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Document improvement Proposal (DD Form 1426) appearing-at the end of this
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FOREWORD

This standard has been prepared to define minimum standards for working
environments for a broad range of hardware procurement, and is suitable for cita-

43 + f 1 £
tion in request for proposals, invitation for bids, contracts and purchase orders,

or governing specifications. The requirements containgd herein are appropnate
for all levels of procurement from & supplier (see 3.6). These provisions may be
contractually modified as appropriate for specific types of hardware, or as appro-
priate to the hardware life cycle phase, after suitable coordination with the activ-
ity responsible for the technical requirements.
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1. SCOPE

1.1 Purpose. This standard defines the minimum standards for working environ-
ments applicable to suppliers of military hardware. The provisions of this standard
are to be set forth in each procurement, either in total or in part, as appropriate
to the hardware end item to be delivered and to the phase of the system acquisi-
tion cycle.

10 Qrtimmnn Qoauiman Aatsn mrmceantioce Swfanmadinm and tha daniratioan of tha
dede QYUUIVE. OSUULCYT Udid, oUPPUL LUIE 1THUNIHalvn, daiy uic doiivauivil vl e
individual standards are included as Appendix A in this standard

2. REFERENCED DOCUMENTS

2.1° Issues of documents. The following documents of the issue in effect on
the date of invitation for bids or request for proposal form & part of this standard
to the extent specified herein.

‘STANDARDS
I:‘ederal |
Fed-5td-209 - Clean Room and Work Station Requirements, Controlled
Environment.
Military

MIL-STD-1313 - Microelectronic Terms and Definitions,
PUBLICATIONS
Department of Defense

DoD 4145.26M - DoD Contractors' Safety Mﬁnual for Ammunition, Explo-
sives, and Related Dangerous Material.

(Copies of specifications, standards, drawings, and publications requit‘éd by
contractors in gonnection with specific procurement functions should be obtained
from the procuring activity or as directed by the contracting officer.)
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2.2 Other publications. The following documents form a part of this standard

to the extent specified herein. Unless otherwise indicated, the issue in effect
on date of invitation for bids or request for proposal shall apply.

Arnerlcan Soclety of Heatlng, Refngeratlon

el A bty Flm e fes o msarn Teasseemne [, |

anug ﬂll ‘bUIIulLlUIllllg r.uguu:!:ra, [IIL'UII pLaLcu

(ASHRAE)
ASHRAE 52-76 - Method of Testing Air Cleaning Devices used in
General Ventilation for Removing Particulate
Matter,

(Application for eopies should be addressed to the American Society of Heating,
Refrigerating and Air-Conditioning Engineers, Incorporated, 345 East 47th Street,
New York, NY 10017.)

American National Standards Institute (ANSI)
ANSI 51.4-1971 - Specification for Sound Level Meters.

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

Technical society and technical association specifications and standards are
gpnaa-a"u gveilghle for referénce from libraries, 'T'hPu are also-distributed among

PNk CAARY LAV UALALALS AW =2 = W R ARArE LAR S

technical groups and using Federal agencies.

3. DEFINITIONS

3.1 General. For the purposes of this standard, definitions shall be in accord-
ance with the notes to Table I and as defined herein.

3.2 Working environment. The term working environment refers to those
environmental factors which may affect the operator's performance or quality
of work, or may affect the quality characteristics of the work in process. Those
factors include: cleanliness, lighting, air temperature, relatwe humidity, dust
control, ventilation or exhaust noise, and habitat.

3.3 Audit. An audit is a scheduled periodic inspection.or evaluation to vertfy
conformance to specified criteria.

3.4 Work station. A work station encompasses the specific area used to per-
form work. A work station, as an example, includes beneh tops, bench mounted ma-
terial and equipment shelves, drawers for tool storage, and all areas within reach of
the operator, The definition of work station specifically excludes drawers and
shelves designated for storage of personal material (lunch bags, purses, ete.).
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3.5 Work area. A work area consists of & room or designated and segregated
portion thereof which contains one or more work stations,

3.6 Supplier. A supplier.is any private company or Government activity supplying
systems, subsystems, components, or assemblies under contract or purchase order
to any other company or Government sactivity for eventual inclusion as a part
of an end item or system for delivery to the Government under a contract.

4. GENERAL STATEMENTS OF REQUIREMENTS

4.1 Working environments. Minimum standards for working environments
shall be in accordance with Table I and the notes thereto.

5. DETAILED STATEMENTS OF REQUIREMENTS

5.1 Working environments. The supplier shall establish working environments
in accordance with Table I and the notes thereto for all work stations and work
areas where materials to be delivered under the contract or purchase order are
fabricated, processed, assembled, tested, inspected, handled, and stored.

5.2 Environmental control plan. The supplier shall establish and implement
an envnronmental control plan which defmes in detail each applxcable work area
and work station, the environment to be maintained at each work area and work
station, the permissible tolerance limits for each environmental factor of Table |,
the methods of control (includmg the necessary instrumentation), and scheduled
preventive maintenance, i.e., periodic air filter cleaning, light fixture cleaning
and relamping, and clean-up requirements. The environmental control plan shall
be made a part of the Quality Assurance Program Plan, Inspection Plan, or Internal
Quality Procedures and shall be made available for review by the Government
representive.

5.3  Audit. The supplier shall conduct scheduled audits of the controlled work
areas and work stations to verify that the working environments are in accordgnce
with the environmental control plan (see 5.2). Audit frequencies shall be adjusted
by experience as required to assure continued conformance to the provisions of
Table I.

