to accomplish the wind blown rain effects on the
equipment. The wind source shall be so positioned with respect to the test
item that it will cause the rain to beat directly, with variations up to 45'.

from the horizontal, and uniformly against one side of the test item. The
wind source shall be capable of producing horizontal wind velocities up to
40 miles per hour. The wind velocity shall be measured at the position of
the test item, prior to placement of the item in the chamber. No rust or
corrosive contaminants shall be imposed on the test item by the test facility.

(A recommended method of measuring raindrop size is the flour pellet method
as referenced in "The Relation of Raindrop Size to Intensity" by Laws and
Parsons. Transactions of the American Geophysical Union, Part II, pps 452 to
459, -1943).

,
I 506.1-1 METHOD 506.1

10 March 1975
'

|

: !
!
t

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

n

.



.

.

1

,

)
MIL-STD-810C

.

3. PROCEDURES ". .

3.1 Procedure I (cycling). The procedure is intended for evaluating equipment
ustd outdoors under blowing rain conditions. The test item shall be placed in -

.
' tha chamber in its normal operation position in accordance with General Require-

ments, 3.2. The test item shall be exposed to a simulated rain at a rate of
2 c0.5 inches per hour for 10 minutes. The rate of rainfall shall then be
rzised to 5 1 inches per hour and held at this rate for 5 minutes. The rate
shS11 then be reduced to 2 10.5 inches per hour for the next 15 minutes.
Sterting 5 minutes after the initiation of the rain, the wind source shall be

*

turned on and adjusted to produce a horizontal wind velocity of 40 miles per
hour (3,500 feet per minute). The wind source shall be maintained at this
volocity for 15 minutes after which the wind source :, hall be turned off. -

NOTE: If specified in the equipment specification, the test item shall be
op: rated during the last 10 minutes of the 30-minute rain. Each of the sides
of the test item that could be exposed to blown rain shall be subjected to
tha rain for a period of not less than 30 minutes, for a total test duration
of not less than 2 hours. At the conclusion of the test period, the test
itsm shall be removed from the test chamber, operated, inspected, and results
obtained in accordance with General Requirements, 3.2. The protective cover
or case shall, where possible, then be removed and the test item inspected ;

for compliance with General Requirements, 3.2.

| 3.2 Procedure II, For simulation of steady-state rainfall . }

Step 1 - Place the test item in the chamber in accordance with General
Requirements, 3.2.2 and orient in such a manner as to allow
impingement of the rain on the item nomal (90*) to its hori-
zontal plane.

Step 2 - Produce a simulated falling rain in the test chamber stabilized ,

at a constant rate of 2 0.5 inches per hour.

Step 3 - Reorient the test item to an angle of 45' from the horizontal
plane of step 1 and index the item around its center axis *

periodically to allow exposure to rainfall of all the significant
surfaces of the test item.

Step 4 - Expose the test item to the simulated falling rain for a total
time of not less than 2 hours, which shall represent the sum
of equal exposure periods in the orientation modes of steps 1
and 3.

METHOD 506.1 506.1-2
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[ - Step S - If specified in the equipment specification, execute performance
checks on the test item during exposure to the rain as prescribed
in General Requirements, 3.2.3.

.

Step 6 - At the conclusion of the rain exposure, remove the test item

I,
from the chamber, sponge or. lightly wipe accumulated moisture
from its exterior surfaces, open its case or protective covers,
if possible, and visually inspect the test item for compliance
with General Requirements, 3.2.6.

Step 7 - Upon completion of the step 6 visual inspection, perform
,

operational checks on the test item and obtain results in
accordance with General Requirements, 3.2.

4. SUMMARY. The following details shall be as specified in the equipment
specification:

a. Procedure number

b. Pretest data required
*

c. Failure criteria

i d. Whether equipment is to operate during rain and length of time required
for operation and measurements.'-

.

e
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METHOD 507.1f
\

HUMIDITY
.

1. PURPOSE. The humidity test is conducted to determine the resistance of
i

I. test,

equipment to the effects of exposure to warm, highly humid atmosphere such 1

as is encountered in tropical areas. This is an exaggerated environmental
accomplished by the continuous exposure of the equipment to high rela-

tive humidity at cycling elevated temperatures. These conditions impose a
~ vapor pressure on the equipment under test which constitutes the major
force behind the moisture migration and penetration.

.

1.1 General effects. Corrosion is one of the principal effects of humidity.
Hygroscopic materials are sensitive to moisture and may deteriorate rapidly

i

under humid conditions. Absorption of moisture by many materials results in j

swelling, which destroys their functional utility and causes loss of physical |
'strength and changes in other important mechanical properties. Insulating

materials which absorb moisture may suffer degradation of their electrical
and thermal properties. Cycling temperature and humidity may cause condensa-
tion of moisture inside of the equipment which could cause the equipment to

'malfunction due to electrical shorts or cause binding due to corrosion or
fouling of lubricants between moving parts.

2. APPARATUS. Humidity-temperature chamber and associated equipment.
[

2.1 Ch amber. The chamber and accessories shall be constructed and arranged
in such a manner as to avoid condensate dripping on the test item. The chamber
shall be trap-vented to the atmosphere to prevent the buildup of total pressure.
Relative humidity shall be determined from the dry bulb-wet bulb thermometer
comparison method or an equivalent method approved by the procuring activity.
When readout charts are used, they shall be capable of being read with a resolu-
tion within 0.6*C (1*F). When the wet bulb control method is used, the wet bulb
and tank shall be cleaned and a new wick installed at least every 30 days. The
air velocity flowing across the wet bulb shall be not less than 900 feet per
minute. Provisions shall be made for controlling the flow of air throughout
the internal chamber test space where the velocity of air shall not exceed
150 feet per minute. Steam or distilled, demineralized, or deionized water
having a pH value between 6.0 and 7.2 at 23*C (73*F) shall be used to obtain
the specified humidity. No rust or corrosive contaminants shall be imposed
on the test item by the test facility.

I --
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.]
3. PROCEDURES -

'

,

.

3.1 Procedure I. Airborne electronic equipment.
'

Step 1 - Prepare the test item in accordance with General Requirements,
3.2. Prior to starting the test, the internal chamber tempera-
ture shall be at standard ambient with uncontrolled humidity.

Step 2 - Gradually raise internal chamber temperature to 65'C (149'F)
and the relative humidity to 95 +5 -3 percent over a period of '

2 hours.

Step 3 - Maintain conditions of step 2 for not less than 6 hours. .

Step 4 - Maintain 85 percent, or greater, relative humidity and reduce
internal chamber temperature in 16 hours to 30*C (86*F).

Step 5 - Repeat steps 2, 3, and 4 for a total of 10 cycles (not less than
240 hours). Figure 507.1-1 is an outline of the humidity cycle
for this procedure.

Step 6 - At the end of the tenth cycle, while still at 30*C (86*F) and
85 percent relative humidity, operate the test item and obtain );
results in accordance with General Requirements, 3.2. .

Step 7 - Remove and inspect the test item and obtain results in accord- )

ance with General Requirements, 3.2.

3.2 Procedure II. Ground and airborne electronic equipment.

Step 1 - Prepare the test item in accordance with General Requirements,
3.2, except that initial measurements are taken in step 4. ,

Step 2 - Dr> the test item at 54*C (129'F) for 24 hours.

Step 3 - Condition the test item at 23*C (73*F) and 50 10 percent -

i

relative humidity for 24 hours.

Step 4 - Take initial measurements in accordance with General Require-
ments, 3.2.1

1
'

MET 110D 507.1 507.1-2
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NOTE: The test item may be readjusted or realigned, as necessary, to meet'

specification requirements. No further realignment or readjustment shall be
permitted throughout the test period, other than with accessible controls
employed for operation of the test item. No repair or replacement of parts i

,

shall be permitted. Equipment shall be operated only when specified test 1

I * Step 6 - Subject the test item to five continuous 48-hour cycles in

measurements are being performed. *

Step 5 - Raise the internal chamber temperature to 30'C (86*F) and the
relative humidity to 9414 percent.

1

accordance with figure 507.1-2. Take measurements in accord-
ance with General Requirements, 3.2.3 at the periods shown on.

figure 507.J-2, unless otherwise specified in the equipment
specification. Prior to measurements, accumulated moisture
may be removed by turning the test item upside down or shaking.
Wiping is not permitted. (Certain operating procedures require |

an effective preconditioning of the test item environment prior j
to operation. When this occurs, the period of measurement shall I

be kept as short as possible.) '

Step 7 - After completion of step 6 cycling, condition the test item
for 24 hours at 23*C (73*F) and 50 10 percent relative I
humidity.

(
Step 8 - Operate the test item, adjusting for optimum performance only |

as permitted in step 4 note, and compare with data obtained in,
-

step 4.

Step 9 - Inspect the test item in accordance with General Requirements,
3.2.4 within an hour.

'

3.3 Procedure III. Ground and airborne sealed electronic equipment (other
than hermetic sealed).

Step 1 - Prepare the test item in accordance with General Requirements,
3.2.

Step 2 - Dry the test item at 54*C (129'F) for 24 hours.

Step 3 - Condition the test item at 23'C (73'F) and 50110 percent*

relative humidity for 24 hours. I

Step 4 - Take initial measurements in accordance with General Require-
ments, 3.2.1.

I
NOTE: The test item may be realigned or readjusted as necessary to meet speci-
fication requirements. No further realignnent or readjustment shall be

507.1-3 METHOD 507.1-
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4
g 1 C7CLE h6 HOURS ?

FIGURE 507.1-2. Humidity Cycle Procedures II and III

NOTES:-

1. Tolerance during temperature change shall be not greater than 3*C (5'F).
.

2. Relative humidity shall be maintained at 94 +4 percent at all times,
except that during the descending temperature period, the relative humidity
may be permitted to drop as low as 85 percent.

3. Rate of temperature change between 30* and 65'C (86* and 149'F) shall
be not less than 8'C (14.4*F) per hour.,

4. The temperature increase in this portion of the curve shall be not less

than 10*C (18'F).

5. Test measurements shall be taken only at the period specified in the
applicable equipment or system specification.
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p;rmitted throughout the test period other than with aedessible controls em-
ployed for operation of the test item. No repair or replacement of parts

-

shall be permitted. Equipment shall not be operated, except when specified .

tsst measurements are being performed. .

Step 5 - Raise the internal chamber temperature to 30*C (86*F) and the
relative humidity to 94 14 percent.

Subject the test item to five continuous 48-hour cycles in accord-Step 6 -

ance with figure 507.1-2. The relative humidity shall be main- .

tained at 94 4 percent at all times. Take measurements in
accordance with General Requirements, 3.2.3 at the periods shown
on figure 507.1-2 unless otherwise specified in the equipment ,

specification. Prior to measurements, accumulated moisture may
be removed by turning the test item upside down or shaking.
Wiping is not permitted. (Certain operating procedures require'

an effective preconditioning of the test item environment prior
to operation. When this occurs, the period of measurement shall
be kept as short as possible.)

After completion of the step 6 cycling, open the test item andStep 7 -

remove the chassis from its enclosure, in the test chamber.

Maintain the internal test chamber temperature at 30*C (86*F)Step 8 ,,-

with the relative humidity at 94 14 percent for 480 hours. ;
During the last 5 hours of exposure, take measurements as
specified in the equipment specification. Additional measure-
ments may be made at the end of each 24-hour period, if so
specified in the equipment specification. Prior to measurements,
accumulated moisture may be removed by turning the test item up-
side down or shaking. Wiping is not permitted. For electronic
equipment, if removal of the test chassis from its enclosure

*will, of itself, adversely affect the operation of the test item,
the test item may be replaced in its enclosure for measurements.

After completion of the 480-hour test, condition the test itemStep 9 -
-

at 23*C (73*F) and 50 10 percent relative humidity for 24 hours.

Step 10 - Adjust the test item to optimum performance only as permitted
in the step 4 note.

.

Step 11 - Operate and inspect the test item, and obtain results in accord-
ance with General Requirements, 3.2, within 1 hour.

METHOD 507.1 507.1-6
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'- 3.4 Procedure IV. Ground fire control and shipboard equipment. |

{ '
\

| Step 1 Prepare the test item in accordance with General Requirements |
-..

| 3.2. '

L o, .

Step 2 Dry the test item at a temperature of not less than 40*C (104*F). -

I nor more than 50*C (122*F)' for not less than 2 hours. !

,

1
t

I1

Step 3 - Condition the test item at 25* iS*C (77* 9'F) and 50 percent
.

relative humidity for 24 hours.4
,

Step 4 - Take initial measurements as specified in the equipment
specification in accordance with General Requirements, 3.2.,

NOTE: The test item may be readjusted or realigned as necessary to conform to
the equipment specification requirements. No further realignment or readjust-
ment shall be permitted throughout the test period other than with accessible
controls, external to the test item, employed for operation of the test item.
If repairs, replacement of parts, or adjustments other than by the accessible
external controls are made at any time prior to completion of the measurements
required at the end of the fifth cycle, all five of the 24-hour cycles shall i

,

be repeated. Repairs include any change to the test item that is not made by
use of the accessible controls external to the test item. The test item shall
only be operated when specified test measurements are being performed.

|

( Step 5 - Subject the test item to five 24-hour cycles in accordance
iwith figure 507.1-3. A 24-hour cycle consists of 16 hours '

; at 60* 5'C (140* 19'F) and approximately 8 hours at 30* tS*C
(86* t9'F) (includes transition times). The relative humidity
shall be maintained at 95 percent, or greater, at both tempera-
tures. Each transition time between 30' 5'C (86* 9'F) and
60* 5'C (140' 9'F) shall be not greater than 1-1/2 hours.

-

The relative humidity during each transition need not be con-
trolled. Approximately 2 hours after stabilization during the
high temperature and low temperature portions of the first or

. second cycle, a sampling of the atmosphere in the chamber shall
be made to determine that the conditions of temperature and
relative humidity are uniform throughout the chamber.

Measurements as specified in the equipment specification shall be made during
the second cycle at 60* iS*C (140* 19*F) immediately prior to decreasing to
30' iS*C (86* 19'F) ..

The test item shall be energized only a sufficient time to allow the required
warmup and measurements specified in the equipment specification.

4
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Step 6 - After completion of the fifth cycle with.the test item in the
.

'

chamber and the chamber at '30' iS*C (86* 19'F) and a relative
humidity of not less than 95 percent, take measurements speci- >

fled in the equipment specification (no repair, realignment,
j readjustment or replacement of parts shall be made, except as

,

.

specified herein). Obtain results in accordance with General
'

-

Requirements, 3.2.
| Condition the test item at 25' 5'C (77* 9'F) and 50 15 percent'

Step 7 -

relative humidity for not less than 12 hours nor more than a

24 hours. ,

While at 25' iS*C (77* 9'F) and 50 percent relative humidity,Step 8 .-

take measurements as specified in the equipment specification.
!

Inspect test item to detect evidence of physical degradation ,

Step 9 -

(such as corrosion of metal parts, distortion of plastic parts, *

and insufficient lubrication of moving parts) in accordance with
General Requirements, 3.2.

3-5 Procedure V. Ammunition and natural environment cycles. |
t

Step 1 - Prepare the test item in accordance with General Requirements, ; ,

'

3.2,-except that initial measurements are taken in step 5.
I

Step 2 - Dry the test item at 54*C (129'F) for 24 hours. '

Step 3 - Condition the test item at 23*C (73*F) and 50' 110 percent
relative humidity for 24 hours. |

iGradually raise the internal chamber temperature to 40.5'CStep 4 -

(105'F) and 90 percent relative humidity in 2 hours. ,

Take initial measurements in accordance with General Require-Step 5 -

ments, 3.2.
.

NOTE: The test item may be readjusted or realigned as necessary to meet
specification requirements. No further readjustment or realignment shall be
parmitted throughout the test period other than with accessible controls
employed for operation of the test item. No repair or replacement of parts
shall be permitted. Equipment shall be operated only when specified test .

-

mersurements are being performed.
.

:

1
i

!
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* Step 6 - Maintain the internal chamber temperature at 40.5'C (105'F)
' *

and the relative humidity at 90 percent for 16 hours.

Step 7 - Gradually decrease the internal chamber temperature to 21*C~

(70*F) and increase the relative humidity to 95 percent in
2 hours.-

;

i Step 8 - Maintain the internal chamber temperature at 21*C (70*F) and
the relative humidity at 95 percent for 4 hours.

| Step 9 - Repeat steps 4, 6, 7, and 8 for a total of 20 cycles (480 hours). I

Take measurements as specified in the equipment specification.
Prior to measurements, accumulated moisture may be removed by,

turning the test item upside down or shaking. Wiping is not
permitted. Figure 507.1-4 is an outline of the humidity cycle
for this procedure.

Step 10 - After completion of step 9 cycling, operate the test item |

adjusting for optimum performance only as permitted in step 5
note, and inspect the test item to obtain results in accord-

|ance with General Requirements, 3.2 within I hour. !

4. SIR 41ARY. The following details shall be specified in the equipment |

specification:
I
\ a. Procedure number

I b. Pretest data required

c. Failure criteria

d. Periods at which measurements are to be taken
9

Method for determining purity of water if a more precise method is desired.e.
(An alternate to pH criteria is to perform a conductivity measurement. The
maximun acceptable value would be that resistance which is equivalent to 3.5,

parts per million total ionized solids.)

f. If test item must be exposed to extreme temperature prior to test
(procedure I).

g. Number of cycles if other than 20 (procedure V, step 9).,

h. Whether cycle is to be limited to first 24 hours (procedure II, step 6).

I 507.1-9 HETHOD 507.1
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METHOD 508.1,

FUNGUS.

.
.

1. PURPOSE. The fungus test is used to determine the resistance of equipment.

I'~1.1
to fungi and to determine if such equipment is adversely affected by fungi
under conditions favorable for their devel.;2ent, namely high humidity, warm
atmosphere, and presence of inorganic salts.

General effects. Typical problems caused by fungi growing on equipment
are:

*

Micro-organisms digest organic materials as a normal metabolic processa.
thus degrading the substrate, reducing the surface tension, and increasing
moisture penetration.

b. Enzymes and organic acids produced during metabolism diffuse out of the
cells and onto the materials and cause metal corrosion, glass etching,
hardening of grease, and other physical and chemical changes to the materials,
such as insulation resistance and arcing. '

The physical presence of micro-organisms produce living bridges acrossc.

components which may result in electrical failures.

( 2. APPARATUS. The apparatus required to conduct this test consists of chambers
or cabinets together with auxiliary instrumentation capable of maintaining the
specified condition of temperature and humidity. Provisions shall be made to,

prevent condensation from dripping on the test item. There shall be free
circulation of air around the test item and the contact area of fixtures
supporting the test item shall be kept to a minimum.

* When forced air is employed, the flow should not exceed 1 meter per second
over the surface of the test specimen. j

3. PROCEDURE.

3.1 Procedure I

3.1.1 Preparation of mineral-salts solution. The solution shall contain the
following:

,

|Potassium dihydrogen i
'orthophosphate (KH PO ) . . . . . 0.7 g2 4 . . .

Potassium monohydrogen
orthophosphate (K HPO ) . . . . . . 0.7 g2 4 .

508.1-1 METHOD 508.1 I
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Magnesium sulfate heptahydrate , *

(MgSO +7H O) . . . . . . . . . . . . 0.7 g
4 2

Ammonium nitrate (NH NO ) . . . . . . . 1.0 g ,4 3
*

Sodium chloride (NaC1) . 0.005 g.. . ... .

Ferrous sulfate heptahydrate
(FeSO +7H O) . . . . . . . . . . . . 0.002 g

4 2 .

Zinc sulfate heptahydrate
(ZnSO +7H2O) . . . . . . . . . 0.002 g4 .. .

.

Manganous sulfate monohydrate
(MnSO +H O) . . . . . . . . . . . . . 0.001 g4 2

Distilled water . . . . . . . . . . . 1000 ml.

Sterilize the mineral salts solution by autoclaving at 121*C (250*F) for
20 minutes. Adjust the pH of the solution by the addition of 0.01 normal
solution of NaOH so that after sterilization the pH is between 6.0 and 6.S.
Prepare sufficient salts solution for the required tests. ,

3.1.1.1 Purity of reagents. Reagent grade chemicals shall be used in all
tests. Unless otherwise specified, it is intended that all reagents shall )
conform to the specification of the Committee on Analytical Reagents of the
American Chemical Society, where such specifications are available.

3.1.1.2 Purity of water. Unless otherwise specified, references to water
shall be understood to mean distilled water or water of equal purity.

3.1.2 Preparation of mixed spore suspension. The following test fungi shall ;
,

ba used:
ATCC QM(NLABS)

Fungi No. 1/ No. 2/ 1

*

Aspergillus niger 9642 386

Aspergillus flavus 9643 380

Aspergillus versicolor 11730 432
,

Penicillium funiculosum 11797 474
i

Chaetomium globosum 6205 459

1/ American Type Culture Collection,12301 Parklawn Drive, Rockville, Maryland
20852

2/ Pioneering Research Division, U.S. Army Natick Laboratories, Natick,
Massachusetts 01760

'
FETHOD 508.1 508.1-2
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Maintain cultures of these fungi separately on an appropriate medium
such as potato dextrose agar. However, the culture of chaetomium niobosum

. shall be cultured on strips of filter paper on the surface of mineral salts
agar. (Hineral salts agar is identical to mineral salts solution described

*

in 3.1.1, but contains in addition 15.0g of agar per liter). The stock
cultures may be kept for not more than 4 ponths at 6* 14*C (43' 7'F) at which

1 Prepare a spore suspension of each of the five fungi by pouring into one

-

time subcultures shall be made and new stocks shall be selected from the sub-
cultures. If genetic or physiological changes occur, obtain new cultures
as specified above. Subcultures used for preparing new stock cultures or the
spore suspension shall be incubated at 30*C (86*F) for 9 to 12 days or longer.

subculture of each fungus a 10-m1 portion of a sterile solution containing
0.05g per liter of a nontoxic wetting agent such as sodium dioctyl sulfosuc-, ,

cinate or sodium lauryl sulfate. Use a sterile platinum or nichrome inocula- |

ting wire to scrape gently the surface growth from the culture of the test
organism. Pour the spore charge into a sterile 125-m1 glass-stoppered
Erlenmeyer flasA containing 45 el of sterile water and 50 to 75 solid glass
beads, 5 mm in diaeter. Shake the flask vigorously to liberate the spores
from the fruiting bodier, and to break the spore clumps. Filter the dispersed
fungal spore suspension, through a 6 mm layer of glass wool contained in a
glass funnel, into a sterile flask. This process should remove large mycelial
fragments and clumps of agar which could interfere with the spraying process.
Centrifuge the filtered spore suspension aseptically, and discard the super-

,

natant liquid. Resuspend the residue in 50 ml of sterile water and centrifuge. )

( Wash the spores obtained from each of the fungi in this manner three times.
Dilute the final washed residue with sterile mineral-salts solution in such
a manner that the resultant spore suspension shall contain 1,000,000 1200,000
spores per ml as determined with a counting chamber. Repeat this operation'

for each organism used in the test and blend equal volumes of the resultant
spore suspension to obtain the final mixed spore suspension. The spore sus-
pension may be prepared fresh each day or may be held at 6* 14*C (43' 17'F)
for not more than 7 days.

,

3.1.3 Viability of inoculum control. With each daily group of tests place
each of three pieces of sterilized filter paper, 1-inch square, on hardened
mineral-salts agar in separate Petri dishes. Inoculate these with the spore-

suspension by spraying the suspension from a sterilized atomizer 1/ until
initiation of droplet coalesence. Incubate these at 30*C (86*F) at a relative
humidity not less than 85 percent and examine them after 7 days of incubation.
There shall be copious growth on all three of the filter paper control speci-
mens. Absence of such growth requires repetition of the test.

lj An atomizer capable of providing 15,000 13,000 spores per square
centimeter.

I, 508.1-3 METHOD 508.1
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3.1.4 Control itqms. In additior, to the viability' of inoculum control,
,

known susceptible substrates shall be inoculated along with the test item
to insure that proper conditions are present in the incubation chamber to -

promote fungus growth. The control items shall consist of cotton duct ,

8.25-ounce strips that are 1.25 inches wide, that have been dipped into a
~

solution containing 10 percent glycerol, 0.1 percent potassium dihydrogen
orthophosphate (KH PO ), 0.1 percent ammonium nitrate (NH NO ), 0.0252 4 4 3
parcent magnesium sulfate (MgSO +7H O), and 0.05 percent yeast extract (pH 5.3),4 2
and from which the excess liquid has been removed. The strips should be

-hung to air dry before being inoculated and placed into the chamber.

3.1.5 Inoculation of test and control item >

.

o. Mount the test control items on suitable fixtures or suspend from hangers.
N3 cleaning of the test item shall be permitted for 72 hours prior to the
brginning of the fungus test. Equipment handling prior to and during the
fungus test shall be accomplished without contamination of the equipment.

b. Precondition the chamber and its contents at: 30*C (86*F) and 9712
parcent relative humidity for at least 4 hours.

c. Inoculate the test and control items with the mixed fungus spore suspension
(3.1.2) by spraying it on and into the test and control items (if not hermetically )

s;aled) in the form of a fine mist from a previously sterilized atomizer or
n:bulizer. In spraying the test and control items, care should be taken to spray )
all surfaces which are exposed during use or maintenance. If the surfaces are
n:nwetting, spray until initiation of droplet coalescence. Incubation is to be

started immediately following the inoculation.

3.1.6 Incubation of test items

c. Incubate test items under cyclic temperature and humidity conditions to :,

include 20 hours of relative humidity at 95 5 percent at an air temperature 1

of 30* 11*C (86* 2*F) followed by 4 hours of 100 percent relative humidity
ct 25* 1*C (77' 12*F). .

.

b. After 7 days, inspect the growth on the control items to be assured
that the environmental conditions are suitable for growth. If inspection
rsveals that the environmental conditions are unsuitable for growth, the
entire test shall be repeated.

.

c. If the control items show satisfactory fungus growth, continue the test
for a period of 28 days from the time of inoculation or as specified in the
equipment specification,

i

METHOD 508.1 508.1-4
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|, 3.1.7 Inspection. At the end of the incubation period, the test item shall
! be removed from the test chamber and inspected in accordance with General

Requirements, 3.2, except for hermetically sealed equipment, the equipment.
,

enclosure shall be opened and the inte- ' examined for evidence of fungus '

'

growth or damage. The test item shall,be operated when specified in the

I. NOTE:

equipment specification and the results obtained in accordance with General-

Requirements, 3.2.
I
|

IConductive solutions used as a spore media and growth accelerator may
affect operational tests.

l
4. SUMMARY. The following details shall be as specified in the equipment '

specification:,

a. Pretest data required
|

b. Failure criteria

c. Test period if other than 28 days (see 3.1.6 c)

d. Whether test item shall be operated (see 3.1.7).

(

|

-
,

1
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/
*

; SALT FOG.

.

1. PURPOSE. The salt fog test is conducted to determine the resistance of.

equipment to the effects of a salt atmosphere. The specified concentration
of moisture and salt is greater than is found in service. The test is appli-
cable to any equipment exposed to salt fog conditions in service.

'

1.1 Application. This test is valuable for determining the durability of
coatings and finishes exposed to a corrosive salt atmosphere. For other

; applications, this test should be applied only after full recognition of its
deficiencies and limitations which are as follows:*

1.1.1 General effects

1.1.1.1 Deficiencies

The successful withstanding of this test does not guarantee that the testa.
item will prove satisfactory under all corrosive conditions.

b. The salt fog used in this test does not truly duplicate the effects of a
marine atmosphere.

('
salt-fog corrosion and corrosion due to other media.

'
It has not been demonstrated that a direct relationship exists betweenc.

! d. This test is generally unreliable for comparing the corrosion resistance of
different materials or coating conditions, or for predicting their comparative
service life. (Some idea of the service life of different samples of the :ame,,

or closely related metals, or of protective coating-base metal combi.;ctions
exposed to marine or seacoast locations can be gained by this test provided-

the correlation of field service test data with laboratory tests that such
a relationship does exist, as in the case of aluminum alloys, such correlation
tests are also necessary to show the degree of acceleration, if any, produced,

by the laboratory test.)

1.1.1.2 Limitations

The salt fog test is acceptable for evaluating the uniformity (i.e.,a.
! thickness and degree of porosity) of protective coatings, metallic and
I nonmetallic, of different lots of the same product, once some standard level
g of performance has been established. (h' hen used to check the porosity of

metallic coatings, the test is more dependable when applied to coatings which
are cathodic rather than anodic toward the basic metal.)

509.1-1 METHOD 509.1
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b. This test can also be used to detect the presence of free iron ,

etntaminating the surface of another metal by inspection of the corrosion
pr: ducts. -

.

2. . APPARATUS. The apparatus used in the salt fog test shall include
the followir:g:

'

,

c. Exposure chamber with racks for supporting test items,
'

b. Salt solution reservoir with means for maintaining an adequate level
cf solution,

c. Means for atomizing salt solution, including suitable nozzles and -

compressed air supply.

d. Chamber heating means and control.

e. Means for humidifying the air at a temperature above the chamber
temperature.

2.1 Chamber. The chamber and all accessories shall be made of material
that will not affect the corrosiveness of the fog, e.g., glass, hard rubber,

'

plestic, or kiln dried wood other than plywood. In addition, all parts

which come in contact with test items shall be of materials that will not
cause electrolytic corrosion. The chamber and accessories shall be )
ccnstructed and arranged so that there is no direct impingement of the fog
or dripping of the condensste on the test items, that the fog circulates
fraoly about all test items to the same degree, and that no liquid which
his come in contact with the test items returns to the salt-solution
rsservoir. The chamber shall be properly vented to prevent pressure buildup,
cnd allow uniform distributica of salt fog. The dischargo end of the vent
shall be protected from strong drafts which can create strong air currents ,

in the test chamber.

2.2 Atomizers. The. atomizers used shall be of such design and construction
as to produce a finely divided, wet, dense fog. Atomizing nozzles shall -

bs cade of material that is nonreactive to the salt solution.

