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FOREWORD

The purpose of this document is to establish general data for operational
and performance character sties in standard form in accordance with DOO
documentation criteria for use in contamination control technology relative
to the logistic protection for precision cleaned materiel.

The information in this standard is an acti~tilatjonof existing docu~nts,
Governmental, Technical Society, and DOD contractor data which, after
evaluation, is pertinent to the state-of-the-art.

Materials and procedures included are those used by military services and
industry in the packaging of precision cleaned products and logistics
procedures for packaging precision cleaned materials and items. These
materials and procedures were considered in conjunction with their effective-
ness in maintaining the required cleanliness level of a product from a
controlled environment to its final destination.

. . .
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MIL-STD-1475

SECTION 1

SCOPE

1.1 Scoil- This Standard establishes the minimum requirtmnts for
methods an procedures to be empleyed in the protection of precision
cleaned materiel.

1.2 Selection of packaqing procedure. Unless otherwise specified,
the responsibility for selection of packaging procedure shall rest with
the activity responsible for the end item.

1.3 Conflicts. In the event of conflict betwen the requirements of
this standard and those of specifications or drawings, the conflict shall
be resolved by the prucuring agency or activity in accordance with
established 000 procedures.
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SECTION 2

REFERENcED oocuMENTs

2.1 Government.

2.1.1 .Federal.

1. FED-STD-75, G1ossary of Packaqing Terms.

2. FED-STD-101, Preservation, Packaging, and Packing Materials,
Test Procedures.

3. FED-STD-102, Preservation, Packaginq, and Packinq Levels.

2.1.2 Military.

2.1.2.1 Standards.

1. MIL-STD-648, General Desiqn Criteria for Systems Shipping Containers.

2. MIL-STD-726, Packaging Requirements.

3. MIL-STD-794, Parts and Equipment, Procedure for Packaging and Packinq

●
g.

4. MIL-STD-1165, G1ossary of Environment Terms (Terrestrial).

5. MIL-STO-ll~lhCushioning, Anchoring, 8racinq, 810cking, and Water-
proofinq, Approprlate Test Methods.

6. MIL-STD-1246, Deqree.of Cleanliness and Clean-Romn Requirements.
,

2.1.2.2 Specifications.

1.

2.

3.

4.

MIL-P-116, Methods of Preservation.

MIL-8-121, 8arrier Material, Greaseproofed, Waterproofed, Flexible.

MIL-B-131, 8arrier Material; Water Vapor “ProofFlexible, Heat Sealable.

MIL-D-3464, Desiccants, Activated, Bagged, Packaqinq Use and Static~
Dehunsidification.

3
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5.

6.

7.

8.

9.

MIL-D-3716, Desiccants, Activated for Dynamic Dehumidification.

MIL-L-10547, Liners, Case, and Sheet, Overwrap; Water-Vaporproof
or Waterproof, Flexible.

MIL-M-14077, Molding Plastic, Pol.ytetrafluorethyl.ene(TFE-Fluoro-
carbon Resin).

MIL-B-22191, Barrier Materials, Transparent, Flexible, Heat Sealable.

MIL-G-81559, Preservation and Packing Procedures for Gryoscope
Assemblies, Altitude and Directional Reference Instructions for
Aircraft.

2.1.2.3 Handbooks.

1.” MIL-HDBK-304, Package Cushioning Design.

2. MIL-HDBK-407, Contamination Control Technology.

2.1.2.4 Air Force.

1. Air Force Packaqinq Evaluation Agency Annual Report, 1970.

2. Standards and Guidelines for the Design and Operation of Clean
Rooms and Clean Work Stations, T.O. 00-25-203.

e
2.1.2.5 ~.

1. Packaging”and Packing Engineering, U. S. Army Material Coimnand,
AMCP 706-121.

2. Packaging and Packing of Parts, Repair Parts, and Components for
Space Vehicles, Ordnance Corps, Dept. of the Army, A105O93O2.

2.1.3 Government Agencies.

2.1.3.1 Kennedy Space Center. Code: IS-SAT-1, John F. Kennedy Space
light Center, NASA Kennedy Space Center, Florida 32899.

1. Plastic Film Packaging Materials, J.S. Koonce, NASA Test Report
TR-92-0, Task Order LOD-CH-86, Kennedy Space Center, 9 October

1:;4.
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Lyndon B. Johnson Space Center. Code: JSC/JM22, Houston, Texas
7705B.

1.

2.

3.

4.

5.

Contamination Control Program Requirements, Vol. 1,.MSCM 5322,
September 1970.

Definitions for Contamination Programs, MSC-STD-C-1.

Packaging of Precision Cleaned Parts/Components,MSC-PROC-C-1OO,

Precision Clean Packaging, MSC-SPEC-C-12.

Precision Packaging Materials Cleanliness, MSC-SPEC-C-25.

2,1.3.3 Marshal1 Space F1iqht Center. Code: S & E-S/P-S, Marshall
Space F1ight Center, NASA, Huntsville, Alabama 35812.

1.

2.

3.

● 4.

5.

6.

7.

8.

Contamination Control and Environmental Protection of Space Launch
Vehicles and Associated Equipment, MSFC-PROC-151.

Electronic Parts and Components, Protection, Handling, and Packaginq
bf, MsFc-sTD-343/3.

Film, Transparent, Plastic, LOX Compatible, Gas and Contamination
Barriers, MSFC-SPEC-456A.

Laboratory Analysis of Intimate Wraps, Memorandum R-ME-MJ.IC-96-64,
George C. Marshal1 Space Flight Center, Huntsville, Alabama, 16
July 1964.

LOX Compatible Film, MSFC-SPEC-456.

NASA/MSFC Standard Preservation, Packaging, Packing, Handling and
Shippinq of Space Vehicle Supplies and Associated Equipment, MSFC-
~

Polytetrafluorethylene (Tef1on) MoTded and Extruded Parts, Sheets,
Rods, and Tubing, MSFC-SPEC-236.

Tape, Pressure-SensitiveAdhesive for Preservation.?andSealinq,
MSFC-SPEC-124.

2.1.3.4 National Aeronautics and Space Administration. Code KR, Office
of Reliability and Quality Assurance, Washington, D.C. 20546.

●

1. Clean Room Technology, Useller, NASA SP-5074, 1969.
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2.

3.

4.

5.

6.

7.

8.

9.

.

Contamination Control ‘Handbook,,
~076, February 1969.

Sandia Laboratoryes, NASA-SP-

Contamination Control Principles, NASA Office of Technology
~

Contamination Control - Traininq Course Outline, K.F. Linden and
D.M. Garst, Sandia Laboratories, March 1969, NASA Contract H-13245A.

Handbook for Contamination Control on the Apollo Program, NASA,
Washington, D.C., August 1966.

NASA Quality Assurance Provisions for Inspection Agencies, NPC
200-1, April 1962.

Operation and Maintenance of Quality and Reliabi1ity Assurance
~
June 19 .

Packaging and Preservation of Space-Vehicle Hardware to Georqe
C. Marshall Space F1ight Center, Final Report, NAs8-20317, 9 July

Packaging Aerospace Hardware Methods and Problems Of, J.M.
Pilcher, Proceedings of NASA Cleaning Conference, January,1966.

2.2 Nongovernmental.

1.

2.

3.

4.

5.

6.

Aclar, Technical Publication, Al1ied Chemical Company, New Jersey.

Activated Charcoal Filtration, Contamination Control, Vol..IX,
~o. .5, May 1970.

Antistatic and Precision Clean Packagin~, Dan C. Anderson, presented
to the Annual Contamination Control Symposiurn,3 March 1969.

Antistatic Nylon Film: RC AS-2400, Technical Publication, The
Richmond Corporation, Redlands, California, 1968.

Clean Packagin~, J. Mason Pilcher, N.G. Foss, and C.W. Cooper,
Contaminateon Control, Vol. IV, No. 4, Apri1 1965.

Clean Packaqinq and Handlinq, Part 1, Technical Publication No.
73-62-03, A PubJication of the Society of Packaging and Handling
Engineers.

6
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10.
.

11.

12.

13.

14.

●
“15.

16.

17.

18.

19.

20.
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Clean Packaqinq and Handlins, Part II,’”TechnicalPublicationNo. ~ ,
13-63-06, A .Publicationof the Society of Packaging and Haniiling
Engineers.

. .

Clean Packaqinq Materials and Methods, Dan C. Anderson, Contamination
Control, The Richmond Corporation, Redlands, California, Dec.’.1969.

Disassembly, Cleaninq, Inspection, Assembly, and Packaging Pro-
cedure, TMC SPEC. No. 10008, Technical Micronics Control, Inc.,
-n, Alabama.

General Packaqinq Standard, NAS 850, 851, 1968.

General Solution Handlinq, Cleaninq, and Packaging Procedures,
Technical Micronics Control, Inc., Madison, Alabama, 1970.

Handbook ‘ofPackaqe Engineering, Joseph .F.Hanlon, McGraw-Hi11,
Inc., New York, New York, 1971.

LOX Compatible Packaqinq Films, Dan C. Anderson, 1965 Proceedings
Fourth Annual Technical Meeting and Exhibit, American Association
for Contamination Control, 8oston, Mass., 1965.

Mechanics of Package Cushioning, C.E. Creole,Symposium on Simu-
lated Service Testing of Packaging, American Society for Testing
and Materials, Phil, Pa.