|
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TABLE I. Minimum Standards for Working Environments (See Note: 1)
Light ing Alr
. Footcandlew] Tempersture| Relative| Dust Ventilation] Holer
Type of Mork Cleanlinens (Lun) ‘rite) lumtdicy] Control | or Exbaust LAY Habitag
(Hote 2) {Nate 1) {Note &) iMote %) {Mote &) (Moce 7} {Roce B8) {Note 9}] (Hote 10)
Work Ares ! .
Mechanicsl Fabrication
Tolerance ta Class D 0 (c Note 11 10-907 |Class D Rote 8 90 d8A |Clame B
0.01 1a {0.7% sa) (750 1x}
Tolarance to Clsun € 100 fe More B 10-901 Clasa D “Mote & B0 dBA |Cless C
0.001 1a (7%.4 un) {1100 1x} N
Tolefance to | Class & 100 fc Mote 12 33-702 |Claea € Note 8§ 80 4ns |Claas €
0.0001 i {2.34 um) (2200 1x) .
Toletsnce finer thanm Class Ba %00 fc 68-73.1°F 15-55I (Ciaws 2 Note B 75 daa |Class &
©0.0001 in (1.54 vm) {5400 1ix} (I0-14"C)
Work Ares 2
Foundry Operarions
Tolerance ko Claas D 10 fe Mote 13 >101 Clase D Note 8 90 dBA |Claas D
0.005 to (t27 ym)} {750 1x)
Tolsrance finer than Class C 100 fc Hote 11 »101 Class C “Mote 8 80 44 |Classe D
0.00% ia (127 ym) (1100 1x)
Vork Ares )
Plastice Oparetions Clazs 2 100 fc Note 11 10-902 |Clasa C Hots 8 B) daa [Class B
(1100 1x)
Uork Ares 4
fisting and Heat Trasting Clasa C 0 tc Mote 13 >0 |Class © Mote 8 ° %0 dha | Claas ©
(130 10)
Vark Ares 3
Electronic Parte Class B 100 fc Note 12 X203 1Class C Note 8 I5 doA [Cluss B
- {1100 1x)
“Wark Ares &
Hybrid Hicrocircuits | Class A 100 fe Note 12 20-107 [Clase & | mote 0 70 484 JClass A
1100 1x)
Mark Area 7
Mechanical Assesbly
Tolarance to Class C 100 fc Mote 117 10-%02I |Clasa D Wore 8 15 48\ [Clese D
0.03 in (1.27 om} {1100 1x) :
Tolerance to Class B 100 fc Note ¥1 10-90L [Cleasw € Woca B 23 4m JClass €
0.001 1o (13.4 ym) {1100 1x) .
Tolerance to Class BA 200 fe Mote 12 X-101" |Clase B Nota 8 5 dnh [ Clama B
. 0.0001 fn (2.34 tm) (I20Q 1x} . .
Tolarance C(iner than Claas A 500 fe 68-75,2°F ' | 33551 |Clasa A | Wote 70 48A {Cilase 4
0.0001 in (1.54 1m) (3400 1x) {20-24"C) .
York Aves 0 X
[aspaction Aress AL laasy gqual ¢o the Cype of work to ks laspected
Uork Ares ¥ .
ineart Chemical Compdvant Class B 109 fc Hote 11 10-90X - [Class € Hota B BO dBA |[Class B
Prapsvration and Aswembly {1100 1x)
Uork Area 10
Preparsetion, Mixiong and Class BA 100 fc Rote 12 30~-70T ]JClass B - Note B B0 dBA [Class @
Fadricatice of (4100 L1x}
Propellants, Pyro—
technice, amd
Lxplostves . .
Work Area 11 .
Ouvdnance Aseambly
Toleranca to Class € 100 fe Note 11 10-991 |Clesa D Nota ‘B 75 4hA | Clase D
0.03 1w (1.27 ma) (1100 1x) ; K
Tolarasca to Clasa 3 100 fe Bota 11 10-90I |[Claws € Rote @ 75 dA | Ciamw €.
0.001 in (13.4 vm} (1100 1x)
Tolsrasce to Clase B4 200 fe Wote 12 30~10X |[Class B Wote 8 7% i34 |[Class }
0.0001 1n (2.54 ym) {2200 Ix) .
Tolerance fiser than Class A 500 fc t8-75.1°r 313-531 [Clage A Mote & TO dBs § Class A
0.0001 1a (1.34 um) (3400 1x} | (20-24°C)’
Work Area 11
faviroosentel Testing Clesa € 108 e Note 11 10-901 (Clasw D Note 8 90 dBk [ Clasa £
{1100 Ix)
Sork Area 1) .
Sandling sad Storage Claas D 0 fc Wota 1) »102 Clasa C Rote B 90 dBA [Clasa €
{750 t«} . .
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NOTES TO TABLE 1

Reduced Environmental Limits

The requirements listed herein represent minimum requirements for normal
manufacturmg operations. Suppliers who are required to comply with

thoa = [
the provisions herein and who may have special processes, such as X-Ray,

video displays or light directed component insertion equipment, etc., may
develop reduced environmental limits under the following conditions:

8. A valid engineering requirement exists for the reduced lfmit, and

b. The reduced limits are documented (including the reasons therefor)
and subject to control and audit in the same manner as the remaining
requirements listed herein, and

c. Such revised environmental limits, the reasons therefor, and the manner
of control are subject to approval of the Government contractmg
officer.

Work Area Descriptions

8. Work Area 1: Mechanical Fabrication.

This work area includes machining and similar operations involvin
cutting, materia! removal, shaping, or lnmlmr metals and plasties.

T o e W AE 6 AIELA =i SWALR & Y AL - ey RN Fm =y - wiiail mas =t===

Typical operations 1nclucle’ sawing, she:;rmg. bending, punchmg, drawing,
turning, boring, drilling, milling, grinding, welding, riveting, and

similar operations..

b. Work Area 2: Foundry Operations.

This work area includes casting, extrﬁding, rolling, and forging of
metals and similar operations.

¢, Work Area 3: Plastics Operations.

This work area includes the handling, mixing, potting, encapsulating,
impregnating, spraying, and curing areas'for chemicals, plastics,
epoxies, paints, etc.

d. Work Area 4: Plating and Heat Treathg.

This work area includes pickling, etchmg, platmg, heat treating, and
nnr;pnlmo' nnprnhnnt:
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Notes to Table I (Continued)

Work Area 5: Electronic Parts.

This work area includes handling, inspection, as.sembfy and soldering
or resistance welding of electronic parts, electronic assemblies, elec-
tromechanical devices and printed wiring boards.

Work Area 6: Hybrid Microcircuits.

This work area includes handling, inspection, assembly, bonding or
soldering, adjustment or trimming, and sealing of hybrid microecir~
cuits (see MIL-STD-1313).

Work Area 7: Mechanical Assembly.

This work area includes the joining of individual parts to form higher
level assemblies.

Work Area B: Inspection Areas,

An inspection area may be adjacent to, or removed from, the area

in which the actual work is being done, such as a receiving inspection
area. Inspection must be accomphshed in-a working environment

&t Jeast equivalent to that in which the item to be mspected was
fabricated, and, unless a subsequent cleaning operation is acecomp-
lished, the environment shall be equal to that requu-ed for the next
assembly operation or processing step. .

Work Areas 9, 10, and 11: Chemicai, Propeliant, Pyrotechnic, and
Explosive Processing. -

These areas are used exclusively for the manufacture, processing,
and fabrication of propellants and related materials and devices.
Some of the other work areas (1 through 7 in Table 1) may be util-

-ized to make up the entire assembly. However, areas 9 through 11

deal with the processes that make up the explosive subassembly it-
self, both Ijve and inert. When these requirements conflict with
safety considerations, the safety requirements shail take precedence.
Unless otherwise specified, general safety requirements and defini-
tions shall be in accordarce with DoD publication 4145.26M. Work
Area 8 (Inspection) applies to all types of work.
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Notes to Table I (Continued)

j. Work Area 12: Environmental Test.

This work area is defined as being in the immediate vicinity of, or
adjacent to, items under environmental test. A control station (e.g.,
a test console), whether remote from, in the immediate vicinity of,
or adjacent to items under test, is considered a part of the environ-
mental testing work area.

k. -Work Area 13: Handling and Storage.