2.3 Air suppiv. The ccmpressed air entoring the atomizer shall be
esstntially free from all impurities, such as oil and dirt. Means shall
bo provided to humidify and warn the compressed air as required to meet the
operating conditions. The air pressure shall be suitable to produce a finely

509.1'-2
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divided dense fog with the atomizer or atomizers used. To insure against
clogging the atomizers by salt deposition, the air should have a relative
humidity of at least 85 percent at the pgint of release from the nozzle.

I
A satisfactory method is to pass the air in very fine bubbles through a |

tower containing heated water which should be automatically maintained at
a constant level. The temperature of the water should be at least 35'C (95'F).
The permissible water temperature increases with increasing volume of air and I
with decreasing insulation of the chamber and the chamber's surroundings. 1

- However, the temperature should not exceed a value above which an excess of
moisture is introduced into the chamber (for example 43*C (109'F) at an air
pressure of 12 psi) or a value which makes it impossible to meet the require- |

ments for operating temperature.,

2.4 Preparation of salt solution. The salt used shall be sodium chloride

containing on the dry basis not more than 0.1 percent sodium iodide and not
more than 0.5 percent of total impurities. Unless otherwise specified, a
5 il percent solution shall be prepared by dissolving five parts by weight
of salt in 95 parts by weight of distilled or demineralized water. The solu-
tion shall be adjusted to and maintained at a specific gravity between the
limits shown on figure 509.1-1 by utilizing the measured temperature and den-
sity of the salt solution. Sodium tetraborate (common borax) may be added to
the salt solution in a ratio not to exceed 0.7 gms (1/4 level teaspoon) sodium
tetraborate to 20 gallons of salt solution as a pH stabilization agent.

2.4.1 Adjustment of pH of the salt solution shall be so maintained that
the solution atomized at 35'C (95*F) and collected by the method specified
in 3.1.3 will be in the pH range of 6.5 to 7.2. Only diluted C.P.
hydrochloric acid or C. P. sodium hydroxide shall be used to adjust the pH.
The addition of sodium tetraborate as recommended in 2.4 will aid in
maintaining a stable pH value. The pH measurement shall be made
electrometrically, using a glass electrode with a saturated potassium
chloride bridge, or by a colorimetric method, such as bromothymol blue,
provided the results are equivalent to those obtained with the electrometric
method. The pH shall be measured when preparing each new batch of solution
and as specified in 3.1.4.

2.5 Filter. A filter fabricated of noncorrosive materials similar to
that shown in figure 509.1-2 shall be provided in the supply line and
immersed in the salt solution reservoir in a manner such as that illustrated
in figure 509.1-3.

l
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3. PROCEDURE
.

-

*

3.1 Procedure I ,

3.1.1 Tempe ra ture . The test shall be conducted with a temperature in -

tho exposure zone maintained at 35'C (95'F). Satisfactory methods for .

controlling the temperature accurately are by housing the apparatus in
o properly controlled constant temperature room, by thoroughly insulating
th] apparatus and preheating the air to the proper temperature prior to atomi-
zction, or by jacketing the apparatus and controlling the temperature of the .

water or of the air used in the jacket. The use of immersion heaters within
the chamber for the purpose of maintaining the temperature within the exposure
zona is prohibited. ,

3.1.2 Atomization. Suitable atomization has been obtained in chambers
h;ving a volume of less than 12 cubic feet under the following conditions:

c. Nozzle pressure shall be as low as practicable to produce fog at the
r: quired rate.

b. Orifices between 0.02 and 0.03 inch in diamater,

c. Atomization of approximately 3 quarts of salt solution per 10 cubic
fact of chamber volume per 24 hours.

h*h;n using large size chambers having a volume considerably in excess of
12 cubic feet, the conditions specified may require modification to meet
tha requirements for operating conditions.

3.1.3 Placement of salt fog collection receptacles. The salt fog conditions I

mtintained in all parts of the exposure zone shall.be such that a clean
fog collecting receptacle placed at any point in the exposure zone will
collect from 0.5 to 3 milliliters of solution per hour for each 80 square )

-

centimeters of horizontal collecting area (10 centimeters diameter) based
on tn average test of at least 16 hours. A minimum of two receptacles
shs11 be used, one placed nearest to any nozzle and one farthest from all .

|
'

nozzles. Receptacles shall be placed so that they are not shielded by
test items and so no drops of solution from test items or other sources
will be collected.

3.1.4 Measurement of salt solution. The solution, collected in a manner
sp;cified in 3.1.3, shall have the sodium chloride content and pH specified
in 2.4 when measured at a temperature of 35'c (95'F). The salt solution from
all collection receptacles used can be combined to provide that quantity
rrquired for the measurements specified.

| 509.1-6
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3.1.4.1 Measurement of sodium chloride content. The solution, maintained

I*,.atthespecifiedtemperature,canbemeasured
in a graduate of approximately

2.5 centimeters inside diameter. A small laboratory type hydrometer will
be required for measurement within this volume.

3.1.4.2 Measurement of pH. The pH shall be measured as specified in 2.4.1.

3.1.4.3 Time of measurements. The measurement of both sodium chloride
.

content and pil shall be made at the following specified times:

a. For salt fog chambers in continuous use, the measurements shall be
made following each test,

b. For salt fog chambers that are used infrequently, a 24-hour test run
shall be accomplished followed by the measurements. The test item shall
not be exposed to this test run.

3.1.5 Preparation of test item. The test item shall be given a minimum
of handling, particularly on the significant surfaces, and shall be prepared
for test immediately before exposure. Unless otherwise specified, uncoated
metallic or metallic coated devices shall be thoroughly cleaned of oil,
dirt, and grease as ner:essary until the surface is free from water break.
The cleaning methods shall not include the use of corrosive solvents nor
solvents which deposit either corrosive or protective films, nor the use
of abrasives other than a paste of pure magnesium oxide. Test itemsi

having an organic coating shall not be solvent cleaned. Those portions
of test items which come in contact with the support and, unless otherwise
specified in the caso of coated devices or samples, cut edges and surfaces
not required to be coated, shall be protected with a suitable coating of
wax or similar substance impervious to moisture.

3.1.6 Performance of test. The test item shall be placed in the test
chamber in accordance with General Requirements, 3.2.2, and exposed to the
salt fog for a period of 48 hours or as specified in the equipment specifi-
cation. At the end of the exposure period, unless otherwise specified, the
test item shall be operated and the results compared with the data obtained
in accordance with General Requirements, 3.2.1. The test item shall be in-
spected for corrosion in accordance with General Requirements 3.2.4. If

necessary to aid in examination, a gentle wash in running water not warmer
than 38*C (100*F) may be used. The test item shall then be stored in an
ambient atmosphere for 48 hours or as specified in the equipment specifi-

I
cation for drying. At the end of the drying period, when specified, the
test item shall be again operated and the results compared with the data
obtained in accordance with General Requirements, 3.2.1. The test item
shall then be inspected in accordance with General Requirements, 3.2.4.!

509.1-7
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4. SUMMARY. The following details shall be specified in the equipment
sp;cification: ,

-

c. Protest data required ,

-

b. Failure criteria

c. Applicable salt solution, if other than 5 percent

d. Salt fog exposure period if other than 48 hours (see 3.1.6) -

Drying period if other than 48 hours (see 3.1.6)o.

f. Inspection and operation after 24 hours of salt fog exposure where
buildup of salt deposits are critical to the proper operation of the test
ittm

g. Specify if operation of electrical system is required (see 3.1.6).

)

.

.

e
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DUST (FINE SAND) !.

PURPOSE. The dust test is used to ascertain the ability of equipment
to resist the effects of a dry dust (fine sand) laden atmosphere. This I

test simulates the effect of sharp edged dust (fine sand) particles, up
to 150 microns in size, which may penetrate into cracks, crevices, bearings,
and joints. This test is applicable to all mechanical, electrical, elec-,

tronic, electrochemical, and electromechanical devices for which exposure
to the effects of a dry dust (fine sand) laden atmosphere is anticipated.
However, this method is not applicable to Southeast Asian dust conditions.

1.1 General effects. General effects resulting from the penetration of dust
can cause a variety of damage such as fouling moving parts, making relays
inoperative, forming electrically conductive bridges with resulting shorts
and acting as a nucleus for the collection of water vapor, and hence a source |

of possible corrosion and malfunction of equipment.

1.2 Many items, such as rifles, vehicles, and helicopters, will encounter
sand particles up to 1,000 microns,as opposed to the 149 micron maximum for
140-mesh silica flour sand tests,that would require a much coarser formula-
tion than that covered by this method.

( 2. APPARATUS. The test facility shall consist of a chamber and accessories
to control dust concentration, velocity, temperature, and humidity of dust
laden air. In order to provide adequate circulation of the dust laden air, no
more than 50 percent of the cross-sectional area (normal to air flow) and
30 percent of the volume of the chamber shall be occupied by the test item (s).
The chamber shall be provided with a suitable means of maintaining and veri-
fying the dust concentration in circulation. A minimum acceptable means for
doing this is by use of a properly calibrated smoke meter and standard light
source. The dust laden air shall be introduced into the test space in such
a manner as to allow it to become approximately laminar in flow before it
strikes the test item.

2.1 Dust requirements. The dust used in this test shall be a fine sand
(97-99 percent by weight SiO ) of angular structure, and shall have the2
following size distribution as determined by weight, using the U.S. Standard
Sieve Series:

!
| a. 100 percent of this dust shall pass through a 100-mesh screen

b. 98 2 percent of the dust shall pass through a 140-mesh screen

510.1-1 METHOD 510.1
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90 t2 percent of the dust shall pass through a 200-mesh screenc.

d. 7512 percent of the dust shall pass through a 32'S-mesh screen. -

.

NOTE: 140-mesh silica flour as produced by the Ottawa Silica Company,
'

Ottawa, Illinois, or equal, is satisfactory for use in the performance
of these tests.

3. PROCEDURE
.

3.1 Procedure I. Prepare the test item in accordance with General Require-
ments 3.2, positioning the test item as near the center of the chamber as
practicable. If more than one item is being tested, there shall be a mini- .

mum clearance of 4 inches between surfaces of test items or any other material
or object capable of furnishing protection. Also, no surface of the test
item shall be closer than 4 inches from any wall of the test chamber. Orient
ths. item so as to expose the most critical or vulnerable parts to the dust
stream. The test item orientation may be changed during the test if so required
by the equipment specification.

Step 1 - Set the chamber controls to maintain an internal chamber
temperature of 23*C (73*F) and a relative humidity of less
that 22 percent. Adjust the air velocity to 1,750 2250 feet
per minute. Adjust the dust feeder to control the dust
concentration at 0.3 A0.2 grams per cubic foot. With the i

test item nonoperating, maintain these conditions for 6 hours.

Step 2 - Stop the dust feed and reduce the air velocity to 300 200
feet per minute. Raise the internal chamber air temperature

to 63*C (145*F). Hold these conditions 16 hours.

Step 3 - While holding chamber temperature at 63*C 145*F) adjust the .

air velocity to 1,750 i250 fpm. Adjust the dust feeder to
control the dust concentration at 0.3 !0.2 gms per cubic j

foot. Unless otherwise specified, with the test item non-
operating, maintain these conditions for 6 hours.

Step 4 - Turn off all chamber controls and allow the test item to
return to standard ambient conditions. Remove accumulated
dust from the test item by brushing, wiping, or shaking, care
being taken to avoid intrcduction of additional dust into the
test item. Dust shall not be removed by either air blast or
vacuum cleaning.

|

|
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Step 5 - Operate and inspect the test item in accordance with General
Requirements, 3.2.

.

I
~.

Step 6 - Inspect the test item and obtain results as specified in
General Requirements, 3.2.4. In the performance of this
inspection, test items containing bearings, grease seals,
lubricants, et cetera, shall be carefully examined for the
presence of dust deposits.

4. SUhNARY. The following details shall be as specified in the equipment-

specification:

a. Pretest data required.

b. Failure criteria

Change in orientation during test if requiredc.

d. Whether equipment is to operate during test and length of time required
for operation and measurements (see steps 1 and 3)

Whether the second 6-hour test at 63*C (145"F) shall be performed immedi-e.
ately after reaching stabili:ation (see step 2)

f. Temperatures for steps 2 and 3, if different from 63*C (145"F).

.
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EXPLOSIVE AD40 SPHERE .

l..
*

1. PURPOSE. The explosive atmosphere test is conducted to determine the
ability of equipment to operate in the presence of an explosive atmosphere
without creating an explosion or to contain an explosion occurring inside
the equipment. Since equipments operate in ever changing potentially explo- !

sive atmospheres, the equipments, when being laboratory tested, must operate '

-

in the presence of the optimum fuel-air mixture which requires the least
amount of energy for ignition. The equipment igniting energy may be produced
electrically, thermally, or chemically.

,

1.1 Procedure I. This procedure is intended for determining the explosion
producing characteristics of equipment not hermetically sealed and not con-
tained in cases designed to prevent flame and explosion propagation. Ground
equipment used in or near vehicles shall also be tested in accordance with

!
this procedure, except that the specified altitude survey need be conducted
only to 15,000 feet. i

1.2 Procedure II. This procedure is intended for determining the explosion
and flame arresting characteristics of equipment cases designed for that
purpose.

1.3 Procedure III. This procedure is intended for determining the explo-
sion and flame arresting characteristics of equipment cases for shipboard
application.

1.4 Procedure IV. This procedure is intended for determining the flame
and explosion arresting characteristics of equipment containing hotspots
in excess of 143*C (290*F).

.

2. APPARATUS. A chamber capable of providing and verifying the explosion-
proof test conditions MIL-C-9435 describes one type of chamber that may
be used.

2.1 Fuel. Unless otherwise specified, the fuel used shall be gasoline,
grade 100/130 conforming to MIL-G-5572 or a 1.05 stoichiometric mixture
of propane (C H ) and air within the following limits: propane 3.85 to38
4.25 percent by volume and air 96.15 to 95.75 percent by volume.

2.1.1 Calculation of fuel-air-vapor ratio. As an illustration of the proce-

| dure for calculating the weight of 100/130 octane gasoline required to produce
the desired 13-to-1 air-vapor ratio, the following sample problem is presented:

511.1-1 METHOD 511.1
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R: quired information:

a. Chamber air temperature during test: 27'C (81*P)~
'

.

*

b. Fuel temperature: 24*C (75'F) .
.

Specific gravity of fuel at 16*C (61*F): 0.704.c.

2
d. Test altitude: 20,000 feet (P = 6.75 lbs./in ),

.

c. Air-vapor ratio (desired): 13-to-1.

Step 1 - Employing the following equation, calculate the apparent '

air-vapor ratio:

AV (desired) 13 = 29.70AAV = ,

1.04(14 .041.04 .04 614.696

where:

AAV = Apparent air-vapor ratio

AV = Desired air-vapor ratio
2 i

P = Pressure equivalent of altitude, lbs./in

At or above 10,000 feet altitude, with chamber air temperature
above 16*C (61*F) and at AV ratio of 5 or greater, air-vapor ratio
= air-fuel ratio (AF) for 100/130 octane fuel. Since the conditions
of the explosion test under consideration will always be well above
these values,AV will equal AF in all cases.

.

Step 2 - Since AV = AF, use figure 511.1-I to determine weight of
air (WA) and divide by AAV to obtain uncorrected weight of
fuel required (WFU)* -

W '" ' '" EFU " 2 68 " 29 (uncorrected).

Figure 511.1-I pertains to a specific test chamber and shall not be used
for all test facilities. It is utilized herein for illustration of the
mithod of employment only. Each test chamber must have its own chamber
volume chart.

hETHOD 511.1 511.1-2
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Step 3 - Knowing fuel temperatures and specific gravity at 16*C
(61*F) use figure 511.1-2 to determine specific gravity at
given temperature.

.

'

Step 4 - Using figure 511.1-3, obtain correction factor K for the
specific gravity determined during step 3. Apply factor to
obtain weight of fuel corrected (WFC)-

WFC " KWFU = 1.01 x 0.116 = 0.117 lbs, fuel weight (corrected).
.

The equipment used to vaporize the fuel for use in the explosion-proof test
should be so designed that a small quantity of air and fuel vapor will bc
heated together to a temperature such that the fuel vapor will not condense,

as it is drawn from the vaporizer into the chamber,
i3. PROCEDURES !

3.1 Procedure I

3.1.1 Preparation for test

1

ia. The test item shall be prepared in accordance with General Requirements,
3.2, and in such a manner that normal electrical operation is possible and
mechanical controls may be operated through the pressure seals from the

' exterior of the chamber. External covers of the test item shall be removed
or loosened to facilitate the penetration of the explosive mixture. Large
test items may be tested one or more units at a time by extending electri-
cal connections through the cable port to the balance of the associated
equipment located externally.

b. The test item shall be operated to determine that it is functioning,

properly and to observe the location of any sparking or high temperature
components which may constitute potential explosion hazards.

c. Mechanical loads on drive assemblies and servomechanical and electri-
cal loads on switches and relays may be simulated when necessary if proper
precaution is given to duplicating the normal load in respect to torque,
voltage, current, inductive reactance, etc. In all instances, it shall be

considered preferable to operate the test item as it normally functions in
the system during service use.

3 Performance of test. F3. cept as specified below, the test shall be

I
co.1.2nducted as follows at sim'uated test altitudes of sea level to 5,000

feet, 10,000 feet, 15,000 feet (15,000 feet maximum for ground equipment)
20,000 feet, 30,000 feet, 40,000 fa+t , and 50,000 feet above sea level.

511.1-3 METHOD 511.1
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Step 1 - The test chamber shall be sealed and the, ambient tempera- -

ture within shall be raised to 71* i3*C (160* 5'F), or to
~

the maximum temperature to which the test ite.a is designed
to operate if lower than 71*C (160*F). The temperature of -

the test item and the chamber walls shall be permitted to .

rise to within 11*C (20*F) of that of the chamber ambient
air, prior to introduction of the explosive mixture.

Step 2 - The internal test chamber pressure shall be reduced -

sufficiently to simulate an altitude approximately 10,000
feet above the desired test altitude. The weight of fuel
necessary to produce an air-vapor ratio of 13-to-1 at the ,

desired test altitude shall be determined from considera-
tion of chamber volume, fuel temperature and specific
gravity, chamber air and wall temperature, test altitude,
etc. If the performance of this test will expose the
equipment to an altitude in excess of its specified maxi-
mum operating or nonoperating altitude the next lower
simulated test altitude shall be selected. The testing of
ground equipment (equipment for operational use on the
ground or aboard ship) shall be limited to an increase in
the chamber altitude to 15,000 feet with the equipment
nonoperating and the weight of fuel shall be admitted to
the chamber while the altitude is being reduced to 10,000
feet (see 2.1.1). A time of 3 +1 minutes shall be allowed

'

for introduction and vaporization of the fuel. Air shall
be admitted into the chamber until a simulated altitude of
5,000 feet above the test altitude is attained.

Step 3 - Operation of the test item shall at this time be commenced,
all making and breaking electrical contacts being actuated.

*

If high temperature components are present, a warmup time
of 15 minutes shall be permitted. If no explosion results,
air shall be admitted into the chamber so as to steadily
reduce the altitude down past the desired test altitude to
an elevation 5,000 feet below that altitude. If necessary,

conduct tests to simulated sea level pressure by pressur-
izing chamber. Tests shall not be conducted below sea
level. The operation of the test item shall be continuous
throughout this period of altitude reduction and all making
and breaking electrical contacts shall be operated as
frequently as deemed practicable. Ground equipment shall
be energized at 15,000 feet and the sources of igniting
energy operated until the chamber altitude is reduced to
sea level.

METHOD 511.1 511.1-4
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Step 4 - If by the time the simulated altitude has been reduced to
5,000 feet below the test altitude br sea level in the case
of ground equipmenQ, no explosion has occurred as a result -

of operation of the test item, the potential explosiveness .

of the air-vapor mixture shall be verified by igniting a
sample of the mixture with a spark gap or glow plug. At
pressure altitudes of 20,000 feet or higher, the attainment
of ignition at any altitude shall be sufficient evidence
that the mixture was ignitable even though ignition was not

-

obtained at some other point in the vicinity of the test
altitude. At any altitude below 20,000 feet, the mixture
sample shall ignite immediately at the point within 3,000
feet of the test altitude. If the air-vapor mixture is not .

found to be explosive, the test shall be considered void
and the entire procedure repeated.

3.1.3 Failure criteria. If the item causes explosion at any of the test
cititudes, it shall be considered to have failed the test and no further
trials need be attempted.

3.2 Procedure II

3.2.1 Preparation for test

i

Preparation of test case or enclosure _. When necessary, the test casec.
or enclosure shall be prepared for explosion-proof testing by drilling and

|tapping openings in the case or enclosure for inlet and outlet hose connec-
tions to the fuel vapor air mixture circulation system and for mounting a
sp:rk gap device. The case volume shall not be altered by more than +5

,

'

percent by any modification to facilitate the introduction of explosive
v:por.

*

b. Ilose installation _. When inserting a hose from a blower, adequate pre-
caution shall be taken to prevent ignition of the ambient mixture by back-
fire or the release of pressure through the supply hose. .

c. Spark gap device. A spark gap device for igniting the explosive mix-
ture within the case or enclosure shall be provided. The case or enclosure
may be drilled and tapped for the spark gap device or the spark gap device
try be mounted internally.

The case or enclosure with either the test item or a model of the testd.
item of the same volume and configuration in position within the case or
enclosure shall be installed in the explosion chamber.

METil0D 511.1 511.1-8
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3.2.2 Performance of test. The test shall be accomplished three times at
altitudes between sea level and 5,000 feet as follows:

, Step 1 - The chamber shall be sealed and the internal pressure
reduced sufficiently to simulate an altitude between

*

ground level and 5,000 feet. The ambient chamber tempera-
thre shall be at least 25*C (77'F). An explosive mixture
within the chamber shall be obtained by following the
procedure set forth in procedure I.

.

Step 2 - The internal case ignition source shall be energized in
order to cause an explosion within the case. The occurrence
of an explosion within the case may be detected by use of a.

thermocouple inserted in the case and connected to a sensi-
tive galvanometer outside the test chamber. If ignition
of the mixture within the case does not occur immediately,
the test shall be considered void and shall be repeated
with a new explosive charge.

Step 3 - At least five internal case explosions shall be accomplish-
ed at the test altitude selected. If the case tested is
small (not in excess of one-fiftieth of the test chamber
volume) and if the reaction within the case upon ignation
is of an explosive nature without continued burning of the
mixture as it circulates into the case, more than one,

internal case explosion, but not more than five, may be
produced without recharging the entire chamber. Ample
time shall be allowed between internal case explosions for
replacement of burnt gases with fresh explosive mixture,
within the case. If the internal case explosions produced
did not cause a main chamber explosion, the explosiveness
of the fuel-air mixture in the main chamber shall be'

verified. If the air-vapor mixture in the main chamber is
not found to be explosive, the test shall be considered
void and the entire procedure repeated.

3.2.3 Failure criteria. If the internal case explosion causes a main
chamber explosion, the test item shall be considered to have failed the
test and no further trials need be attempted.

3.3 Procedure III

I
pr.3.1

.

511.1-9 METHOD 511.1

3 Preparation for test. The test enclosure and test item shall be
epared for test in accordance with 3.2.1 of procedure II.
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3.3.2 Performance of test. The test shall be conducted at sea level or
laboratory ambient as follows:

'

,

Step 1 - The test chamber shall be sealed. The ambient chamber -

temperature shall be at least 25'C (77'F) . Sufficient fuel .

vapor and air shall be introduced and circulated throughout
the test enclosure and test chamber to assure a uniform
mixture. The interior of the test enclosure shall then be
isolated from the chamber atmosphere. .

Step 2 - The mixture in the enclosure shall be ignited and an
explosion shall occur. The test shall be repeated twenty

*times unless a failure occurs. Ample time shall be allowed
between internal enclosure explosions for replacement of
burnt gases with fresh explosive mixture. If the internal

enclosure explosions produced did not cause a main chamber
explosion the explosiveness of the fuel vapor and air
mixture in the test chamber shall be verified. If an explo-

sion does not occur the test shall be considered void and
the entire procedure repeated.

3.3.3 Failure criteria. The test item (sealed or unsealed as applicable)
sht11 be considered as failing the test for the following:

Discharge of flame to the test chamber from the interior of the test i
a.
enclosure. ,

I

b. Ignition of explosive mixture in the test chamber. (

If the internal case explosion causes a main chamber explosion, thec.
test item shall be considered to have failed the test and no further trials

a

ne d be attempted.

d. After burning, immediately after the explosion within the test
cnclosure, caused by the ignition of explosive mixture entering the test ,

(nclosure as a result of cooling of the products of the original explosion.

Rupture or permanent distortion of the enclosure. Deformation of flato.
surfaces shall be checked and recorded.

3.4 Procedure IV

3.4.1 Preparation for test. The test item shall be placed in the test
chamber in accordance with 3.1.1 of procedure I. The suspected components
to be tested for thermal ignition shall be instrumented with thermocouples |

opnrating in a range of 65* to 260'C (150' to 500*F) .

METHOD 511.1 511.1-10 |
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3.4.2 Performance of test. The test shall be conducted as follows:

Step 1 - The test chamber shall be sealed. The ambient chamber
temperature shall be.the highest operating temperature
of the equipment. A time of 3 +1 minutes shall be allowed-

for sufficient fuel vapor and air to be introduced and.

circulated throughout the test chamber.

Step 2 - The equipment shall be turned on and left in standby mode
until thermal stabilization of the equipment has been,

attained. This period shall be not less than 5 minutes.

Step 3 - The equipment shall be operated in a normal cycle for a
minimum of 5 minutes. The maximum temperatures attained<

at the suspected components shall be recorded. If a
temperature in excess of 204*C (400*F) is attained, the
operational cycle shall be extended to a minimum of 10
minutes. If an explosion occurs, the temperature attained
at that time shall be recorded.

Step 4 - If an explosion does not occur, the potential explosive-
ness of the air-vapor mixture shall be verified by ignit- I

ing a sample of the mixture within the chamber.

4. SUMMARY. The following details shall be as specified in the equipment
specification:

1
1a. Procedure number :

b. Pretest data required
ic. Failure criteria

L*
1

d. Mechanical and electrical load (procedure 1, 3.1.1(c)) |
l

Chamber temperature condition, if lower than 71*C (160'F) (procedure I. Ie.
'

step 1).

l

|
|

| 511.1-11 METHOD 511.1
:

(
;

.



1

i

i

!1

i
I

/ i

|

-
.

. )
,

. i

1|-

.

e

%

THIS IS A

BLANK PAGE

i

1

i

e

,

O

i

|

|
,

I

_.



I

.

MIL-STD-810C

( 10 March 1975

METHOD 512.1

LEAKAGE (IHMERSION).

I, enclosure.

1. PURPOSE. The purpose of this test is to determine the ability of the
equipment to be immersed in water without leakage of the water into the

1.1 General effects. Air seepage in the form of bubbles would be an indi-.

cation of defective equipment or workmanship. Water seepage into the equip-
ment could cause corrosion or fouling of lubricants between moving parts.

- 2. APPARATUS

2.1 Procedure I. Water container and accessories.

2.2 Procedure II. DISCONTINUED.

2.3 Procedure III. Altitude chamber, water container,and accessories.

2.4 Procedure IV. Altitude chamber and accessories.

3. PROCEDURES

3.1 Procedure I. (This is a test for gross leakage only.)'

3.1.1 Preparation. Where applicable, open and close (or remove and replace)
doors and covers three times immediately before tests.

3.1.2 Test conditions. The temperature of the water shall be 18' 5*C
(64* 9"F) and the temperature of the test item shall be 45" 3*C (113' 5'F).
The water container shall be of sufficient capacity so that the immersion<

of the test item will not raise the temperature of the water more than 3*C
(5'F).

'

3.1.3 Performance of test. Immerse the test item (covers closed on field
transported items) in the water so that the uppermost point of the test
item is 36 5 inches below the surface of the water. The test item shall
remain immersed for 120 5 minutes. Upon completion of the test period,
remove the test item from the water and wipe the exterior surfaces of the
test item dry. Open the test item and examine the interior and contents
for evidence of leakage.

I
3.2

' 512.1-1 METHOD 512.1

Procedure II. DISCONTINUED.
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3.3 Procedure III. (This is a test for determining slight leakage as well
as gross leakage. This procedure may also be used for equipment which is j

!

normally pressurized in use.)
i*

3.3.1 Test conditions. The temperature of the liquid and test item shall
-

3be 23* 10"C (73* !18"F) .
|

3.3.2 Performance of test. The test item shall be completely immersed in
a suitable liquid such as water so that the uppermost part of the test item
is 2 1 inches below the surface of the liquid. The absolute pressure of -

the air above the liquid shall be reduced to 1, 19, or 25 inches of mercury
(absolute) or other values as specified in the equipment specification, and
maintained for 1 minute, or until air bubbles substantially cease to be given
off by the liquid, whichever is the longer time. The absolute pressure above

,

the liquid shall then be increased to 2.5, 20 or 26 inches of mercury, respect-
ively, and maintained for.60 minutes.

3.3.3 Failure criteria. Bubbles coming from within the equipment shall be
considered a leakage; however, bubbles which result from trapped air on the
various exterior surfaces of the test item shall not be considered a leak.

3.4 Procedure IV. (For equipment which is normally pressurized.)

3.4.1 Test conditions. The temperature of the liquid, pressurizing gas,
and the test item shall be 23 10*C (73* !18*F) . The gas used for pressuring -

(e.g., air, nitrogen, or helium) shall be clean and dry with a dewpoint of
at least -32*C (-25"F) .

3.4.2 Performance of test. The equipment shall be completely immersed in
a suitable liquid such as water so that the uppermost part of the test item
is 2 1 inches below the surface of the liquid. The equipment shall be
internally pressuri:ed from a minimum to 125 percent of the maximum operating *

pressure, as specified in the equipment specification and maintained for a
minimum of 60 minutes at each pressure.

3.4.3 Failure criteria. Bubbles coming from within the equipment shall be -

considered a leakage; however, bubbles which result from trapped air on the
various exterior surfaces of the test item shall not be considered a leak.