No. 7A, McGraw-Hill, Inc.,Modern Packaqinq Encyclopedia, Vol. 44,
New York, New York, July 1971.

Modern Plastics Encyclopedia 1972-1973,
Hill, Inc., New “York,New York, 1972.

Packaqing Engineering, Louis C. 8arail,
~954.

Particle Size Measurement, ASTM Special
Philadelphia, Pa., 1958.

Precision Cleaning and Packaging of Flow Meter, TMC SPEC. No. 21019,
Technical Micronics ControJ, Inc., Madison, Alabama.

Precision Cleaning and Packaging of NonmetalTic Items, Tt.tSPEC’.” ,
No. 21016, Technical Micronics Control, Inc.,’Madison, Alabama.

Vol. 49, No: 10A, McGraw-

ReinlioldPublishing Corp.’

Tech.,,Publ. No. 234, ~

7
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21.

22.

23.

Pro and Con on Packaging Materials and Packaging Methods, Dr. J.
Mason Pi1cher, Contamination Control, Spetember 1966.

Transparent Antistatic Polyethylene: RC As-1200, Technical Pub-
1ication, The Richmond Corporation, Redlands, California, 1968.

Verification of Cleanliness Levels, Milt McKenzie. 17 May 1967.
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SECTION 3

GLOSSARY

3.1 Definitions

A.

Abrasion. The damage caused by the scuffing or friction’of a part against
-age, or of a package against an external object.

Abrasion-resistance. Abi1ity to withstand the effects of repeated
b rubbing, scuffing and scratching.

Penetration of a substance into the body of another; to
%!%%%2 incorporate; assimilate.

Acceptable quality level. A nominal val’ueexpressed in terms of percent
defective or defects per hundred units, whichever is applicable,
specified for a given group of defects of a product.

Acid. A substance whose molecules ionize in water solutions to give
~hydrogen ions; a substance which registers less than 7 on the’pH scale.

●
Adherence. The state of adhering, or sticking together. The strength
of an adhesive assembly or test specimen measured in such a manner
that a large part of the loading stress is concentrated at or near the

, bone to produce apparent fracture in the band.

Adhesive. A material that initially is a fluid or is capable of being
rendered fluid, to be spread on one or both surfaces to be bonded together
for the purpose of forming a fluid or semi-solid interface across which
affinities are established that hold the nearly contiguous surfaces to-
gether with a strength adequate for the end use.

Adhesive,‘Pressuresensitive. An adhesive which requires only briefly
applied pressure at room tem~rature for adherence to a surface.

Agglomeration. The combining, joining, clumping, or clustering of two
or more particles or droplets by any means.

Air-cleanliness class. Each class of air cleanliness is determined by the
particle count per unit volume i,based on tabulation of particles 0.5
micron and larger or 5.0 microns and larger.

9
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Air shower. A chamber with
system, having numerous air
for the purpose of forcibly
partiCU1ate matter from the

interlocked doors and equipped with an exhaust
nozzles arranged in a predetermined pattern,
blowing loose particles, fibers, dust, and other
person and garments.

u. Any base or hydroxide that is soluble in water and can neutralize
acids; a substance that registers more than 7 on the pH scale.

Ambient condition. Environmental conditions such
humidity, etc., which are normal for one specific

B,

as pressure, temperature,
location.

~. A preformed container made of flexible material, generally enclosed
on al1 sides except one which forms an opening that may be sealed after
filling. May be made of any flexible material or multiple plies of flexible
materials, or a combination of two or more naterials.

Barrier Material. A material designed to withstand, to a specified
degree, the penetration of water, oils, water vapor or certain gases,
as desired. May serve to exclude or retain such elements without or
within a package.

Blanket. Low pressure gas introduced into a container (or system) to
provide an inert atmosphere.

Blocking. The physical phenomenon of a material sticking or adhering
to itself due to temperature or pressure; an undesirable characteristicc
for packaging films at temperatures under 2000 F.

Breaking strength. The ability of a material to resist rupture by tension.
k measure of the strength of paper, fabrics, films and other materials.

c.

Carton A form of package used in interior packaging made from bending
z~f paperboard.

g. A non-specific term for a container.

Case mark. Identification and shipping information on a shipping container.

Cavitation. The formation of cavities, such as the microscopic vacuum
pockets created in a solution by ultrasonic energy (or any mechanical
energy).

10
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Certificate.

● ’

A statenmst or certification,either affixed to or marked
on a container, showing information concerning the container and its
contents, usually in accordance with, and to show compliance with, the
specification, rules and regulations of a shipping or regulatory agency.

Chemical cleaninq. The term shall indicate pickling, passivating, descaling,
deoxidizing and other cleaning processes where surface conversion or prepara-
tion is the prire objective.

~. That contaminant level just below that which adversely affects
the operation or reliability of the part, component, system, or environment.

Cleanable. Capable or being cleaned to specified levels without detrimental
effect.

Clean item.. A part, component, or system which is wholly cleaned or has
significant surfaces which have been cleaned and verified to a specified
level of cleanliness.

Cleanliness level. An established maximum allowable distribution of
contamination of a given size and quantity in a stipulated area or volunE.

Clean packaging. The application of packaging !masures and material to
malntaln the cleanliness of a clean item during handling, storage, or
shipment. Clean packaging activities are performed in the clean room.

●
Clean room. A clean room is an enclosed area employing control as required.
To wet the requirements of a “clean room”, the area must meet the
particulate count as specified in FED. STD. 209A, Paragraph 5.1.3.

Clean work station. A work bench or similar working enclosure characterized
by having its own filtered air supply. The filters must be capable of pro-
viding the required air-cleanliness level.

Closure. A sealing or covering device affixed to or on a container for the
purpose of retaining the contents and preventing contamination thereof.

Cohesion. The tendency of a mass to hold together.

Combustible contaminants. Flammable solvents, cleaning solutions, oils,
paints, preservatives,wood, or other materials that are present in a
component or system.

Complete blockin~. Blocking or plugging which occurs when individual
contamination particles are large enough to plug a clearance or orifice.

A series of two or more parts, sub-assemblies, assemblies, or
%$%%~ation thereof, which in turn becomes a piece of functional equipnmt
or assembly.

11
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Contaminant. Any material or substance which is unwanted or adversely
effects the contaminee.

Contaminant level. A quantitative expression for the size, distribution,
shape, quantity and physical properties of one type of particulate matter
in a fluid.

Contaminant-sensitivepart. A part whose function may deteriorate with the
presence of materials other than those for which it was designed. The
foreign material may be liquid, gaseous, or solid in nature, with size,
number, or character harmful to the operation of the device.

Contaminate. The act of introducing any contaminant; to make impure
or unclean; to pollute, defile,’sully, taint, or soil.

Contaminateon control. The plarming, organization, and implementationof
al1 activitiesneeded to determine, achieve, and maintain a required
cleanliness level in, on, or around the contaminee.

Contamination tolerance level. The contamination level which cannot
be exceeded and stil1 allow components to have a specified performance,
reliability, and 1ife expectancy. Contaminant tolerance level would
refer only to the influence of one type of contaminant.

Contaminee. That which is or can be contaminated. Contaminees may be
products, materials, devices’,people, gases, or surfaces.

Controlled area. Any enclosure which has a degree of control of contaminants

]e~~~~e? and which will not qualify as a clean room.
ases, and fluids (may include temperature, humidity, and

Controlled environment facility. A specified working area that has the
~ng one or more physical, chemical, or bio-
logical variables.

Critical moisture content. The moisture content of a substance at which
physical or chemical deterioration occurs to a degree sufficient to
render the substance unusable,

. .
(1) The protection from physical damage afforded to an

%$#%%?_~cina about its outer surfaces materials that have been desianed
to absfirb
materials

the ~hock or reactions
used for cushioning.

caused by external forces. (2) Resi~ient

12
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● D.

Decontamination. The process of removing unwanted matter; the reduction
of contamination to an acceptable level.

Decreasing. Solvent cleaning, usually with hot vapor, for removal of
grease.

Dehydrating agent. A material that has a high affinity for moisture
and absorbs it from the surrounding air or fluid; a desiccant.

Desiccant. A dehydrating agent. A material which will absorb moisture
by physical or chemical means.

Desiccant, activated. A desiccant which has been physically treated,
by means such as heating, to produce the maximum capacity for
absorption or adsorption of moisture.

Direct testl, Any surface cleanliness test in which the paramter
measured is the amount of soil remaining on a surface.

Dust preventive clothing. This clothing is specially designed for
wear bv al1 oersonnel who enter a clean room. %ecial Darticle/lint
free ciothing such as overalls, caps, gloves, finger cots, boots and
shoes are primarily manufactured from synthetic fabrica and materials.

●
Their purpose is to minimize contamination of clean rooms by particulate
matter from an individual’s skin, hair, clothing, and shoes such as
dust, lint, dandruff, skin flakes, etc.

E.

Electronic sealing. Heat sealing of adjoining surfaces of thermoplastic
films by high frequeficyelectrical current.

El”ectrostatic. Pertaining to the phenomena due to attractions and repulsions
of electrical charges.

Emission factor. A statistical averape of the rate at which contaminants
are emitted from any given source.

Entrapment. The act of securing and holding, as dirt is entrapped in
a filter.

Environment. The total of all factors which might influence or cause
contamination of a contaminee. The primary factors of environment are
the ~orms air, gas, liquid, solid, or surfaces.