The environmental requirements for handling and storage of items
in work shall at least equal the requirements for the type of work
being accomplished except when items are covered or protected
from contamination. Values listed in Table I apply to handling and

wifon mnatanta

b mmmasn mf mnsmmmd hamamaAd Aam - - H
storage of covered, bagged, or otherwise protected items.

Cleanliness Definitions

Class D - Daily Cleanup:

Removal of scrap, clean up all spilled _oil. ete.

Class C - Prompt Cleanup:

Scrap, oil,.and residue shall not be allowed to accumulate,
Class B - Prompt Cleanup:

Oil, residue, and spilled chemicals removed immediately. Floors, walls
and work areas shall have easily cleaned surfaces. Cleanup of equipment
and area shall be accomplished daily. ’

Class BA:

0Oil, residue, spilled chemicals, and any foreign material which might
develop in the area shall be cleaned immediately. Floors, walls, furniture,
and work areas shall have hard, grease-resistant, easily cleaned surfaces.
Materials and equipment shall be cleaned prior to acceptance into this
area. In addition, parts and assemblies shall be kept in suitable.covered
containers when not in use. As e minimum, flushing or cutting fluids shall
be filtered to remove contamination above 15.0 microns, - Chips, particles,
and dust generated during any and all mechanical operations shall be
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Notes to Table | (Continued)

removed during the operation by vacuum. Clean, lint-free smocks are
required {or operatars and inspectors. Complete cleaning and wipe-
down of equipment, tools, fixtures, and the ares shall be accamplished
at the end of each 8 hours of operation or daily, whichever occurs {irst.

Class A:

Cleanliness shall be controlled in accordance with Fed-Std-209,
Class 100,000 as a minimum, unless otherwise specified in the contract
or purchase order.

Lighting

Indicated values are minimum light intensity values as measured at the

work station using a light meter which is cosine-and color corrected.
Supplemental lighting shall be used when necessary to improve precision,
minimize operator fatigue, and to provide illumination inside of cabinets
and housings, but brightness ratios within the operator's field of view

shall not exceed 10 to 1. Specialized equipment that requires a low ambient
light level, i.e., TV displays, X-ray, etc., may require an exception to

those levels specified in Table 1 (see Note 1, Reduced Environmental Limits].

Air Temperature

Designated temperature limits shown in Table I are dry bulb temperature
measurements taken in proximity of the work stations during'regular
working hours. See Notes 11, 12 and 13 for those areas indicated in
Table I.

Relative Humidity

\ nd ma ‘ntu
UL CLIALLY

in proximity to the work statlons during regular working hours. -

esignate
e

atur

Pust Control Definitions

Class D - No dust control required.
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Notes to Table I {Continued)

Class C - Outside-and recirculated air shall be filtered to remove dust
particles. Filter shall have a minimum arrestance of 65 percent in accord-
ance with ASHRAE! Standard 52-76.

Class B - Outside and recirculated air shall be filtered to remove dust
particles. Filter shall have a minimum efficiency of 60 percent in accord-
ance with ASHRAE Standard 52-76.

Class A - Dust control shall be in accordance with Fed-Std-209, Class
100,000 as a minimum, unless otherwise specified in the contract or pur-

=Y =y 2

¢hase oraer

8. Ventilation or.Exhaust

Air velocily at the work station shall be maintained at a velocity of less
than 90 ft/minute {0.46 m/s) regardless of the season. Additionally, forceéd
ventilation or exhaust shall be provided in areas where operations such

as parts cleaning, vapor degreasing, and machine soldering are being
accomplished., The maximum air velocity requirement shall not apply

in these areas. Work areas for mechanical assembly of tolerances finer
than 0.0001 in {(2.54 pm) which utilize laminar {low benches shall maintain
an air velocity of less than 110 ft/minute {0.56 m/s).

9. Noise

Noise is defined as the average sound level existing at the work station
during normal operation when measured with a standard sound-level meter
as specified in ANSI? S1.4-1971, Type 2, "A" weighted. Work stations

for control of automatic equipment operations, which require operator

loading and unloading only, may exceed the noise limits specified by

10 dBA but not exceed 90 dBA. Inspection and test work stations shall
not exceed the values specified. Work areas for mechanical assembly
of tolerances finer than 0.0001 in (2.54 pm) which utilize laminar flow
benches may exceed by 5 dBA the value specified. For environmental
testing, when the specified limit is exceeded, ear protection shall be
provided,

' American Society of Heating, Refrigerating and Air-Conditioning Engineers..
2 American National Standards Institute,
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10,

11.

12.

13.

Notes to Table 1 (Continued)

Habitat

Class D - Uncontrolled

Class C - No food, drink, or personal grooming material is allowed at
these work stations. No eating, drinking, or personai grooming is allowed
in the work area. Drinking fountains are permissible.

Class B - No food, drink, personal grooming material, or smoking is

allowed at these work stations. No eating, drinking, personal grooming,
or smoking is allowed in the work area. Drinking fountains are permissible.

Class A - No food, drink, personal grooming materisl, or smoKing material
is allowed in these work areas. Drinking fountains are permissible.

Comfort Zone

The combination of air '_tempe!jg"tute and relative humidity shall not exceed
the limits shown in the eross hatched area of Figure 1 for those areas
specified in Table L.

Comfort Zone (Restricted)

The combination of air temperature and relative humidity shall not exceed
Shiom Ticalam mbnerem 2on dhim mumocs hatabhad cman af Diauna 9 Ffan thana arnane
LITE LIS DU LI UlT CTUDD Lalclicu Cd WVl Iigle &4 LVl uiwoL aic

specified in Table I.

Tolerance Zone

The combination of air temperature and relative humidity shall not exceed
the limits shown in the cross hatched area of Figure 3 for those areas
specified in Table 1. ’

10
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FIGURE 1. Personnel Comfort Limits
. (MILSTD-147%)
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DRY BULB TEMPERATURE °F (°C)

90 {32.2}

85 (29.4}
84.5(29.2}

80 (26.7)

78.0(25.9)

75 {23-9)
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FIGURE 2. Personnel Comfort Limits
{(Modified to Account for Humidity eliects on
Equipment and Work In-Process)
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FIGURE 3. Tolerance Limits, Adapted From
MIL-STD 1472 :
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6. NOTES AND CONCLUDING MATERIAL Not applicable.

Preparing Activity
Navy-AS

(Project Misec NC-54)
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APPENDIX A

The information contained within this Appendix is
non-mandatory and delineates the historical back-
ground and justification for the development of the
minimum standards for working eavironments.

10. INTRODUCTION

MIL-Q-9858A%, Quality Program Requirements, Paragraph 6.2, requires that
"The Contractor's quality program must assure that all machining, wiring, batching,
shaping and all basic production operations of any type is accomplished under
controlled conditions. Controlled conditions include documented work instructions,
adequate production equipment, and any special working environment,"

In order to establish a common definition of "special working environ-

ments,” minimum standards for working environments have been-defined which
are requ1red of suppliers and vendors supplying equipment to the Government.
The purpose of this Appendix is to document the sources and derivation of the '
working environment standards.