NOTE: In lieu of procedures III or IV, a helium or halogen leak detector
(equal or superior in sensitivity to these immersion test methods) may be
used upon approval of the procuring activity.

METil0D 512.1 512.1-2
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4. SUMMARY. The following details shall be specified in the equipment
' specification:

.

a. Procedure number *

I , *,
b. Pretest data required

1
' c. Failure criteria
!

~ d. Operational requirements, if specified.

e. Condition (transit or operational) of equipment (see 3.1.3, 3.3.2,
3.4.2).

f. Liquids used (Procedures III and IV)

g. Pressure, liquid height, and time if other than as specified herein

| h. Air pressure (Procedure III).
!

(

.

i

i

I

I '

512.1-3 METHOD 512.1
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METHOD 513.2
"

ACCELERATION
,

l
.

.

.

1. PURPOSE. The acceleration test is performed to determine if equip-
ment is constructed to withstand expected steady state stresses and to
insure that performance degradations or malfunctions will not be produced
by the simulated service acceleration environment. Procedure I is the.

structural test and procedure II is the operational test.

' 2. APPARATUS. Either of two facilities may be utilized for accelera-
tion tests: a centrifuge, or a track and racket sled facility. A centri-
fuge of adequate size is recommended for all structural and most operation-
al tests because of the convenience and ease of control. However, the
performance of space oriented equipment, such as gyros, space control
platforms, etc, are difficult to test on a centrifuge, even when a counter-
rotating fixture is employed. A rocket sled run is advantageous where
strictly linear acceleration is required.

3. PROCEDURES. The test item shall be subjected to both the structural
and the operational test, unless otherwise specified.

' 3.1 Mounting of test item. Direction of forward acceleration is always
considered to be the direction of the vehicle acceleration and equipment
shall be oriented accordingly, using its normal mounting means. For
centrifuges, the location of the test item (with reference to the G 1evel
established for the test) shall normally be determined by a measurement
from the rotational center of the centrifuge to the geometric center of
the test item. Should any point of the test item nearest the center of
the centrifuge experience less than 90 percent of the specified G 1evel,*

the test item shall be moved outward on a radius of the centrifuge or the
speed of rotation shall be increased until not less than 90 percent of the
specified G 1evel is obtained..

Caution: If the furthest end of the test item experiences more than 110
percent of the desired G 1evel at the geometric center (while the nearest
end experiences 90 percent or under), then the test item may be tested
using a lower speed and a larger radius centrifuge arm. For large test
specimens exceptions should be made to allow for maximum gradient based on
the existing availability of large centrifuges in commercial or Government

I
test facilities.

|

| 513.2-1 METHOD 513.2
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3.1.1 Test item orientation (centrifuge). When a centrifuge is used to
cttain the required acceleration levels, the test item shall be oriented

-

cs follows:
.

Fore: Front or forward end of test item shall face toward center of ~

centrifuge.

Aft: Reverse item 180 degrees from the fore position.
'

Up: Top of specimen shall face toward center of centrifuge.

Down: Reverse item 180 degrees from the up position.
.

Lateral: Each side (right, left) in turn shall face toward center of
centrifuge.

3.2 Test level determination. The G 1evel to be applied to the test
item is contingent on two factors: The direction of forward acceleration
1svel A of the vehicle, and the orientation of the test item within the
vchicle. ;

Whsre: A = The highest possible known or unknown forward acceleration of
a vehicle in which equipment is to be mounted. A shall never
be less than one g, where g is acceleration due to gravity. |

'

i

Instructions for selection of test levels for procedure I from table
513.2-I, and for procedure II from table 513.2-II are as follows:

Forward Orientation
accel. of of t est item |

Test levelvchicle ip tehicle
.

Known Known Substitute known acceleration A in forward
acceleration column of appropriate vehicle
category, and use given multiplying factors to

*

attain test level for indicated directions.

Known Unknown Substitute known acceleration A in forward
acceleration column of appropriate category,
and use largest given multiplying factor to
attain test level for all directions.

Unknown Known Select most probable level from those given in
forward acceleration column of appropriate
category, and use given multiplying factors to
test level for required direction.

METHOD 513.2 513.2-2
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Table 513.2-I. G Levels for Structural Test 0?rocedure I)

Vehicle Category Forward Test Level 4/
Acceleration

A (g) Direction of Vehisir Acceleration

1/ (see figure 513.2-1)

'

Fore Aft Up Down Lateral

(two directions)
Aircraft 3/ 2.0 1.5xA 4.5xA 6.75xA 2.25xA 3.0xA

Helicopters 2.0 1.5xA 1.5xA 5.25xA 2.25xA 3.0xA

vi Manned aero- 6.0

% space vehicles to 2/ 1.5xA 0.5xA 2.25xA 0.75xA 1.0xA
y 12.0
u

Aircraft
carried stores In accordance with MIL-A-8591

Ground launched 6.0
missiles to 2/ 1.5xA 0.5xA 1.0xA 1.0xA 1.0xA

30.0
1/ Levels in this column shall be used when forward acceleration is unknown.

When the forward acceleration of the vehicle is known, that level shall be
used for A.

2/ When forward acceleration is not known, the high limits shown shall be %
specified. (*b 3/ Forward acceleration for carrier based aircraf t shall be 4g. m

h [/ Add pitch and roll accelerations as applicable. f
C 00

"
.
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Table 513.2-11. G Levels for Operational Test (Procedure II) h

$ $
w Vehicle Categoty Forward Test Level 4/ 8,

w Acceleration
A (g) Direction of Vehicle Acceleration

Jf (see figure 513.2-1)

Fore Aft Up Down Lateral

(two directions)

Aircraft 3f 2.0 1.0xA 3.0xA 4.5xA 1.5xA 2.0xA ,

vi Helicopter 2.0 1.OxA 1.0xA 3.5xA 1.5xA 2.0xA
C

Manned aero- 6.0'

u
i space vehicles to 2f 1.0xA 0.33xA 1.5xA 0.5xA 0.66xA

12.0

Air carried
stores In accordance with MIL-A-8591

Ground launched 6.0
missiles to 2f 1.0xA 0.33xA 0.66xA 0.66xA ;

- 30.0

JJ Levels in this column shall be used when forward acceleration is unknown.
When the forward acceleration of the vehicle is known, that level shall be
used for A.

2f When forward acceleration is not known, the high limits shown shall be
specified.

3f Forward acceleration for carrier based aircraft shall be 4g.
4_/ Add pitch and roll accelerations as applicable.

. .
,

.

. . . *

M -

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ ._



-_ __ .

i

l
I

: MIL-STD-810C
\

l [
l

'

.

|

UP
-

.

FORE
PITCH

.

|
LATERAL

I (LEFT)
ROLL

!

e

LATERAL
(RIGHT )

'
-

AFT
i

!

I f l
1

DOWN.

i |

-

t

|

FIGURE 513.2-1. Direction of Vehicle Acceleration
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| Unknown Unknown Select most probable level from those given in
.

i

| forward acceleration colunn of. appropriate |

category, and use largest given multiplying . l
factor to attain test level for all directions, j

*
1

3.2.1 The test levels for table 513.2-I and table 513.2-II are based on -

accelerations at the C.G. (center of gravity) of the vehicle. For fighter

aircraft, these G 1evels must be increased for equipment locations away
from the C.G. to account for maneuver loads, including the effects of roll

and pitch motions. -

For the up and down directions, the increase shall be as follows fora.
wing locations: .

21 Gr = d(a ), where 40L Gr = Additional acceleration due to rollr

g
d = lateral distance from C.G. in feet,

2ar = maximum roll acceleration, radians /sec
(Use or = 15 unless otherwise known)

g = 32.17 ft/sec2

Add the 26, Gr value obtained above to the table 513.2-II acceleration value
for the operational test acceleration level. For the structural test level,

multiply the new operational test value by 1.5 if this provides a value
larger than table 513.2-I.

b. For lateral directions, the G 1evel shall be determined as follows for
wing locations:

2er = dw , where Ger = centrifugal acceleration due to roll ,G

g
w = maximum roll velocity, radians /sec (Use w = 5

unless otherwise known)
.

d = lateral distance from C.G. in feet
9

g = 32.17 ft/sec'

Use the Ger level obtained above for the operational test acceleration 1cvel
wh;n the computed value is larger than that in table 513.2-11. For the
structural test level, multiply the new operational test value by 1.5 if
this provides a value larger than table 513.2-I.

METHOD 513.2 513.2-6
1
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c. For the up and down directions, the increase shall be as follows for
fuselage locations:

I
. 6G p = da , where d Gp = Additional acceleratio. due to pitchp

| E d = fore and aft distance from C.G.

2p = maximum pitch acceleration in radians /sec ,a|
l (use op = 5 unless otherwise known),

g = 32.17 ft/sec2

Add the O G value obtained above to the table 513.2-II acceleration value. p
| for the operational test acceleration level. For the structural test level,

multiply the new operational test value by 1.5.,

!

| d. For the fore and aft directions, the G 1evel shall be determined as
; follows for fuselage locations:

cp = d(w)2, where Gep = centrifugal acceleration due to pitchG

g
w = maximum pitch velocity, radians /sec (use w =

2.5 unless otherwise known)

| d = fore or aft distance from C.G.

g = 32.17 ft/sec2

( Use the Gep level computed above for the operational test acceleration level
! when the computed value is larger than that in table 513.2-II. For the
| structural test level, multiply the new operational test value by 1.5.

.

3.3 Procedure I structural test. The test item shall be installed on
I the acceleration apparatus in accordance with General Requirements, 3.2.2,

by its normal mounting means. The G 1evel shall be determined in accord-
| ance with 3.2, and shall be applied while the test item is nonoperating.

3.3.1 Performance of test. The G 1evel determined for the test shall be
applied along at least three mutually perpendicular axes in two opposite
directions along each axis. The test time duration in each direction shall
be at least 1 minute following centrifuge stabilization. On centrifuges,
a test time of 1 minute is usually sufficient to determine structural

j soundness (proper operation); however, the test time may be increased.
'

Test times for other apparatus will probably be shorter, depending upon
the type of apparatus. At the conclusion of the test, the test item

!

513.2-7 METHOD 513.2
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shs11 be operated and inspected and results obtained in a.ccordance with -

G;nsral Requirements, 3.2.
,

3.4 Procedure II operational test. The test item shall be installed on -

the accelerated apparatus in accordance with General Requirements, 3.2.2, .

by its normal mounting means. The G 1evel shall be determined in accordance
with 3.2, and shall be applied while the test item is operating. The test
ita shall then be inspected as specified in General Requirements, 3.2.

.

3.4.1 Performance of test. The G 1evel determined for the test shall be
applied along at least three mutually perpendicular axes in two opposite
dircctions along each axis. The test time duration in each direction shall

*
b2 ct least 1 minute following centrifuge stabilization. A test time of
1 cinute is usually sufficient to determine proper operation, however, the
test time may be increased. The test item shall be operated before, during,
tnd at the conclusion of each test and results obtained in accordance with
G:ncral Requirements, 3.2.

4. SUMMARY. The following details shall be as specified in the equipment
sp;cification or test plan:

e. Procedure number if both procedures are not required (see 3)

b. Pretest data required

c. Failure criteria
\
'

d. Test level and test time (see 3.3 and 3.4)

o. Length of time required for operation and required measurements.
~

.

.

,

I
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METHOD 514.2
|

VIBRA, TION-

|..
1. PURPOSE. The vibration test is performed to determine if equipment is
constnicted to withstand expected dynamic vibrational stresses and to insure !

that performance degradations or malfunctions will not be produced by the
service vibration environment. Tests specified herein are established for
equipment which may be used in a variety of military applications.-

,

1

2. APPARA'nJS. Vibration equipment with required instrumentation. (
'

3. GENERAL. The vibration test tables and figures provide a convenient
means of summarizing test procedures to be specified in the equipment
specification or test plan according to various military applications. 1

Each table title refers to the applicable category of the equipment to be
tested. Guidance for selecting a test is as follows:

a. Determine squipment category (or categories) in accordance with 3.1.
l

b. Proceed to the designated table (s) and figure (s) corresponding to the
applicable equipment category. Select a test based on the table instruc-
tions, procedure, and figure designated.

|
!

! 3.1 Equipment category. For purposes of this test method, equipment is !
categorized according to the vehicle in which it will be installed or
transported as follows:

;

Category Description Procedure Table Figure j

a Equipment installed in air-
. planes and helicopters. An 514.1-I 514.1-1 [

--

equipment intended for both (discontinu- (discontin-
aircraft and helicopters should ed) ued) |
be qualified for each installa- |
tion in turn.

b.1 Equipment installed in propel- I 514.2-II 514.2-2
lor airplanes and equipment
mounted directly to engines

'

including jet engines.

I
b.2 Equipment installed in jet air- IA 514.2-IIA 514.2-2A

planes except for jet engine
mounted equipment.

.

514.2-1 METHOD 514.2
10 March 1975
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Equipment installed in helicop- I 514.2-III 514.2-3c
ters

"

.

.

d.1 Equipment installed in external IIA 514.2-IV 514.2-4
*

stores carried on airplanes

d.2 Assembled external stores IIB 514.2-IV 514.2-4A
carried on airplanes .

d.3 Assembled externally carried IIC 514.2-IVA 514.2-4B,

stores for helicopters 4C, 4D,
4E, 4F .

o Equipment installed in ground V, VI or 514.2-V 514.2-5
launched missiles VII as

applicable
1

f Equipment installed in ground VIII 514.2-VI 514.2-6 I
'

vehicles

g Equipment transported as cargo X, XI 514.2-VII 514.2-7
s

h Ground equipment, excluding -- -- --

category f. (For transporta-
tion see category g.)

i Shipboard and amphibious equip- -- -- --

ment or when a ship is the common |

carrier (see 4.6.13)
-

3.2 Applicable tests. For any given equipment category, all tests listed
beside the selected procedure for the applicable equipment mounting config-
uration in the tables shall be performed unless otherwise specified. For
example, referring to table 514.2-V section A, for testing equipment
category e when procedure VI is selected, there are three parts with
different test levels indicated by the test curves. Tests indicated by
(X) in all three parts shall be performed to evaluate equipment with
isolators.

3.3 Selection of test curves. A curve shall be selected from the tables
c.nd figures or by making a detailed analysis of the expected vibration
environment within the particular vehicle involved. A primary considera-
tion is the equipment location with respect to predominant vibration sources
such as high intensity noise of jet and rocket exhausts, aerodynamic excita-
tion including atmospheric wind and turbulence, and unbalance of rotating

METHOD 514.2 514.2-2
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I j
l parts. Additional factors to be considered shall include attenuation or !

amplification and filtering by structural members. Guidance for selecting I

vibration curves with respect to equipment location or application is.

I.giveninthetables.
Applicable test curves for each equipment category

are shown on the figures.

3.4 Procedure selection. The equipment specification or test plan shall
identify which tests are to be imposed on the equipment by specifying the
applicable procedure, table, figure, and test curve.

.

3.4.1 Example. Select the test conditions for equipment to be used in
the following application:

Category: Equipment installed in a propellor airplane

Equipment location: Forward half )f fuselage

Equipment mounting: On vibratior isolated panc1

Referring to table 514.2-II, the above identification specifies the follow- j
ing test conditions:

Procedure I

f Part 1 (curve C)

Part 2 (curve P?

Part I specifies a resonance search, resenance dwell and sinusoidal vibra-
| tion cycling to the level of curve C from figure 514.2-2 within the time

schedule specified for part 1 on table 514.2-II. Next, with vibration

isolators removed in accordance with note 2, part 2 is performed the same
' as part 1 but to the test level or curve B from figure 514.2-2 within the

time schedule specified for part 2 from table 514.2-II.

4. PROCEDURES. The basis for selecting a test procedure for a carticular
equipment category shall be according to 3. The vibration environment,

specified by the curve selected from applicable tables in accordance with
3, shall be applied to each of the three mutually perpendicular axes of
the test item. (For assembled external stores, see piocedure IIB.) The
entire sequence of tests may be accomplished for any one axis before

I changing to the next axis. The transverse motion at the input monitoring
point (s) shall be minimized, and should be limited to 100 percent of the

I
input motion except that rnaction machines shall be balanced to reduce

l transverse motion 10 percent.

514.2-3 MTiT110D 514.2
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4.1 Test item operation. Unless otherwise specified, the test item shall

'

ba cperated during application of vibration (resonance se~ arch, resonance l

dws11, cycling, and random vibration) so that functional effects caused by . .

thase tests may be evaluated. Procedure IA, IIA and IIB provide for a
functional vibration test and an endurance vibration test. The test item I

shn11 meet performance requirements as specified in the detail equipment
-

sp;cification and General Requirements, 3.2 while the functional vibration
test levels are being applied. When a test item performance test is required
during vibration and the time required for the performance test is greater
th n the duration of the vibration test, the performance test may be abbre- *

victed accordingly. The test item shall be operated and inspected and the
rssults shall be obtained in accordance with General Requirements, 3.2

.

4.2 Mounting techniques. The test item shall be attached by its normal
mounting means, either directly to the vibration exciter or transition
ttble, or by means of a rigid fixture capable of transmitting the vibra-
tion conditions specified herein. Precautions shall be taken in the
estcblishment of mechanical interfaces to minimize the introduction of
extraneous responses in the test setup. The test load shall be distributeJ
cs uniformly as possible on the vibration exciter table in order to minimize
effects of unbalanced loads. The input control sensing device (s) shall a e

rigidly attached to the vibration table, or fixture if used, as near at
possible to the attachment point (s) of the test item. Additional vibration
stnsors shall be located in or on the test item to determine resonant fre-
qu:ncies and amplification factors. Locations to be selected should include
main structure, printed circuit boards, large components, and modules, where
prccticable. The sensor sizes and weights shall be limited so that their
effect on the dynamic responses being measured is minimal. For sinusoidal
vibration, when necessary for obtaining uniform results, a tracking filter
should be used in the vibration exciter control feedback loop prior to the
servo input.

4.3 Combined temperature-vibration test. Tests shall be performed under
.

rooa ambient conditions unless a high or low temperature vibration test is
specified, in which case the temperature extremes and time duration also
sh:11 be as specified in the equipment specification.

4.5 Common test techniques

4.5.1 Sinusoidal vibration tests. The vibration shall be applied along
each of three mutually perpendicular axes of the test item. The vibra-
tory acceleration levels or double amplitudes of the specified test curve
shn11 be maintained at the test item mounting points. When necessary for
obtaining uniform results, a tracking filter should be used in the exciter
control feedback loop prior to the servo input. When specified, for

METHOD 514.2 514.2-4
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Isinusoidal resonance search, resonance dwell, and cycling tests of items

weighing more than 80 pounds mounted in airplanes, and missiles, the vibra-
tory accelerations shall be reduced lg for each 20-pound increment over
80 pounds. Acceleration derating shall apply only to the highest test ,

I
.

level of the selected curve, but in no case shall the derated test level be !

less than 50 percent of the selected curve (see note 1 of the applicable I

table). When the input vibration is measured at more than one control
point, the control signal shall be the average of all the accelerometers
unless otherwise specified. For massive test items, fixtures and large
force exciters, it is recommended that the input control level be an aver-.

age of at least three or more inputs.

4.5.1.1 R~sonance search. Resonant frequencies of the equipment shall be
~ determined by varying the frequency of applied vibration slowly through

the specified range at reduced test levels but with sufficient amplitude |

to excite the item. Sinusoidal resonance search may be performed using
the test level and cycling time specified for sinusoidal cycling test,
provided the resonance search time is included in the required cycling
test time of 4.5.1.3.

4.5.1.2 Resonance dwell. The test item shall be vibrated along each axis

at the most severe resonant frequencies detern.ined in 4.5.1.1. Test levels,

frequency ranges, and test times shall be in accordance with the applicable
conditions from the tables and figures for each equipment category. If

more than four significant resonant frequencies are found for any one axis,
the four most severe resonant frequencies shall be chosen for the dwell
test. If a change in the resonant frequency occurs during the test, its
time of occurrence shall be recorded and immediately the frequency shall
be adjusted to maintain the peak resonance condition. The final resonant
frequency shall be recorded.

4.5.1.3 Cycling. The test item shall be vibrated along each axis in
accordance with the applicable test levels, frequency range, and times
from the applicable tables and figures. The frequency of applied vibration
shall be swept over the specified range logarithmically in accordance with
figure 514.2-10. The specified sweep time is that of an ascending plus a.

descending sweep and is twice the ascending sweep time shown on figure
514.2-10 for the specified range.

4.5.2 Random vibration test. The test item shall be subjected to random
vibration along each of three mutually perpendicular axes according to the
specified curve. Test times shall be according to the applicable schedule
from the tables. The instantaneous random vibration acceleration peaks
may be limited to three times the rms acceleration level. The power spec-

I ~ 514.2-5 METHOD 514.2

tral density of the test control signal shall not deviate from the speci-
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( and o100, -50 percent (13 dB) between 500 Hz and 2,000 Hz except that
! deviations as large as +300, -75 percent (i6 dB) shall be' allowed over a
! cumulative bandwidth of 100 Hz maximum, between 500 and 2,000 Hz. .

'

Tolerance levels in terms of dB are defined as:
.

,

f dB = 10 log 10 _2.
! WO

2inre W1 = measured acceleration power spectral density in G /Hz units. -

2ine term Wo defines the specified level in G /Hz units. Confirmation of
these tolerances shall be made by use of an analysis system providing
statistical accuracies corresponding to a bandwidth-time constant product, .

BT = 50, minimum. Specific analyzer characteristics shall be as specified
j below or equivalent, subject to the BT = 50, minimum limitation.

a. On-line, contiguous filter, equalization / analysis system having a band-
width as follows:

B = 25 Hz, maximum between 20 and 200 Hz
!

B = 50 Hz, maximum between 200 and 1,000 Hz

B = 100 Hz, maximum between 1,000 and 2,000 Hz

b. Swept frequency analysis systems characterized as follows:
|
| (1) Constant bandwidth analyzer.

(a) Filter bandwidth as follows:

B = 25 Hz, maximum between 20 to 200 Hz ,

B = 50 Hz, maximum between 200 to 1,000 Hz

B = 100 Hz, maximum between 1,000 to 2,000 Hz l

(b) Analyzer averaging time = T = 2 RC = 1 second, minimum,
where T = True averaging time and RC = analyzer time constant

B B2
# - (Hz/second)

| (c) Analysis sweep rate (linear) = R = 4RC 8
' maximum, whichever is smaller. j

!

|
;
:

|

METHOD 514.2 514.2-6
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(2) Constant percentage bandwidth analyzer

(a) Filter bandwidth = pfc = one-tenth of center frequency maximum,
(0.lfe) where p = percentag' and fc = analyzer center frequencyI,

e

0
(b) Analyzer averaging time = T = Pf , minimumc

(Pf )2
(c) Analysis sweep rate (logarithmic) = R = pfe e

#
4RC 8

.

(Hz/second), maximum, whichever is smaller.

Digital power spectral density analysis system employing quantization
,

c.
techniques providing accuracies corresponding to the above' approach.

Accelerometer (s) employed for test level control shall be mounted in accord-
ance with 4.2. Where more than one accelerometer is employed for test level
control, the power average of the several accelerometer signals shall be
used as the test level signal control.

4.6 Procedures

4.6.1 Procedure I. Equipment installed in airplanes or helicopters.
(Category b.1 or c.)

i
4.6.1.1 Part 1. For category b.1 equipment, proceed the same as in 4.5.1.1,
4.5.1.2, and 4.5.1.3. The test levels and time durations shall be as speci-

fied in table 514.2-II and figure 514.2-2. For category c equipment, proceed
the same as in 4.5.1.3 only. The test levels and time schedules shall be as
specified in table 514.2-III and figure 514.2-3.

4.6.1.2 Part 2. For category b.1 equipment, test items normally provided
with vibration isolators shall be vibrated in accordance with 4.5.1.1, 4.5.1.2,
and 4.5.1.3 with the vibration isolators removed but including any other
required holding devices. The test levels and time durations shall be as
specified in table 514.2-11 and figure 514.2-2. For category c equipment,-

proceed the same as in 4.5.1.3 only with the vibration isolators removed but
including any other holding devices. The test levels and time schedules shall
be as specified in table 514.2-III and figure 514.2-3.

4.6.2 Procedure IA. Random vibration test for equipment installed in jet

airplanes. (Not for turboprop aircraft or j et powered helicopters.) The
random vibration environment which occurs at equipment locations in jet

I
aircraft stems from four principal sources:

Turbulent aerodynamic airflow along external surfaces of the aircrafta.
structure.

'

514.2-7 MET 110D 514.2
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b. Jet engine noise impinging on aircraft structure. ,

,
,

c. Gun blast pressure impinging on aircraft structure from high speed "

rcpetitive firing of installed guns. .

'

d. General aircraft motions caused by such factors as runway roughness,
Icading, and gusts.

Tha tests outlined in this procedure consider all of these environments
,

cnd require design to the most severe of these. These tests are preferred
for use with equipment in jet aircraft in lieu of the sinusoidal tests of
procedure I, table 514.2-II, figure 514.2-2, except for jet engine mounted
cquipment. For equipment mounted directly to aircraft jet engines, use -

procedure I. To determine an equipment specific random vibration test,
compute functional and endurance test levels for aerodynamic induced and
for jet engine induced vibration from table 514.2-IIA and figure 514.2-2A.
Use the more severe of the two functional levels as the equipment's func-
tional test, and the more severe of the two endurance levels (on an equal
time, T, basis) for the equipment's endurance test.

4.6.2.1 Performance of test. The individual equipment test item shall be
subjected to broadband random vibration excitation. The power spectral
d::nsity tolerances of applied vibration shall be according to 4.5.2. The
test item shall be attached to the vibration exciter according to 4.2.
Equipment hard mounted in service shall be hard mounted to the test fixture.
Equipment isolated in service shall use service isolators when mounted on
the test fixture. If service isolators cannot be made available during the
quslification test, isolators shall be provided with characteristics such
that the isolator / equipment resonant frequencies shall be between 20 Hz and
45 Hz with resonant amplification ratio between 3 and 5. Vibration shall
bp applied sequentially along each of the three orthogonal axes of the test
itcm. Two test levels are required, a functional level and an endurance -

level. For each axis, one half of the functional test shall be conducted
first, then the endurance test, followed by the second half of the func-
tional test. The equipment shall perform according to the equipment

'

specification operating requirements in accordance with General Requirements,
3.? d" ring the functional testing. The acceleration power spectral density

2(G /Hz) of applied vibration, as measured on the test fixture at mounting
points of the test item, shall be according to table 514.2-IIA and figure
514.2-2A. The functional and endurance test timo durations and other test
conditions shall be determined from the test level equations and other
parameter values from table 514.2-IIA.

METHOD 514.2 514.2-8
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4.6.2.2 Equipment with isolators. Equipment designed for operational
installation on vibration isolators shall also be subjected to a minimum

I.offigure514.2-2.
rigidity endurance test with the isolators removed. This test shall be
conducted according to part 2, procedure 1, table 514.2-II, and curve AR

| At the conclusion of this test the equipment shall
provide specified performance,in accordance with General Requirements, 3.2.|

4.6.2.3 References

a. Dreher, J.F. , " Aircraft Equipment Random Vibration Test Criteria Based
| on Vibrations Induced by Turbulent Airflow Across Aircraft External Surfaces,"

| ,

June 1973.
Shock and Vibration Bulletin No. 43 (part 3, pp 127-139), NRL, Wash., DC,

!

|
.

b. Wafford, J.H. , and Dreher, J.F. , " Aircraft Equipment Random Vibration<

| Test Criteria Based on Vibration Induced by Jet and Fan Engine Exhaust Noise,"
Shock and Vibration Bulletin No. 43 (part 3, pp 141-151), NRL, Wash., DC,

| June 1973.

c. Earls, D.L., " Technical Progress on New Vibration and Acoustic Tests,"
for proposed MIL-STD-810C entitled, Environmental Test Methods, Journal
of Environmental Sciences, pp 22-32, July / August 1973.

;

| 4.6.3 Procedure II. This procedure includes tests for three applications:
,

| a. Individual equipment items designed for installation in external stores
carried on airplanes

b. Assembled external stores carried on airplanes

c. Assembled external stores carried on helicopters
,

These tests apply to such stores as air launched missiles, bombs, dispensers,
instrument pods and rocket launchers (see equipment categories d.1, d.2 and

. d.3 as applicable).

4.6.3.1 Procedure IIA. Equipment installed in external stores carried on
airplanes.

4.6.3.1.1 Test conditions. The individual equipment test item (designed
for installation in an external store) shall be subjected to broadband
random vibration excitation. The power spectral density tolerances of

I
applied vibration shall be according to 4.5.2. The test item shall be|

attached to the vibration exciter according to 4.2. Vibration shall be
applied sequentially along each of the three orthogonal axes of the test

l item.

514.2-9 METHOD 514.2
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4.6.3.1.2 Captive flight. Two test levels are required, a functional level
~

and an endurance level. For each axis, one-half of-the functional test
shall be conducted first, then the endurance test, followed by the second- .

hs1f of the functional test. The equipment shall perform according to the ,

(quipment specification operating requirements in accordance with General
-

R:quirements, 3.2 during the functional testing. The acceleraticn power
2spectral density (G /Hz) of applied vibration, as measured on the test

fixture at mounting points of the test item, shall be according to table
514.2-IV and figure 514.2-4 except as noted below. The functional and

*

cndurance test time durations and other test conditions shall be determined
froa the test level requirements and other parameter values from table
514.2-IV. If the computed functional and endurance (T=1) test levels (W )2

2 2cro less than 0.04 G /Hz, use W2 = 0.04 G /Hz and T = 1 for the endurance .

tsst.

4.6.3.1.3 Free flight functional test. For stores that are deployed by
srparation from the aircraft (free flight) such as bombs and missiles, a

|frIn flight functional test shall be conducted in addition to the captive
flight tests of 4.6.3.1.2. The equipment shall perform according to the
cquipment specification operating requirements in accordance with General
R:quirements, 3.2 during the functional testing. 4.6.3.1.1, 4.6.3.1.2,

table 514.2-IV, and figure 514.2-4 shall be used to determine the test pro-
cadures, levels and frequency spectra for the free flight test except as

factors A , A , and (N/3T) shall be set equal jnoted below. In this case, 1 2
to one. The value of q shall be the maximum value attainable during free j i

flight. The duration of this functional test, per axis, shall equal the
maximum free flight time expected at maximum q, brt not less than 30 seconds.
In the event that all free flight functional checks are made during the cap- !