Environrmwtal control. Environmental control is the positive control
of atmospheric conditions within a specific awa. It is a collective

13
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term to identify the control of all factors of the environment of the
clean room or clean work area. These factors include alr temperature,
humidity, air-borne particle ,control, pressurization, illumination,
and injurious vapor control.

Environ~ntally adjacent. A condition in which packaging materials are
not In direct contact with clean or significant surfaces but are
exposed to these surfaces.

Environmntal package. A clean material closure, wrap or container
over the intimate package that is sealed to provide an additional
contaminantion barrier to protect the intimate package and its contents
from environmental elements.

F.

Fi1tration. The process of removing contaminants from a gas or 1iquid
by passing them through a porous media.

First work ‘location. The work location that is first in the path of the
clean airstream.

FJl@. Rinsing a component or system using
rlnslng medium.

F@_. Unsupported thin metal nwnbrane less

a liquid or gas as the

than 0.006 inch thickness.

G.

Gas transmission. The movement of gas through film materials.
The gas transmission property (Permabil ity) of a film is measured
in terms of: volume of gas (at standard temperature and pressure)
transmitted through a given area of film of a given thickness within
a given $ime at specified temperature and relative humidity.

Gassing. (1) Removing air from a filled package, usually a metal
can, and replacing it with another gas, such as carbon dioxide
or nitrogen. (2) The action of a packaged product when producing
gas.

Generated contamination.
the system components as
and erosion. i

H.

That contamination which is generated within
a result of such actions as wear, cavitation,

0

,

Hermetic seal. A seal or closure that is airtight and impervious
to external influences.
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● Hiqh efficiency particulate air filter(HEPA). MIL-T-51068A specified
filters with minimum efficiency of 99.97 percent”determine by the
homogeneous DOP method at airflows of 20.and 100 percent of the rated
flow capacity of the filter. It is referred to as the HEPA filter.

Horizontal laminar airflow clean room. A room equipped with one entire
vertical wal1 of HEPA filters through which the air passes at a
predetermined speed to an exhaust wall directly opposite the HEPA
filter wall. The entire body of air moves horizontallyacross the room”
along essentially parallel flow 1ines at uniform velocity.

Humidifier?. A device which causes water vapor to be diffused into
the atmosphere of an enclosure, as in a freight car, storage compartmwt.

Hydroscopic. Having the ability to readily absorb and retain moisture.

1.

Resistance of a material or product to shocks
%%%%%%%pping and hard blows.

Implosion. A bursting inward; the opposite of an explosion. Uhen
the cavitations in an energized solution collapse, implosion occurs.

●
Indirecttest. Any surface cleanliness test in which the parameter
measured is t%e amount of soil removed from a surface.

Inhibitor. A substance or agent which slows or prevents chemical
reactions, such as those of corrosion, oxidation, adhesive deteriora-
tion, mold, etc., even though present only in small quantities.

Insulation. (1) Separation of bodies by means of non-conductors to
prevent transfer of electricity, heat, sound, etc. (2) The material
used for insulating.

Internal surfaces. Internal surfaces are defined as those surfaces
of assemblles, subsystems, and ground support equipmnt that contact
service medium (gases or liquids) during use.

Intimate cushioning. A clean material used to protect additional
packaging materials from puncture or damage caused by the c1ean item.

I

Intimate packaqe. A clean material,closure, wrap or container that wi11
have intimate contact with, or is environmentally adjacent to, the clean
item or surface, and is sealed to provide a barrier to external contaminants
ane environments.
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K.

Kraft. A chemical wood pulp made by the sulphate process, or paper
or paperboard made from such pulp. It is brown in
strongest pulp prwduct made from wood.

color and is the

L.

Lading. The load or material packed in a shipping

Laminant. An adhesive designed for the purpose of
a combination of films, foils, plastlcs, papers or
sheet or web form,

container or vehicle.

combining and bonding
other material in

of air within aLaminar airflOW. Airflow in which the entire body
confined area moves with uniform velocity along parallel flow 1ines.

Laminar airflow room. A room in which the laminar airflow characteristic
predominate throughout the entire air space.

Laminated film. An adhered combination of two or more fi1ms or sheets
made.to improve overal1 characteristics.

I

Limited linting. The term limited linting applies to towels, garments,
~c materials which have been tested and proven to
exhibit 1imited shedding or 1inting characteristics.

a
Localized clean operations. Operations conducted under 1ocal1y maintained
environment provided by tenting and conditioned air source.

. .

i%%’%The procurement, maintenance, and transportation of

\’

M.

Materials cleaning room. A materials cleaning room is a room immediately
adjacent,to the clean room, equipped with vacuum 1ines, ultrasonic
cleaners, and other mechanical devices for cleaning parts, tools, and
materials immediately prior to their entry into the clean room.

Membrane fi1ter. Cel1U1ose plastic porous membrane material with
controlled pore sizes ranging from 5 microns downward to approximately
8 millimicrons, composed of 15 to 20 percent solid material and 80 to
85 percent void.
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●
Microbe. An organism of microscopic or submicroscopic size, generally
~ng viruses, rickettsiae, bacteria, algae, yeasts, and molds.

m: A unit of measurement equal to one-millionth of a meter or
approxlmately 0.00003937 inch (e.g., 25 microns are approximately
0.001 inch).

-“ Act of changing locations; moving from place to “place,as
fine dust is moved by air currents or agitation.

Mil A unit of linear measurenmt, equivalent to 0.001 inch.—.

Moisture-vapor.proof. (1) Not affected by moisture or vapor. (2)
barrier to moisture as a liquid or vapor.

Mositure-resistantmaterial. A material which wil1 not readily
absorb moisture when subjected to conditions of high humidity for
extended periods of time.

N.

Noncritical surface. A surface of a fluid system which does not
directly contact the service media.

●
Nonlaminar flow clean room. A room character zed by nonuniform air-
flow patterns and velocities.

Nonlaminar flow clean work station. A work station characterized by
non-uniform air patterns and velocities.

Nonvolatile residue(NVR). Soluble (or suspended) material and insoluble
particulate matter remaining after controlled evaporation of a filtered
volatile liquid, usually measured in grams. Filtration is normally
through a 0.45 micron or 0.8 micron membrane filter.

o.

Resistance of a material or body to transmission of light.
w~e of opacity of paper is masured by an opacimeter.

Operational periods. That period of time when an environmental test
chamber is classified as a controlled work area. Such periods wil1
normally commence with cleaning and inspection or inspection to the
requirements operational readiness and continue to completion of test.

!M!!!K. Designating any chemical compound containing carbon.
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Overseal. A secondary closure to prevent undetected tamper~ng with
the primary closure. An example is a tear-off aluminum seal placed
over the replaceable closure of a large mtal container.

P.

The application or use of appropriate closures, wrappings,
=;, containers, and complete identification to a single unit,.

Packaqing film. Any film or sheet material used as a packaging wrap
or container, usually ,limitedto thicknesses less than 10 ,mils.

Packaqing, flexible. Packagin~ involving the use of such flexible
materials as foils, films, paper,.flexible sheeting, etc., to form
the container.

Packaging material. Any”substance used in or with a package,
wrapping, container, closure, liner’or coating, or a composition of
matter derived therefrem.

Packinq. The application or use of exterior shipping containers with
the packages therein, ,togetherwith necessary blocking, bracing,
cushioning,weather-proofing, and exterior strapping or the shipping
container to protect and preserve the integrity of the packaged item
during shipment or extended storage.

f’at-J.A part is defined as one piece of two or more pieces joined
together which are not normally subject to disassembly without
destruction of designed use.

Particle. A piece of matter with observable length, width, and
~s; usually measured in microns.

Particle counters. Automatic electronic devices designed to electronically
separate, size, and count individual particles.

Particle size. Particle,size is expressed as the apparen~ maximum linear
dimension or diameter of the particle. The linear dimnsion is implied
unless otherwise specified.

Particulate matter. The general term applied to matter of miniature size,
with observable length, width, and thickness, and contrasted to non-
particulate matter without definite dimension.

Permabil ity. Ability to be penetrated‘bygases or 1iquids.
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● Personnel cleaning chamber. A chamber equipped with shoe cleaning
devices, vacuum 1ines, antiother devices to remove dirt, dust, and
1int from clothing prior to entrance into clean rooms.

Plasticizers. Chemicals added to rubbers and resins to impart flexibi1ity,
workabllity, and stretchability.

Plenum An enclosed space in which the air pressure is greater than
m; the adjoining outside area.

Potential of Hydrogen (PH). A symbol for the 1ogarithm of the
reciprocal of the hydrogen ion concentrations,expressed in gram atoms
per 7iter of a solution; used to indicate acidity or alkalinity.

Precision cleaninq. Final or fine cleaning accomplished in a controlled
environment to remove minute quantities of contaminants to better than
visual standards.

Precleaning. That cleaning which is accomplished outside of a clean
area, for the purpose of removing contaminants such as rust, oxidation,
grease, oil, heavy scale or soil deposits to control the amount of
contaminants brought into the cleaning room.

To flow an inert gas or system media through a system (or 1ine,
*etc.) for the purpose of ridding the system of a residual
fluid or for providing a positive flow of gas from some opening in ..
the system.

Q.

Quality control (QC). A process or test oriented operation for obtaining
or manufacturing a uniform product within specified limits.

R.