20. SUMMARY

The mirimum stan rking environments address the following areas
Cleanliness
Lighting

Air Temperature
Relative Humidity
Dust Control
VYentilation or Exhaust
Noise

Habitat.

Various standards have been defined for thirteen generalized work areas which .

- £ e e e d
are considered representative of the type of work being performed for the Government.

This Appendix addresses each environment, defines the applicability of each environ-
mental standard to each work area, and provides the source and rationale for
each standard imposed.
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The various environmental levels defined have been imposed to accomplish
the following:

a.

b.

Protect work in process from contamination,

Provide environmental standards commensurate with the precision
of the required measurement,

Provide a working environment which is conducive to defect free
workmanship, and

Focus attention on the worker as the key element in quality production.

30. SOURCE AND DERIVATION STANDARDS

30.1 Clecuanliness.

.

Requlrement summary Various cleanliness levels have been establlshed

e e e N T - P Y PR gy Y

LU proviuc lll(..l't'.ubl.llgly sLVEre Cloalnniicys reyull Clllt.-lll.b PruJil \Jlﬂ.‘.‘)a IJ,
which represents the minimum cleanliness level required for personnel
and plant safety, to Class A, which represents a clean room environment.

Cleanlmess requnrements have been assigned to various work areas
based on engineering judgment and the potential for contamination
of work in—process. Rough machining was assigned the lowest clean-
liness requirement, and the requirements were “made increasingly
stringent as the required-tolerance- was-tightcned, since in general,
the more precise’'the measurement, the greater the probability that
contamination could ¢ause measurement errors. ‘At assembly, the
more precise the assembly operation, the greater the probability
that contamination could cause assembly problems (such as assembly
errors, binding in completed assemblies, ete.).

Requirement source.

1. Fed-Std-209?

2
=

Analysis. Tables A-1, A-II, and A-Ill provide an analysis of the require-
ments with regard to cleaniiness and pertinent comments regarding
the rcquirements.
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TABLE A-Il. DERIVATION OF CLEANLINESS LEVELS i/

HIL-STD- 1246 i ot L (neas
Clesnlloesn Maximum Number of Particles per Square Foot Assenbly 37 Hachining y
Level 2.3 micron 25 mierdn © | 250 afcron 1230 micton Tolerance Range Tolerance Raage
{Microns) {0.0001 inch) {0.001 inch} {0.01 1ineh) {0.05 inch) {inches) {inches)
100 600 0 L] ] Finer than 0.0001 -
(Clssa A)
150 15,000 150 4] 0 ©.001 to 0.0001 Finer than ©.0001
(Class BA) (Class BA)
500 3x 10t 70,000 220 4] 0.05 to 0.00% 0.001 to 0.0001
(Clssa B) (Class B)
2000 9 x10") | (2.3 x Y 55,000 13 Coatser than 0.05 § 0.01 o 0.001
’ (Class C) {Class C)
(30002’ Qx| (7.2 x10'y| 2.2 x 10T (6150) - Coarser chan
0.01
(Clase D)
XOTES; —’Fnr critical talerance requl.re-mtl. both F-d-St4 -209 and MIL-STD-1246 provide recowsended coa-

tamination levels for various types of operations. Fed-5td4-209 defines the requirepents in teTms

of the maximus nusber of 0.5 micron particles of contsminant per cubie foot of air. Ted=-5cd~2109 slaso
provides & graph vhich relaces the ousber ‘of 0.3 micron particles to the sxpected number of particles
of Larger sices. * MIL-5TD-1246 dafines clean)ineas reqiirements in terms of the maximm particle

size allowed per square foot of surface grea. Although the two systems are thus pot directly com—
parable, oos paramater is commou to both systems, the maximm particle sizs allowad,

Figure A=) bas been ptmud to illustrate the relationship batween the two wathode of specifying
cleanliness and coutaine -dste [rom Fed-5td-209 and MIL-STD-1246 plotted oo & siagle graph. It can

be seen that ru-scd-m. Claas 100,000 and MIL-STU~1246, Product Clesnliness 'Leovel 100, both permic

& wanismen pu-:tcl.. wize of IOO wicroos. This comon re!erme point, vhich defines the ainimm
requiresents for claan rooms, ‘Permits the establishment of tleinlfness Tequirements for less critical
spplicatious. Table A-II has been prepared to provide & ratfcoal method of specifying cleanliness

1o relatico to equipment, tolerances. The miximn muwber of particles was calculated using the forsula
presented in HIL-S5TD-1246 aince the formula providea twproved precision’ ower graphical techniques using
Figura A~1.

" The purpose of Che clunllnul provistons is to provide s vorking eaviromsent which will permit the

product clesnliness requirements to be nchievod. . Product cléanliness requirements way be either
defined in the mpplicable product epécificacion, or may be implied by the specified ¢olerances.

One mathod of definicg product clesnliness requirements, basod on the specified tolerances, 1is
fliustrated in Table A-11. Vork-in-process vhich is atible to embly and meapurement problems
caused by particulate coatsminstion wust be procected from workplaca ioduced contamination.

Parciculste matver larger then 100-200 microns 1s ususlly visible to the naked eye. The eovironmental
controla sust protect susceptible product from contaminacion below the visible level. Based om the
clesnliness classes definad in Table A-1I, Classes A.and.BA require special costrols to asswre chat
tha vorkspace doss not comteminats the --ar‘.:—iﬁrm $. For Class A ¢lesnliness, Ped-Std-209 prevides
guidande to dssure that the workicg qﬂlrmt 1s compacible with the equipsent ‘talerance rsnge.
Class BA should ‘require cleaning for all materisl and equipment introduced into the vork stes (o assure

that the work srea ceamsine free of detrimental.coutamination which would not pormally be visibla.

Mosbars 1o parentbesis darived by Laterpolacion or excrapolatiocn of the specificsticn requirements.

Cleanlingss limite selacted to provids a low probability of occurrence at n.eﬁly of particles
equal to or greater than the specified tolerance liait.

Clean]linsss requirements csonot be aliminsted for the machining operations becsuss of measurement
problems, but may be relaxed cwsa cleanliness level because of the subsequent cleaning operations.

18




MIL-STD-1695(AS)
13 September 1977

(972 1-A.LS-TIW WOJJ) S[2A37T SSaUIUBI[D Jonpodd °T1-V JYNDId

SNOQUIIM = JZIE ANJILEYY
Q002 00¢! Q001 S

ST
SN
IR\

0l

WHvr s

myrey I

Ty Yy 1

”

[+ 1]

-+

LLLEE LI |

mrErTerd

LAER IR I |

4004 FHYNOS ¥3Id SININLYVL 40 YIANAN WARIXYA
18



MIL-STD~1695(AS)

13 September 1977

TABLE A-IIlL.