'

tiva functional test and the captive functional test levels are larger than
or equal to those derived here (4.6.3.1.3), no free flight functional test
is required.

.

NOTE: Items marked DISCONTINUED refer to items of the superseded issue of
MIL-STD-810 including notices thereto.

4.6.3.1.4 References
'

Dreher, J. F. , Lakin, E. D. , Tolle, E. A. , "Vibracoustic Environmentc.
and Test Criteria for Aircraft Stores During Captive Flight," Shock and
Vibration Bulletin No. 39, Supplement, (pp 15-40), NRL, Wash., DC, April 1969.

b. Dreher, J. F., " Effects of Vibration and Acoustical Noise on Aircraft /
Stores Compatibility," Proc. Aircraft Store Compatibility Symp., Vol. 6,
pp 245-272, Eglin AFB, Florida, November 1969.

+
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| c. Piersol, A. G., " Vibration and Acoustic Test Criteria for Captive Flight
of Externally Carried Aircraft Stores," AFFDL-TR-71-158, Wright-Patterson
AFB, Ohio, December 1971.

,

I~ June 1973.

.

d. Burkhard, A., " Captive Flight Acoustic Test Criteria for Aircraft Stores,"
i Shock and Vibration Bulletin No. 43, Part 3 (pp 113-126), NRL, Wash., DC.,

| 4.6.3.2 Procedure IIB. Assembled externally carried airplane stores
*

i

l

! 4.6.3.2.1 Purpose. This vibration test is performed to determine that the
| assembled store as a system is constructed to withstand and perform in the
| expected dynamic environment. The nature of this test is to simulate the.

! lower frequency vibratory environment of the store by application of vibra-
tory energy at discreet points. To insure that the vibratory test levels

,

'

reflect the inflight vibratory levels, the selection of the test points
I and vibration input levels are determined by the response of the store.

Procedure II of Method 515.2, acoustic testing for assembled externally
carried aircraft stores, shall also be conducted to simulate the higher
frequency distributed aerodynamically induced vibratory environment. Acous-
tic testing is not required if the minimum value of f of 4.6.3.2.3 iso,

| greater than 1,200 Hz. Procedure IIA of this method shall be used when
individual equipment items such as fuzes, electronic equipment, etc., need
to be tested separately from the whole store.

| 4.6.3.2.2 Accelerometer placement. Accelerometers to monitor the vibratory
| response of the store shall be mounted on two relatively hard points or
'

rings within the store: one in the nose section and one in the aft section.

| For stores such as bombs with nonintegral tail cones, the aft section mount-
, ing point shall be in the aft most section of the main body of the store.

( At each mounting point or ring, two accelerometers shall be mounted - one i
'

in the vertical and one in the lateral plane. (Longitudinal direction is !.

along the axis of the store. The vertical direction shall be considered
as perpendicular to the longitudinal axis and contained in a plane passing !

; through the mounting lugs.)
!

-

4.6.3.2.3 Test levels. The test frequency spectrum for each store mounted |
| monitoring accelerometer shall be determined from figure 514.2-4A and the '

| values of table 514.2-IV. Generally, the test spectrum for the forward
| accelerometers will be different from that of the aft accelerometers. Test !

| 1evels for both a functional and endurance test shall be determined. The |

value of f used in figure 514.2-4A for this test shall be defined as follows:
| o

)
1

2f = (t/R ) x 105 + 100 Hz for stores with circular oro
| elliptical cross-sections 1

| \
.

.
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/

fo = 500 Hz for all other cross-sections
,

,

t = local store average skin thickness where radius, R, is -

measured--inches
,

R = one-half the average of major and minor external diameters *

(inches) of the elliptical cross-section (for a cylindrical I

section use local average radius; for conical section use
Ismallest f calculated using geometry within 1 foot of
|a

accelerometer mounting point) ~

|
NOTE: If calculated fo 1 1,200 Hz, use 2,000 Hz

|Acceptable range for t/R2 = .001 1 t/R2 < .02
|.If calculated values fall outside these limits,
|use these limit values. '

4.6.3.2.4 Test setup. The store shall be mounted and tested with its
longitudinal axis horizontal and positioned so that its mounting lugs are
on top of the store using 4.6.3.2.4a or, as an alternate, 4.6.3.2.4b, depend-

,

1

ing on the facilities available.

e. Mounting method. The store shall be suspended from a structural frame
by msans of its normal mounting lugs using hooks and sway braces which
simulate the operational mounting apparatus. The test setup shall be such
that the rigid body modes (translation and rotation) of vibration for the

,storc/ frame / suspension system are between 5-20 Hz. Vibration shall be
cpplied to the store by means of a rod or other suitable mounting device
running from a vibration shaker to a relatively hard structurally supported
point on the surface of the store.

b. Alternate mounting method. The store shall be hard mounted directly
to the shaker, using its normal mounting lugs and a suitable fixture. The

.stiffness of the mounting fixture shall be such that its induced resonant
frsquencies are as high as possible but none are below one-third of any fo
frsquency.

.

4.6.3.2.5 Determination of resonance response peaks. Vibration shall be
applied at an input level sufficient to excite vibratory responses within
tha store. The frequencies at which significant resonance response peaks
occur shall be identified for each store mounted accelerometer using no
graater than a 10 percent constant percentage bandwidth analysis. A res-
onance response peak shall have at least a 5 dB amplification of input
loval to be considered significant. This shall be done for both vertically
and laterally applied vibration.

METHOD 514.2 514.2-12
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4.6.3.2.6 Captive flight test. The following procedure shall be performed
so that both the lateral and vertical directions are tested to their respective
test levels. Separate testing for each direction shall be required unless
one test is able to excite both directions simultaneously to their respective

Two test levels are required, a functional Icvel and an endur-

I*testlevels.
ance level. For each axis, one-half of the functional test shall be conducted
first then the endurance test followed by second half of functional test. The

l equipment shall perform according to the equipment specification operating
requirements during functional testing.

4.6.3.2.6.1 Part 1. Random vibration shall be applied to the store using.

an input spectrum shape of the store mounted forward accelerometer, but at
an input level 6 dB down from the calculated response level of the forward

,

accelerometer. The input random vibration level shall then be peaked or
notched in those portions of the frequency range where significant resonance
response peaks were identified in 4.6.3.2.5. The peaking and notching of
the input spectrum shall be such that the significant resonance response peaks
of each store mounted accelerometer in the direction of applied vibration
shall be equal to or greater than their respective test levels calculated
in 4.6.3.2.3 and figure 514.2-4A. When using the test setup of 4.6.3.2.4a,
different attachment locations for the shaker to the store may be tried to
determine an optimum point so that both ends of the store are simultaneously
tested to their respective test levels.

4.6.3.2.6.2 Part 2. The response of the accelerometers in the direction
perpendicular to the store mounted accelerometers which were used to
establish the test spectrum shall be compared to their levels specified
in 4.6.3.2.3. For each frequency where the response of a (the) perpen-
dicular accelerometer (s) is above their specified levels the following
procedure may be used.

4.6.3.2.6.3 Part 3. Calculate at each of these frequencies a ratio of
specified to observed levels for each accelerometer which was in the

- direction of vibration and those perpendicular accelerometer (s) which
have excessive levels. These ratios shall be averaged so that an average
value is determined for each frequency. The input vibration spectrum
shall be adjusted so that at each of these frequencies their respective

~

average value shall be equal to unity. The duration of the functional
and endurance test is given in table 514.2-IV and the test levels for
each test are determined in 4.6.3.2.3.

4.6.3.2.7 Free flight functional test. For stores that are deployed by,

'

separation from the aircraft (free flight) such as bombs and missiles, a

| free flight functional test shall be conducted in addition to the captive
flight tests of 4.6.3.2.6. The equipment shall perform according to the

I and frequency spectra for the free flight test except as noted below.

! equipment specification operating requirements as specified in General
| Requirements, 3.2 during the functional testing. Use 4.6.3.2.6, table

514.2-IV, and figure 514.2-4A to determine the test procedures, levels

514.2-13 METHC0 514.2
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In this case, factors A , A , and (N/3T) shall be set equal to one. The1 2
value of q shall be the maximum value attainable during free flight. The *

duration of this functional test, per axis, shall equal the maximum free .

flight time expected at maximum vibration level, but not less than 30 seconds.
*In the event that all free flight functional checks are made during the

captive functional test and the captive functional test levels are larger -

! than or equal to those derived here (4.6.3.2.7), no free flight functional
test is required.

! 4.6.3.2.8 References *

a. Dreher, J. F.; Lakin, E. D.; Tolle, E. A.; "Vibracoustic Environment
and Test Criteria for Aircraft Stores During Captive Flight," Shock and
Vibration Bulletin No. 39, Supplement (pp 15-40), NRL, Wash. , DC, April 1969.

,

1
' b. Dreher, J. F., " Effects of Vibration and Acoustical Noise on Aircraft /

Stores Compatibility," Proc. Aircraft Store Compatibility Symp., Vol. 6,
pp 245-272, Eglin AFB, Florida, November 1969.

| Piersol, A. G., " Vibration and Acoustic Test Criteria for Captive Flightc.
of Externally Carried Aircraft Stores," AFFDL-TR-71-158 Wright-Patterson AFB,
Ohio, December 1971.

4.6.3.3 Procedure IIC, assembled externa!1y carried stores for helicopters
'

4.6.3.3.1 Purpose. To determine that externally carried stores attached
| to the wings and pylons of helicopters (with a mai.. rotor speed of 324 rpm, .

two blades, such as UH-1B, UH-1C, AH-1G, etc) are capable of withstanding j'

expected dynamic vibrational stresses normally induced by the helicopter
during flight conditions and to qualify the equipment for service life.
If the equipment normally operates while being carried by the helicopter,
then the equipment is expected to operate satisfactorily during the vibra- ,

tion test. For helicopters other than the above, use values of frequencies
! and g levels applicable to the helicopter on which that item is to be mounted.

iNOTE: This procedure is only applicable to the operating phase of the -

i

equipment and does not include the common carrier transportation phase.

| 4.6.3.3.2 Test fixture. A rigid test fixture shall be designed for
attaching the test item to the vibration exciter in all three axes with
the mounting lugs in the up position. The test item shall be attached
to the fixture by its normal mounting means (e.g. , suspension lugs for
2.75-inch FFAR launchers). The vibrotion levels shall be controlled from
an accelerometer mounted at or near the attachment point on the test item.

METHOD 514.2 514.2-14
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4.6.3.3.3 Cycling test. The test item shall be subjected to vibration
*

cycling in each of three orthogonal axes. The frequency of applied vibra-

I*.tionshallbecycledatalogarithmicratebetweenthefrequencylimitsand
at the vibratory acceleration levels as shown on figure 514.2-4B. The
cycling period and rate shall be determined from table 514.2-IVA.

! 4.6.3.3.4 Dwell test. The test item shall be subjected to vibration dwell
in each of three orthogonal axes. The dwell test shall be conducted at the
four frequencies and at the vibratory acceleration levels as shown on figures

| 514.2-4D, 514.2-4E, 514.2-4F for the particular weight of the test item.-

| (The minimum acceleration level shall be 0.5g for all dwell tests.) The
dwell period at each frequency shall be determined from curve A of figurei

I
_ 514.2-4C.

NOTE: For test items such as rocket launchers, which are flown to the target
area loaded and come back empty, it is recommended that one-half of the
cycling test be applied to a loaded launcher and the other half be applied
to an empty launcher.

4.6.4 Procedure III (Former 4.8 DISCONTINUED). (See equipment categories
d.1 and d.2.)

4.6.5 Procedure IV (Former 4.9 DISCONTINUED). (See equipment categories
d.1 and d.2.)

| 4.6.6 Procedure V. Equipment installed in ground launched missiles (without
I

! vibration isolators, equipment category e.)

4.6.6.1 Part 1. Proceed the same as in 4.5.1.3. The test level shall be
according to one specified curve P through U from table 514.2-V and figure

! 514.2-5. Test time schedules shall be as listed for part 1 of procedure V
as specified in table 514.2-V.

,

|

4.6.6.2 Part 2. Proceed the same as in 4.5.2. The test level shall be
according to one specified in curve AE through AP from table 514.2-V and

- figure 514.2-5. Test time schedules shall be as listed for part 2 of
procedure V as specified in table 514.2-V.

4.6.7 Procedure VI. Equipment installed in ground launched missiles (with
vibration isolators, equipment category e.)

4.6.7.1 Part 1. Test items normally provided with vibration isolators;

| shall be vibrated with the isolators in place as in 4.5.1.3. Test levels
j shall be according to one specified curve P through U from figure 514.2-5.
| Test time schedules shall be as listed for part 1 of procedure VI as speci-
| fied in table 514.2-V.

514.2-15 MEWOD 514.2
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4.6.7.2 Part 2. Test items normally provided with vibration isolators shall
ba vibrated in accordance with 4.5.1.3 with the vibration isolators removed -

but including any other required holding devices. Test levels shall be accord- ,

ing to curve N from figure 514.2-5. Test time schedules shall be as listed
for part 2 of procedure VI as specified in table 514.2-V. -

.

4.6.7.3 Part 3. With vibration isolators in place, proceed the same as in
4.5.2. Test levels >Sall be according to one specified curve AE through AP
from figure 514.2-5. Test time schedules shall be as listed for part 3 of

procedure VI as specified in table 514.2-V. ,

4.6.8 Procedure VII (Former 4.12) . Equipment installed in ground launched
missiles. (Isolated equipment, tested without isolators, equipment category e.)

.

4.6.8.1 Part 1. Proceed the same as in 4.5.1.3. Test levels shall be
according to curve N from figure 514.2-5. Test time schedules shall be as
listed for part 1 of procedure VII as specified in table 514.2-V.

4.6.8.2 Part 2. Proceed the same as in 4.5.2. Test levels shall be according

to curve AE from figure 514.2-5. Test time schedules shall be as specified for
part 2 of procedure VII as specified in table 514.2-V.

4.6.9 Procedure VIII (Former 4.13). Equipment installed in ground vehicles
(cquipment category f). Proceed the same as in 4.5.1.3. Test levels shall

ba according to one specified curve V, W, or Y from figure 514.2-6. Test
1time schedules shall be as specified in procedure VIII as specified in table

514.2-VI. When test item resonances below 5 Hz are measured er expected
the test curves shall be extended to 2 Hz and the sweep time shall be 18
minutes (2-500-2 Hz); 15 minutes (2-200-2 Hz).

4.6.10 Procedure IX (Former 4.14)
-

! 4.6.10.1 Part 1 (Former 4.14.1) DISCONTINUED |

| 4.6.10.2 Part 2, bounce, vehicular
1 -

4.6.10.2.1 Apparatus. A package tester capable of 1 inch (double amplitude)
displacement and of suitable capacity for testing military equipment.

4.6.10.2.2 Test conditions |

Cover the test bed of the package tester with a panel of 1/2-inch ply-a.
wood, with the grain parallel to the drive chain. Secure the plywood with
six-penny nails, with top of heads flush with, or slightly below the sur-
face. Space nails at 6-inch intervals around all four edges. If the dis-

tance between either pair of fences is greater than 24 inches, the plywood
'
i

shall also be nailed at 3-inch intervals in a 6-inch square at the center
of the test area.

METHOD 514.2 514.2-16
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'- b. Using suitable wooden fences, constrain the vehicular, or simulated,

adapter plate to a horizontal motion of not more than 2 inches in any
lateral direction.

,

4.6.10.2.3 Performance of test*

.

Step 1 - Prepare the test item in accordance with General Require-
,

ments, 3.2, securing the test item to the vehicular, or I

simulated, adapter plate and placing on the package
tester with the constraints outlined in 4.6.10.2.2. If

,

the test item weighs over 200 pounds, simulated adapter
plate approved by the procuring agency shall be used.

Step 2 - Attach an accelerometer as close as possible to the
point of test item attachment to record the shock

transmitted to the test item.

Step 3 - Adjust the package tester, shafts in phase and table
operating in a vertical linear' mode, to a speed such
that the average value of the random acceleration peaks
shall be 7.5 2.5g's. Measure this input with an
accurate measuring or recording system at the output
of a band pass filter. The filcer band pass shall be
0.2 to 100 Hz and the attenuation slope shall be 12 to
18 dB per octave at the 3-dB down point. Due to the'

random nature of the input, pulses greater than 10g's
can be expected to occur, however, if they are infre-
quent, they need not be used in calculating the aver-
age. Perform the test for a total of 3 hours. At

the end of each 3/4-hour period, rotate the adapter
plate and test item 90 degrees each time in the same
direction.

.

Step 4 - At the end of the 3-hour period, operate and inspect
the test item in accordance with General Requirements,

. 3.2. Then inspect the test item as specified in General
Requirements, 3.2.

4.6.11 Procedure X (Former 4.15) . Equipment transported as secured cargo.
Proceed the same as in 4.5.1.3 with the unpackaged test item secured to the
vibrator table. The test level and time schedules shall be in accordance
with figure 514.2-7 and table 514.2-VII. The test item will not be operated

I
during vibration.

4.6.12 Procedure XI (Former 4.16). Equipment transported as loose cargo.

.
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| 4.6.12.1 Part 1 (Former 4.16.1) DISCONTINUED .
.

.

4.6.12.2 Part 2, bounce, loose cargo
*

4.6.12.2.1 Purpose. To determine that the equipment, as prepared for
field use, shall be capable of withstanding the vibrations normally induc-

*

cd during combat transportation as loose cargo. Equipment in this class
is normally transported in a transit case, combination case, or special
container from which it is removed just prior to use, e.g. , ammunition or .

nissiles.

4.6.12.2.2 Apparatus. A package tester capable of 1 inch (double ampli-
tuda) displacement and of suitable capacity for testing military equipment. .

Test conditions. The test bed of the package tester shall be4.6.12.2.3
covered with a panel of 1/2-inch plywood, with the grain parallel to the
drive chain. The plywood shall be secured with six-penny nails, with top
of heads flush with or slightly below the surface. Nails shall be spaced
at 6-inch intervals around all four edges. If the distance between either
pair of fences is greater than 24 inches, the plywood shall also be nailed
et 3-inch intervals in a 6-inch square at the center of the test area.
Using suitable wooden fences, constrain the test item to a horizontal
motion of not more than 2 inches in a direction parallel to the axes of the
exas of the shafts, a distance _more than sufficient to insure the test item
will not rebound from fence to fence. For large items, care should be ,

tcken to avoid potential air-cushioning effects which may exist between
the surface of the package tester and the test it;m.|

Performance of test. The test item, as secured in its transit4.6.12.2.4
ecse, or combination case, or as otherwise prepared for field transportation,
shall be placed on the package tester within the constraints outlined above.

item will not be operated during vibration. The package tester ,

Tha test (Inshall be operated in the synchronous mode with the shafts in phase.
this mode any point on the bed of the package tester will move in a circularThe
psth in a vertical plane perpendicular to the axes of the shafts.) -

peckage tester shall be operated at 1-inch double amplitude and 284 rpmAt the end of each 1/2-hour period, turn22 rpm for a total of 3 hours.
tha test item to rest on a different face, so that at the end of the 3-hour
p;riod the test item will have rested on each of its six faces (top, bottom,At the end of the 3-hour period, the test item shall besides, and ends).
cpsrated and inspected and results obtained in accordance with General

The package tester shall be operated in the verticalR:quirements, 3.2.
linear mode (straight up and down in the vertical plane) instead of in the
synchronous mode when one of the following conditions occurs:;

|

Bouncing of the test item is very severe and presents a hazard to
(

c.
parsonnel.

METHOD 514.2 514.2-18
,

!



.

1 -

!

MIL-STD-810C |

| I

b. Forward and rear oscillations cannot be reduced. When operated in the--

vertical linear mode, wooden fences shall be placed on all four sides of
the test item to constrain its motion to not more than 2 inches in either~

direction.

I.4.6.13
'

|

Procedure XII. For shipboard and amphibious equipment or when a
ship is the common carrier, the vibration test shall be in accordance with
type I of MIL-STD-167.!

|

|4.6.14 Procedure XIII. Transportation vibration test for system, van or
|

,

shelter assemblage.
|

|

4.6.14.1 Part 1. DISCONTINUED
.

4.6.14.2 Part 2, bounce, system shelter assemblage

4.6.14.2.1 Purpose. To insure that the system shelter assemblage shall
be capable of withstanding the vibrations normally induced during transpor-
tation. The system shelter assemblage may consist of equipment mounted in
a truck or trailer, or equipment mounted in a shelter which is then mounted
on a truck or trailer.

4.6.14.2.2 Performance of test. The tire pressure of the van or shelter
transport vehicle shall be adjusted for tactical (off-road) cross-country
service. The system shelter assemblage shall be driven five times over

i sections of the Munson Test Course at the Aberdeen Proving Ground, Aberdeen,
Maryland, or approved equal, in the following order and at the specified
speeds:

Coarse washboard (6-inch waves spaced 72 inches apart) 5 mph

Belgian block 20 mph
.

Radial washboard (2-inch to 4-inch waves) 15 mph

. Two-inch washboard 10 mph

Three-inch spaced bump 20 mph

5. SUMMARY. The following details shall be as specified in the equipment
specification or test plan:

a. Equipment category, applicable table, procedure, figure, and test curve|

I
(see 3).

j b. Pretest data required (General Requirements, 3.2).
|
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.)
c. Failure criteria .-

.

d. Weight of test item when acceleration derating of selected curve is .
|

r; quired (see 4.5.1 and table 514.2-IIA, note 6). .

Temperature extremes and temperature test time durations (see 4.3). -

e.

f. Total vehicle mileage for category f equipment (see table 514.2-VI).

g. Necessary parameters for calculating test levels for equipment cate- - ;

l

gories 6.2, d.1 and d.2. |
!
I

.

|

.

.

I
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Tahle 514.2-11. Test Procedure and Time Schedule Chart for rquipment Installed in Propeller Airplanes - Equipment Category b.!

A. Procedure selection and Time Schedule Chart

Applicable tests Test time schedule (y r axis) fig. 514.2-2
Equipment (see 4 for test precedures) Dwell time sinuseical
rewriting Procedura Procedure Resonanc e Resonance dinusoidal at each cycling

'con figuration riumber part search dwell cycling resonance time
b 5 -5 Curve 1/number (4.5.1.1) (4.5.1.2) (4.5.1.3) (4.5.1.2) g, g,

without vibration 3 hrs less C.D.E,f
isolators 1 1 I K I 30 min dwell time 15 ein 20 min C, H. J, or L

With vibration 1 I I 1 3 hrs less C.D E F.
iso!.etors ~2/ 1 30 min dwell. time 15 min 20 ein G. J. H. er L

2 1 X X 10 min 30 min 15 min 20 min B. AR
_

Norms!!y with 3 hrs less
vibratten isolators 1 2 1 1 1 30 min dwell time 15 min 20 min B. A2
but tested without

isols*ers

m 1/ For sinusoidal vibration resonance tests and cycling tests of item mounted in airplanes
6-*

ami weighing more than su poumes. the vibratory accelerations shall be reduced by Igf for each 20-pound incren'ent of scight over no pounds Acceleration derating shall applyy caly to the higliest test level of the =clectcJ test curve., however, the vibratory accel- *
a

N cratinr. shall in no case be Ic<s than 5n percent of the specified curve level.
w -2/ Test items of equipment normally provided with vibration isolators first

shall be tested with the isolators in place (part 1). The isolators then
shall be removed, and test ites rigidly mot nted and subjected to the test
level indicated (part 2).

8. Curve Selection Chart for Category b.I Equipment
H g. 514.2-2 Fit. 514.2-2

Selectior criteria Curve (for freq. Curve (for freq. to 2000

to 500 Hz) H: for jet engines)

Equipment installed on vibration isolated panels or racks when the panel er rack is B AR
not araltable for test er when the equipment is tested with isolaturs reroved as
specif tel by the applicable procedure.

Equi petit in forward half of fuselage or equipment in wing areas of airplanes C J
with engines at rear of fuselage.

Im wrquipment in rear half of fuselage or equipment in wing areas of airplanes with D H
'

t"*h wing or t'ront mounted engines or ett er equipment of engine locations not 8

O =pecifically mentioned for other curves. M
U
m rquipm nt located in the engine compartments or engine pylons of airplanes. E C g

Lquipment mounted directly on airplane engines. F L M
o

N O
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Table 514.211A. Randen Vibration Test Criteria for Jet Aircraft gquipment, Catogery b.2

Criteria Notes

rerodynasic inanced vibration (curve A, figure 514.2 2A) 1. Functional test time shell be I hour
per axis.

,

}|, !')
functional test level W * KIq1*.

!* U = Rfq)2 (M/37)II" 2. Use We = 0.04 g /hs if calculated
*Endurance tsst level

endurance test level values are less
Jet engtee moise induced vibration (curve A, figure 514.2 2A) than 0.04 32/ht. T = 1.

'/* 'l' Y* N' 8/ w, = (0.48 cos 0/R)[D IY /18501 +D (V /1850)3]2 3 3. If one hour (T = 1) endurance testc c g ginaurance level is < functional test level, not est level 2/. 3,f af, of. y, f/'

I 'w, = (0.4 cos O/R)[p (V /185e)1.D (Vg/1850)3] (N/10T)I#'c e g d gi e
Lunhinst induced vibration (see method 519)

4. If aircraft has more than one engine, W
*Definitions shall be the sum of the individually

K = 2.7 s 10*8 for cockpit equi wumt me.l e nirment att = hed to stauctuse int i

com:artment s adjacent to external surfaces that are smooth, free from discon- 5. For equipment weighing more than 80 pounds,
t/1 tinuttles. the vibration Eo level may be reduced
[ according to Curve B, Figure 514.2-2A.

It = 14 x 10-8 for equipment attactied to structure in tempartments adjacent to or
d Fw 70' e 0 * 180'* use 0 = 70* to

.

to immediately aft of external surfaces having discontinuities (cavities, chins, y -
h blade antennas, speed brakes, etc.) and equipments in wings, pylons, stabliiters, C mPute ,.

,

c,e and fuselage aft of trailing edge wing root.
7. For entines with afterburners use W* which

is 4 times larger than K,lthout afterburner,computed
using maximum Ve and Vg a

q = 1200 psf or manimum aircraft q, whicheecr is less.

N = nutrum ntsaber of anticipated service missions for equipment or carrying aircraft
6 ",1) .

T = test time per axis, hours (T ?,1),

l'c = engine core exhaust diameter, feet (for engines without fans, use max!aum
exhaust diameter).

Dg = engine fan exhaust dinneter, feet.

a e einleum distance between center of engine aft exhaust plane and the center of
grseity of installed equipment, feet.

h Y, e engine core e m ust ,eico ty, fm. per m (for eno nes . m out fans, use -
omninum exhaust velocity without afterburner). (o yg g . wglae fan exhaust velocity, feet per sec.

0 = angle between R line and engine exhaust axis, degrees, aft vectored. ct/1 e"
0o

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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'lABLE 514.2-111

I.
Test procedure and time schedule chart for equipment installed in helicopters-
equipment category (c)

1

|

Test time schedule 1
,

| ,
(por axis) Fig. 514.2-3 |,

Equipment Procedure Procedure Sinuseidal Sweep Time Curve
mounting number part cycling (Note 3) (note 1)
configuration number (4.5.1.3)

-
,

Without 1

vibration i 1 3 hrs 36 min H |
isolators i

'1.

|

With
vibration 1 1 3 hrs 36 min M

at s
2 30 min 30 min B

|

Normally with
vibration 1 2 30 min 30 min B

, isolators but-
| tested without

i isolators

Note 1: For sinusoidal vibration cycling tests of items counted in heli-
copters and weighing more than 80 pounds, the vibratory accelera-
tions shall be reduced by I g for each 20-pound increment of
weight over 80 pounds. Acceleration derating shall apply only
to the highest test level of the selected test curve, flowever,
the vibratory acceleration shall in :1o case be less than 50 percent

*

of the specified curve level.

Note 2: Test items of equipment normally provided with vibration isolators
first shall be tested with the isolators in place.

Note 3: Sweep for curve M is 5-2000-5H:, curve B is 5-500-5 11:.
B. Curve selection chart for category (c) equipment

Selection criteria Curve

Equipment designed for installation without vibration isolators M

| Equipment installed on vibration isolated pancis or racks when the
; panel or rack is not availabic for test or when the equipment is B

! tested with the 15ulaturs aetaored as specif:ed by the applicable
| nrnccJu re .
|
'

.

514.2-25 METHOD 514.2

(

.
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Table 514.2-IV. Vibration Criteria for External Stores Carried on Airplanes - Categories d.1 and d.2

Parametric Equations for Figure 514.2 4 and 514.2 4A Definitions

Eq (11 , 2; ,, , gg)gy,-3) (N/3T)IN(A )(e )(C )(0 )(t lg#1 '/H:g g 3 y q = maximum flight dynamic pressure in Ibs/ft
(see note 1).