Radiation. The process of emitting
or particles.

radiant energy in the form of waves

Random flow clean room. Air enters
on or near the ceilina and is exhausted throuah o~ninas near

the room through diffusers 1ocated

floor; air within thii type room falT,OWSa rafidom”Patt~rn.

!ZY2S. ‘Thedifference between the maximum and the minimum of
of variate values.

the

a set

A substance used to produce a character stic reaction in
= analysis.
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Reliability. The probabi1ity that a system, subsystem, component, or
part wil1 perform its required functions under defined conditions at
a designated time and for a specified operating period.

Residual flUX. Waste products remaining as a result of welding or
soldering.

Rinse test. A test to detemnine cleanliness by entrainment or by
solution of soluble materials with a suitable rinsing liquid; the
1iquid is sloshed or agitated over the critical surfaces of the com-
ponent to ensure entrainment of particles.

s.

ressure. (1) A seal that wil1 retain pressure in the package.
-fected by pressure-sensitiveadhesives.

Seal, pressure-sensitive. A package closure made by pressing together,
manually or by pressure rollers or jaws, two areas which are coated
with a special pressure-sensitiveadhesive.

Sheddin~. (See S1ough)

Shroud. (1) A protective cover of barrier material fashioned with
a top, four sides and bottom.

Slough. To release particles of the base material as a result of
flexure, erosion, or abrasion.

Smut. The accumulation of noticeable-amountsof nonadherent reaction
~ucts on ehcmically treated metal surfaces, usually resulting from
cleaning or etching.

Solvent That sclution or constituent of a solution which exhibits—.
the capability to dissolve other substances through chemical action.

Static electricity. Stationery charges of electricity which sometimes
develop on surfaces during handlimg or in reachingoperation. May
cause undesired attraction, sparking, etc.

Storage 1ife. The period of time during which a packaged product can
be stored under specific conditions and remain suitable for use.
Sometimes called SHELF LIFE.

Strength. The mechanical properties of a material which permit it to
withstand parting or distortion under the app.1ication of force.

Surface tension. A phenomenon of molecular attraction between the
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molecules of a 1iquid which tends
smallest possible area; expressed
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contract the eXD05ed surface to the

T.

Tape, pressure sensitive. A type.
adhesive which adheres under pressure and does

to
as

of

dynes per

ta~e that

centimeter.

is coated with an
not require moistening,

heat, or solvent for activation.

Tensile strength. 4The resistance of a material to longitudinal tension ~
stress.

Thermoplastic. Capable of being repeatedly softened by heat and
hardenedby cooling.

Translucent. Permitting passage of light but diffusing it so that
objects cannot be seen clearly.

Transparent. Transmitting rays of 1ight so that objects can be seen
through the material.

~. The folds which comprise the side wal1s of square and automatic-
type bags, which are folded (tucked) in to permit the bag to be packed
flat.

u.

U1trasonics.
oscillate in

The physical science of those acoustic waves that
the approximate range of 18 to 80 kHz.

v.

Vacuum seal..
free state can be maintained indefinitely.

Al1 air has been removed when seal is applied and this air

=. The gaseous form of any subtance.

Vertical laminar airflow room. A“room equipped with ceiling HEPA
filters, with a grated or perforated floor for the exhausting or
air issuing from the ceiling filters; the airflow is vertical, and
moves within the walled area along essentially parallel.lines at
uniform velocity.

Viable Capable of living; growing, or developing; metabolizing.— .
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Freedom from surface particulate matter approximately
-larger and from all films other than known innocuous
films.

Visual cleanliness. The degree of freedcinfrom contaminants that may
be detected by the unaided eye; special lighting effects, ultraviolet
1ight, wipe test, water break test, and similar means,maybe used as
techniques to determine visual cleanliness.

Volatile. Easily passing from a liquid into a gaseous state. Subject
to rapld evaporation. Having a high vapor-pressureat room temperature.

Volatile corrosion inhibitor. A chemical which slowly gives off vapor
that reduces or is inhibitive to corrosion; usually applied to paper
used in packaging ferrous metal products.

w.

Water-tight. That quality of a container or package by which it
prevents the passage of 1iquid water into or out of the package.

Work station. A work bench or similar working enclosure.

22
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4.1

1.

2.

3.

4.

5.

6.

7.

8.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Abbreviations defined.

A.C.S. AmericanChemical

ADCAD. Auto radiographic
~sorption/resorption.

SECTION ‘4 ~

ABBREVIATIONS
,,

,..

Society.

detection of contamination

AMc Ar~ Missile Comnand and Army Materiel Command.—.

@. Amperes per square feet.

~. Aerospace Recomnwded Practice.

~. American $ociety for Testing and Materials.

Oc Degrees Celsius.
. .

—.

CEF Controlled Environmental Facility.—.

ft 3/rein. Cubic feet per minute.-

~. Consolidated Freight Classification.

cm. Centimeter.—

~. Chemically pure.

D.O.T. Department of Transportation.

emf. Electromotive force..
OJ. Degrees Fahrenheit.

~. Federal Communication Commission.

ft./rein. Feet per minute.

9-. Gram.

GOX Gaseous oxygen.—.

~. High efficiency particulate air filter.

I

,’
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21. I.C.C.

22. ~.

Interstate Commerce Commission.

InternationalStandards Organization.

23. ~. Kilocycle.

24. KHz Kilohertz.—.

25. ~. Kennedy Space Center.

26. LOX. Liquid oxygen.
,—
27. ~. Maximum allowable concentration. fJOW referred to as TLV.

28. ~. Milligram.

29. ~. Milligram per liter.

30. ~. Millimeter.

31. JSC—.

32. ~.

33. MVTR.

34. ~.

36. NPC—.

Johnson Spacecraft Center.

Marshal1 Space Flight Center.

Moisture-vapor-transmission rate. (See WVTR).

National Aeronautics

NASA.Process Control.

Nonvolatile residue.

and Space Administrateon.

37. NVR—.

38. ~. Potential of Hydrogen.

39. P I Packaging Institute.-.

40. ~. Parts per million.

41. lb/in2 ‘Poundsper square inch.—.

42. ~. Quality assurance.

43. ~. Quality control.I
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● 44.

)
45.

.46.

47.

48.

49.

50.
.

51.

52.

~. Relative humidity.

~. Strategic Air Conmand.

TLV Threshold 1imit value.—.

T.O; Technical Order.—

Micron.—

y: Volts.

WG Water gage.A.

Wt. Weight.—

~. Water-vapor-transmission rate. (See MVTR).

MIL-STD-1475
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SECTION 5

GENERAL REQUIREMENTS

5.1 Introduction. The objective of precision clean packaging
is to maintain the specified cleanliness level of the enclosed item.
This is accomplished by the utilization of proper techniques and’materials
for maintaining the integrity of the precision cleaned item throughout
handling, storage, and transportation until final assembly or use.

5.1.1 To maintain the required cleanliness level, inspection
or testing techniques must be applied to both the materials used and
packaging operations to verifythat this cleanliness level is maintained.
Personnel involved in packaging procedures must be provided information
to aid,in proper operation and control of equipment, work areas, and
processes to assure optimum quality, maximum output and safe operating
conditions.

5.1.2 The following requirements establish a quality clean
packagingprogram to fulfil1 a particular need.

5.2 Applicability. Compliance with the quality requirements of
the procuring activity is of the utmost importance. To insure confor-

●
mance to these requirements, it is imperative that a quality assurance
program is established and maintained.

—
5.2.1 It shall be the responsibility of the quality assurance

department to assure that each requirement of contractual documents
related to services be fulfilled through implementationof the written
instruction within the procedures of the program. Quality assurance manage-
ment shal1 assume the responsibility and shal1 initiate necessary action
to assure that satisfactory instructions are written to comply with
new requirements.

5.3 Requirements. The general control of facility cleanliness
and systems shal1 be in accordance with the requirements established
in this quality assurance program and according to specifications.

5.4 Packaging facilities. In order to accomplish its objectives,
al1 clean packaging operations shall be carried out in a clean room or
work area which wil1 meet or exceed the cleanliness level required to
prevent degradation of the cleaned item. The controls shal1 be capable
of maintaining, as applicable, specified 1imits of particulate matter
in the atmosphere, unwanted gases, relative humidity, and temperature.
Any adverse changes in environmental conditions should be reported to the
supervisor in charge of the area and utilization of the area wil1 be
discontinued until abnormality is corrected.
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5.5 Clean room regulations.

5.5.1 Clean room garmets. Designated protective clothing shall ‘
be worn at al1 tires by individuals entering the clean room. These
garmets shal1 not be worn outside of the clean room or in the contaminated
section of the change room.

5.5.1.1 Sampling., Two percent of each shipment of garments shal1
be tested to assure that the garments meet the particulate level for the
clean room in which they will be worn. Particulate determination shal1
be conducted in an environment equal to or better than the environment
where the garment was cleaned. Points of garmsnts’to be checked shal1
be in accordance with, or a rethod similar to that established by
ASTM F51-65T or T.O. 00-25-203. Clearrroom clothing shal1 be worn
by all personnel in the inspection area, and gloves shal1 be worn while
handling the garment.

5.5.1.1.1 Visual inspection. Garments and accessories sh’al1 be
inspected for needed repairs, missin~ snaps, and broken zippers. Any
evidence of the breakdown of fabric In the garment shal1 be cause for
rejection of the garment. Sample garments shal1 have no visible hydro-
carbons such as oil stains or grease.