Review of Provisions in "Minimum Standards for

Working Environments"

Requirement: Cleanliness

WORK AREA FEQUIREMENT COMMENTS AKD JUSTIFICATION
Work Ares 1
Hechanical Fabricstion
Tolerance to Class D Cleanlincss clasaen as estsblished in Table A-11. Clasees of clesnli-
0.0} in (0.254 o) negs are proportional ro the nessurement precision required.
Tolarance 1o Class C
0.001 in (23.4 ym)
Tolerance to Class 0
0.0001 1n (2.% m)
Tolerance finer than Class BA
0.000] 1o (2.54 um)
Work Ates 2
Foundry Operations
Tolerance to Clasa D The type of work is inherently dirty, and not susceptible to contsamina-
0.00% in (127 ym) . tion, Thus, cnly minimal controls are required.
Tolerance finer than Class € Good housekeeping controly appear to be sll that can reasonably be
0.005 tn (127 ym) expected of this typs of operation.
Work Ares 3
FPlastice Operations Clasa B The type of work involves handling epoxies, poiting, and encapsulating
. . N “compounds, vhich wuat be cleaned tmmedlately to prevent damage to
- T I floore,” vork benches, end fixtures. The Class B definicicn sppeste
wost approprisce.
Work Ares &

Plating and Hest Treating |[Class C Thess types of areas are pot amenable to tight controls. As & result,
anst process requirements include cleaning oparations. Cood house-
keeping practices appesar to be sll thst cen be practically imposed.

Work Ares 5
Elactronic Partse Claga B Electronic llldl" requires extensive cleanlineps controls to prevent

Vork Area 7
Mechanical Asmembly

Telerance to .

0.03 in (1.27 mm)
Toleranca to

0.001 1a (25.4 um)
Talerance to

0.0001 in (2.3 \m)
Tolarance [iner than

0.0001 1n (2.54 um)

Work Ares 8
Inspectico Area

Work Ares 9
Inert Chemical Component
Preparation and Aseembly

Work Ares 10
Preparaticn, Mixing and
Fabrication of Propel-
lanta, Pyrotechonics, and
Explosives

[Clads’C

(3
"
™
"

[
»

Class B
Clans

Class A

Egual to

ihe iype of
woik’ to be
inspacted.

Class B

Clase BA

contamination of vork i{n-process to preclude soldersbility problems.

Clesdiliness classes am established in Table A-II. Classes of cleanli-

"uesa are proporcional to the assembly precision required.

To prevent additlional contamination eof

work, Llnspection arcsw msunt be
tb ol ke masa oo moedaod
swhideh the pavi was produced.

In additlon, controls muag assure -that the inspection operation does

‘not coateminate ‘the next assembly operation.

Clesnliness reauirements vill be similer to the requirementn for Work

&
Area -3, subject to the constrsints of DoD 4143264 LY

Pixing and handling of pyrotechnic &nd explosive chacmicsis is
hazardous and susceptible to both bumidity and contamination. Extreme °
cleanliness is required. Class BA appears to be the appropriate
clesnliness level, subject to the constraints of DoD A145,26&M,
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- TABLE A-IIl. Review of Provisions in "Minimum Standards for
Working Environmenis™ (Continued}

WORK AREA

Requirement; Cleanliness
COMMENTS AND JUSTIFICATION

Vork Area U1
Ordnance Assembly
Tolerance to
0.05 in ¢1.27 =}
Tolerance to
0.00Y {n (25.4 1m)
Tolerance to
0.0001 1o (2.54 um)
Tolerance finer than
0.0001 fa (7,54 um)

Vork Ares 12
Eavircnmental Testing

Work Area 13
Handling and Scorege

Class C

Class B

Class A

Class C

Clgas D

Clase BA

Although separTare requitements are appropriate for this wotk ares be-
cause of stringent twaidity requirements, clesnlineas should be the
same as for Wark Area 7 (oechanical assembly) far the same considera-
tions. subject to the constraints of Dob &143.26M,

Since materials and amssenblies undergoing environmental test are
normally completaly processed, no need for stringent process contraols
ts avident. Class € represents a “good houstkeeping” level of clsanli-

n&as.

The raguirsment is spplicable to items vhich are covered or otherviae
protected from contamination, thus, only mininal clesnliness controls

ate required.
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30.2 Lighting.

a. Requirement summary. Specified lighting values vary from 70 foot-
candles to 500 [ootcandles, with the provision for supptemental light-
ing where required. The lighting intensity has been found to affect
productivity, error rate, and operator fatigue. Minimum light intensity
values have been defined based primarily on the precision of the work
and the size of the work.

b. Requirement source.

Iuminating Engineers Society Handbook®
c. Analysis. Tables A-IV and A-V-provide an analysis of the requirements

with regard to illumination and pertinent comments regarding the
requirements.
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. TABLE A-V. Review of Provisions in "Minimum Standards for

Working Environments"

Requirement: Lighting

WORK AREA

COMMENTS AND JUSTIFICATION

Work Area 1

Hachanicsl Fabrieatiom

Tolerance to
0.01 1n (0.2154 mm)

Tolerance Co
0.001 in (25.4 um)

Tolarance to
0.0001 in (I.54 um)
Tolersnce fiher Chan
0.0001 ta (2.54 tm)

Work Aras 2
Foundry Operatiocos
Tolerance to
0.005 1in (127 pm)
Tolerance fiver then
0.005 fz (127 (m)

Nork Ares }
Plastice Operations

Aras &
Haat

WaTE
Plating and Trasting

Hork Area 5
Klectronic Farte

Work Ares &
Bybrid Microcircuite,

Work Area Y
Mechanical Assembly

Telerence to

0.05 in (1.27 wm)
Tolarence to
0.001 in (25.4 u=m)
Tolerance to
. 0.0001 1a {2.54 \m)
Tolerance finer than
0.0001 in {2.54 ua)

Vork Area B
Inspection Aress

Work Area 9 -
Inart Chemical Component

[ i
FIEpaTaTLo0

Wark Ares 10
Preparatiocn, Mixing and
PFabrication of Propal-
lante, Pyrotechknics, snd
Explosives

Fypar Y
ARSEEL LT

70
(150

100

REERE

1x)

fe
1x)

fe
Lx)

te .,

RE) I

ix)

Using 100 footcandles as the reference for readfng and medivm assc o1y
and sssuming that chis ie applicable to tolerances of 0.001 iach, the
remaining reguirements ars derived by scaling the reference value up
and down.

Thase operations do not depend on operator visual lcuu:y. therefore
winimm lighting levals are adequate.

Although these operstions do not depend oo operator wisunl acuity,
increased ughun; 1w required because of the higher precision of the
work ‘and the fpe of squipment and toeling beiny “ised.

Plastice opsrations aress raquire lighting level
taforgnce leval of 100 footcandles.

equivalent to the

Plating and heat treating operations depend more on grocess coutruls
sod timing than ¢o visual chservation by the operstor. Ae such, only
the mioimm lighting level of 70 footcandles fs required.