* (5)(10-5)gqf,3 (N/3T)II"(A )(S )(C )(D )(E )g /Its2 I*Eq (2) : W y 2 2 2 0 = average store weight density in Ibs/ft2
(total weight + total volume)

5 (*I"2}"*Eq (3)3* 4 : f * IUt
Eg (4) * * * - f ~#1 * 10" I'* * * I'**I ***'' ' "'"8' **I' thl**"' " "h*'' " I'2

measured (inches)

Location. Configuratien. Special Adjustments R * one-half the average of the major and einer
diameters ($nches) for a store with en

Factor ellipitical cross-section (for cyttedrical
Ag A2 sections use local geometry; for Conical sections

TIR (trl-ajection rack, cluster sciet) 1 2 use saa!!est f, calculated using geometry within one
foot of equipment mounting point; for cast irregular

ksR (meltiple ejection rack cluster mount) 2 4 shaped cross-section. A shall be one-half the longest
inscribed cord; for monocoque irregular cross-section
I = 300 Hz).J*tle st:.tlon I I l

yi B 8 * *** * * "" * E' * * * " "*g 2>* Att half s.f air fired missiles 1 4 (functional test M = 3; endurance test. N = 3,3).A Att half of all other stores 1 2*

y Jeward half of all stores ! I T = test time per axis in hours (functional test. T = 1;
.

e

N C C endurance tut T 1 1).
1 2

Blunt unwJ stores, single station and HR 2 4 Notes
plunt noscJ stores. MLR 1 2
All etber stores i 1 1. l'or endurance test, y = 1200 psf or maximum q. shichever

D, h, is less. For functional test. q = 1800 lbs/ft2 or next.
Free fall munitions with noninevRral lianed -

zum q whichever is le u.
st.eet eetal tall cones 8 16
Air fired missiles i I 2. If functional test level is equal to er larger than the

-At t other stores 4 4 cndurance test level when T = 1. no endurance test is-

E E required, except as noted in 4.6.3.1.2.g 2
'N II#(g 3. Iree fsli stores with tait fins, used fg = 12$ liz;y,

5 21presortat tve parameter values to be used for captive flight when specific f2 = 10 (t/R ) * *000 !!:.
p..rmaet e ra. are not available

4 For general use fu:es which can be used in several
2N T stores; use wa = .03 3 4tt:a Wy = 0.15 3 /H:; fg = gMax Endur- Endur- 100 tiz; f, = 1000 tt:,

store W 9 * *"#' ""#* ft (Ht) f (Itz)
~ T = 30 min / axis. s

{%ssite, air to ground 1000 100 i None 500 1500
* # W "'' #'"I' I" * '# '* 1 1 U3

@ Missile, air to air 1600 100 100 1 500 1500 .001 t/R 1 02 g
Instrumnt pod 1800 50 500 1 500 1500 if calculated values Fall outside these limits. C'Dt/1 Dispenser (reusable) 1200 50 50 1 200 3200 use these limit valacs.{ Cenolition bomb 1200 120 3 None 125 2000 #

Fire bomb 1200 40 3 Ncne 100 1100 b-

m
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Use table 514.2-IV and 4.6.3.2.3 for parameter values.

Figure 514.2-4A. Vibration Test Curve for Assembled External
Stores Carried on Airplanes
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METHOD 514.2 514.2-28
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Table 514.2-IVA. Cycling Perted and Rate, and Time $chedule Chart for Externally
Carried Stere * for !k tteopters. Category d.3

Excitation Sinuseldst cycling
Axis (See Test Procedure 4.6.3.3.3) (See Test Procedure 4.6.3.3.4)

'
Time Schedule curve Test time Test t.evel Curves

(See figure 514.2-49) per dwell !! Hz 22 Ha 33 HS 44 HE
Sweep time Total test
5-500-5 fts time

vertical 15 Mimutes See table 9 A See figur, he figure sie.2-4D

| | |
$14.2-4C VA VC 49Ya

See figure See figure 514.2-4E
Transverse 15 Minutes See table B B 514.2-4C

TA TS TC TD

us tenettudinet 15 Minutes See table B C See figure See figure 514.2-4F
bd 514.2-4C *

b
*

g LA L3 LC LD
,

N
10 Table $14.2-178. Sinusoidal Cycling Test Time

Number of Missions Cycling Tire per Amis
(Minutes)

0-50 30

51-100 60

101- cm 90

%
m e-d 8

8 *
U

,D CDH >a^
O'

9 O

- . - _ _ _ _ . _-_____ _-_-__
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.teble 514.2-9. , Test Freeedere end Time, schedule chart for tajutpment lastelled in ereund Imenshed Inteettee. Eguipment Category e.

A. Precedure Select'en and Time Schedule Chart
.

Applicable tests
(see 4 for test precedures) Test time ochedule (per esis)

Einuseidei Ff8vre 514.2-V
' Equipment I b edure Precedure 81sweeldet Random cycling 5=eop time tendem time
monating number part cycling gtme 5 2000-5 mete y

cimfiguration neber (4.5.1.3) (4.5.2) (4.5.1.3) Ms Curve V
'

F6 theist vibration 1 I f 30 min 20 min One of P thru U #

inalators V 2 1 30 mia Osie of AE thru APg

With ribration
isoleters y VI 1 I 30 min 20 min One of P thm U

2 1 1 30 min 20 min N

3 1 30 mia One of AE thru AF

tecrmelly with vib.
Isolators but tested <
witbe=*t isolators Vil 1 1 30 min 20 mie N

tfi 2
|

1 30 min AE
w
A y For sinusoidel vibration resonance tests and cycling tests of itene asunted in missiles and weighing
y more than 30 pounds, the vibratory accelerations sheit be reduced by +13 for each 20-p%nd tacrement
s ot' weight over 80 poumts. Acceleretton derating shell apptr only.to h highest test level of the selected

tre cierve. flowever, the vibratory ecceleretten shalt in no case be less then 50 percent of the specifled curve level.
U1 g Test items of equipment normally provided with vibretion isolators first shell be tested with the iselsters

in piece (part 1). The isolators then shelt be removed. and the test item rigidir mounted and subjected to
the test level indicated (part 2). 1seleters shall be replaced and the test iten subjected to the test level
indicated (part 3).

y When flight distances of missiles are less than 100 m!!es, the test time is reduced to 5 minutes.

B. Curve Selectica Chart for Category e. Equipment

vibretton test curves
^Pquipment location Appreslaste thrust (Figure 514.2-V)
by vehicle section - (power)

Sinusoldal Random

All except booster ALL P er Q AE. AF. or AG

250.000 lbe er less Q or R AM. A.I. er AK %
4 Sy in.lividual 250.000 lbs to a er S AE. AL. er AM (

"h booster stage 500.000 lbs

over 500.000 7 or U AM. AN. er AP y
00ea ~>
8-

m
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SP E CTRA(D.Hz)
CURVE

% ( G'/REQUIRED CURVE SHAPE

\CURVEAETHROUGHAPAE 0,02 5.4g
Dw .g .. AF O.04 7.6
kg p| | AG O.06 9.3
ggg J g |

AH 0.1 O 12.0
D

.J s o I g AJ 0.2 O 16.9
b p I AK O.30 20.7I

8 | |* AL O.40 23 9
8$ |

I AM O.60 29.3,
4 AN 1.00 37.9 ,

20 10 0 1000 2000 AP 1.50 46.4 i

FREQUENCY (Hz ) _

'# 8
|

RANDOM VIBRATION ' ENVELOPE NOTE: COMPOSITE G-rms = W(f)df

WHERE f, ANDf ARE THE LOWER AND2
UPFER TEST FREQUENCY LIMITS RESPECTIVELY
W(f) 10 THE ACCELERATION POWER SPECTRAL i

2DENCITY IN G /Hz UNITS !

Figure 514.2-5. Vibration Test Curves for Equipment
,

Installed in Ground Launched Missiles. |
Equipment Category e.

METHOD 514.2 514.2-36 i
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Table SI4.2-VI. Test Procedure med Time Schedule Chart for Equipment
Installed in Ground Vehicles. Equipment Category f

Applicable Tests Test Time Schedule (Per Axis)
Equigw st Procedure Procedure Sinusoidal Sounce Sinusoidal Maximum Sw"P
Conditions Number Part Cycling Vehicular Cycling Cycling Time Orrve

Number Time Time.

(4.5.1.3) (4.6.10.2) (4.5.1.3)
Schedule A

VIII I 30 min /1000 15 ein
Tr adeel miles 3 hoers 5-500 5 Hz W
Vehicles 2f 1/

Schedule R

Whected VIII E 30 min /1000 5-1/2 hours 12 min V or Y
Vehic le-s miles 5-200-5 Hs 3/m

w -2/ 1/
A 4 hours *

Y< h i'' 3 * VIII I 15 min W
*

g
""d

e 5-500-5 Hz
t,a tliIe e yM Unl.ne.me.

To I.e used
only wlcn II

specified - 2 X 'see 4.6.10.2

vans av.J KIII 2 '"
,gei,e,, '4.6.14.2

1/ Sweep time shall be increased by 3 minutes if test frequencies to to 2 Hg.
7/ Cyi ling: time al all be 30 min /ttnin miles ur as -g= cified in the equipment specification except that it shall not exceed the
-

ma.imum sp cificJ in tahir 514.2-VI.
3/ ('u ve Y is for equi m t i=. stalled in wheeled v.-hicles .scept for two-shceled trailers. Curre Y is for equipment installedl~

in tan shected trailtry.
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Note: All curves shall be extended to 2 Hz when test item
resonances below 5 Hz are expected

Figure 514.2-6. Vibration Test Curves for Equipment
Installed in Ground Vehicles, Equipment Category f.
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Table 514.2-VII. Test Procedure and Time Schedule for the
Transportation of Cargo, Equipment Category g.

Procedure
Transport Procedure Part Figure 514.2-7 Applicable Test Sweep Time

Mode Number Curve 5] 4/

Rail, air, sea, truck X AW Sinusoidal 12 min
or simitrailer Cycling for 84 min 5-200-5 HZ-

1] Per Axis

Any of above plus X AV Sinusoidal 12 min

trackedvehicle2f Cycling for 84 min 5-200-5 HZ
Per Axis

Any of above plus X AX Sinusoidal 12 min*

P 2-wheeled trailer 2/ Cycling for 84 min 5-200-5 HZ
Y

~-

Per Axis
U

Loose Cargo 3/ XI 2 See 4.6.12.2

1/ The normal transport of items as secured cargo, with land transport over paved roadways.

2] The transport of items as secured cargo to include land transport over paved roads,
unimproved roads and cross-country terrain.

3f When transit case or combination case is provided for the test item, the case shall be
included in the test setup.

@ 4/ Sweep time may be 15 minutes if test requirements go to 2 HZ. f
::1 i

Q 5] For vibration isolated items, curve AA is to be used in the lower frequency range (below g
13 HZ) and the curve appropriate to the mode of transportation for the higher frequencies.

,

5 5oL
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NOTE: ALL CURVES SHALL BE EXTENDED TO 2 H: hifEN TEST
ITEM RESONANCES BELOW 5 H: ARE EXPECTED.

Figure 514.2-7. Vibration Test Curves for Equipment
Transported as Secured Cargo, Equipment Category g.
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METHOD 515.2
i

! ACOUSTICAL NOISE.

I ,

and other high-performance vehicles.

1. PURPOSE. The acoustical noise test is performed to determine the effects
,

on equipment of fluctuating pressure fields associated with turbulent aero-
dynamic flow and acoustic noise that are characteristic of aircraft, missiles,

The acoustical noise test complements
conventional sinusoidal and random vibration tests which are for structure
borne vibrations.*

2. APPARATUS. A suitable type test chamber shall be used to apply the
conditions as specified in the following procedures. Measuring equipment-

shall be suitable to accomplish the required analysis.

3. PROCEDURE. The basis for selecting a test procedure for a particular
category shall be according to 3.1.1.

3.1 Definitions and terms. A comprehensive list of standard terminology
is titled Acoustical Terminology (including Mechanical Shock and Vibration)
contained in ANSI-SI.1-1960.

3.1.1 Test selection. For the purpose of this test method, equipment is
categorized as follows:

Equipment mounted either external or internal to the vehicle structure'

a.
(see 3.2, 3.3, and 3.4). In general, equipment located in areas where
noise levels are 130 dB overall or less will not require testing to noise

environments. This test is not a substitute for the conventional sinusoi-
dal or random vibration tests of Method 514.2.

- b. Assembled externally carried aircraft stores (see 3.5). This test

is performed to determine if a complete store as a system is constructed
to withstand its expected aerodynamic environment and to insure that
performance degradations or malfunctions will not be produced by the

,

service environment.

3.2 Criteria for application. Some equipment is insensitive to acoustic
stimulation even at very high levels. Other equipment may respond in a

.

manner that will modify or disrupt the equipment function and in extreme
cases mechanical failure may result. Equipment that is sensitive to vibra-
tion is usually sensitive to sound field exposure. For this reason a

1 suitable vibration test is often a good indicator of acoustic sensitivity.
However, it is possible that high frequency resonances of some responding
equipment elements may be overlooked during the vibration test due to the

,

i

!
' 515.2-1 METHOD 515.2.
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high frequency limitations of the shaker and vibration attenuation of the .}
'

fixture and the equipment under test. Of importance is the fact that some
(quipment may possess both sensitive and insensitive characteristics, and

.

it may be difficult to ascertain, before a test is performed, whether the *

cquipment is sensitive to acoustic stimulation. The following criteria -

cro presented as a guide to initially determine whether equipment is
s nsitive to acoustic stimulation. Such criteria cannot be considered as

,

tha only determining factors. The final decision, whether to perform an
acoustical noise test, must be supplemented by such additional factors
es a description of the characteristics and duration of the end use

.

ccoustic environment, the location of the equipment within the vehicle
structure, and a consideration of special mounting means or protective
cnclosures employed for the equipment.

.

3.2.1 Equipment insensitive to acoustic stimulation. This equipment is
likely to have small surface areas, high mass to area ratios, and high
internal damping. Examples are as follows:

High density modules, particularly the solid or encapsulated type.a.

b. Modules or packages with solid state elements mounted on small con-
strained or damped printed circuit boards or matrices.

Valves, hydraulic servo controls, or auxiliary power unit pumps.c.

d. Equipment surrounded by heavy metallic castings, particularly those )
thtt are potted or are encased within the casting by attenuating media.

3.2.2 Equipment sensitive to acoustic stimulation. This equipment is
normally classified as microphonic or usually having large compliant areas
of exposure, low mass to area ratios, or low internal damping. Examples
era es follows:

.

Equipment containing microphonic elements with high frequency reson-a.
ancos such as electron tubes, waveguides, klystrons, magnetrons, piezo-
electric components, or relays attached to thin plate surfaces.

.

b. Equipment containing or consisting of exposed diaphragmatic elements
such as pressure sensitive transducers, valves, switches, relays, or flat

,spiral antenna units.
1

I!3.3 Selection of test intensity. The noise levels are divided into four
int;nsity categories as listed in table 515.2-I. The categories are in
ord:r of increasing severity (overall sound pressure level) from A through D.
Tha estegory should be selected as appropriate for the expected noise level
of ths end use environment.

HETHOD 515.2 515.2-2

s



. _ _ _ . __ __ _ __ . . _ _ _ . - _ - _ _ . . __ _

.-- .

'MIL-STD-810C

I
TABLE 515.2-I Acoustical Noise Test Category f*

.

Test overall Typical applications Exposure'

I'.
Category sound pressure time

level (dB)./) Vehicle Equipment location (minutes)
A 140 Aircraft Majority of locations 30

| Near the noise source or1

n n se cone, H
| 30

B 150 Aircraft separated by thin
partitions*

External. stores or open
exterior-compartments
"*"# " 8' # 30

C 160 Aircraft.

subject to the noise
cone environment of f

'

any circraft
| Majority of locations,
|

Rocket exclusive of booster or 8'

engine compartments
Booster or engine com-

!

partment, on site launch
|

D 165 Rocket equipment or externally 8(

mounted pods near the
| noise source
|

21/ eference 2x10-4 dynes /cm2 (2x10-5 newtons /m ),R

3.4 Procedure I

3.4.1 Test setup. The test item shall be softly suspended in the test )
;

chamber by means of springs or elastic cord. If a mounting structure is
-

required between the soft suspension and the test item or to hold the
soft suspension care must be exercised to assure that no spurious acoustic

|
or vibratory inputs are introduced. The natural frequency of suspensioni

' shall be less than 25 Hz. The test item shall be exposed on every surface.

to the sound field by centrally locating it in the test chamber. The test
|. item volume shall be no more than 10 percent of the test chamber volume.
| When the test chamber is rectangular, no major surface of the test item ;
'

shall be installed parallel to the chamber wall. A reverberation type
i test chamber shall be used and shall be sui'. ably formed and proportioned
| to produce a duffuse sound field and a uniform sound energy density through-
i g

out the enclosure.
f

'

!

! M -
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'

3.4.2 Performance of test
'

Step'-1 - Th'e overall sound pressure level for the specified test .

category of table 515.2-I shall be introduced into the test
+ chamber to conform to the octave band spectrum specified on

'

-

figure 515.2-2. The average sound pressure distribution -

(overall level) shall be uniform within -2 to +4 dB of the,

desired value. The sound pressure field shall be measured
without the, test item mounted in the test chamber. Measure-
ments shall be made by using a microphone (more than one *

,,

, .if desired) to define the sound field within the test volume
(central 10 percent of the chamber volume).

.

. Step 2 - The test item shall be placed in the chamber as specified
'' in 3.4.1. At least three microphones shall be monitored.

They shall be located in proximity to each major dissimilar
test item surface, at least 18 inches from the test item
surface or one-half the distance to the nearest chamber

,. wall, whichever is less. The average overall sound pres-
sure distribution around the test item shall be measured
and be uniform within -2 to +4 dB of the desired value.,

However, for large or irregularly shaped items where this
tolerance cannot be achieved, the tolerance shall be i6 dB.
Test times shall be as specified in table 515.2-I. The
operation of the test item during the test shall be j
monitored when and as specified. When measurements are
made during or following the test, they shall be compared
with the data obtained in accordance with General Require-
ments, 3.2. At the conclusion of the test, the test item

shall be inspected in accordance with General Requirements,
3.2.

3.3 Procedure II acoustic testing for assembled externally carried
~

aircraft stores

3.5.1 This acoustic test is performed to determine that the assembled -

store is constructed to withstand and perform in the expected dynamic
environment. Procedure IIB of Method 515.2, assembled externally carried
store vibration test, shall also be conducted to insure thorough testing
fr:m 20 to 2,000 Hz. Acoustic testing of assembled externally carried
stores is not required if the minimum value of f of 4.6.3.2.3 of procedure IIBo
of Method 514.2 is greater than 1,200 Hz.

METHOD 515.2 515.2-4
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3.5.2 Test setup. The store should be softly suspended by means of springs
| ,

or elastic cord. If a mounting structure is required between the soft sus-|

I'.pensionandthetestitemortoholdthesoftsuspension,caremustbe
exercised to assure that no spurious acoustic or vibrating inputs are intro-
duced. The natural frequency of suspension shall be less than 25 Hz. A
suitable acoustic noise source can be a jet engine on an open-air stand,
a jet engine in test cell, or an acoustic test chamber. Provision for|

baffics shall be made so that the frequency spectrum can be shaped to the
required profiles.

,

i 3.5.2.1 Microphone placement. Three reference planes perpendicular to
|

the longitudinal axis of the store shall be defined. The location of these
reference planes shall be such that they are at positions which are one-'

-

sixth, one-half, and five-sixths of the length along the store. In each
reference plane three microphones, 120 degrees apart, shall be positioned
about the store. Each microphone shall be located within 18 inches from
the surface of the store but no greater than one-half the distance from
the nearest baffle, whichever is less.

! 3.5.3 Test procedure. The response of the microphones which are in each
reference plane shall be averaged giving one output for each reference

| plane. The one-third octave band sound pressure level about the entire
' store shall be shaped so that at the location of each of these three
|

reference planes the frequency spectral profile shall envelope the frequency
( spectral profile of figure 515.2-4 and the values of table 515.2-II. A'

controlled acoustic environment below 100 Hz and above 2,000 Hz is not
required but these frequencies may be present because of the nature of the

|
test facility. For low power acoustic facilities which cannot excite the
entire frequency range at one time, it is permissible to break the test'

into smaller frequency segments. The testing time for each of these
segments shall be the same as required if the entire spectrum is excited

- simultaneously.

3.5.3.1 Captive flight test. Two tests, functional and endurance, shall
be conducted using their respective test levels given in table 515.2-II.
No endurance test is required if, for a 1-hour endurance test, the test~

level L is equal to or less than the corresponding functional test level.o
During the functional test, the store shall perform according to the system

! specification operation requirements (see General Requirements, 3.2). This
test shall be for 1 hour. Proper performance of the store is required only

i
after conclusion of the endurance test (see General Requirements, 3.2).

l .

515.2-5 METHOD 515.2
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3.5.3.2 Free flight functional test. For stores that are deployed by
'separa, tion from the aircraft (free flight) such as bombs and missiles, a

frre flight functional test shall be conducted in addition to the captive .

flight tests of 3.5.3.1. The equipment shall perform according to the
,

squipment specification operating requirements (see General Requirements,
3.2) during the functional testing. 3.5.2, 3.5.2.1, and 3.5.3, table -

515.2-II, and figure 515.2-3 shall be used to determine the test procedures,
,

IcVels and frequency spectra for the free flight test except as noted below.
In this case, factor (N/3T) shall be set equal to one and no MER or TER
cluster carriage factor shall be used. The value of q shall be the maximum *

value attainable during free flight. The duration of this functional test
shell equal the maximum free flight time expected at maximum q, but not
Isss than 30 seconds. In the event that all free flight functional checks .

cra made during the captive functional test and the captive functional
test levels are larger than or equal to those derived here (3.5.3.2), no
free flight functional test is required.

3.5.4 References

a. Dreher, J. F.; Lakin, E. D.; Tolle, E. A.; "Vibracoustic Environment
and Test Criteria for Aircraft Stores During Captive Flight," Shock and
Vibration Bulletin No. 39, Supplement (pp 15-40) NRL, Washington, D.C. ,
April 1969.

b. Dreher, J. F., " Effects of Vibration and Acoustical Noise on Aircraft / )
Stores Compatibility," Proc. Aircraft Compatibility Symp., Vol. 6, pp 245-
272, Eglin AFB, Florida, November 1969.

c. Burkhard, A. H., " Acoustic Testing to Simulate the Flight Vibration
Environment of Aircraft Stores," AFFDL-TR-73-110, February 1974.

d. Burkhard, A., " Captive Flight Acoustic Test Criteria for Aircraft .

Stores," Shock and Vibration Bulletin No. 43 part 3 (pp 113-126), NRL,
Wash, D.C., January 1973.

.

|
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. 4. SUMMARY. The following details shall be specified in the equipment
specification or test plan:

,

~

| a. Procedure number.
,

! -
|

b. Pretest data required (see Gene- Requirements, 3.2).

'

c. Failure criteria.

d. Test category (see 3.3).
,

e. Whether operation during the test is required, and if and how the
operation is to be monitored.

f. Necessary parameters for calculating test levels for Procedure II.
l

i

.

%

|
|

|
!

.

515.2-7 METil0D 515.2
-~

|

|



,

h.
A ..a .. - - - . . . . .- -

|

!
,

MIL-STD-810C

Tcble 515.2-II Acoustic Test Levels for Assembled Externally Carried Aircraft Stores

Functional Test -

Lo 1, 5, 6, 7 = 20 Log (qi) + 11 Log (X) + 7 Log (1-cos S ) + 72
'

,

| fo 2, 3 = 600 Log (X/R) + C
|

Endurance Test

1, 5, 6, 7 = 20 Log (q2/9 ) + 2.5 Log (N/3T) + functional levelto 1

| f 2, 3 = 600 Log (X/R) + Co

Definitions

2qi = maximum captive flight dynamic pressure (1bs/ft ).11800
q2 = 1200 psf or maximum captive flight dynamic pressure

2
| (whichever is lower) (Ibs/ft )
| N = maximum number of anticipated service missions
| (minimum N = 3)
| RM = local radius of store in inches
| X = distance from nose of store along axis of store in inches.

T = test time in hours (minimum T = 1 hour) '

| C = -200 locations within one D of either aft end of store or aftward !
j of re-entrant angle

i

C = 400 all other locations
'

| A = -6 dB/ octave f 400 Hz
o >S.400 Hzi A = -2 dB/ octave fo

DM = maximum store diameter in inches |

e Tm S = (R/O @f FQj # = local nose cone angle at X equals 1 [515.2-5)

Representative Parametric Values to be used for captive flight when
specific parameters are not available!

!

| Local Nose fo f fo o
|

N Cone Angle q Nose Middle Aft
' Store Type Endurance Degrees max Section Section Section
! Air-to-Air Missile 100 69 1600 500 1000 500
| Air-to-Ground Missile 3 12 1600 800 630 630
| Instztment Pod 500 69 1800 500 1000 500
| R: usable Dispenser 50 11 1200 630 1000 400

Demolition Bomb 3 24 1200 500 1000 630
Flct Nose Store 3 90 1200 400 630 315

ME1110D 515.2 515,2-8
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NOTES
,

|
- 1. Raise computed Lo level by 3 dB for a store carried in a TER cluster

| . rack; by 6 dB for a MER cluster rack.
t ;

1* 2. If calculated fo is above 2000 Hz use upper frequency limit of 2000 '

Hz. If calculated fo is below 200 Hz use 200 Hz.

3. Round off f upwards to a one-third octave band center frequency.o,

4. For stores which do not have circular cross-sections the radius used
i in the formulas shall be the radius of the circle which circumscribes the

cross-section of the store.|
.

5. For locations on flat nose stores (80* 5 S $ 90') where X < 100

Functional test

to = 20 Log (q1) - 6 Log (X) + 96

Endurance test

Lo = 20 Log (q2) - 6 Log (X) + 96 + 2.5 Log (N/3T)
,

. 6. For long cylindrical section, > 2D, use for locations more than one D
aftward into the cylindrical section'

Functional test

Lo = 20 Log (qi) + 84

. Endurance test

Lo = 20 Log (q2) + 84 + 2.5 Log (N/3T)
~ 7. For changing radius -section e its er aft of a long cylindrical section

or when X > 100 on a flat nose stort, redefine X so that X = 1 at beginning

of this section

Functional test

Lo = 20 Log (qi) + 11 Log (X) + 84

I
Endurance test

to = 20 Log (q2) + 11 Log (X) + 84 + 2.5 Log (N/3T)

515.2-9 METHOD 515.2,,
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METHOD 516.2

SHOCK.

'

1. PURPOSE. The shock test is performed to determine if equipment is
,

constructed to withstand expected dynamic shock stresses and that perform-
ance degradations or malfunctions will not be produced by the service shock |

environment expected in handling, transportation, and service use. !
t !

2. APPARATUS

2.1 Shock machine. The shock machine utilized for procedures I, III, and
IV shall be capable of producing the specified input shock pulse shown on-

figure 516.2-1 or 516.2-2. The shock machine may be of the free fall,
resilient rebound, nonresilient, hydraulic, compressed gas or other activa-
ting types. Apparatus for other procedures are included in the individual
procedure.

2.1.1 Shock machine calibration. The actual test item, a rejected item,

or a rigid dummy mass shall be used to calibrate the shock machine for
conformance with the specified wave shape. When a rigid dummy mass is used, ',
it shall have the same center of gravity and the same mass as that intended
for the test item and shall be installed in a manner similar to that of the
test item. (When a rigid dummy mass or rejected item is used for calibra-

( tion, the waveform during the actual test may be somewhat different from
that observed during calibration.) The shock machine shall then be cali-
brated for conformance with the specified waveform. Two consecutive shock
applications to the calibration load shall produce waveforms which are all
within the tolerance envelope given on figures 516.2-1 and 516.2-2. The
calibrating load shall then be removed and the shock test performed on the
actual test item. Provided all conditions remain the same, other than the

|
substitution of the test item for the calibrating load, the waveform shall-

be considered to meet the specified test requirement. The actual test
waveform shall be recorded for later use should a failure analysis be

',

required.
,

2.2 Instrumentation. The instrumentation used to measure the input shock
pulse, in order to meet the tolerance requirements of the test procedure,
shall have the characteristics specified in the following paragraphs:

2.2.1 Frequency response. The frequency response of the complete measur-
ing system, from the accelerometer through the readout instrument, shall

I
be as shown on figure 516.2-3. Particular care shall be exercised in the
selection of each individual instrument of the shock measuring instrumen-
tation system in order to assure compatibility with the prescribed fre-
quency response tolerance.

,
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2.2.2 Accelerometer, piezoelectric. When a piezoelectric accelerometer
-is employed as the shock sensor, the fundamental resonant frequency of the
accelerometer shall be greater than 14,000 Hz (resonant frequencies of 30,000 .

Hz or higher are recommended). For suitable low frequency response the ,

accelerometer and load (cathode follower, amplifier, or other load) shall -

have the following characteristics:

RC > 0.2
)

Where R = load resistance (ohms)
C = accelerometer capacitance plus shunt capacitance

of cable and load (farads)
.

2.2.3 Accelerometer, strain gage. A strain gage accelerometer may be
ustd, provided the undamped natural frequency is equal to or greater than
1,500 Hz with damping approximately 0.64 to 0.70 of critical.

2.' 2. 4 Accelerometer calibration. The accelerometer shall be dynamically
calibrated to the specified accuracy.

2.2.5 Accelerometer mounting. The monitoring accelerometer shall be
rigidly attached to the test item support fixture at or near the attach-
ment point (s) of the test item.

3. PROCEDURES )

3.1 Shock pulse. The shock pulses for procedures I, III, and IV shall
be es shown on figure 516.2-1 or 516.2-2 (whichever is specified). All i

j
points of the acceleration waveform obtained shall lie within the area )
cnclosed by the tolerance limit lines. It is recommended that the saw
tooth shock pulse be used, since its broad frequency spectrum tends to
excite all resonant frequencies. .

3.2 Mounting of test item. The test item shall be rigidly attached to
the shock machine table for procedures I, III, and IV, in accordance with ~

General Requirements, 3.2. Wherever possible, the test load shall be ,

distributed uniformly on the test platform in order to minimize the effects
of unbalanced loads.

3.3 Procedure I, basic design test. This procedure shall be used for
shock testing of equipment assemblies (mechanical, electrical, hydraulic,
electronic, etc.) of medium size, including items which mount on vibration
isolators and equipment racks. Three shocks in each direction shall be
applied along three mutually perpendicular axes of the test item (total of i

18 shocks). If the test item is normally mounted on vibration isolators, |

s
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-- the isolators shall be functional during the test. The shock pulse shape
. shall be in accordance with either figure 516.2-1 or 516.2-2, of amplitude

,
'

a or b and time duration c or d, as specified. The test item shall be
operating during the test if required by the equipment specification. At'

the conclusion of the test, the test item shall be operated and inspected.

and results obtained in accordance with General Requirements, 3.2.,

3.4 Procedure II, transit drop test
)
I

3.4.1 Purpose. This procedure shall be used for equipment, in its transit.

or combination case as prepared for field use, to determine if the equip-
ment is capable of withstanding the shocks normally induced by loading and
unloading of equipment. (This is not the logistics shipping environment |experienced by shipping containers.)*

3.4.2 Test conditions. The test item shall be in its transit or combina-
tion case. For equipment 1,000 pounds or less, the floor or barrier
receiving the impact shall be of 2-inch plywood backed by concrete. For
equipment over 1,000 pounds, the floor or barrier shall be concrete.

|

3.4.3 Performance of test. Subject the test item to the number and heights {
of drop as required in table 516.2-I. Upon completion of the test, the test '

items shall be operated and inspected and results obtained in accordance with
General Requirements, 3.2.