5.5.1.1.2 Particulate count. Methods of particulate sampling and
microscopic counting methods shal1 be performed with or a method similar
to that established by ASTM F51-65T or T.O. 00-25-203. The manual rethod
for sizing and counting particulate contaminants is used for determining
the detachable particulate contaminant five microns or larger, in and
on the fabric or clean room garments.

5.5.1.2 Intimate packaging. Al1 garments shal1 be packaged
individually in a polyethylene bag hermetically sealed in the clean
room prior to exposure to an uncontrolled environment. Packages are
to be opened cautiously so as not to shred or slough bag.

5.5.2 Vis~tqrs. Clean rooms are restricted areas and access to
them shal1 be 1lmlted to authorized individuals. Visitors to the clean
room shall observe all the rules to which the clean room employees are
required to adhere.

..

5.5.3 Materials and operations. The following general rules shall
be enforced to assist in the successful operation of the clean room.

5.5.3,1 Paper materials. Paper materials of any type shal1 not be
allowed within the clean room until an analysis has been made by the
Quality Assurance “labsto determine its particulate count. No ordinary
paper pads, notebooks, manuals, or writing paper of any description wil1
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●
be permitted in Class 100,000 or betterclean rooms. No ordinary
writing pencils, pens, erasers, crayons, or chalk wil1 be permitted.
Notes and records shall be kept on 1int-free watchmaker paper, plastic
sheet, or equal, using ball point pens or other suitable non-dust
generating materials. B1ueprints, work specifications and other instruc-
tions shall be printed on plastic or covered with plastic film or other
1int-free, non-dust generating materials. At no time shall paper in
any form be torn or mutilated within a clean room. Paper towels and
cloth towels are prohibited in the clean room, personnel and material
cleanup rooms, and locker rooms.

5.5.3.2 Tools and fixtures. Small hand tools used in the clean
room shall meet clean room requirements. The tools shall be cleaned
prior to entry into the clean room and at scheduled intervals. The exact
schedule shal1 be determined on an individual basis. Al1 cutting devices
shall be maintained in sharp condition to minimize particle generation
and ragged material edges. All tools shal1 be constructed of corrosion-
resistant metals such as stainless steel or minimum particle-generating
materials. Tools containing rubber or wood shall not be used. Tools with
plating on striking cutting or other working surfaces which are sub-
ject to flaking or chipping are prohibited except when specifically
authorized. Al1 serrated or knurled-jaw holding tools, such as P1iers,
pipe wrenches, vise grips, and vises shal1 have their jaws padded with
soft metal or other suitable protection. The use of adjustable tools
is prohibited where fixed tools are available such as the use of
adjustable wrenches in 1ieu of fixed open-end or box wrenches. Al1

●
tools will qe cleaned periodically to the clean room standards and al1
tools with working wear surfaces such as scissors, pliers (working
joints), etc., shall be cleaned more frequently such that these tools
are maintained as clean as tools without working wear surfaces (soldering
aids, tweezers, hammers, etc.) and all tools are maintained to clean
room standards. Precision instruments such as microscopes having working
wear surfaces which are 1ittle used and/or under very 1ittle stress shal1
be considered as tools without working wear surfaces for purpose of
frequency of cleaning. Only approved lubricants shal1 be used.’

5.5.3.2.1 Tools shall be kept in drawers, wire baskets, or on
tool racks. Tools shall not be kept in toolboxes, felt-lined cases,
or leatherette cases. Tools shal1 always be supported when not in use
in such a manner that they cannot pick up nor transfer contaminants.
This shall be accomplished by hanging or supporting tools or wire mesh
racks or on holding fixtures. Work-holding fixtures shal1 be readily
cleanable, and shall support the work piece firmly in such a manner that
it does not touch the work surface. Parts baskets, and tool racks used
within clean facilities shal1 be of round wire or rod, open construction,
and with hard, smooth surface finishes. Racks of this tYPe facilitate
laminar airflow and minimize the CO1lection of airborne contaminants.

I
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5.5.3.3 Containers. The selection and cleaning of material handling
equipnmt is of the utmost importance. Clcaned smooth sided tote boxes
containing a wire mesh base or holding fixture in the bottom, a see-through
cover, shal1 be used for normal handling. Care shal1 be taken to prevent
the transporting of contamination from surface to surface in the clean
room by containers.

5.5.3.3.1 In instances where the size or weight of an object
necessitates its being taken into a clean room by mechanized conveyances
such as dollies, 1ift trucks, or cranes, such vehicles used for this
Purpose shal1 be hydraulic and hand-operated, or propelled by batt.ery-
powered motors to reduce the alrborne and surface contamination caused
‘bysuch devices. This equipment shal1 be maintained at an appropriate
cleaned condition and all such equipment shall be retained in a semi-
clean room adjacent to the clean room. This semi-c~ean room shall be
used to unpackage cleaned items or clean uncleaned iternsprior to intro-
duction into the clean room. It shal1 also serve as a transfer point
for hand]ing with cleaned heavy equipment.

5.5.3.4 Exhaust facilities. Cleanup of parts, test equipment, and
test hardware shal1 be accomplished in the airlock or other outside
facility prior to being moved into a packaging area. The clean room must
be free from al1 oil and grease not specifically authorized. Exhaust
facilities shall be used when working with gage fluids, epoxies or
other toxic chemicals. Operations such as lapping, filing, and deburring
shal1 be prohibited in the clean room areas unless al1 contamination is
isolated and exhausted from the areas by use of individual enclosed -
exhaust hoods designed for use in clean room and clean work areas.

5.5.3.5 Operations. Al1 work shal1 be done’on a clean surface and
never on any substance which COU1d transfer contaminants to the work
piece. Only approved, clean, low-lint wiping cloths or.clean polyurethane
wipers shalJ be used for any cleaning operations. Compressed gas shal1
be supplied from a source which is equipped with properly maintained
dehydrators and fi1ters for removing contamination.

5.5.3.5.1 In-process storaqe. Items which are not packaged or
closed immdia,tely after cleaning shal1 remain in the clean room and be
further protected where practical by containers and covers to exclude
possible contamination and unnecessary handling. Items being worked on
in a more or less continuous manner while in the clean room shal1 be
covefid or closed during periods of inactivity. Protective covers on
clean materials shal1 be resealed if the contents will not be with-
drawn for a significant period or if they are transported from one clean
area to another. Storage of any excess iternsshal1 not be permitted in
the clean room.
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●
5.6 Personnel. Employees’ attitudes are of prime importance. They

shal1 be instructed to consider everything including their immediate
work area as being contaminated, and shall be capable of recognizing the
comnon types of contaminateon. They shal1 be advised to report any of
this type contamination to their supervisor, and they shall also consider
any work or tools dropped on the f1oor as being contaminated. Any work
or tools which they consider to be contaminated shal1 be reported to their
supervisor. Personnel shall restrict their movement as much as possible
to prevent stir-up of settled particulate matter on the clean room
floor, especially near another’s work area.

5.6.1 Selection. Personnel selected for training to work in clean
room facilities where high order of cleanliness is required shall,meet
the fol1owing requirements:

(a) Non-allergic to conditions, materials, or solutions uses in the
controlled environtrent.

(b) Psychologically suited for the environwnt; that is, no evidence ‘
of claustrophobia or nervous conditionssuch as itching or
scratching.

(c) Willingness to follow rigid rules for dress; behavior, and
personal hygiene required by the degree of contamination control.

●
(d) No physical disorders that tend to raise the contamination

level above established normal levels such as excess skin
flaking, dandruff, nasal discharge, respiratory diseases, or
high amounts of acid in moisture of hands.

(e) Ability and willingness to follow specifications and procedures
without deviation or substitution in performing a required
operation, process, or sequence.

5.6.1.1 Personnel failing to meet the requirements above shal1 be
ruled ineligible to work with contamination sensitive articles within
a controlled environment facility. Al1 personnel selected to work in
an activity that wil1 bring them in contact with contamination sensitive
articles shall successfully complete a qualifying training Pro9ram.

The following regulations ‘inregard to clean
room ~~~~~nn-considered:

(a) Personnel having mustaches or beards shall be required to wear
a cover of some type; either face mask or hood with just eye
openings.

(b) Hair shal1 not be combed in the clean room and shal1 be confined
under caps or hoods.
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(c)

(d)

(e)

(f)

(Cl)

(h)

(i)

(j)

Fingernail polish and cosmetics shal1 never be worn or applied
in the clean room.

Jewelry in the form of large rings, necklaces, earrings,
lockets, watches, bracelets, shal1 not be worn.

Valuable items such as wallets may be carried into the clean
room in street clothes pockets, provided that they are not
removed inside the clean room. Personal items, such as, keys,
coins, cigarettes, matches, handkerchiefs, watches, tissues,
and combs shal1 not be allowed to enter the clean room.

Eating food, chewing gum or tobacco, or smoking in the clean
room shall not be allowed.

Nervous relief type mannerisms, such as, scratching head,
rubbing hands or parts of the body, or similar type actions
shal1 be avoided.

The specified protective clothing shal1 be worn’in the
prescribed manner.

Finger cots or gleves shal1 be worn if required, or if an
employee’s hands are severely chapped.

Glasses, if worn, shal1 be washed and dried with a 1int-free
towel.