!h::rmlc asaembly is & semi-precision operation, bot tight tolersncen
‘are oot required to e observed by the operator.

The reference lighting
lavel of 100 footcandles appesrs ta be the appropriate requirement.

uybr!.d li:mcirmltl are norsally fabricated and ‘ssuezbled vith optical
sids, vhich requl.n supplementary lighting. As a rfesult, high ambient

' 11ght” levals are not varranted.

mulrﬂmtl are derived by scaling the refcnaca lighting level up to
sccount for the precision required for the tighter tolerances. To
fecilitste the sssembly process, the minimum level bas been established
at 100 footcandles.

. Visusl acuity requiresents Ffor inapection -are equal to, or sore severs

than, those. required for ‘fabricstion and aseembly. Thus, lighting wmusy
ba at least equal to thl requirements d.utl.n. the fabricstion or
asscubly operation.

This work srea iovolves mixing and processing of chemicals, similar to
the resuiresents for Work Ar {reference lml of 100 footcandles).

lt

This work stes iovolves mixing sad proeeutnl of cheaicala, similar to
tha requiremests for Work Area 3 (raference level of 100 footcandles).
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TABLE A-V. Review of Provisions in "Minimum Standards for
Working Environments" (Continued)

Requirement: Lighting

WORK AREA REDLRREMENT COMMENTS AND JUSTIFICATION
Work Ares 11
Ordnance Assembly B
Tolerance to 100 fe Ordnance sssembly requiremente are the same as for mechanicel assembly
0.05 in (1.27 am) 1100 1x) ae regards visusl requiresents for the cperstor. Lighting require-
Tolerants O 100 €e mente are therefore the eama se far Work Ares 7.
0.001 1o (25.4 um) 1100 1)
Tolerance to 209 fc
0.00¢1 in {Z.34 um} IIU0 ix)
Tolerance finer than 500 fc
0.0001 in (2.5% uw) (3400 1x)
Vork Ares
Eovironmental Testing 100 fc This work ares {nvolves medium aseembly requiremants, weter reading,
. (1100 1) and similar sctivities. The refazence level of 100 foctcandles

appears appropriate.
Mork Aras 1)

Bandiing sod Sccrags 710 fc Rapdling and storage of coversd or packaged items does not require
(750 1x) high visua]l acutty, therefore the minimum lighting requiresents are
apprapriate. .

X
-3
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30.3 Air temperature.

a. Requirement summary. Air temperature requirements vary from
established Limits for human tolerance, which are applicable in areas
where process controls establish product quality, to highly restricted
temperature limits which are required to assure measurement preci-
sion. Intermediate values, applicable to cperations where the operator
exerts a direct influence on product quality, have been defined based
on consideration of operator comfort, static electricity, and potential

l. Qr LUI'['UBIOI'I.

b. Requirement source,

1. MIL-STD-1472°
2. MIL-HDBK-52'°
3. Fed-Std-209
4. ASHRAE Standard 55-74!!
c. Analysis, Tables A-VI and A-VII provide an analysis of the requirements

with regard to air temperature and pertment com ments regarding
the requirements.
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FIGURE A-4. Tolerance Limits, Adapted From
. MIL-STD-1472
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FIGURE A-5. Personnel Comfort Limits
(MILSTD-1472) :

31



MIL-STD-1695(AS5)

13 September

ORY BULB TEMPERATURE oF (o¢)

90 (R 2)

85(23.4)
84.5 (29.2)

80(26.7)

78 (25.5)

75 {23 9)

T3(22.8)

705121.4)

70 (2.0}
68 (20.0
67.5(19.7)

65 (18.3)

1977

7///,’

7/////7 /
L 7

/
¢ MIL-HDBK-52 //

/

10 .30 50 70 g0
' RELATIVE HUMIDITY, PERCENT
FIGURE A-6. Personnel Comfort Limits

(Modified to Account for Humidity Effects on
Equipment and Work In-Process)
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TABLE A-VIl. Review of Provisions in "Minimum Standards for

Working Environments"

Reguirement: Air Temperature

WORK AREA FEQUIREMENT COMMENTS AND JUSTIFICATION
Work Area 1
Mechanical Fabrication
Telecance to Note 11V a. Tolerance to 0.01 inch: This should be restricted to the comfort
0.01 in (0.256 wm) zone defined by Figure A-5.
Tolerance to Hote 11 -
0.001 in (25.4 yn) b. Tolerance to 0.001 inch: This should be restricted to the comfort
Tolerance to Note 12 rone defined by Figure A-5.
0.000! 1n (2.5& um)
Tolersnce finer than 68-75.2°F €. Tolarance to 0.0001 inch. Humidity and static electriciry cen
0.000 ta {2.5& um) (20-24"C) become problems at these tolerance linits) Alr tesperafurs should
be restricted to the limits deflined by FPigure A~6.
. 4. Tolerances [iner than 0.00M inch. For compstibility with both
HIL-HDBK-%2 and Fed-Std-209, the appropriate limits appear to be
68 to 75°F.
@, Referenced Wotesm: HNote 1Y invokes Flgure A=3, Mote 12 invohas
N Figure A-6, Note 1} invokes Figure A=+ (spplicable to Work Aress
2. 4, and 11}, -
Work Ares 2
Foundry Operations
Toleranca to Hote 1) The type of work precludes rigid temperature concrols.
0.005 in (127 um)
Tolerance finer than Hote 13
0.005 in {127 uw)
Work Area 3
Plastics Operaticns Note 11 Figure A-5, fnvoked by Kote 11, represents the minimua requirements for
areas where workmanship is e facter.
Work Are & o N - P . . .
Plating #nd Hert Traaring Hore 13 The nature of the operstions conducted in Work Ares & do not require
precise operator comfart, and narmaily preclude clase temparaturs and
tumidity control. Work Ares & ia controlled in accordance victh
Figure A-4 by incorporating Note 13.
Work Area 3
fléctronic Parccs Note 12 Flactronic parts handling and ansembly requires both operator comfert
and restricred humidity Jimits. Mote 12 invokes Figure A-5, which ia
apprapriate.
Uork Area 6 .
Hybrid Microcircuite Mota 12 Electronic parts handling and amgechly requires both operstor coafort
and restricred hunidity lisics. MNote 12 invokes Figure A-6, which fa
appropriate. .
Sork Ares 7
Hechanical Assenbly
Tolerance to Note 11 This work area is controlled to the ssme linits as Work Ates 1.
0.05 in (1.27 e}
Tolersnce to Hote 11
0.00% 1a (25.4 um)
Tolecacte to Note 12 .
0.000Y in (1.34 un) -
Tolersnce finer than &8=-25.2°r
0.0001 1o (2.5& ym) {20-24"C) . ',
Work Area 8 .