.

.

O
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TABLE.U 6.2-I. Transit Drop Test (Procedure II)
,

Largest -

W2ight of test item dimensions Height of
.

and case (inches) Notes drop (in.) No. of drops
Under 100 pounds Under 36 A 48 Drop on each face, *

man-packed or edge, and corner
man-portable D_/

36 and over A 30 Total of 26 drops
,100 to 200 pounds, Under 36 A 30

inclusive
36 and over A 24' Drop on each corner

Ovar 200 to 1,000 Under 36 A 24 .

pounds, inclusive
36 to 60 B 36 Total of 8 drops,

Over 60 B 24
Ovar 1,000 pounds No limit C 18 Drop on each bottom

edge. Drop on bot-
tom face or skids.
Total of 5 drops.

,

NOTES:

A. Drops shall be made from a quick-release hook, or drop tester. The
tsst item shall be so oriented that upon impact a line from the struck
corner or edge to the center of gravity of the case and contents is per-
p:ndicular to the impact surface.

B. With the longest dimension parallel to the floor, the transit or
combination case, with the test item within, shall be supported at the
corner of one end by a block 5 inches in height, and at the other corner .

er cdge of the same end by a block 12 inches in height. The opposite end
of the case shall then be raised to the specified height at the lowest
unsupported corner and allowed to fall freely. -

C. While in the normal transit position, the case and contents shall be
subjected to the edgewise and cornerwise drop test as follows (if normal ;

tr nsit position is unknown, the case shall be so oriented that the two ,

i

leng:st dimensions are parallel to the floor):

1. Edgewise drop test. One edge of the base of the case shall be
supported on a sill 5 to 6 inches in height. The opposite edge shall be
rais:d to the specified height and allowed to fall freely. The test shall
be cpplied once to each edge of the base of the case (total of four drops).

i
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D. Two test items may be used. Drop one test item on each face and corner
(total of 14 drops). Drop a second test item on each edge (total of 12 drops).*

.

3.5 Procedure III, crash safety test. This procedure shall be used to ;
'

determine the structural integrity of equipment mounting means. The test l
item or dummy load shall be attached by its normal points of attachment. ]

-

The test item or dummy load shall be subjected to two shocks in each '

direction along three mutually perpendicular axes of the equipment (total
of 12 shocks). The shock pulse shape shall be in accordance with either

#
figure 516.2-1 or 516.2-2, of amplitude a or b and time duration e or d,
as specified. There shall be no failure of the mounting attachment and
the test item or dummy load shall remain in place and not create a hazard.
However, bending and distortion shall be permitted. '

.

3.6 Procedure IV, high intensity test. This procedure shall be used where
high acceleration, short time duration shock excitation results from hand-
ling, stage ignition, separation, re-entry, and high velocity aerodynamic
buffeting experienced by missiles and high performance weapon systems. Two
shocks shall be applied to the test item in each direction along each of
three mutually perpendicular axes (total of 12 shocks). The shock pulse
shape shall be in accordance with either figure 516.2-1 or 516.2-2,*of
amplitude a or b and time duration e or d, as specified. The test item
shall be operating during the test if required by the equipment specifica-
tion. At the conclusion of the test, the test item shall be operated and

( inspected and results obtained in accordance with General Requirements,
' 3.2.

3.7 Procedure V, bench handling test. This procedure shall be used to
determine the ability of equipment to withstand the shock encountered
during servicing. The chassis and front panel assembly shall be removed
from its enclosure, as for servicing, and placed in a suitable position

, for servicing on a horizontal, solid wooden bench top at least 1-5/8 inches
thick. The test shall be performed, as follows, in a manner simulating
shocks liable to occur during servicing.

.

- Step 1 - Using one edge as a pivot, lift the opposite edge of the
chassis until one of the following conditions occurs

(whichever occurs first):

a. The chas.<is forms an angle of 45 degrees with the
horizontal bench top.

I .

b. The lifted edge of the chassis has been raised
4 inches above the horizontal bench top.

516.2-5 METHOD 516.2
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c. The lifted edge of the chassis is just below the point
~

of perfect balance.
.

Lst the chassis drop back freely to the horizontal bench top. Repeat, ,

using other practical edges of the same horizontal face as pivot points,-
-

for a total of four drops.

Step 2 - Repeat step 1, with the test item resting on other faces
until it has been dropped for a total of four times on g

each face on which the test item could be placed practic-
ably during servicing. The test item shall not be opera-
ting during the test. At the conclusion of the test, the
test item shall be operated and inspected and results ob- .

tained in accordance with General Requirements, 3.2.
,

|

3.8 Procedure VI, rail impact test. This procedure shall be used to
dstermine the effect that impact, due to shipping by rail will have on
equipment. If an item can be shipped in two orientations, it shall be
impacted once in each direction of each orientation at speeds of 8, 9,
and 10 miles per hour 5 percent (total of 12 impacts). If an item can

be shipped only in one orientation, it shall be impacted twice in each
direction of that orientation at speeds of 8, 9, and 10 miles per hour
(a total of 12 impacts).

3.8.1 Apparatus. The following equipment will be necessary to perform )
this test:

'Ihree ordinary railroad cars, with standard draft gear couplings.a.

b. A prime mover for moving the cars.

c. A calibrated means to determine that the speed at the time of impact -

is 8, 9, 10 mph, within 5 percent.

d. Accelerometers and ' associated circuitry to measure the impact shock, I.

and equipment response, if these measurements are specified. 1

3.8.2 Performance of test .

I
* "

a. Two cars will act as buffer cars and be located on a level section of
track. The airbrakes shall be set in the emergency application position
on both cars. The total buffer load excluding car weights shall be 140,000 |
pounds minimum.

!
:
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b. The test item shall be mounted on the end of the test car in direct
contact with the floor and adequately blocked and secured to prevent any
longitudinal, vertical, or lateral movement. Metal banding, or wire, of

1*sufficientsizeorstrengthshallbeusedtoprovideadditionaltiedown
|

strength. Then blockings and tiedowns shall be inspected after each impact.| If damaged or loosened, they shall be repaired prior to the next impact.|

However, tiedown attachments that are built-in parts of the test item shall
not be altered or repaired during the test. Positions of the equipment
with respect to the test car and whether or not packaging is necessaryj

shall be specified. If loading and tiedowns are not specified, all loading
and tiedowns shall be in accordance with recommended practices of thej

! Association of American Railroads.
|

|
~

c. Impact the test car into the two loaded cars.
I

d. Impact shall be made in progressive steps with impacts 8, 9, and 10
miles per hour. The speed just prior to impact shall be measured by
electronic or electrical means.

3.9 Related shock tests

3.9.1 High impact. Unless otherwise specified, ballistic shock tests and
high impact tests shall be performed in accordance with MIL-S-901.

|

3.9.2 Shipboard equipment. Shock tests for shipboard equipment shall be
( performed in accordance with MIL-S-901.

|

3.9.3 Rough handling for packaged items. Tests for shipping and handling
.

| shall be performed in accordance with MIL-P-116 or FED-STD-101.

3.9.4 Fuzes and fuze components. Shock tests for safety and operation of
fuzes and fuze components shall be performed in accordance with MIL-STD-331..

| 3.10 Combined temperature and shock tests. Tests shall be performed at
room ambient conditions unless a high or low temperature shock test is|

~ required, in which case the temperature extremes shall be as specified.|

4. SUMMARY. The following details shall be as specified in the equipment
specification or test plan:

a. Pretest data required (see General Requirements, 3.2).

I
b. Procedure number.

c. . Shock pulse selection, specify shape, peak value, and duration (see|
3.1).;

.
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d. Whether the rail impact shock pulse input and test item response are
~

to be measured (see 3.8.1.d).;
.

t

Test item positioning with respect to the test car and whether packag-e. ,

ing is necessary for the rail impact test (see 3.8.2.b).
.

f. Temperature extremes (see 3.10).

j g. Filter (s) used shall be identified. g

;

h. Whether operation during the test is required, mode of such operation,
and if and how the operation is to be monitored.

~
!

! i. Loading and tiedowns (see 3.8.2.b).

j. Failure criteria.

f

! .

1

!
!

!

.

.

4

!

|

|

,

t
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IDE AL SAWTOOTH
1.15P'' PULSE /q ,

.

I
.,

hTOLERANCE LIMITS j
' A |

/
I i

.l5 P - / 070
P.05 P - ai 4

/' /
I L _ _ _'L' / ./

P 1
J L _ ' ./ *2P IIREF LINE / |y

- / .15 P -_ZERO
'

g~ ~
-

g~ ~ ~ ~ ,/
L___u. |

.05P- + .30 c D =! _ ,3 p

PEAK VALUE ( P) g S NOMIN AL DURATION (D) ms*

FLIGHT VEHIC GROllND FLIGHT VEHICLE GROUND :

EGulPMENT & yEPROCEDURE TEST
/ EQUIPMENT b EOUIPMENT cU EQUIPMENT d

I BASIC DESIGN 20 40 2f 9y yy

III CRASH SAFETY 40 75 11 6

21f HIGH IN TE N SITY 100 900 6 11

(
If SHOCK PARAMETERS a AND c: RECOMMENDED FOR EQUIPMENT NOT SHOCK

MOUNTED AND WEIGHING LESS THAN 300 POUNDS.

2] EQUIPMENT MOUNTED ONLY IN TRUCKS AND SEMITRAILERS MAY USE A 20g
PEAK VALUE.

NOTE: DIE OSCILLOGRAM SHALL INCLUDE A TIME ABOUT 3D LONG WITH A PULSE
~ LOCATED APPROXIMATELY IN THE CENTER. DIE PEAK ACCELERATION MAGNI-

TUDE OF THE SAWTOOTH PULSE IS P AND ITS DURATION IS D. THE MEASURED

ACCELERATION PULSE SHALL BE CONTAINED BETWEEN THE BROKEN LINE
BOUNDARIES AND THE MEASURED VELOCITY CHANGE (h111CH MAY BE OBTAINED
BY INTEGRATION OF THE ACCELERATION PULSE) SHALL BE WITHIN 'IllE LIMITS

.

IS THE VELOCITY-CHANGE ASSOCIATED WIDI THEi0.1 V , hilERE ViOF Vg i

IDEAL PULSE WHICH EQUALS 0.5 DP. THE INTEGRATION TO DETERMINE

VELOCITY CHANGE SHALL EXTEND FROM 0.4D BEFORE THE PULSE TO 0.1D
AFTER THE PULSE.

I
FIGURE 516.2-1. Terminal-peak Sawtooth Shock Pulse Configuration and its

Tolerance Limits
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TOLERANCE LIMITS
1.15A

/\
*,,

A

y\ *

SINE WAVE TRANSIATED 0.85A%
f \\DOWN 0.15 A ,

j \ \= SINE WAVE TRANSLATED *

gg UP 0.15 A
IDEAL SINE WAVE0.2 A -

/
g{ - 0.2 A

,1 / \0.05 A
, , , , , , , , _. 4

4 1. / /
REF LINE-py' ( ;m - +:

~

zz^o
0.05 A -

.0.2 A - *0.3D : D 1

PEAX VALUE (A) g's NOMINAL DURATION (D) ms

FLIGHT VEllICLE CROUND FLIGHT VEHICLE CROUND
PROCEDURE TEST EQUIPMENT a EQUIPMENT b EQUIPMEfff e EQUIPMENT 4

I BASIC DESIC! 15 30 ,2] 11 11

III CRASH SAFET) 30 60 11 6

tv HICH INTENSITY 100 100 6 6

)
If SH0CK PARAhETERS a AND c: RECOMMENDED FOR EQUIPMENT SHOCK

MOUNTED OR WEIGHING 300 POUNDS OR MORE.
4

!

2/ EQUIPMENT MOUNTED ONLY IN TRUCKS AND SEMITRAILERS MAY USE A 20g
|PEAK VALUE. '

NOTE: THE OSCILLOGRAM SHALL INCLUDE A TIME ABOUT 3D LONG WITH A PULSE -

1LOCATED APPROXIMATELY IN THE CENTER. THE ACCELERATION AMPLITUDE OF
THE IDEAL HALF SINE PULSE IS A AND ITS DURATION IS D. THE MEASURED
ACCELERATION PULSE SHALL BE CONTAINED BETWEEN THE BROKEN LINE
BOUNDARIES AND THE MEASURED VELOCITY CHANGE (WHICH MAY BE OBTAINED

.

BY INTEGRATION OF THE ACCELERATION PULSE) SHALL BE WITHIN THE l
i

LIMITS Vi 0.1 Vi WHERE Vi IS THE VELOCITY-CHANGE ASSOCIATED WITH
THE IDEAL PULSE WHICH EQUALS 2 AD/n. THE INTEGRATION TO DETERMINE
VELOCITY CHANGE SHALL EXTEND FROM 0.4D BEFORE THE PULSE TO 0.1D
AFTER THE PULSE.

FIGURE S16.2-2. Half Sine Shock Pulse Configuration and its Tolerance
Limits
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' R a TYPIC AL OUTPUT
- SYST EM - g T ERMIN ATIONp

E;s VOLTAGE IN'

E,s VOLTf-GE OUTo

Y ~i
.

UPPER LIMIT
1.10 .

a

- ,. 00 -

LOWER limit
,

i .

| f
,

0.80 -

g

I i !
'

| |O.70. -

: O I |

] |O.60 -

j lS I'

!
I0.50 -g

1{- x |
!

|0.40 -

I
W i

|
Il O.30 -

I
|0. to a | i- g

|3.10 -

I
I

I| g-
1.I I r I |

2 4 10 2,000 7,0 M 10,000 '

FREQUENCY (H2)

FIGURE 516.2-3. Shock Measuring System Frequency Response
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SPACE SIMULATION

I,
-

(UNMANNED TEST)

1. PURPOSE. The tests described herein are intended for the evaluation
of space vehiclo components, space vehicle subsystems and complete space3
vehicles including installed equipment.

The space simulation test is performed to determine whether space vehicles,a.
such as satellites, external instrumentation packages, spacecraft, and space-

|
stations with associated equipment can withstand the deleterious effects of
very low pressures, low temperatures, and solar radiation. Ordinarily, thisf

test will require establishing realistic temperature distribution across
and through the test item. Aeredynamic heating is not usually considered a
part of this test but may be partially simulated, if so specified, by the
application of heat.

b. The details of a space simulation test depend entirely on the particular
environmental condition to be simulated and on the purpose and type of test
to be simulated and performed. One of the most significant environments of

Effectsouter space which must be simulated is that of extremely low pressure.
( of this environment are the change in convectivo and conductive heat transfer

While outer space pressures have been measured as I
Torr it is generally accepted that an opera +.ing pressure of 10 gw aschageteristics. Torr is10-

sufficient to avoid convective and gaseous conductive heat transfer and electrical
discharge, even though it does not duplicate space conditions in terms of

)
j gas material interaction at the surface o_f the test vehicle.

- d. Different procedures can be used to simulate the radiant heat transfer
, effects of the space environment.!

1.1 Procedure I utilizes the confining surfaces of the chamber to simulate
~ the cold absorbirsnature of space and the radiant heat is provided from a

simulated solar spectrum input. Energy collimated within a few degrees of
the true solar condition irradiates the test object held in position by a
fixed or movable fixture. By a combination of motion or repositioning of the
test vehicle and programmed control of the solar source, simulated orbital,

|

|
or space conditions are achieved.

I .
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1.1.1 Simulation of reflected solar . albedo radiation and planetary
emitted infrared radiation is generally accomplished by utilizing judiciously
1cceted infrared heat sources to prevent undesirable blockage of . shadow' . ,

1.2 Procedure II utilizes the confining surface of the chamber to simulate -

tho cold absorbing nature of space and the radiant heat is provided from an .

infrcred source.

1.3 Procedure III utilizes the confining temperature controlled surfaces
'of the chamber to force a given calculated temperature on the test object.

1.4 Procedure IV utilizes an infrared source to program heat around the
cbjcet in zones to simulate orbital skin temperature.

,

1.5 Procedure V utilizes a conductive temperature controlled surface for
mounting internal components to simulate their heat transfer condition.

1.6 Procedure VI, utilizes a chamber to simulate the pressure effect of space.

1.7 Procedure VII utilizes a cryogenic heat sink plus vehicle heaters.

2. APPARATUS. This section deals with general performance requirements of
some cpparatus used in space simulation testing. Performance requirements for
a spscific test should.be called out in the equipment specification.

2.1 Thermal vacuum chamber. The test chamber shall be capable of providing )
c vccuum of at least 10 " Torr with the test item installed. Vacuum gauges
shc11 be calibrated in accordance with ASIN E-297-70.

2.1.1 Pressure levels recommended for various effects simulation are given
in tcble 517.2-I.

'Table 517.2-I. Pressure Level for Effects Simulation

Structural 760 to 0 Torr
Radiant heat transfer Below 10 5 Torr '

Dielectric strength Below 10 5 Torr *

, , ,

Material evaporation To 10- Torr
'~

Surface effects Below 10 9 Torr

517.2-2
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I
2.2 Heat source (radiant). Heat source systems shall be capable of producing-

|
, the heating effects of solar energy,' planet radiation, and albedo on test

.;pecimens within the space simulator. ,

2.2.1 Sol ar- simul at o'r. The simulator shall be capable of providing radiant |.

| energy corresponding to that of'the Sun in space. The total solar energy
| shall be equal to the applicable value of table 517.2-II, column 2. The degree*

to which the solar environment must be simulated for particular tests is speci-
fled in table 517.2-IV.

i
.

Table 517.2-II. Average Radiation Characteristics of Plane'ts'

Incident Planet Planetary
radiation thermal equivalent-

""

radiag) ion
black body

inteng)ity
Planet

D
(w/m tempergture(w/m

(K )

Earth 1383 0.34 213 250

| Mars 583 0.148 134 226

I Venus 2586 0.67 226 249

Earth's 1353 0.072 336 284
! moon

I Performance requirements for a specific test should reference the space
solar simulator classification specified in table 517.2-III.

Table 517.2-III. Solar Simulator Classification
i
! Class I Class II Class III

'

Uniformity 23% max. 25.0% max. Greater than 15%

| Solar beam < 2* <4' Greater than 4'
divergence|

' *

|
' angle

.

Spectrum In accordance 1/ '-2/
| -with table S17.2-IV

1/ Calculated effective absorptance within 5 percent of calculated Johnson
~

solar absorptance,

l 2_/ Calculated effective absorptance within 10 percent of calculated Johnson
i solar absorptance.
! 517.2-3
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Tc: poral variation of intensity in the test volume shall not deviate from
I the average as listed in table 517.2-III for that class uniformity. Intensity

~!

rnd uniformity measurements shall be made with a sensor of area equal t 0.1
2

l of 1 percent of the rated area but in no case smaller than I cm or larger -

2thin 10 cm ,
,

It is lik' ly that the spectrum of the s'imulated radiation will differ ine .

certcin wavelength regions from the spectrum of the assumed true solar
rcdiation, listed in table 517.2-IV. Total effective ebsorptance of the surface
of the test item should not differ significantly from the total solar
cbscrptance value if test item temperature errors are to be avoided. '

Table 517.2-IV. Solar Electromagnetic Energy Distribution

Percent of total Wavelength band Allowable variation '

,

Brnd No. solar irradiance (angstroms) of band energy, percent i

1 2.7 2,500-3,300 50
2 19.7 3,300-5,000 225 1

3 24.3 5,000-7,000 i10
4 16.5 7,000-9,000 10
5 11.0 9,000-11,000 215
6 12.2 11,000-15,000 20 1

7 9.7 15,000-25,000 30 I

,

2.2.2 Heat flux simulator. The thermal effects of the space environment )
*

up:n a spacecraft may be simulated using radiant energy sources entirely in the
infrcred (heat) portion of the spectrum under either of the following conditions:

c. If a piece of equipment is shielded from direct view of Sun and planets
in flight mode

b. If a spacecraft or a piece of equipment which is directly viewed by the .

Sun and planets is configured such that a thermal source will supply the same
hecting effect as a source simulating the spectrum and collimation of the sun
would. This would be applicable for an equipment: (1) with a uniform external
finish a/c (Alpha / Epsilon), (2) with no sensitive parts mounted in deep crevices, - *

wh2ra the co111mation of the radiation would be important, or (3) where the
rotational motion in space would be such as to result in effectively uniform
solcr planet illumination sufficient to cancel the effects of crevices and
n:nuniform a/c surface finishes.

517.2-4
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~ '-- 2.2.2.1 Open structure line source. Quartz lamps, carbon cloth, tungsten !,

| wire, strip and tubular heaters, and other similar means may be utilized to- ,

simulate the heating effects of solar energy, planet radiation, and albedo
,

on test specimens within cryogenically cooled space simulation chambers.
Radiation units and supporting structures shall be designed for minimum 1-

blockage area, ease of mounting, low out-gassing, and controllability of.

radiation intensity.
1

! 2.3 Heat sink (radiant). Both the temperature and emissivity, or blackness,
of the cryogenic shrouds are important parameters in simulating the blackness*

of space. The low temperature reduces the radiation emitted by the walls in |
accordance with the Stefan-Boltzmann Law, and the high emissivity causes the ,

walls to absorb any radiation impinging upon them rather than reflecting the I
energy back to the test vehicle. A 100* Kelvin wall with a 0.95 emissivity |

'

will simulate the space environment to within 1 percent for a 300* Kelvin
vehicle. Radiation can leave the surface of the chamber by either reflection
or emission and control of both is necessary to maintain good simulation

Iof the space environment. Total reficcted e.nd emitted radiation, exclusive
of the solar simulation arriving at the test vehicle shall be less than 50

watts per square meter.

2.3.1 Warm surfaces, such as windows, feed-through ports, chamber walls,
| etc, should be kept to a minimum and should be covered with cooled plates
| when they are not in use.

(' measured to insure that emissivity and absorptive values are not altered by
2.4 Contamination controls. Contamination levels shall be controlled and|

more than 5 percent of the initial values of the flight or test hardware from
time of acceptance of test article to completion of the test.

3. PREPARATION FOR TEST

~ 3.1 Information required. In preparing the specimen for a test, typical

information required is:

a. Need for simulating planet / moon radiation and albedo..

b. Rotational modes and attitude orientation, as applicable.

Programming ' solar radiation in accordance with the mission (consideringc.
the day and night orbiting periods plus cislunar and translunar missions).

d. Equipment operation duty cycles,

I
l
I
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s. Duration of test. -

-

f. Method for monitoring test item during test.
.

.

g. Operating parameters to be monitored. .

h. Allowable deviation from specified tolerances. *

i. Coupling of radio frequency outputs to dummy loads.
.

J. Substitution of power source having volt-ampere characteristics similar
to the vehicle's primary power supply.

k. Emission of fuels and oxidizers. -

1. Statement of reliability and failure criteria.

Peripheral heating and cooling devices to maintain proper conditions ofm.
cquipment under test until flight conditions are established,

n. Aerodynamic heating simulation requirement,

Vehicle surface emissivity and absorptivity.o.

p. Vehicle thermal balance computations.
)q, Minimum heating conditions (i.e., the coldest condition which is often the

most difficult to achieve).

Auxiliary power to supplement power rquirement for chamber and equipmentr.

und2r test.

s. Other applicable requirements. -

3.2 Simulatcr performance parameter validation. The instrument performance
chart, table 517.Z-V, indicates the level of performance required of instruments

.far indicated parameters: absolute accuracy, reproducibility, response time,
vicw angle, discrimination or sensitivity, and miscellaneous items for the '

cvaluation of solar simulation.

.
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3.3 Test duration. When the intended mission time of the test item is
such that the test item will be exposed to low pressure conditions for periods

ofatleast1x10gs,thetestchambershallbemaintainedatapressurein excess of 24 hou| Torr for not less than 24 hours to properly validate the.

:

|
- performar.: e of the test item. Test item with intended flight times of less

i than 24 hours shall be exposed to low pressure for a time equal to or longer.

than the actual intended flight time to properly validate the performance of
the test item. i

Table 517.2-V. Solar Simulator, Instrumentation Performance Requirements| -

Absolute Response
| Parameter accuracy Repeatability time Miscellaneous

,

Total
irradiance 13% 21% 1 min. Spectral sensitivity

max. 2% for 2500-25,000
Angstrom (See note 1)

Irradiance Scan time must be
uniformity N/A 21% 1 min. compatible with'

max. response time
(See note 1)

Solar subtense Reference to axis
angle diver- 1/4' 1/4' N/A of cha,mber

,
;

I gence See note 1

Temporal
stability 5% 15% 1 sec. See note 2

i

'

Spectral ,

distrihotion See note 3

.

1. View angle should be 5 degrees or greater than the solar subtenseNOTES:
angle.*

2. Temporal stability as used in this standard means the intensity
fluctuation of the source where the source is defined in its broadest
sense to include the optics. No quantitative value can be given
that will serve as a universal stability standard to which all
sources must comply. It is self evident that the time constant of
the test object or perhaps a local area of interest would have a

I
direct bearing on the resulting criterion. Further, by the broadesti

'

interpretation of temporal stability, intensi. " variations during
517.2-7
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periods of lamp or electrode replacement,must be considered. e

For the present, it appears appropriate to merely state that the
periods of fluctuation must be considerably less than the time
constant of the test area of interest.

.

,

3. Spectral distribution shall be measured at a carefully defined -point in the beam. The bandwidth shall be no longer than that
indicated in table 517.2-IV. Bandwidths of 500 Angstrom are
preferable. The total area under the spectral curve shall be
normalized to 1353 w/m for comparison with the Johnson Spectral *

Curve having .3aivalent units. The accuracy shall be the
smallest number in the applicable level of table 517.2 V. i

!Calibration of spectral measuring equipment shall conform to
current NBS recommended practices. If some other means of

,

measuring spectral distribution should be used as a multiple
filter radiometer, then proof of its calibration against the same '

source through use of accurate measurements with a monochromator
shall be furnished. |

4 PROCEDURES

I 4.1 Procedure It solar simulation. The test item shall be subjected to a
prsssure of 10 3 Torr or lower in order to virtually eliminate heat transfer
by c:nvection. The test item shall initially see black coated chamber
w:,11s maintained at 100*K in order to simulate the heat sink of space.l

Situ)N:1 solar radiation shall be applied to the test item from the direction ;
c:rr@f..ading to that of the Sun in space.

Tho test object shall be mounted in the test chamber (Apparatus 2.1) having
a cryogenic heat sink (Apparatus 2.3) and a solar simulator (Apparatus 2.2.1).
Tho specimen shall be installed in the test volume on a fixture supported by
Icw haat conduction means. If orbital simulation is required, the fixture
sh:11 provide means of motion.' Albedo and planetary radiation may be .

simultted by che use of heat flux sources (Apparatus 2.2.2).

R1ctmmended parameters for specific solar test requirements are specified intcble 517.2-VI. .

IiI517.2-8
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Table 517.2-VI., Significant Parameters for Solar Simulation*

,

| Actual space Thermal Solar cell Collector type System

|'.
Parameter condition tests , tests-2/, power systems tests |

|

Intensity 1353W/M2 1200-1600 1200-1400 1200-1400 1200-1400
,

1

!
Class II Class I Class IIIt10% 22 tn 5%Oniformity 1_/ ---

|

Solar subtense 32' Class I Class III 1* Class II1 .

angle

Spectral Reference-

TABLE 517.2-IV =
NASA SP8005 r

Cold, black 10 6 2Less than 50 W/M received at test article2
space watts /M

1/ In test plane

_2/ Near Earth orbit I

,

4.1.1 grformance of test. The test item shall be prepared in accordance
with General Requirements, 3.2. The temperature control surfaces of the
test item shall not directly face any abnormal heat source. Any operational

{ performance check shall be accomplished in accordance with General Require- !
!

ments, 3.2. All equipment shall be operated (excluding any propulsion
|system) and measurements made as specified in the vehicle or equipment

specification. The test chamber shall then be reduced to that pressure
determined through compliance with 2.1 of this test method and the chamber
walls cooled or below 100*K. Thermal energy corresponding to the appli-|

'

cable value and manner of exposure determined through compliance with 2.2.1
of this method shall then be applied to the test item. The normal rotational ,

I| mode of the test item along with other requirements and conditions shall
-

Measurements madethen be established and maintained throughout the test.
during the test shall be compared with the data obtained in accordance withi

'

General Requirements, 3.2. At the conclusion of the test, the test chamber*

shall be returned to standard ambient conditions and stabilized and the
I test item inspected in accordance with General Requirements, 3.2.
,

1

|

.

!
I
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4.2 Procedure II, heat flux simulation. The test object shall be located . 1

within the test chamber (Apparatus 2.1) having a cryogenic heat sink (Apparatus -

1

2.3). A heat flux simulation source (Apparatus 2.2.2) shall be provided |

surrounding the test object and thermally iso. lated from it. The test object )
.

shall be supported by low heat conduction means. The test shall be performed
|

*

cs described in 4.1.1.
l.

14.3 Procedure III, heat-flux simulation with thermal cenister. The test
|objtet shall be located within the test chamber (Apparatus 2.1) having a '

' crycgenic heat sink (Apparatus 2.3) with a thermal canister. The test a

object shall be mounted within the canister by low heat conduction means. I

,

Tha test shall be performed as described in 4.1.1.
!

4.4 Procedure IV, heat flux simulation variable temperature shroud. The '

test object shall be located within the test chamber (Apparatus 2.1) having
a vcriable temperature shroud. The test object shall be mounted within the
shroud by low heat conduction means. The test shall be performed as de-
scribed in 4.1.1.