5.6.3 Personal hyqiene requirements. Al1 personnel shall receive
periodic indoctrination on the importance of personal hygiene in clean
room operations. All clean room personnel shal1 practice clean room
habits and observe clean room regulations to maintain a healthy environ-
ment. Personnel with colds, temporary coughing, sneezing, or severe
subburn shal1 be assigned to temporary jobs outside the clean room until
they are recovered. Clean room personnel shall take all necessary pre-
cautions against receiving severe cases of sunburn in order to prevent
peeling skin from contaminating a part of the surrounding area. The
hiqh dem@e of cleanliness reoiired necessitates the indoctrination of
ali cle;n

(a)

(b)

(c)

(d)

(e)

room personnel in the development of the following habits:

Bathe frequently.

Shampoo hair weekly and take action against heavy dandruff.

Hear clean under and “outergarments to insure maximum cleanliness.

Avoid scratching or rubbing exposed areas of the body.

Male personnel are to shave daily.

al
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(f) Hands, fingernails, and face shall be kept clean.

5.6.4 Personnel indoctrination. In order to achieve and maintain a
high degree of cleanliness and contamination control, it is imperative
that al1 personnel involved in the precision packaging of contamination
sensitive articles are properly trained in contamination control and
precision packaging techniques. The organization of a training“pro~ram
shall incorporate factors encouraging human motivation into its design.
Clean room personnel shall be fully aware of their responsibilitiesand
the consequences of their actions.

5.6.4.1 Training course outline. A minimum course of instruction
for al1 personnel whose activities may bring them in contact with con-
tamination sensitive articles and the packaging of these articles shal1
contain, as a minimum, the following elements:

(a)

(b)

(c)

(d)

Definition of terms associated
precision packaging.

A presentation of the need for
consequences of contamination.

A discussion of the origin and

with contamination control and

contamination control and the

types of contamination including
internal sources created by manu~acturing, handling, or packag;ng
activities, external sources present in the prevailing environ-
ment, and personnel-created contaminants.

A presentation of the devices and techniques used to achieve
and control cleanliness during precision packaging including
applications and limitations including:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Various classes of controlled environments, clean rooms,
clean work stations, and their design criteria.

Personnel control and occupancy in controlled environments.

Apparel and laundering.

Clean packagingmaterials and procedures.

Tamper-proof seals on clean closures.

Methods of measuring and verifying contamination levels.

Opening and closing of containers and wraps.
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5.6.4.2 Instructors. They should be trained in clean room procedures
and clean packaging techniques and should possess current clean room
certification.

5.7 Cleanliness verification of packaging materials. Inspection
or testing techniques shal1 be applied to verify that the specified
cleanliness level of a“precision packaged item is maintained. One type
of verification procedure involves monitoring the cleanliness of the
intimate packaging materials prior to use and observing precision packaging
practices during subsequent packaging operations.

A method for monitoring the cleanliness of clean packaging films ,
is set forth”-inMSC-SPEC-C-25. The surface cleanliness requirements
required by this specification are presented in Table I.

,..
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\

TABLE Ia

Precision packaqinq materials surface cleanliness requirements

Particulate Distribution Per Nonvolatile Residue Per
Square Foot of Surface Tested Square Foot of Surface Tested

Size Ran e3 , Quantity3 Maximum
Level (Micron (Maximum) (mq)

,1
0-5 Not Countedz 1
5-15 40

15-25 20
25-50 6
>50 0

2, 0-5 Not Counted2
5-15 50
15-25 25
25-50 10.
50-100
>100 :

3 0-1o Not Counted2 1’
10-25 300
25-50 50
50-100 10
100-175 5

>175 0

Note 1,,-Level 1 shall apply only to nylon films.

Note,2 - Particles in this range are not counted; however,
any obscuring of the filter grid 1ines shal1 be
cause for rejection.

Note 3 - The particulate size ranges and quantities specified
are designed for certain NASA applications.
Requirementsfor other uses may differ and should be”
specified accordingly.
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.5.7.1 Visual inspection. No evidence of oil, grease, water, solvents,
paints, ink, dirt, metal chips, decals, perservatives, or other foreign
matter shall be permitted on either the external surfaces or the internal o

surfaces of packaging materials when inspection is made with the unaided
eye.

5.7.2 Ultraviolet liqht inspection. The external and internal
surfaces of mtal 1ic closures shall be examined for evidence of fluorescence
under ultraviolet 1ight. Fluorescence areas that continue to fluoresce
after hand wipe cleaning with solvent shal1 not be rejected.

., .,
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. .

5.7,.3 Rinse test inspection. Bags for precision packaging applica-
tions shal1 ~nce with the’fol1owing requirements,
unless otherwise specified.

5.7.3.1 Preparation. The open end of the bag shall be heatsealed.
Using surgical scissors or sharp blade, cut off one corner of the bag so
that an ‘openingnot over 3/4 inch in length is created.

5.7..3.1.1 Plastic tubing bags shall be sealed at both ends of a
length to give an inside test area of approximately one square foot and
sampled for rinse test as for bags.

5.7.3,1.2 Plastic film (flat roll.stock) shall be cut carefully
with surgical scissors or a sharp blade to a length of 12 inches. The
section shal1 be folded in half, sealed into a bag form in such a manner
as to minimize exposure of the interior to airborne particles, and sampled
for rinse test as for bags.

. . Through the opening created in preparation for
the ~~!~3~~stW of solvent (MSFC-SPEC-237A)per square foot of
interior,surface shal1 be introduced from a wash bottle or simi1ar apparatus.
100 ml of solvent wil1 be utilized on bags having less than one square
foot of surface area. The opening shal1 then be closed. The exterior of
the bag shall then be .r.inseddown with the same agent to prevent
exterior particles from being picked up when the bag is decanted. The
cleaning agent”withinthe bag shall be agitated by a gentle but rapid
sloshing.

5.7.3.3 Collection of sample. The cleaning agent within the bag
shall be poured out through the same opening, held shut during rinsin9
or outside, onto a microporous 0.45 or 0.8 micron nwbrane filter,
47 rmndiameter.

5.7.3.4 Testing. The effluent of the rinse test shall be examined
for particulate matter by the particle count mthod in accordance with
ARP 598, MSC-SPEC-C-14, or equivalent. The nonvolatile residue of the
solvent rinse shall be determined in accordance with ASTM 0-2109-64.
Individual bags or pieces of material tested for cleanliness shall not
be used to package precision cleaned items.

5.7.3.4.1 Particle count mthod. Particles are to be counted and
tabulated in the following order: fibers, particles greater than 100
microns, 50-100 microns, 25-50 microns, 15-25 microns, and 5-15 microns.
This method shall not be used for counting particles snaller than 5
microns. Fibers are counted as particles unless their length exceeds
100 microns. The size of a particle is determined by its greatest dimen-
sion.

Apparatus needed for this method includes:
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(a) Binocularmicroscope with ocular-objeciivecohbjnations.to
obtain 40 to 45X and 90 to 150X magnifications. The latter
objective shall have a numerical aperture of 0.15.

(b) Normal counter.
—

(c) Microscope lamp, high intensity’.

(d) Ocular micrometer scale. .:

(e) Stage micrometer, standard 0.01 to 0.1 mm scale.

Absolute.counting of particles shall be accomplished as follows:

(a){

(b)

(c)

(d)

(e)

Using forceps, position,filter disc on filter disc holder and
place on microscope stage. ,,,.,,,.

Adjust the microscope lamp intensity to obtain maximum particle ‘j
definition.

A magnification of ap,proximately45S shal1 be.used for counting
particles 25 microns or larger, approximately 90X for particles
smaller than 25 microns.

Using the microscope’s horizontal.and vertical,traversing stage
adjustments, systematically scan and count all particles on
the entir+ filtering area of the filter disc, scanning each
specified size range separately. ,

Record results of ~article count of a~oroDriate data sheet and
validate by initials or quality control skamp.

.

5.7.3.4.1.1 Statistical methods may be employed “providedthat the
method shows agreement with the values of certified standard samples.
To obtain the number of particles,of a given size.range, the number of
particles on a ,representativenumber of grid squares on the filter disc
is counted. From this count,,the’total numberof particles which would
be present statistically on the total effective.filtration area of 100
imprinted grid squares is calculated.

(a) Using forceps, position’filter disc on fi~lter“discholder and
place on microscope stage.

(b) Adjust the microscope 1amp intensity to obtain maximum particle
definition.

(c) Using the microscope’s horizontal and vertical traversing stage
adjustments, rapidly scan the filter disc to assure that par-
ticulate contamination is evenly distributed. Estimaate the
particulate population before proceeding with a count.
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(d) If the total number of particles of a given particle size
range is estimated to be between 1 and 50, count the number
of particles over the entire effective filtering area.

(e) If the total number of particles of a given particle size
range is estimated to be over 50, count the number of
particles in 20 randomly-chosen grid squares and multiply
this number by 5 to obtain the total statistical particle
count.

5.7.3.4.2 Nonvolatile residue of solvent. The methods presented in
ASTM-D-2109 shal1 be used for determining the nonvolatile matter in halo-
genated organic solvents and admixtures thereof.

5.8 Receiving inspection. In addition to monitoring the cleanliness
of packaging materials and operations, the effectiveness of clean
packaging is also verified by monitoring the cleanliness of the part
immediately after its removal from the clean package. The receiving
inspection, required by the quality control provisions established for
the effected item, shall be performd in a clean area by qualified and
authorized receiving inspection personnel. Receiving test sample packages
shall be selected at random to determine that the requirements are being
met on a quality control basis.