Inspection Areas Equsl to MeasuTement requirements st ingpection stations are equal to, Or moTe
the typs stringent than, the requirements for fabricarion or assembly operations.
of work ta ] It is thue logical to raquire squivalent envirormental requiresentcs.
be in- . .
spuciad. *

Work Area 9,
lnert Chemical Coapoacnt Note 11 Chemical processing is controiled to the same iimits as Work Area 3.

Preparation and Asxymbiy
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.TABLE A-VIl. Review of Provisiops in "Minimum Standards for
Working Environments" (Continued)

Requiremént: Air Temperature

WORK AREA

REDUTREMENT

COMMENTS AND JUSTIFICATION

Wark Area It
PFrepatation, Hixing and
Fabricacion of Fropel-
lanta, Pyrotechnica, and
Explonives

Work Area 1)
Ordnance Assemdly
Tolerance to
0.05 1o (1.2 sm)
Tolerance to
0.00t tn (25.4 um)
Tolerance to
0.0001 in (2.34 um)
Tolerance [iner chan
0.0001 1n (2.3 um)

tUork Acea 12
Environmental Testing

Work Area 1)
Handl ing and Storage

Hote 12

Nate 11
Note 11
HNote 12

&8-75.2°7
{20-24C)

Note If

Mote 1)

Pyrotechnica and explaniven normally require close husidity control
durfng sizing and procensing. Thus, Figure A-6 Invoked by Mote 12, is
woAl appropriaste.

Peraonnel comfort and sessurement precision are the sama as for other
mechanical ansemblien, thersfore the temperature requitementa (or
Work Area 11 are the same as for Work Area I.

Close h;uldlty cantrgl of comipleted Sssemblica Ls not normally required,
therafare the comfort zone of ‘Flpure A-3, lavoked by Note 11, 1s
appropriaste.

fandling and storage of properly covered and protected items 1s not
aubject to operator induced workmanship problems or to static
electricity.” Therefore, the requirementa of Figure A-&, iLnvoked by
Note 1), appear most appropriate.
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30.4 Relative humidity.

a”

c.

Reéquirement summary. Relative humidity requirements are based -

on the MIL-STD-1472 recommendations. For critical applications,
where corrosion or static electricity can be a problem, the limits
have been revised downward to 30 to 70 percent. Clean room
humidity limits are based on MIL-HDBK-52 and Fed-5td-209 rec-
ommendations, while ordnance manufacturing requirements are
based on the requirements of DoD 4145.26M.

Requirement source.

1.

2
3.
4,

MIL-STD-1472

MIL-HDBK-52

Fed-Std-209

“DoD 4145.26M

Analysis. Tables A-VIIl and A-IX provide an analysis of the require-
ments with regard to humidity and pertinent comments regarding
the requirements. .
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TABLE A-IX. Review of Provisions in "Minimum Standards for

Working Environments"

Requirement: Relative Humidity

WORK AREA

.

COMMENTS AND JUSTIFICATION

Work Ares 1

Mechanical Fabrication

Tolerance to
0.01 tn (0.2% wm)

Tolersnce to
0.001 tn (25.4 um)

Tolerance to
0.0001 in (2.34 um)
Tolersnce finer thao
0.0001 in (2.34 um)

Work Ares 2
Foundry Operations
Tolerancs to
0.005 in {127 ym)
Tolerance finer then
0.00% in (127 um)

Work Ares ]
Plastics Operaticns

Work Ares 4
Flating and Beat Tresting

Work Area 5
ZLlectronic PFarts

Work Ares 6
Hybrid Microcircuits

Vork Area 7
Hechaaical Assenbly

Tolerance to

0.05 in (1.27 =)
Tolerance to

0.00% in (25.4 ym)
Tolerance to

9.0001 1o (2.36 vm)
Tolaranca finer than

0.0001 1o {2.54 um)

Work Ares B
Inspection Areas

Work Area 9
Inert Chemical Component
Prepatation and Assembly
Vork Area 10°
Preparation, Mining and
Fabrication of Propel-
lante, Pyrotechnics, and
Explosives

ho-901
ho-902
ho-70%

35-351

»>10%

»10%

10~90X .

>10X

30-702

10-70%

10-90%
10-901
0-701

33-5351

Equal to

the type of
work to be
{napected.

10-902

30-701

‘Requiresentd sre the same as for York Area 3.

Humidity e centrolled in accordance with Figures A-3, A-6, and ML~
HOBK-52.

Humiéity controls do not appsar to be spplicable to thie type of work.
Humidity 1is controlled in accordance vith Tigure A-4,

Husidity 1s controlled in sccerdance with Figure A-5. luolated cases
where humidicy 1a s consideration (such as use of RIV silicones) sheould
be covered by process controls (ses Mota 1).

Rumidity controls 4o not appear to be spplicable to thie type of work.
Bumidity is controlied in accerdance with Figure A-4.

Electronic
accordance
protectian

parts handling and ssueably require humidity controls 1o
with Pigure A~6 on the basip of both static electricity
and protection [rom hunidity cause] corrosion.

Electronie parts handling snd assembly require humidity controls 1n
sccardance wich Figure A-6 on the basis of both static electricity
pratection and protection [ros tumidity caused corrosion.

Requitements aTe tha same a8 for Work Acrea V.

To prevent oedsufement errors, contanination, and resulting degradetion,
environmental requirements ars equal to those requited for the fabrica-
tion or sssembly of the product..

Yigure A-6, vhich fs the sppiicabie type of tempsraturs contral , permits
relative humidity of 30 to 70I. lsolsted casee where humtdity should
be controlled to tighter liaice should ba covered by processs lostruc-
tions (ses Wote 1.
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TABLE A-IX.

Review of Provisions in "Minimum Standards for

Working Environments” {Continued)

Requirement: Relative Humidity

WORK AREA

COMMENTS AND JUSTIFICATION. - __

Work Area 11
Ordnance Assembly
Tolerance to
0.05 fa (V.17 mm)
Tolarsnce to
0.001 1o (25.4 um)
Toeleraoce ta
0.0001 in (2,34 ym)

Tanlavanre Flosee shan
afasTadis Jonar faan

0.0001 tn (2.54 um)

Work Area 12
Eaviroomental Testiog

Work Arss 13
Hendling snd Etorage

Tempatdture limits sre in agreement with Work Ares 1. The higher
humidity lavels effectively mioimiza the effects of static
elactricity. CGrounding requirements prescribed by DoD 4145.26M
ainimize hozards from static electricity st low humidity levels.
l1solsted cases vhere hmidity levels should be gontrolled to tighter
limtte should be gnvered by process iostructions (l_ee Nate 1}.

Requirement 1a in aceordance with Fipgure A=%.

Raquirement fs in accordance with Vigure A-4.

a8
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30.9 Dust control.

a.

Requirement summary. Dust control is a companion requirement

to cleanliness (see 30.1). Dust control requirements vary from no
control for Class D cleanliness levels to clean room dust control re-
quirements for Class A cleanliness levels. Dust control requirements
for intermediate cleanliness levels have been selected to control
airborne particulate matter in direct relation to the allowable pro-
duct cleanliness classes.