1

4.5 Procedure V, heat flux with conductive source and cryogenic shroud. {
The test object shall be located within the test chamber (Apparatus 2.1)
h:ving a cryogenic heat sink (Apparatus 2.3). The test object shall have
a ecnductive source attached to it and shall be supported by low heat
conduction meens.

4.6 Procedure VI, vacuum simulation. The test object shall be located within !ths test chamber (Apparatus 2.1). Its volume should be preferably much {smaller than chamber volume. All test fixtures should be vacuum compatible. '

|4.7 Procedure VII, heat flux simulation with vehicle heaters. The test object !shall be located within the test chamber (Apparatus 2.1) having a cryogenic
hoct sink (Apparatus 2.3). The test object shall have vehicle heaters
(h::ter blankets or fluid system) attached to its surface. '

5. DEFINITIONS. Terms frequently used in solar simulation in conjunction
with thermal vacuum testing are as follows:

.

c. Absorptance. Absorptance is the ratio of the absorbed radiant flux to
tha incident radiant flux. Total absorptance refers to absorptance measured
cv:r all wavelengths. Spectral absorptance refers to absorptance measured at
a sp;cified wavelength.

517.2-10 -
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b. Albedo. Albedo is the ratio of the amount of electromagnetic radiation

! reflected by a body to the amount incident upon it. This fraction is.-

The j

l
. .

often expressed as a percentage, such as 34 percent for earth albedo.
spectrum of reflected energy is generally different from that of the incident 1
radiation. i

The definition of albedo, while identical with reflectance, is commonly
,

used in astronomy and meteorology to describe the reflectivity of planetary I

bodies and their atmospheres to solar radiation.
A

c. Black- body. A black body is defined to be a body which absorbs all ,

incident energy. Therefore its absorptance a , is equal to 1 for all !
wavelengths. According to Kirchoff's law, such an object will be a perfect

'
emitter of radiation at all wavelengths.

_

l

d. Collimation angle. See , Solar subtense angle

e. Emis sivity~ (c) . Emissivity is tne ratio of the radiant flux emitted by !

a specimen to that emitted by a black body radiator at the same temperature
and wavelength. Generally refers to a specific sample or measurement of a
specific sample. Total hemispherical emissivity is the energy emitted over
the hemisphere above the emitting element for all wavelengths. Normal
emissivity refers to the emissivity normal to the surface to the emitting
body.

k f. Radiance. Radiance is radiant flux emitted in a specified direction
per unit projected area of surface, per unit solid angle. The preferred
symbol for this quantity is L, and is usually expressed in units of

-2 ~IWatts em sr

The irradiance (rsdiant flux density) produced by radiation from the sou2ce
upon a unit surface area oriented normal to the line between source and~

receiver, divided by the solid angle subtended by the source at the
receiving surface, is equal to source radiance if the receiver to source
distance is large relative to the source size..

If the radiant source is a perfectly diffuse radiator (that is, emits
exactly according to Lambert's Law), then its radiance is. equal to its
emittance per unit solid angle,

g. Radiant-energy (Q) . Radiant energy is energy emitted, transferred

I
or received as radiation.

517.2-11
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~'h. Radiant flux, also, radiant power ($). Radiant flux, also radiant power,
| is the average radiant energy emitted, transferred or received as radiation -

| p3r unit time per unit area.
,

i. Radiation, infrared. Infrared radiation is radiation for which the -

wavalengths are greater than those for visible radiation and less than .

cbrut 0.1 millimeter.
<

j. Solar beam incident angle. The solar beam incident angle is the angle )
msrsured at an arbitrary point in the test volume (see figure below) between *

,

tha incident rays striking that point and a line parallel to the axis of the |,

soler beam. The angle shall be measured so that 95 percent or more of the |

solar energy incident at the aforementioned point is included. The maximum |incident angle, usually found at the extreme edge of the test volume (or I
'

plans), is sometimes referred to as the solar beam divergence angle. |
|

APPARENT SOURCE

h

/ SOLAR BEAM AXIS |
|NCIDENT ANGLE --- i

>
i

A" |/
[ DIVERGENCE ANGLE )SU8 TENSE ANGLE-s /

/

ARBITRARY POINT 1

I
|

TEST SPECIMEN;

.

Figure 517.2-1. Geometrical Relationship of Solar
Subtense and Incident Angle

.

k. Solar subtense angle. The solar subtense angle is that angle subtended
by the maximum dimension of the apparent source at an arbitrary point on the
test specimen. (See figure above.)

| NOTE: The terms .decollimation angle' and field angle are sometimes used
for subtense angle. The term ~subtense angle is preferred. The angle,

shall be measured so that 90 percent or more of the simulated solar energy
incident at any point in the test volume is received from the apparent source |

as herein defined.
.
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1. Solar constant. , Solar constant' is the rate at which solar radiation

,

is received outside the Earth's atmosphere on a surface normal to the incident
radiation and at the Earth's mean distance from the Sun.'

- .

m. Solar absorptance. This relates the absorptance of (a ) a test items
irradiated with a solar simulator to the absorptance the test item would'

experience from the Sun.

6. SUMMARY. The following details shall be as specified in the equipment.

specification:

a. Pretest data required (see General Requirements, 3.2).
.

b. All information necessary for the completion of 3.la through 3.lb.

(

.

.

I d
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TEMPERATURE-HUMIDITY-ALTITUDE

I ,

the effects of cycling between low temperature /lcw pressure and high tempera-

-

,

l

1. PURPOSE. The temperature-humidity-altitude test is conducted to determine

|
ture/high humidity as may be obtained in service by flying equipment between |
extreme environments. 1

.

2. APPARATUS. Temperature-humidity-altitude chamber. No rust or corrosive I
contaminants shall be imposed on the test item by the test facility.

3. PROCEDURE I )-

Step 1 Prepare the test item in accordance with General Requirements,-

3.2.

Step 2 - Reduce the chamber temperature to -54*C (-65'F) within 2 hours.
!

Step 3 - Reduce the chamber pressure at a rate of 1,000 to 1,500 ft/ min I
to 50,000 feet altitude while maintaining the specified -54*C ;

(-65*F) temperature. The time from the start to the completion I

Iof step 3 shall be 2-1/2 hours.

! Step 4 Within 30 minutes, raise the chamber pressure to standard-

ambient pressure, return the chamber temperature to standard
ambient temperature, and then, raise the chamber humidity to
95 percent RH.

Step 5 - Maintain temperature and humidity conditions for 2-1/2 hours.

Step 6 - During the next 30 minutes, increase the temperature to 65'C*

(149'F) and maintain humidity at 95 percent RH.

Step 7 - Maintain temperature and humidity conditions of step 6 for.

6 hours.

Step 8 - During the next 8 hours, reduce the chamber temperature at a
uniform rate to standard ambient temperature while maintaining
humidity at 95 percent RH.

Step 9 - Maintain standard ambient temperature at 95 percent RH humidity

I NOTE:

for 2 hours.

Steps 2 through 9 constitute one cycle as shown on figure 518.1-1.
.
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Step 10 - Repeat steps 2 through 9 three more times.

'

!
I Step 11 - Return to standard ambient conditions. .

Step 12 - Reduce the chamber temperature to -54*C (-65'F) within 2 hours.
'

.

Step 13 - Reduce the chamber pressure at a rate of 1,000 to 1,500 ft/ min
to 50,000 feet altitude while maintaining the specified -54*C
(-65'F) temperature. The time from the start to the completion

*

of step 13 shall be 2-1/2 hours.

| Step 14 - Within 30 minutes, return the chamber to standard ambient
conditions. (Do not add humidity.) ,

Step 15 - After stabilization of the test item, operate and inspect the
,

item and obtain results in accordance with General Requirements,'

3.2. During this period, special attention shall be given to
electrical and electronic test items for operation or malfunc-
tion resulting from arcing or corona effects.

4. SUMMARY. The following details shall be as specified in the equipment
specification:

a. Pretest data required (see General Requirements, 3.2). -

|
t

b. Failure criteria.

|

l

!
.

i
*

!

|
|
|

,

.I
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Figure 518.1-1. Temperature-Humidity-Altitude Cycle (Procedure I).
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.

GUNFIRE VIBRATION, AIRCRAFT

I*..
1. PURPOSE. The gunfire vibration test is conducted to simulate the rela-
tively brief but very intense vibration fields resulting from blast pressure
fields generated by repetitive firing guns mounted in, on or near the air-
craft structure. This method applies to gun pod configurations and may also
be used for helicopter gunships..

2. APPARATUS. Vibration shaker system with peripheral equipment and
instrumentation,

s

3. CRITERIA FOR APPLICATION. The most severe vibration field results,
primarily, from blast pressure pulses that transfer to the aircraft primary
structure inducing a vibration field of maximum intensity near the gun muzzle
region. This field, in an inverse relationship, decreases sharply as a
function of the distance from the gun muzzle. Because of this marked varia-
tion; guns, physical locations, and ballistic parameters should be carefully
and accurately identified prior to application of this test method.

In no case should this test method be substituted for conventional
vibration tests but if the maximum test spectrum level of the gunfire
configuration is equal to or less than the other specified vibration test,

i levels the gunfire method need not be conducted.

3.1 Sensitive equipment. Equipments found most susceptibic to gunfire
are those equipments that are usually located within a 3-foot radius of
the gun muzzle and are mounted on the structural surface exposed to the
gun blast. Prime examples are UHF antennas of the blade, V, and the
flush-mounted configurations, including their bracketry, coaxial connectors,
and cables. Next in order of failure susceptibility is equipment mounted-

on drop-down doors and access panels, equipment mounted in cavities adja-
cent to and near the aircraft surface structure, and finally, equipment
located in the interior of the vehicle. Typical vulnerable equipments in,

these latter categories are auxiliary hydraulic and power units (including
mounting bracketry), switches, relays, IR, photographic, communication and
navigation equipment and radar systems; including items either shock or
hard mounted.

3.2 Equipments associated with mounting structures. Equipments are
classified in accordance with the structure to which they are attached
and are ' identified as either equipments mounted on primary structure or
as equipments mounted on secondary structure.

|
|

|
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3.2.1 Primary structure. Primary structure is that- structure of the air-
'

cr:ft which comprises the main load carrying members or elements of the
circraft. Examples of primary structure are skin, frames, rings, bulkheads, -

stringers and includes those consoles structurally integrated with the ,

circraft outer walls.
,

3.2.2 Secondary structure. Secondary structure is that structure to which
cquipment is attached onto or contained in and whose mounting points termin-
cta at the outer frame, skin, stringers, bulkheads, floors, spars or cast ,

framing of the primary structure. Examples of secondary structure are 4

instrument panels, trays, racks, shelves, trusses, beams, and consoles.

3.3 Determination of test spectrum. This method requires that the test ,

sp;ctrum for primary structure be determined first and then', if applicable-- !
that is, for those equipments associated with secondary structure; the pri-
mary spectrum be modified to represent the final test spectrum.

The test spectrum consists of low frequency sinusoidals (basic gunfire
rato and the second, third and fourth harmonics) superimposed on a contin-
uous random vibration spectrum (see figure 519.2-1) . The vibration prediction
surfaces from which the spectrum for the primary structure is derived are
shown in figures 5ts.2-2 through 519.2-4. Figure 519.2-2 represents the
prediction surface for the sinusoids. Figure 519.2-3 is the surface used
to obtain the high frequency random part of the spectrum. Figure 519.2-4
is the surface used to define the low frequency portion of the random spec- |
trum. All surfaces are three dimensional isometric projections in which
tha surface shape varies as a function of the normalized frequency parameters
f/f,, f/r , and the vector distance, D. The frequency parameters are pre-

g
sznted in this form since they are treated as variables. The distance
pcrameter, D, represents the vector distance measured from the gun muzzle i

to the mean distance between equipment support points.

Note that the amplitude (vertical) scale is represented as a dB scalar
(10 log 10); thus, all values of the surfaces are referenced to 0 dB. To

I utilize these surfaces it is necessary to: first establish the magnitudes j,

of the sine and the random vibration at the O dB level and then proceed to j

the D = x slice of the surface and pick off the required spectral values, ;

rsistive to O dB. 1

4
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3.3.1 Determination of the O dB level. The O dB level for the sine and

- random vibration is defined by the following equations.

'

Gos * Is E/E r/r n/n (1)o o o,

Gor " Ir E/E r/r n/n (2)-

o o o
2Gos = 0 dB vibration level, mean squared g, sine (g )

' G r = 0 dB vibration level, accel. power spectralo
2density (g /Hz)

), E = blast energy of gun (ft-lbs/ gun)

r = gun firing rate (Hz)
I

n = number of guns

Eo = blast energy of reference gun (M-61)
= 55,000 ft-lbs/ gun

| ro = gunfire rate of reference gun = 100 Hz

no=1
! Ts = maximum sine vibration level of reference

2
j gun = 2,000 mean squared g (g )

Tr = maximum random vibration level of reference
2gun = 35 g /Hz

A shortened form of (1) and (2) results when the reference parameters
are inserted.

'
Gos = 3.64 x 10-4 Ern (la)

Gor = 6.36 x 10-6 Ern (2a)
I

*

| 3.3.1.1 Determination of the gun blast energy (E). The gun blast energy
is determined by the following equation.

2E = fWc/.3 - mv /2 (3)

j f = specific impetus of explosive (ft/lbs/lb)
| We = weight /round of ammunition (Ib/rd)

2m = W /g = mass of projectile (1bs-sec /ft)p

519.2-3 METHOD 519.2
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p = weight of projectile (Ibs)W .
,

y = muzzle velocity of projectile (ft/sec) ,

2g = 32.17 ft/sec .

.

Table 519.2-1A is a general table which relates typical gunfire
configurations to aircraft types. To facilitate identification of the
btllistic parameters that are necessary to determine the gunfire vibration *1cvals of 3.3, table 519.2-IB is provided. The table includes values of
E, r, n and the muzzle velocity v; the table also incl.udes the reference
gun parameters of the M61. Table 519.2-IC is a repeat of this table using
mstric equivalents. Finally, a brief array of English-to-metric conver- ~

sion constants are provided as specified in table 519.2-ID.

3.3.2 Adjustments of Gos Gor (primary structure). The two O dB parameters
shall be adjusted to account for the following additional conditions: gun
standoff distance (H), gun muzzle configuration (M), equipment depth para-
meter (R) and equipment mass loading (W). TheadjustedvaluesG$s and Gar
are the final 0 dB values from which the magnitude of any point (Gs. G ) r

is established on the prediction surfaces of figures 519.2-2 through 4.
Thzse values and the individual adjustments are expressed in decibel form
as follows:

(4)10 log 10 C = 10 log C +Ah+AM+AR+OWos 10 os
P Tss

10 log G|r=10 log *O (5)+Oh*OM+AR W10 10 or
I I
r r

i

10 log 10 C = final, adjusted 0 dB value of the sineos
I

s surface; referenced to T *
s

10 log = final, adjusted 0 dB value, of the random
10 r

I
r surface; referenced to P

r

h = reduction due to gun standoff distance (dB)A

A = reduction due to gun muzzle configuration (dB)g

A = reduction due to depth parameter (dB)
R

A = reduction due to mass loading (dB)g

ME'IHOD 519.2 519.2-4
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3.3.2.1 Test level reduction, , of G , and G due to gun standoff para-g

meter (h/c). A reduction of Gos, Gor in accordance with the criteria of
figure 519.2-5, shall be allowed for the case of gun configurations with |

*

. muzzles mounted a perpendicular distance from the aircraft structure.
'|

'

3.3.2.2 Test level reduction, A , of G and G due to free air configuration.g os
A reduction of Gos, Gor shall be allowed for those cases in which the gun
protrudes clear of and in front of the aircraft structure as shown in figure

,

519.2-6. The reduction shall be 6 dB; otherwise AM = 0 dB.

3.3.2.3 Test level reduction, A Of Gos and Gor as a function of Rs. TheR

curve of figure 519.2-7 provides means by which Gos or Gor'shall be reduced.

as a function of Rs- 1

3.3.2.3.1 Determination of the depth parameter (Rs). The depth parameter
represents the shortest distance of the equipment mounting points to the
aircraft surface as shown in figure 519.2-8. The measurement shall be taken
from the equipment or mounting points that are nearest to the aircraft
surface. If Rs is unknown or cannot be estimated, R3 shall be set at 3 inches
or less.

3.3.2.4 Test level reduction, Aw, of Gn, and Gnr due to equipment mass
loading. Figure 519.2-9 provides graphical means by which Gos, Gor may

( be reduced as a function of equipment weight. For those equipments attached
directly to primary structure through vibration isolators; Aw = 0. For
equipments associated with secondary structure, Aw = 0.

3.3.3 Determination of the distance parameter (D). The distance parameter
represents the vector distance, measured (or estimated) from the gun muzzle
to the mean distance between equipment support points. Where equipment
support points are indeterminate, the equipment center of gravity shall.

represent the terminal point of D. The vector D is generated from the
orthogonal distances referenced to the fuselage station, the water, and
the butt line data. The D vector and the computational form is shown in
figure 519.2-8.*

3.3.3.1 Multiple guns, closely grouped. For configurations involving multiple
guns, the origin of D is determined from the centroidal point of the gun
muzzles. Figure 519.2-10 shows the origin location for a typical four-gun
staggered array.

| .
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3.3.4 Application of gunfire prediction surfaces. Determine the value of
D (sca 3.3.3), establish the values of Ga and Ga (see 3.3.2); and using '

thslocatorgridatthetopoffigures5$h.2-2a$k3,respectively, find -
I

tha intersection points of f/f (f/f,,) and D. From these points drop down |g ,

vsrtically until the prediction surface is intersected. Measure the verti-
.

cs1 distance with a ruler or dividers. Transfer this distance to the dB
senlo keeping the grid intercept in the zero dB plane. This distance, in
dB, rcipresents the magnitude of G or G referenced down from Ga, or Ga,

,

'

s r

(dstcrmined in 3.3.2).

The equational form for this procedure appears as the following: I
.

10 log = dB (0)10 s s
Gaos

10 log U = d B, (7) j10 r

G"
or

Gs " 8 V81ue fg sine on the sinusoidal prediction
surface at a given value of D and f/g (see figure )
519.2-2) I

Gr " a value f g /Hz on the high frequency random i

| prediction surface at a given value of D and f/f,
0

1

= the value of G,, in dB, referenced to G," 'dBs s

dB,= the value of G , in dB, referenced to G,"r r ,

| 3.3.4.1 Determination of the low frequency random spectrum. Reference to
! figura 519.2-4 shows that the maximum value of the low frequency random

casa (Gr max) occurs at f/f, = 2.0 and has the same value for the high.

frequtncy spectrum at f/ o,= 0.7. Since Gr max has been determined for thef
high frequency random (3.3.4), transfer this value to figure 519.2-4 and
plot (see 6. for an example).
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3.3.4.2 Determination of f, and f ,. The value of the locator frequencies,g

f, and f,,, are as follows:

I*-
Sinusoidal Surface (Figure 519.2-2

f, = 250 Hz

f = 200 Hz for items mounted on the aircraft skin

High Frequency Random Surface (Figure 519.2-3)

f,, = see Figure 519.2-11
.

Low Frequency Random Surface (Figure 519.2-4)

f, = 300 Hz

3.3.4.3 Selection of fundamental gunfire frequency and the required harmonics.
These properties shall be determined as follows: ,

Set the gunfire rate, r, = f and let f = 2f , f " 1 "" 4 1
*4y 2 3 3

Note that the low frequency limit of the sine envelope of Gs (also the low
frequency random envelop, Gr) shall be equal to fi .2f . The upperl;

frequency limit of the sine envelope, only, shall extend to f4 + .2f .4

3.3.5 Multiple guns, dispersed. For configurations characterized by guns
placed at separate stations as shown in figure 519.2-12, determine each D
vector to the equipment locations; and from this obtain their corresponding;

! Gs and Gr values and, finally, add each set of values to obtain the pre-
dicted level.,

3.3.6 Conversion of high frequency random sr.ectrum, Gr. The high frequency
random spectrum may be readily converted to discrete spectral values by

- multiplying G by its corresponding 1/3 octave bandwidth. The bandwidthr
(Af) is determined by multiplying any given frequency (f) by .23.

3.3.7 Determination of overall RMS(OARMS). The overall RMS of the sine
waves and the random noise spectrum is determined as follows:

0 ARMS = [Gg+Gg s3 * s4 * R
+G 3 I)

where: Gg, Gg, Gs3' s4 = magnitude f sines (g )

OAMS verall mean squared g of the random noise=
R

2spe'etrum (g )

m . 519.2-7 METHOD 519.2
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3.3.7.1 Determination of overall mean squared random noise spectrum (OAMSp).

Th3 OAMSR of the spectrum is determined as follows:

D
OAMSR=A + A, + A (See figure 519.2-13) (9) .

g

'

G Ef ~ b] ( 0)A =
g rm e

where: f = 0.7f ,
c o

fb = 600 Hz

f, G E -I l I I)A =
r max b a ,

where: f/g = a and f/g = b (See figure 519.2-13)
o o

[I 'I ] is the difference in ordinate valuesb a

of I at f/ = a and f/ = b (See figure 519.2-14)
f f

o o

f,G EI 'I ] (12)A =
9 rm d c

where: f/g , = c and f/f , = d (See figure 519.2-13)
o o

)
I 'I is the difference in ordinate valuesd c

of I at f/g , = c and f/f,=d
o o |

(See figure 519.2-15) |
1

3.3.7.1.1 Determination of [I "I ] and [I 'I ). Reper to figure 519.2-16 '

b a d c
and from a known value of D, select from the curve an appropriate value of
S. From this curve pick off the appropriate values of the ordinate, I,f
at f! , = a and f/f = b. Note that the properties a and b are determinedf g

[I -I lfrom figure 519.2-13. Substitute these values in equation (11). d c
is determined in the same manner except figure 519.2-17 is used to obtain
Sf'; the slope factor for the high frequency random surface. Figure
519.2-15 is then used to obtain Id and I . Substitute in eq. (12).c

|
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3.4 Determination of test levels (secondary structure). This paragraph

shall apply to those equipment arrays located on or in secondary structure-

and whose aggregate of equipments and structure are of a size, weight and

I.
entity.

.

complexity to preclude the testing of the entire configuration as a single
In such cases the equipment may be removed from the secondary j

structure for individual vibration tests. Note that the equipment shall
be excited in the isolated or hard mounted mode-in compliance with the
actual mounting configuration in or on the secondary structure. All other
equipments not identified with secondary structure shall be associated with

' primary structure and treated in accordance with 3.3.

Special transfer functions have been provided in order that the pri-
and Gr may be operated on to reflect a responsemary test spectrum Gs

,

spectrum which becomes the secondary, or input, test spectrum for the
appropriate equipment. The operation and the resultant response spectrum
Ys and Yr for the sine and the random case, respectively, is shown as
follows:

s|H(f)|2 =Y (13)G
3

r|H(f)| =Y (14)G
r

Since G and Gr have been expressed in decibel form (see equations 6 l
3

1, and 7) and |H(f)|2 is also expressed in this form (see figures 519.2-18
and 519.2-19) then Ys and Yr may be found by algebraically adding the
spectral values of the primary structure to the appropriate transfer func-
tion as follows:

dB = dB + dB (15)y 3 H

dB = dB + dB I 0)*

y r H

dB = sine test spectrum for equipments associated
, y

s
with secondary structure

dB = random test spectrum for equipments associatedy
~#

with secondary structure

dB, = sine test spectrum for equipments associated
with primary strucofre (re. Gs max)

I .
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dB = rand a test spectrum for equipments associated
,r

with primary structure. (re. Gr max) .

dB = trans er unct n |H(f) in decibel form -

H

I
3.4.1 . Equipment categories, secondary structure. Equipments mounted'on i

i or in secondary structures are designated in accordance with the following
'

structural categories. Table 519.2-II provides generalized visual examples i
,

j and.also references corresponding transfer. functions.-

Category I - Equipment and groups of equipments mounted on or in.
racks and trays. .

'

a. Isolated. Equipment whose secondary structure is terminated
L to the primary structure through vibration isolators. Examples:

! generators, connavigation units, data computers, forward looking
| radar.

b. Hard mounted. Equipments whose secondary structure is
|- terminated to the primary structure through rigid attachments. ;

! Examples: power supplies, control boxes, switches, intervelo- ,

meters, breakers, logic modules, inverters, inertial guidance
and measurement units.

| Category II -Equipment mounted in or on instrument panels.

a. Isolated. Equipment whose instrument panel is isolated.

b. Hard mounted. Equipment whose instrument panel is hard
mounted.

.

Category III - Equipment mounted in or on beams, channels and trusses,
These equipments are usually large, heavy and bulky,i

n. Isolated. . Equipments whose secondary structure is terminated
*

to the primary structure through vibration isolators. Examples:
cameras, radar packages.

b. Hard mounted. Equipments whose secondary structure is termin-
ated to the primary structure through rigid attachments. Examples:
cameras, inertial measurement units.

i

a

f
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3.4.2 Application of |H(f)| . From table 519.2-II select the transfer
function associated with the mounting category. These categories are |

- represented by two sets of curves (figures 519. 2-18 and 519.2-19) and |

1 *

allow envelope adjustments owing to the weight of the equipments. |

The first set of curves (figure 519.2-18) involves a selection of K |
'

as a function of equipment weight (there are exceptions to this mle noted
in table 519.2-II). This value, K, is then inserted into the f/f para-.

|
meter as indicated at the bottom part of the transfer function curves.a

Normally, W is equivalent to the total equipment weight on the shelf panel,
beam or truss. If stacked arrays of equipments are involved (consoles, etc.)

| is the average value of
' then W is the total weight of the assembly and fni

the shelf array.-

Finally, in dB form algebraically add |H(f)| to G and G at a suf-s r
ficient nwnber of their corresponding frequencies to insure a smooth spec-
tral plot. In no case shall there be less than. fifteen plot points over
the test spectmm.

4. TEST IMPLEMENTATION. Test procedures used shall be as specified in the
equipment specification or test plan.

i 4.1 Test item operation. Unless otherwise specified, the test item shall
be operated during application of vibration so that functional effects

| 1 caused by these tests may be evaluated. When a test item performance test
| is required during vibration and the time required for the performance

is greater than the duration of the vibration test, the performance testI
. shall be abbreviated accordingly. At the conclusion of the test, the testj

|
item shall be operated and the results obtained in accordance with General
Requirements, 3.2. The test item then shall be inspected in accordance

,

with General Requirements 3.2.'

4.2 Mounting techniques. In accordance with General Requirements, 3.2,
the test item shall be attached to the vibration exciter table by its nor-

| .
mal mounting means or by means of a rigid fixture capable of transmitting
the vibration conditions specified herein. Precautions shall be taken at
the mechanical interfaces to minimize the introduction of undesirable
responses in the test setup. Whenever possible, the test load shall be
distributed uniformly on the vibration exciter table in order to minimize
effects of unbalanced loads. Vibration amplitudes and frequencies shall
be measured with instrumentation that will not significantly affect the
test item input control or response. The input control accelerometer (s)

I of the test item.

shall be rigidly attached to the vibration table or to the intermediate| structure, if used, at or as near as possible to the attachment point (s)

..
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5. TEST PROCEDURES - .

.

5.1 Procedure I, sine superimposed on random vibration. The test item -

shall be subjected to vibration along each mutually perpendicular axis.
Tho excitation shall consist of four sinusoids superimposed over a random
vibration background. The sinusoids shall be at frequencies representing *

tha basic gunfire rate, and the second, third and fourth orders (f , f .
i 2

f , f ). Synchronously, the frequencies shall be swept over a bandwidth3 4
cqu:1 to i.2f , 1.2f , .2f , 1.2f4 beginning at the low frequency endi 2 3 i

and ending at the high frequency limit. The sweep time for the combination
sins sweep and random vibration shall be 15 minutes per axis. The instan-
ten;ous peaks of the random vibration may be limited to 2.5 times the ras
sp;ctral acceleration level. The test envelope tolerances shall be as .

indicated in table 519.2-III and figures 519. 2-20, 519. 2-21 and 519.2-22.

5.2 Procedure II, single direction test. If the equipment item is mounted
with the base peripherally attached onto and in the plane of the aircraft
skin, then the test direction may be restricted to the direction normal to
ths aircraft skin (see figure 519.2-23). The total test time in this case
shall be 30 minutes.

5.3 Procedure III, alternate test. For large equipment located near the
gun muzzle, the overall test levels may exceed the force capabilities of
all but the largest shaker systems. For such cases the sinusoidals may
ba s:parated from the random vibration and each test run independently -- |

'

cach test shall run for 15 minutes por axis.

5.4 Procedure IV, alternate test (Pulse method). If no equipment is avail-,

able to provide a test in accordance with Procedure I then a swept repetitive
pulse technique may be used as an alternate method; provided that the pulse
mathod is in compliance with the following requirements.>

5.4.1 Spectral content. The generated spectrum shall consist of discrete
acesloration magnitudes whose frequencies (f) correspond to the expression
f = nfi: where f3 is the basic gunfire rate and n = 1, 2, 3 ...k. The

; last integer (k) is that value of n for which nft is nearest to the maximum "

i tcst frequency, 2 KHz.

5.4.2 Spectral magnitude and shape. The pulse test spectrum shall be
dzfincd by an envelope that outlines the discrete magnitudes of the low,

fr quIncy sinusoids (formerly derived for Procedure I) and extends to
' conn:ct with the envelop of the converted high frequency random spectrum

es dsrived in 3.3.6. Note that the low frequency random spectrum of
Proccdure I is not used.

METHOD 519.2 519.2-12
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5.4.3 Pulse sweep parameters. The cycling time shall be the same as in
5.1 and the pulse rate (f ) shall be continuously swept over the frequency1

bandwidth range as defined for fy in 5.1.

I
6.

.

SUMMARY. The following details shall be specified in the equipment
specification or test plan.

a. Gun identification and ballistic parameters (see tables 519.2-IA, |
519.2-IB, 519.2-IC). j

d

b. Gun configuration and location (see 3.3.2 and 3.3.3).