Tables IIa and IIb provide a uniform criteria for specifying and deter-
mining product for specifying product cleanliness, based on contaminant size,
distribution, and count.

The cleanliness levels of Tables IIa and IIb shall apply to surfaces,
assemblies, components, or fluids. The following units of measure shall be
used:

(a)

(b)

(c)

Surfaces - Particles ,categorizedby size and count per square
foot of significant surface area. Nonvolatile residue in
milligrams per square foot of significant surface area.

Note: Area may be estimated. Particle counts may be
determined statistically as provided in para. 5.7.3.4.1.1.

Assemblies and components - Particles categorized by size and
count per squa~. foot of significant surface area. Non-
volatile residue in milligrams per square foot of significant
surface area.

Note: Areas less than one square foot shall be considered
as one squart foot. Area may be estimated.

Liquid - Particles categorized by size and count per 100
milliliters of fluid. Nonvolatile residue measured in milli-
grams per 100 milliliter of fluid sample.

—
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(d) Gas - Particles categorized by sizeand count per cubic
‘footof gas.

5.8,1 Cleanliness inspection‘techniques. Various tests and techniques
are used to verify the cleanliness of a precision packaged item. Table
III presents the techniques required by MIL-STD-1246 for testing of cleanli-
ness of surfaces, assemblies and components, 1iquids and gases. These tests,
of demonstrated equivalents, may be used. Other inspectio~ techniques which
may be considered for use am described in the following sections.

5.8.1.1 Visual inspection. External surfaces and accessible internal
surfaces shall be visually inspected for contaminants stichas particles,
moisture, corrosion, scale, and oil. A special 1ight source or borescope is
needed to inspect internal surfaces.

5.8.1.2 Microscopic inspection. External surfaces shal1 also be
inspected with a microscope to verify surface cleanliness.

5.8.1.3 Purqinq. In sonrssystems or assenblies, internal and inaccessible
surfaces and confined areas shal1 be monitored
and testing the gas as it is expelled from the
inert gas shall be used for this purpose. The
commonly monitored by this method are:

9 (a) ParticuJates - Particulate are
filter and sized and counted by
OCU1ar microreter.

by administering a purge gas
system. A dry, filtered,
three contaminants most

entrapped on a membrane
use of a microscope and

(b) Moisture - Moistu~e is ~a:ured
per million
celsius (C)

(c) Condensable
msasured by

by a moisture meter in parts. . .
by voIume, by tne dewpoint metnod in degWeS
or other acceptable methods.

hydrocarbons - Condensable hydrocarbons are
the scrubber method or other acceptable method.

5.8.1.4 Continuity check. Electrical components and assemblies shall
be given a continuity check.

5.8.1.5 Functional test. Functional tests, although not considen?d
.’ a true test of clean packaging effectiveness since it does not consider

handling damage or contamlnation introduced during assembly, may be
sufficient for some applications. Functional tests involve removing clean
packaged components from their packages, assembling them into a system,
and conducting a functional test of the complete system.

5.8.2 Rejection and retest.. Failure of any test sample to conform
to any one of the requirements of the receiving inspection shal1 be cause
for rejection of the lot represented. Hardware which is rejected shal1 ,’

●
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T~BLE II,. ,,,
Classification of“productCleariliness levels

Cleanliness
Level

10

25

50

100

200

300

500

750

1000

Table IIa

●

Range
Surface and Fluids

5

100
250
300

1::
250
500

100
250
500
750

250
500
750
1000

Quantity
of Particulate

Gess than 3

21
Less than 4

.1

180
25
7
1

280
75
11

1

1

7000
1000
90
3
1

11000
950
25
1

6500
170
7
1

1000
45
7
i

‘Table IIb
Non Volatile Residue

A

B

c

o

E

F

G

H

J

Less than 1.0 mg

1.0 mg
to

2.0 mg

2.0 mg
to

3.0 mg

3.0 mg

4.;“mg

4.0 mg
to

5.0 lug

5.0 mg
to

7.0 mg

7.0 mg
to

10.0 mg

10.0 mg
to

15.0 mg

15.0 mg
to

25.0 mg
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b “’be reprocessed and resubmitted for acceptance. Al1 iternsshalI be repacked
to maintain cleanliness, whether or not they are rejected, in order to
minimize possible rework costs.

TABLE III

. . . . . . .. . . ...-.-”- ,

urfaces, Assemblies and Components Liquids Gases

ASTM-F-24 ASTM-D-2391 SAE-ARP-743

ASTM-D-2429 AsTM-D-2390 ASTM-F-25

ASTM-D-2391 sAELP+!P-598 ASTM-D-2544

ASTM-D-2390 or ASTM-D-2390

SAE-ARP-598

0’
5.8.3 Log book ‘reCOrd. A log book record shall be maintained of all

incidents of opening packages or closures for ins~ction purposes to insure
traceabi1ity in the event contaminantion should occur. The record shal1 show
the date, responsible person, reason for opening, the condition of reclosing,
and the disposition of the article.
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SECTION 6

PACKAGING PROCEDURES

6.1. General“tirocedtifis.

6.1.1
hydraulic,

6.7.2

Reqtiirt+ments. These procedures apply to hardware c1eaned!for
fuel, oxidizer, or related pneumatic systems.

Materials.

F1uorohalocarbon film, 2-mi1, MSFC-SPEC-456
tested in accordance with
MSFC-SPEC-I06A.

Nylon 6 film, 2-roil MSC-C-12A

Polyethylene, 6-mi1 tinted FED-SPEC-L-P-378,
antistatic film. Type II

Tape RED-SPEC-PP-T-60,
Type I, Class I

Nitrogen gas MIL-SPEC-88-N-411

6.1.3 Packaqinq Procedure’for service media. The fol1owing materials
for packaging shal1 apply with regards to the service media.

(a) Al1 component parts,.subassemblyies, and assemblies uti1ized
in oxygen systems or other sensitive high energy system,
shal1 require mat,erialmeeting MSFC-SPEC-456. 8ags made of
this material must be sealed on al1 sides, never centerfolded.

(b) All other system parts shal1 require nylon 6 as intimate
wraps or outlet port coverings.

(c) Packaging materials’shall be cleaned to such a level sufficient
to maintain the cleanliness of the precision clean item.

(d) Wtall ic closures shall be of the same material group as
the hardwa’fito prevent corrosion due to dissimi1ar metal
contact. Precision mating surfaces shal1 be protected with
crush washers or tef1on gaskets.

6.1.4’ Type I‘closures-“externally cleaned items. Type I closures shall
be applied to externally cleaned Items such as valves, seals, springs, filter
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elements, washers, pins, nuts, bolts, and fittings.

6.1.4.1 Sealinq of openiiqs. When the externally cleaned item has
fittings or other openings leading to cleaned inner surfaces, the item shall
be purged and al1 fittings and other openings shal1 be cappdd, plugged, or
otherwise sealed in accordance with Type II closures.

6.1.4.2 Intimate“cushioning.

(a) Heavy items or items having threads, sharp points, or
edges which COU1d puncture or otherwise damage the barrier
bags, shal1 be overlapped with a sufficient amount of nylon
6 or f1uorohalocarbon film for LOX compatabi1ity to form a

‘ cushion.

(b) Secure the cushioning film with tape whose adhesive shall
not come in contact with the precision cleaned item.

6.1.4.3 Intimate packaging.

(a) Place the part with its

(b) The interior of the ba
with nitrogen gas (GN27
heat sealing.

cushioning into a bag.

and cushioned item shal1 be purged
immediate y prior to evacuation-and

(c) Gently compress bag around the iternto force out excess nitrogen’
gas. (

(d) Heat seal bag.

Note: Due to applicable vendor requirements, it may be
necessary to pul1 a vacuum on the intimate gag.
Process as follows:

(e) Insert vacuum pump tube needle, at a corner location of the
bag, pul1 vacuum until bag CO1lapses firmly about the enclosed
part, remove needle and irmnediatelyheat seal comer of bag.

(f) Apply tamperproof seal, at heat sealed end of bag, if required.

Note: Certification tags or decals containing identification,
inspection, and cleanliness information may be used as
tamperproof seals if applied in such a manner as to detect
opening or tampering with the intimate package.

6.1.4.4 Secondary packin~.

(a) Select, or fabricate, proper size bag.
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(b)

(c)

(d)

(e)

(f)

(9)

tiIL-sTD-l475 ~

Place intimate package in environmental bag.

Gently but effectively compress bag with hands to force
out ‘excessair.

Place certification card into’bag if not covered by ~~“
6.1.4.3. ;),’

Heat seal bag. ‘,’

Note:

Insert

Due to applicable vendor psquirements it may be
necessary to ,pul1 vacuum on the environmental bag.
Process as f01lows:

vacuum pump tube needle at a corner of environmental
bag, pull vacuum until bag collapses firinlyabout enclosed
bagged part, remove needle and immediately heat seal corner
of bag.

When bags are not practical, completely wrap with polyethylene “
film and secure wittitape.

6.1.5 Type 11 closures - internally cleaned items. Type II shall be
aDDl ied to those items which cannot normal1.Ybe heat sealed in a trans-

o
pa~nt film bag because of size, weight, or_configuration and have precision
cleaned interior surfaces only. Type II closures are to be used on such
items as valves, regulators, transducers, and instruments. Al1 fittinqs or
other openings leading to precision cleaned inner surfaces shal1 be
plugged, or otherwise sealed.

ca~ped,
.

6.1.5.1 Capped or plugged closures.

th~aded(a) Select threaded caps for male thread connections and
plugs for female thread connections. The cap and/or plug
shal1 meet the cleanliness requirements of the interior
surface to be protected.

(b) Carefully mate the ,capor plug to the connection by aPPlYin9
...

a minimum of torque to seat and seal the closure.

(c) The item may be purged with dry nitrogen prior to sealing the
final closure.

6.1.5.2 Film shut closures. These closures shall be applied to openings
which cannot be sealed with caps or plugs.

(a) Apply a double layer of film compatible with the service media
over inlet and outlet ports, fitting ends, and other openings.
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(b) Secure each layer of film in place with a minimum of
two tight wraps of tape. The tape wil1 not contact the
body of the item.

6.1.5.3 Secondary Dackaqinq.

(a) Completely wrap each item with sealed openings with antistatic
polyethylene film.

(b) Secure with tape or heat seal where practicable.

Note: Sealing of items that may be exposed to temperature
variations during transport and storage shal1 be
adequate to prevent the internal volumes of the item
from breathing.

Note: The size of the part being packaged by Type 11 shal1
be the deciding factor with regards to the environnv?ntal
bagging. When feasible, parts that measure four inches
or less in any direction shall be placed in an
environmental package.

(c) Select, or fabricate, proper size bag.

(d) Place intimate taped part into environmental bag.

(e) Gently, but effectively, compress bag with hands to force
out excess air.

(f) Place certification card into bag.

(g) Heat seal bag. Do not pul1 vacuum.

6.1.6 Type III closures - hose and tube assemblies. Type III closures
shal1 be applied to pipes, ducts, expansion joints, and hose and tube
assembliesivhereexternal surfaces do not require critical or visual
cleanliness. The items shall be purged internally and sealed to preserve
their cleanlin.ess. Each fitting shal1 be sealed with the appropriate
plastic closure compatible with the intended service mdia.

6.1.6.1 Film closures of openinqs.

(a) Purge the item with nitrogen gas.

Note: Prior to application of film closures on
openings of tube assemblies and other items that
contain “B” nuts and sleeves, move “B” nuts and
sleeves approximately two inches and secure with
tape.
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(b) Apply a double layer of film over opening of item.

(c) Secure each layer of film with tape.

(d) Reinforce openings over 2 iricheswith tape,or other
suitable means. .

6.1.6.2 Secondary Packading..

6.2

(a)

(b)

(c)

(d)

(e)

(f)

(9)

.,

Apply a fiIm of antistatic polyethylene film over the itern
and closures.

Secure

Note:

fi1m with tape.

The size of the Dart being packaged by Type III
closures wil1 be’the deciding factor with”regards
to the environmental package. When feasible, parts
shal1 be placed in an environmental bag. PrOceSS
as follows:

Select, or fabricate, proper size bag.

Place part with film closure into environmental bag.

Gently, but effectively, compress bag with hands to force
out excess air.

Place certification card into bag.

Heat seal bag.

Note: Parts with 1arge flange areas (four”inches and
greater) may require special handling and processing.
When this is the case a special packaging and handling
process wi11 be issued with regards to the part
involved.

,Secondarypackaging for field force protection. klhen“hardware is
identified on Its drawing as being susceptible to damage from electrostatic,
electromagnet c, magnetic, or radioactive field forces, protection shal1 be
provided par NAS 853.

6.2.1 Electrostatic protection. Electrostatic protection shal1 be
provided by a bag or wrap fabricated from an identifiably colored homo-
geneous antistatic plastic film havin9 sufficient conductivity on al1 surfaces
to permit controlled bleed-off of static charges to ground, without the pro-

-- ductfionof a spark. Cushioning materials used with electrostatic sensitive
devices shal1 also be homogeneously antistatic and noncorrosive.

,.

0
49

Downloaded from http://www.everyspec.com



MIL-STD-1475, I

6.2.2 Electromagnetic Protection. Electromagnetic protection shal1 be
provided by an intimate package of antistatic plastic and environmental
package with aluminum foil or a ‘bagfabricated from a laminate containing
aluminum foil such as those conforming to 141L.B-131. Foil laminate bags
shal1 be constructed by center folding a single sheet of material of proper
size to eliminate possible capacitor effects. Figure 1 shows the construction
of the enviro’nmentalpackage.

Caution: ?n’no case shall the aluminum foil be ‘allowedto coti
Into direct contact with the device.

Figure 1.

.. .

‘Construction“of envirori~rital‘packaae“for“electrornaqnetic‘protection
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6.2.3” Maqnetic Protection. Magnetic protection of an iternshal1 be
provided by first packaging the item according to procedures to electro-
static protection (6.3.1). When .required, additional protection against
simple magnetic fields (as opposed to RF or electromagnet c radiation)
shal1 be provided by enclosing the packaged iternin materials composed of
@gneti c materials. These materials shall be sufficient thickness to
provide the degree of protection required by the particular item.

6.2.4 Radioactivity’pFotection. Protection against radiation from
radioactive sources may be provided by first packagin the item according
to the procedures for electrostatic protection (6.3.1~. When specified,
further protection may be provided by completely enclosing the iternin
materials of lead or lead filled compositions. These materials must be
of sufficient thickness to provide the degree of protection required by the
particular item.

6.3 ‘Physical“protectiondtiririq“@ceiving ‘inspection.

6.3.1 prieurn~tic,‘fuel,LOX, and hydratilic systems. During receiving
inspection, components of pneumatic, fuel, llquld oxygen, and hydraulic
systems shal1 be orotected to prevent damage and minimize contamination
a; follows:

(a)

(b)

(c)

(d)

,

(e)

(f)

,0

Examine the environmntal bag for visible damage to determine
acceptance or rejection of the item.

Open the environnmtal bag under conditions to maintain
cleanliness in a manner that shall permit resealing of the bag.

When a pneumatic test or purge is required during the
functional inspection, use either dry nitrogen or dry
filtered air as the,test or purge medium.

Covers that have been removed shal1 be replaced with new
material imnediately following the completion of the
ins~cti on when practical.

After the receiving inspection is completed, replace the
component in the environmental bag. Place an identification
tag with assembly and handling restrictions, identification
information, acceptance stamp and manufacturer’s name in the
bag in a position that shall permit clear visibility of the
information and prevent corrosion interaction. Purge the
bag with nitrogen and heat seal the bag.

Overpackage the component as necessary to prevent damage
during handling, shipping, and storing operations.
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6.3:? Gas“bearintiand slosh tiasurinq svstems. Components of gas
bearing and slosh measuring systems shall be protected during receiving
inspection as pneumatic system components except that the gas supply shal1
be specified and determined by MSFC-PROC-195.

6.3.3 Electronic components. Electronic components shal1 be protected
during receiving inspection as follows:

(a)

(b)

(c)

(d)

(e)

(f)

(9)

(h)

(i)

Remove the item from the package.

Open the plastic bag in a manner that shal1 permit
resealing of the bag.

Remove the protective caps and plugs only as necessary to
perform inspections.

Attach an approved mating connector to each electrical
PIug or receptacle before test connections are made.

Caution: Do not touch or attach a probe, test lead, or
test c1ip to any connector pin or socket of any
harness, cable, component, or equipment at any
time for tests, checkout, or any other purpose.

(1) Use wiring harnesses“and mating connectors that are
approved by the responsiblee design agency to connect
components to testing fixtures for all testing operations.

(2) Use a receiving checkout procedure that has been
approved by the responsible design agency for al1
receiving tests.

Replace protective caps and plugs inmediately fol1owing
completion of tests.

Place component in the plastic bag. Place an identification
tag with acceptance stamp, identification,manufacturer’s name,
and handling restrictions in a position that permits clear
visibility of the information and prevents corrosion
interaction.

Seal plastic bag in a controlled area.

Overpackage the component as necessary to prevent damage
during handling, shipping, and storing operations.

Attach identification and warning tags to exterior of package
as applicable.
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● 5.4 s~. During stock room storage, components shal1 be
protected as fol1ows:

.

,.

6.5
to insure
DrOteCted

(a) store in an approved storage area.

(b) Protect manufacturer’s identification,nomenclature, part
number and assembly restriction markings. Observe all
package warnings during handling and attaching operations.

(c) Provide for periodic reinspection.of components to insure
that components are adequately protected, and provide for
compliance with the latest applicable protection drawings.

and specifications.

(d) Warning 1abels and storage and stacking instructions shal1
be observed as applicable.

Phvsical protection for transportation. Precautions shall be taken
that clean ~ackaoes or closures are woDerlv identified and
from damage”duri~g handling, intraplant’tra~sportation, and shipping.

Such precautions may include but not be limited to the following devices:

(a)

(b)

(c)

(d)

(e)

(f)

Durable overpack.

Shock resistant mountings.

Bright colored, well “markedcontainers, labels, or
wrapping material for warning purposes.

Specially made or adapted containers, tote boxes, or trays
to provide protection and convenience of handling.

Specially built or adapted transportation which wil1 offer
suitable protection to the subject item.

Written instructions posted in an ~bvious position
directing special handling, storing, or transportation
procedures.
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,.
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