Equipment location on/in aircraft (fuselage station, water andc. ,

.
Ibutt line coordinates).,

d. Equipment category (see 3.2.1, 3.2.2 and 3.4.1).
1

e. Distance from aircraft surface to nearest point of equipment
(see 3.3.2.3.1).

f. Equipment weight (see 3.3.2.4, 3.4.2).

g. Test procedures (see 5).

REFERENCES,
\

1. R. W. Sevy, E. E. Ruddell, " Low and High Frequency Aircraft Gunfire
Vibration; Prediction and Laboratory Simulation," AFFDL-TR-74-123,
August 1974.

2. R. W. Sevy, J. Clark, " Aircraft Gunfire Vibration; The Development
- and the Synthesis of Equipment Vibration Techniques," AFFDL-TR-70-131,

November 1970.
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7. EXAMPLES. The following examples are provided to' facilitate the synthesis
cf th3 test spectrum for a number of typical cases ranging from equipments
locat;d on primary structure to those equipments associated with secondary -

structure.

7.1 An aerial refueling unit weighing 75 pounds is located in the nose ~

s::cti:n of the A-10 aircraft. The GAU/8, a 30 mm cannon is to be used
and the firing rate (r) is to be 70 rounds /sec. The unit inserts into
th3 circraft flush with the skin and is bolted directly to the primary
structure. The D vector is 48 inches and R

" .

3= 0.
7.1.1 Determination of Gos and Gor. From 3.3.1 select equation (1) or (la).

.
G *I E/ #/r "/nos s Eo o o

2
T, = 2000 g

E/g = 4.13 (see table 519.2-IB) 1

4 o

r/r = 70/100 " *o

n/, = 1/g = 1
g

2 2G = 2000 g (4.13)(.7)(1)(1) = 5782 gos

s lect equation (2) or (2a)

Oor " I E/E, #!r, "!n,r

'

T = 35 g /Hz
r -

G = 35 g /Hz (4.13)(.7)(1)(1) = 101.19 g /Hzor

: 7.1.1.1 Test level reduction, A * Of Gos and Gor due to gun standoffh
' p'rameter (h/c). Owing to the gun configuration of this aircraft (see
figura 519.2-5 and 519.2-6), Ah = 0 dB.

.
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7.1.1.2 Test level reduction, Ag, of Gos and Gor due to free air configura-
. tion. This is a free air configuration (see 3.3.2.2 and figure 519.2-6);

og = -6 dB.-

7.1.1.3 Test level reduction, AR. of Gos and Gor as a function of Rs.
See figure 519.2-7. Since R = 0; OR = 0 dB*

s

7.1.1.4 Test level reduction, Aw, of G s and G due to equipment masso or

Ioading. Refer to figure 519.2-9. Since the equipment weight (W) is.

75 pounds Gos and G may be reduced 2.6 dB (10 log 10); thus og = -2.6 dB.
,

or

7.1.2 Adjustments of Gos, Gor (Primary structure). Refer to equations (5)
'

and (6) of 3.3.2 and insert the dB reductions.' ~

10 log G", = 10 log 3g G,, + (0) + (-6) + (0) (-2.6)3g

I I
s s

2
where: G , = 5782 go

2
T = 2000 g

s

2

([ 10 log 10 (2.891) - 8.6 db = 4.6 db - 8.6 db = - 4 dB re. 2000 g

G"s = (2000)(.398) = 796 g = 28.21 grms = 0 dB (figure 519.2-2)o

Also, the dB e..ijustments are the same for Gor, so using equation (6) of
3.3.2

.

10 log 0 = 10 log - 8.6 dB
10 r 10 ~or

T 'T
r r

where: G = 101.19 g /Hz
or

2
T = 35 g /Hz
r

2

10 log 0 .891 - 8.6 @ = 4.6 dB - 8.6 dB = - 4 dB re. 35 g /Hz
1

G" = (35)(.398) = 13.93 g /Hz = 0 db (figure 519.2-3)
9r
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7.1.3 Determination of the locator frequencies f and f '. From 3.3.4.2o o
calect: fo = 200 Hz for the sinusoidal surface, fo = 300 Hz for the low
frequency random surface and from figure 519.2-11 select (from the curve -

et W = 75 lbs): f , = 900 Hz.
g ;

7.1.4 Determination of the sinusoidal surface, Gs. Refer to figure 519.2-2. -

It is useful to draw lines on the figure hence it is advantageous to make a
c:py. On the copy draw a line in the zero dB plane parallel to the constant
D lines at D = 48 inches. Note that this line intersects the f/f parameter. .

Fro 3 the intersections draw vertical lines down to the heavy, con ,stant f/f,
lings of the prediction surface. These distances down are now transferred
to the left hand dB scale (3.3.4). Recalling that fo = 200 Hz for the sinu-
s2idal surface arrange a table of values of G vs f/g as follows: *

s
*

1

o f G (dB re. Oos) G,", = 796 g /28.2 grmss

22.0 400 - 11.6 = 55.07 g = 7.42 grms

1.6 320 - 12.3 = 46.86 g = 6.85 grms

21.2 240 - 13.8 = 33.19 g = 5.76 grms

21.0 200 - 15.5 = 22.43 g = 4.74 grms

0.8 160 - 18.6 = 10.98 g = 3.31 grms

0. 6 120 - 20.5 = 7.09 g = 2.66 grms

20.4 80 - 22.0 = 5.02 g = 2.24 grms
,

0.2 40 - 23.0 = 3.98 g = 1.99 grms

For plotting purposes it is convenient to express the values of G relative .s

to Gs "* f/f = 2.0; which is G This is done by subtracting G.

o sm s max
(-11.6 dB) from all of the values.

MEH10D 519.2 519.2-16
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f
'

flg
o f Gs -Gs max (dB )3

2
'

1
-

2.0 400 0 dB re. 55.07 g = 7.42 grms
'I

1.6 320 - 0.7
e

1.2 240 - 2.2
I

1.0 200 - 3.9*

0.8 160 - 7.0

'

O.6 120 - 8.9

0.4 80 - 10.4

0.2 40 - 11.4

Before proceeding to the next step it is instructive to pause and
observe that were we concerned with defining a test spectrum for secondary
structure (3.4) it is now only necessary to attach the required dBH column
to the right of the present dBs column and add the values to obtain the
response, dBys"

( as a function7.1.4.1 Setting up the sine spectrum. Plot the envelope of Gs
of frequency (see.3.3.4.1) and designate the fundamental and harmonics as
follows:

1. Set r = f = 70 Hz, f = 2(70) = 140 Hz,
3 2

. f = 3(70) = 210 Hz and f = 4(70) = 280 Hz3 4

2. Pick off the four corresponding values of dB, from the
' plot (re. 55.07 g or 7.42 grms)

9 70 he G = - 10.7 dB = 4.69 g = 2.16 grms
s1

8.1 dB = 8.53 g = 2.92 grms9 140 Hz G =-
s2

3.9 dB = 22.43 g = 4.74 grms9 210 Hz G =-
s3

I
E = 6.39 grms9 280 Hz G =- =

. .

s4

.
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3. Establish the cycling range for each sinusoid,

f = i .2(f ) = .2(70) = 56 to 84 Hz '

3 g

f2= .2(f ) = .2(140) = 112 to 168 Hz2 .

f = i . 2 (f ) = .2(210) = 168 to 252 Hz3 3

f = 1 .2(f ) = 1 .2(280) = 224 to 336 Hz4 4 -

Nato that the low end of the cycling range (f1 .2f ) is 56 Hz and is alsoy

tha low end of the low frequency random spectrum (see 3.3.4.3 and figure -

519.2-11).

7.1.5 Determination of the high frequency random surface, G . Refer tor
figure 519.2-3 and at the intersections of f/f , and D = 48 inches record
tha following values of G . Note that f ' = 980 Hz (see 3.3.4.2).r o

'! 2
r (dB re. G" ) G" = 13.93 g /Hzf,, f G

o or

2.7 630 - 13.7 = .594 g /Hz

l
.89 800 - 16.2.= .334 g /Hz

1.0 900 - 18.2 = .205 g /Hz

1.11 1000 - 20.1 = .135 g /Hz

1.39 1250 - 24.0 = .060 g /Hz

21.78 1600 - 29.2 = .056 g /Hz

2.22 2000 - 33.5 = .006 g /Hz '

.

Maka G the reference value by subtracting it from all the values of G,.rmu

I
MET 110D 519.2 519.2-18
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v

O -0r max (dB ) |o' f r r
.

|'
.7 630 0 dB re. 594 g /Hz

.89 800 - 2.5

1.C 900 - 4.5
'

.

1.11 1000 - 6.4

1.39 1250 -10.3
.

1.78 1600 -15.5

2.22 2000 -19.8

Plot G vs f or f/f , as desired.r o

7.1.6 Determination of the low frequency randdm spectrum, Gr. Refer to
figure 519.2-4. The maximum value (Gr max) occurs at f/ , = 2.0 andf

D = 48 inches. Set G equals Gr max of the high frequency random,
thatis,Grmax=.594g2fHz. Measure, as in the previous steps, the

r ma
,

I values of Gr, noting tnat Gr max measures - 11.3 db down from 0 dB of the
figure. Define the values of G relative to Gr max by subtracting fromr

all values of Gr. Nate, finally, that fo = 300 Hz (see 3.3.4.2).4

f G "0r max ( B )o f r r
.

2.0 600 0 db re. .594 g /Hz

0.71.6 480 -

.

.

2.51.2 360 -

,

~. 4.71.0 300 -

8.30.8 240 -

1
0. 6 180 - 11.1

0.4 120 - 12.8

d

0.2 60 . - 13.8

519.2-19 METHOD 519.2'''
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Th2 final test spectrum is shown in figure 519.2-1. ,

7.1.7 Determination of overall RMS(OARMS). Refer to 3.3.6 and figure
519.2-13. Using equation (8) ,

OARMS = [Gs1 * s2 * s3 * s4 R
+ OMS ~

7.1.7.1 Determination of mean squared sines (Gs1 + Gs2 * 0s3 s4}'#
.

Sum the squares of the four sines

Gs1 * Gs2 s3 * s4*U = 4.69 + 8.53 + 22.43 + 40.83 -

= 76.5 g -

7.1.7.2 Determination of ovces11 mean squared random noise spectrum (OAMS )R

Using equation (9)

OAMSR " ^1 * ^ *^
A =G E'c - b lg r max

whsre: f = 0.7 f,, = 630 Hz Ie

f = 600 Hz (see figure 519.2.13)b
2A = .594 (30) = 17.82 g

3

A =f G II ~ I ] (see figure 519.2-13)
.rm b a

where: f, = 300 Hz

G = .594 g /Hz -rm

A = 178.2[I ~Ilb a

and, A = f,, Gr m (Id c~I]

where: f,, = 900 KHz

G = .594 g /Hzr ex

A = 534.6[I ~Ild c

METHOD 519.2 519.2-20
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7.1.7.3 Determination of [I ~ I l "Ud II ~Ilb a d c

From figure 519.2-16 select at D = 48 inches; a Sf = .300

1,avalueofI,=.041
-

From figare 519.2-15 select at Sg = .300 and f/f 1/=a=f = .233;
f

At f/ = b = 2.0 select a value of I = 1.053
f b,

o

[I ~ I ] = 1.012b a

- substituting in eq. (11)

2
A ,= 178.2 [1.012] = 180.3 g

From figure 519.2-17 select at D = 48 inches; a S , = .511
f

From figure 519.2-24 select at B , = .511 and f/ = c = .7; a
f f

o

value of I =0
c

At f/ = d = .222 select a value of Id=. 5
f

o

( Substituting in eq. (12)

A = 534.6 [.435] = 232.6 g
c

Add random noise

A3+A +A = 17.82 g + 180.3 g + 232.6 g

= 430.7 g

Add sines: 430.7 g + 76.5 g = 507.2 g
.

Take the square root:

OARMS = (507.2)II = 22.5 grms

7.2 An A-7D utilizes a 20 mm (M61) cannon with a firing rate of 100 liz.
The instrument panel is shock mounted (45 Hz), weighs 75 pounds and the

I
vector distance, D, is determined to be 49.6 inches from the nearest mount
of the panel. R is equal to 2 inches and the gun standoff distance issDetermine the gunfire vibration spectrum of an altimeter indicatorzero.
rigidly mounted to the instrument panel.

519.2-21 METHOD 519.2
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7.2.1 Determination of G , and G From equations- (1) and (2).g or

2G,, = 2000 (1/g) (1/ ) (1/ ) = 000 g ,

3 1

G,7 = 35 (1/g) (1/g) (1/ ) = 35 g /Hz -

3

7.2.2 Determination of G" and G" *
s r

.

= 0 dB (see 3.3.2.1)

A = 0 dB (see 3.3.2.2)M
,

A = -0.2 dB (see 3.3.2.3)R
s

% = 0 dB (see 3.3.2.4)

Using equations (4) and (5)

10 log 6 = 10 log C10 s 10 os - 0.2 dB
I Ios os

2= - 0.2 dB re. 2000 g )

G ," = (.9550)(2000) = 1910 g = 0 dB2
s

G," = (.9559)(35) = 33.43 g /Hz = 0 dBr

7.2.3 Determination of dB , dBH "" Y' 8 * ~

3 s
dstalled in 7.1 we assemble the following table. From 3.3.4.2, f isosat at 250 Hz.

.

I
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Sinusoidal Spectrum
a

I, -
G = 1910 g

f = 250 Hz

f/ s dB
(re. G",) (re. G| max)o g dBys g /grms+ dBo f =

.

2.0 500 -14.7 0.0 -13.0 -13.0 3.24/1.80
~

1.6 400 -15.2 -0.5 -11.8 -12.3 3.80/1.95

1.2 300 -16.8 -2.1 -10.0 -12.1 4.00/2.00

1.0 250 -18.6 -3.9 - 8.6 -12.5 3.65/1.91

0.8 200 -21.1 -6.4 - 6.8 -13.2 3.10/1.76 1

0.6 150 -23.0 -8.3 - 3.7 -12.0 4.00/2.00

7.5 11.6/3.400.4 100 -24.0 -9.3 + 1.8 -

I 0.32 80 -24.4 -9.7 + 4. 0 - 5.7 17.39/4.17

The transfer function dBH appears as a column that, in frequency ;

correspondence, is added to dBs. The details of this derivation now follow. |
|

From 3.4 note equations (15) and (16). Go to table 519.2-II, Cate-
requires that K (figure

4{
gory II(a). The block, concerning a known fn

,

519.2-18) besetat2.0;independentofequipde,ntweight. From figure
519.2-18 insert K = 2 as indicated in the f/f parameter. Also insert I

This step establishes the low f"dquency scale. Note thatfn = 45 Hz.
- eakhoctaveoffrequencyisdividedintothreebands. This scale is,

therefore, 1/3 octave. To obtain the frequency in the upper adjacent |
'1/3 octave it is only necessary to multiply the preceding frequency by

1.26. |

Establish frequencies corresponding to the sinusoidal surface (G )>s
previously developed. Measure dBH values (preferrably with dividers)

H In accordance with equation (15) ;

I
and enter in the column designated dB .
add dBH to dBs to obtain dBy ; the desired spectrum. Remember that dBys
is referenced to G whicfiis-14.7dBrelativetoGa. Thus, Gs max "s max

2(.03388)(1910 G ) = 64.7 g2 = 8.04 grms.

519.2-23 METHOD 519.2
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Plot the sinusoidal srsctrum. .

7.2.4 Determination of dB , dBH and dByr (High frequency random). Followingr .

tha steps detailed in 6.1 for the high frequency random curve and making
usa of figure 519.2-11 to obtain f,, = 920 Hz the following table is
c:nstructed.

,

High Frequency Random

G$r=33.43g/Hz *

f,, = 920 Hz

f/ r dB
# 2 'o' f (re. G" ) (re. Gr m) + dB = dB g /Hz

H y
r

0.7 644 -14.3 0. 0 -12.2 -12.2 .075

0.89 818 -17.0 -2.7 -12.0 -14.7 .042

1.0 920 -18.5 -4.2 -12.3 -16.5 .028

1.11 1021 -20.6 -6.3 -12.1 -18.4 .019

1.39 1279 -24.5 -10.2 -12.4 -22.6 .007 j

1.78 1638 -29.1 -14.8 -12.7 -27.5 .002

2.22 2042 -33.6 -19.3 -13.2 -32.5 .001

'Agnin, note that Gr max is -14.3 dB down from G8r or Gr max = (.03715)
2(33.43) = 1.241 g /Hz. .In turn, dBy is referenced to Gr max and represents -

r
tha high frequency test spectrum for the altimeter. The final right hand

2column is the vibration spectrum in units of g /Hz. The high frequency
spsetrum may now be plotted.

.

7.2.5 Determination of dB * dBH and dByr (L w frequency random). Repeatingr

the past procedures of 7.1 and noting from 3.3.4.2 that fo = 300 Hz the
following table is constructed.

I
METHOD 519.2 519.2-24
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Low Frequency Random
2

G = 1.241 g /Hz
, r max

I*f/
f, = 300 Hz

G dB
o f (re.#0 dB) (re.G[ ). dB dByr 8 /HzH =

-

2.0 600 -12.0 0. 0 -12.2 -12.2 .075
..

1.6 480 -12.6 - 0.6 -12.4 -13.0 .063

,
1.2 360 -13.8 - 1.6 -12.7 -14.3 .047

1.0 300 -16.6 - 4.6 -12.9 -17.5 .023

0.8 240 -19.8 - 7.8 -13.3 -21.1 .009

0.6 180 -22.8 -10.8 -14.1 -24.9 .005

0.4 120 -24.2 -12.2 -15.0 -27.2 .002
'

O.27 80 -24.9 -12.9 -16.0 -28.9 .002

Note that G is measured relative to the 0 dB of figure 519.2-4; not rela-
, r

tive to G8r, as was done in 7.2.3 and 7.2.4. Following this, G at f/f =
r

2.0, is subtracted from the G column to obtain dBr whichnowhasaOd0r

level at f/f,= 2.0. This level (0 dB) is then set to correspond to
2G = 1.241 g /Hz and dByr then is referenced to Gr max. The lastr max

2column on the right indicated the spectral values in g /Hz.
' The low frequency random spectrum may be plotted. The complete

test spectrum is shown in figure 519.2-24.

. 7.2.6 The OAMS. The overall (RMS)2 is determined for the primary structure
spectrum only. This value is always greater than the spectrum for the
secondary structure and, therefore, provides a conservative estimate of
the overall force requirements of the shaker.

7.2.7 Determination of the blast energy, E. To illustrate the applica-
tion of the blast energy equation (3) an example is presented for the

I
reference gun (M-61).

519.2-25 METHOD 519.2
~

.



__ . _ . . _. .,_ . _ _ . _ . - . _ _ . - - . _ _ _ . _ . _ . - - _..m. _ .. .

6

.

M

MIL-STD-810C

..

c 2 '

E, = f(W )f,3 _ ,y /2

where: f = 330 x 10 _fc-lbs/lb
C

W,= 600 grains = .086 lb -

W = .223 lb/rd :

P
*

V = 3380 ft/sec

g = 32.17. ft/sec
-

= 330 x 10 (.086) .223(3380)2
3

E
i

.3 32.17(2)

E, = 94,600 - 39,600 = 55,000 ft/lb/ gun

)

.

* b

4

MEDIOD 519.2 519.2-26

- !
.

'

. _ .- - -



_ .

,

MIL-STD-810C
,

(
'

*

I,
.

TABLE 519.2-IA. Typical gun configurations associated with
aircraft classes

Gun Aircraft Installation Gun

Config- (Typical) Caliber i,

"# "
(mm) (in)

F-104 Various
- F-105 Fixed (For-

F-111 ward Bomb 1

1

M61 F-4 Bay) SUU-16, 20 .79
F-100 on racks,
B-58 tail

B-52 turrets

A-7
i

F-5 2 or 4 in'

F-100 nose or
M39 F-101 back of 20 79

B-57 nose or
B-52 tail turret

A-4 MK4

MK11 F-4 C.L. POD 20 .79
A-7 inboard
A-6 wing, etc. j

MK12 A-4 1 at each 20 .79
wing rootd

.

M3 A-1E 2 each wing 20 .79

M24 B-52 Tail turret 20 .79
- F-86 4 or 6 nose

B-52 Tail turret
B-26 up to 6 in 12.7 .50

M3 B-57 nose
F-86

HH-53
A-1i

.

d

519.2-27 METHOD 519.2
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TABLE 519.2-IA. (Continued)

,

Gun Aircraft Installation Gun
Config- (Typical) Caliber
#8 "

(m) (in)
i

OH-6A side-
AC-47 looking,

$ AC-130 nose, and 7.62 .30p GAU-2B/A A-37 up to 8
w UH-1 PODSL CH-3*

AH-1

GAU-4/A F-4 POD, 20 .79
inboard,
wing

,

GAU-8/A A-10 nose 30 1.18

'

_ L -a -
- -

M
.
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TABLE 519.2 18. Ballistic tables for typical gun conffgurations
(English units)

Gun Gun firiPropellant
Rate"9 Projectile Muzzle nuzzle slast

weight Vel. Ene Energy E/ECaliber r eWe ght 5. I tus Chg Energy e w / Eg ,p p 21I'") U") (gr) (1bs) (ft-lbs/lb) (ft-Ibs) .de/ min ede/se s (gr) (1bs)[ft/sec l(ft-los (ft-lbs;
3600 .086 330 x 10 94.6 m 103 6.000 100 1.560 .223 3.380 39.600 55.000 1.0M61 20 .79 (nom) (non) (max) (avg) (,,9) (nom)

'f,(note to
1.000 17

1) 610
(min) (min) 3.450

tn

$ M39 20 .79 See See See M61 1.500 25 1.560 .223 (nom)
3.380 39.600 55.000 1.0

-
M61 M61

Y (avg) (avg)

3.{$0
50

$ 3.4
665 4.000 67 1.700 .243 3.300 41.200 63.800 1.16MK11 20 .79 (nom) .095 105 m 10 (man) (man)

3

680 750 12.5
>n um (min) (min)

MK12 20 .79 g y g pgj y 1.000 16.68 1.700 .243 3.300 41.200 63.900 1.16
M3 20 .79 h00) See M61 800 13.33 2.000 .285 2.700 33.400 61.200 1.11

.086

5M24 20 .79 .084 92.730 800 13.33 2.000 .286 2.700 33.400 59.330 1.03g )

M3 12.7 .50 237 .034 37.400 1.200 20 709 .114 3.400 18.196 19.304 .351
(nom)

x
Note 1: Reference gun, where v, = 3380 ft/sec. r,= 100 Hz. and n, * 1 5

g
8

=
-
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TABLE 519.2-1B. (Continued)

Gun Gun Propellant O{ 7 Projectile Muzzle Muzzle Blast E/E* ** *Wight 5. I tus Chg Energy ", ,

(m)(in) (gr) (1bs) (ft-1bs/lb (ft-lbs) ed Anh eds/sec (gr) (1bs) [ft/sec l(ft-lbs (ft-lbs '

7.38 x 103 6.000 100 150 .021 2.750 2.468 4.810 .087GAU- 7.62 .30 47 .0067 330 x 103
2B/A (nom)

tn .

* 1.500 25
? (min) (mta)
ta

8 6.000 100 1.560 .223 3.380 39'.600 55.000 1.0
GAU- 20 .79 600 .086 See M 1 .(nam) (man) (avg) (avg) (nam)g
4/A 17 3.250y

(min) I"I"I 3,f50

'' '30 1.18 2.390 .341 375.100 (ma
' ' * * *

2.2 (,9,)
(min) ,

.

-

_ t- . .. .

-
.



- . _ _ - . . _ - . . - .. -

,
,

musumunut M
A.,m ;. . . . .

,

,

TABLE 519.2.!C. Bellistic tables for typical gun configurations
(Metric units)

Gun Gun
.

Prope11ent (a"F1"9 Pmjectile %zzle Muzzle Blast8'

UECallber e" weight Vel. Enerliy Energy oW ght S. I tus Chg Energy
p p v'/ g Eg u , w

2
I") IIRII97) (kg) (e-kg/kg) (n-e) .e./mi. ,e.f . (gr) (kg) e/see) (nm) (n-e)

'

6.000 100 1.560 .101 1.030M61 20 .79 600 .039 45.639 128.300 (nom) (man) (avg) | avg)
(Note 53.700 74.600 1.0

II 1.000 17
(min) (min)

1.030$ M39 20 .79 600 .039 128.300 1.500 25 1.560 .101
'

53.700 74.600 1.0e
" (ani tan)
N

b 4.000 67- MK11 20 .79 665 .043 142.400 (man) (man) 1.700 .110 1.006 55.867 N.500 1.16
750 12.5

(min) (min)
MK12 20 .79 665 .043 142.400 1.000 16.68 1.700 .110 1.006 55.867 86.500 1.16

M3 20 .79 600 .039 128.300 800 13.33 2.000 .130 823 45.300 83.000 1.11

M24 20 .79 590 .038 125.700 800 13.33 2.000 .130 823 45.300 1.08

M3 12.7 .50 237 .015 $0.700 1.200 20 709 .046 1.036 24.700 26.000 .351
(nae)

Note 1: Reference gun. uhere; we = 1030 m/sec rg = 100 Hz and og=1
g

5!
8 4

? :m

9 5
8m
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TABLE 519.2-IC. (Contiewd)

Gun Gun Propellant Firing Projectile Muzzle Muzzle 81ast E/Eht ' rCalike weight Vel. Enem, Energy 8

18jeght .
tus Chg , Energy p u, v g5. I w V T E

( * ) (in) for) (km) (e-ka/ke) (n-m) ee/ade ee /..e (gr) (hg) (ehes (n-e) (n-s)

en GAU- 7.62 . 30 47 .003 45.639 10.000 6.LJO 100 150 .010 838 3.414 6.685 .087- 25/A (m)
'u 1.500 (min)

(min)i

m
" 6.000 m 1.560 .m lem 53 m 74.m 1.0GAu- 20 .7s 600 .039 128.300 (nom) (man) (avg)4/A

1.000 17
(min) (mta)

''GAU. 30 1.13 2.340 .155 508.500 ( )
* * * * *

8/A -

2.100 35
(ntn) (min)

'

/
* *%< , y s

1

u _ _-._______ .- -___--m. -___m .m - _ _ - _ _ _ _ _m__ _ _2 m _- 2 _ _m ___________-.____r _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _._________m_______m..____._
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TABLE 519.2-ID. Conversion table - Englist. to Metric units,

.

Ibs x (0.4536) = kg

grams x (10-3) = kg

grains x (6.480 x 10-5) = kg

inches x (25.4) = mm

feet x (0.3048) = meters

[ feet /sec x (0.3048) = meters /sec

feet-lbs x (.1383) = m - kgf

kgf x (0.807) = newtons

newton x meter = joule

.

e

| .
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1AaLE $19.2-11 secondary s*.ructure transfer functions essectated
wtth equipment categories

!

|(H(f)|
Equipment gg g g, gg g 9 f
Category E W ies ws 4 gy, 8s:

Y
'N4

'

f is the lovest see sao see'

n
M vertical translatten Ft's $19.2-11 Fig 519.218 Fig

3(a) [

i
)

~ nm frequen select 519.2-18

a isoist cy of the~ s,st e ,,,.

f,' sh Ea

Y
$ see see see

1(b) M Fig 519.2-19 Fig 519.2-19 F1

select: 519.!-19
C3. --- @ f * 60 Hza

g
Pin i

if.,e-
'

For instr. panels only see see see
D is seasured from the Fig $19.2-18 Fig 519.2 18 Fig
gun muzzle to the

II(a) nearest panel mount or select: select: 519.2-18

O, attach point. g . 2.0 E = 2.0
a **o fag = E0 Hz

a,
,

;

i

e

} -

a . ,
, .,

V w
* . ..,~w .- *

.i,
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TABLE 519.211 (continued)

{ lH(f)|
i Equipment

if f is if f is fCategory Examples Remarks gn,|,n un b
n

'

If 3 or more sides of
Es the shelves are attach-

MnM ed (other than at the
corners) to the walls,

see1(b) FfdO M tu 1 su es000 8 . . . . ' (frames, stringers. 519.2-192

.* V 80 etc.) use the criteria$ (,i . f, panels only see II (b)
of 3.2.1. (Instr.

e ,.

N* " " ' '
Rn.. /c%g. s- u.> m.

; . su.2.a;
= a

see
III(b) - R Fig

a 519.2 19

see1(b)as ' , . sc q .,_ y

).,e,

z z*
:;i ?.
"o* t/3
U

5 ae -
i-

8u i
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FIGURE 519.2-21 Gunfire test tolerance (B) for G g Q.1 g /Hzr max
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FIGURE 519.2-22 Gunfits test tolerance (C) he y 210 lbs -' ',
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FIGURE * 519.2-23 Single direction example
i
I

s

# I

N .-

1 j
_ _ _ _ - - - _-_ _ - _ _ . _ - - _ _ _ _ = _ _ _ _ - _ _ _ _ _ _ _ - _ - _ _ _ _ _ - _ _ _ - _ _ - _ _ _ - _ - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ . _ __-________-___ _- ______-__--_ - _ _____ - --_-



_ - _ . -- - ._,- ... . ._ . - -

i
'

t

i *-
e

i

. _ MIL-STD-810C
/o'

.%c ', . . s,
1
1

'

j\ |in -

l

|\ l\*n
t. -

|,

I I30 - g

y \ .

1. _

i | \
I \. e -

| \i
'

| "3 j \' ~
0-

'

3 | \ c. ,
* "a-; | \ ,s .

: i | \y 's.o _

f* ~ ||
1 i

_ _ ,0 ;

- G, . . . "[r , 11[II
*

Eo s i i
-

i_

J l | I Il 4

||| h( f
' 8

I
-

- 30-

|
'

| 11 hl c,4

i _

I i 11 C,
g

-
,

h | | p I0 -

| | | - 30

!|l ||I| | ||'
-

Ii
| .

i | 1i 11 *aI i if f t | | | l/ f

80 100 200 300 400 5008''0 a'K0

FR EQ U E N C Y Hs

FIGURE 519.2-24 Example of test spectrwn for
secondary structure (instr. panel)
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