Requirement source.

1. ASHRAE Standard 52-76'%

2. Fed—Std-209' )

Analysis. Tables A-X, A-XI, A-XII and A-XIII provide an analysis
of ther

equirements with regard to dust control and pertinent com-
ments regarding the requirements.

39




MIL~STD-1695(AS)

13 September 1977

*ITN=¥ PIgvL

OF PAFTIVEENE BV PEAFRIDNP BQ DD SINFERIANEI 23T} “PIONINIRI W02
WYSTI w2 ey (I9ITT} VIZH ¥ $RIIABRI YITUA) DOO'0QI SIFLD ‘60Z-PIs-PAL
Pov 001 Teary *9yZi-QI5-1IK Buysn pat ‘|-y Wnpg 03 Sundiejey -eses
~JTEFe]> 03 Pesvyed L1eIvEjiu] 9§ [0a3ued Jeng LIFTIIN] BUTINIIM nUR w
JO 9¥BIw ENOTITA JOj SERTTIUEATY JO ¥pIFPUMS sapjacid | ‘0L SO1ddeg

TaeIeEvIp UCadlw [°Q Fo e*[PFiiwd Butaomal jo) Layd

=§31% 39111} 942 sInswam 1681 4nj Q) pow *pfurd DoaI e Q1 91 | SYY U}
1v13ve sacapl 03 {IFTTSY P43 Seanewsd 1883 1snp Sjasydeowmiv #qy ‘{037
<Ju Q) N3 3siwell} EEALINIEP Y WOI] I¥IIMW sanTnaiavd eEIv] FADWRY
©3 293137 ¢ Jo LITTIAE BGI SRIREWN 393 IENP DLINITAE EQ) renyifeIsoed
9] (i1 WEIajey wal}) FpOUYIRR JERd sRaYY M) iq perwnivas oega WIRITY
wnglava I v suwEsojied (vITdda waIRIIENTLT TA-v ST97) jO FTLITE MWL

“(y,4 747700 POUITE *ZOZ~IS-TTH) I9W3 wyows ($29TvGind
~143907P) JO0 WNI PUR *(§{«I{ PIVPUTI} IVLIFY) 1881 IINP azasyiscaaw

s10m BI  CNERIISITY UF WO1) PAsWRI 281198 #Iv(AdTIaed Jo Junowr WY1 o
s39vq a3 Go Lrpasmypad ‘01837 o LI97ava ¢ YEROIQI pajwnleas IF EINY

(vam) avy s3s1RaRIaNg L3efaril WIT
(Evagargze W) Lo
(Exusrapgze wjpew) dug
1vivm en0d9T4
(L3737 #3veIny OANO3) JMQF] FDOIRYL
18932038393 pRO3q Way]

03UT pednoll sav 910117 ISRg T I911 EINTRITIIed PUIOQITR BADER) 03
2F¥ dn-ewa pow PeIvIR3a}383 BujinaTyj) Lq peqrjidecive ¥} 1021003 Jang

g1 '(9L~Zf PITPUFIS TYIUSY) 2983 Isap OSFINGINLE 443 2I¥ wiee) uowmod |

suzeeul D] BOYUOTITPCO~ITY PUF Bulivistragey ‘Bulisen )0 £3sfIeg uFIjIey,

tIBpaY
eewyaand 30 33v13002 QI UT PRT10NGE BETAISGIC ESRTCA ‘enaTeTEL ¥ ¥F 000°001
"eN]) 'GOCZ-FI5-PRI WIGA BIUFPIQIIN TE #q TIWP 1033002 GWRg - ¥V #IV]D

*9¢=1¢ MIEpLEI IVEISY WIFA eauwp
~1030¢ G} juadivd (9 jo L7373 wETUTE B WARY TTUQE INITYJ CERTITIINE
9RP SADEMI 01 PUANITE] ] [TUNY JT¥ PRINIAII[INI pUF BPTOINQ - € 8ETY)

"§{=I§ PXEPUTIS  IVEELY YITA eoURp

-3099% W J083Ied g JO PITINIIIY WWUTE ¥ SNy [[RYS IMITYL (37w
0P Saowwi 01 PRIRITTF #Q LTPQR JTV PRIVIRIITIE pus PTNING - ) FIT)
+pazprbsl To3300) JEnp ol = Q WETY)

SSTITerim] (o31va3 1eng

KOLLYOLJUSAFr ONY SININMD

310N

[0IIUGD) 3800 911, '3 ‘930N

F)UBWUGJJAUZ BUPiIOM J0] SpIUPUBIS WRWIUIW, Uf 810N jO MBIARY *X-V FTEVL

40



MIL-STD-1695 (AS)

13 September 1977

a - - 100" D¢ suto< 2 0002
(woawasRaLY) 1009°0 100°0
] 59 OITA o3 L00°0 a2 070 q 00%
(ST N 000" 0
] i Lag 1000° 0> ©3-400°0 n 1]
(3w} 40Q)
¥ 1666 A\ [ - 1000° 0> \j (-1}
L1 g} (weyac}) stumy {vaq2uT) alorg [ 1] 4] T0AY] WRSOTTUERTD
1033000 Ien] {en=TuTH) . wdiy *30URISTOL wourieTol sevRITURILD INpord
*1quaTTddy fufIre I03TH I0ITTd SuoIgIn Liquaery 1 *Tqvl SYT1-UIS-TIR
mmc_umm P MX-V 379V.L
ars (666 00! 001 Y{iB
£0=0L 9e-8L 001 (770 90 Lag
0908 Y oot t*350 pou) &3g
1vism
-0 [ 0L DoAY,
awqy}
-0 [']5 [1a1] Lamidd 11
(vaoes qo@ . | (3enq iavudscmsy) | (3vmg apawIsés) anv
DTN LI »IURISNITV 3o w4

WrR13I81TY W01 PrACWEY IPIINY WINEIGIAN] jO -__qnﬂuuuoh_

20UBWI0JIRd Il IX-V J419V.L

41



MIL-STD-1695(AS)
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TABLE A-XIIl. Review of Provisions in "Minimum Standards for

Working Environments"

Requirement: Dust Control

WORK AREA

COMMENTS AND JUSTIFICATION

Work Ares 1

Mechanical Fabrication

Tolerance to
0.01 1o (0.254 =)

Tolersoce to
0.001 1o (35.4 m)

Tolerance ts
0.0001 f{o (1.% ym)
Tolersnce (ipetr than
0.0001 10 (2.54 pm)

Work Ares 2
Foundry Operations
Talerance to
0.003 tn {127 y=)
Tolerance [(imer than
0.005 in (127 um)

Work Ares 3 |
Plastice Operstions

Work Ares &
Platiog and Beat Treating

Uork Area 3
Clectronic Parte

Work Ares 6 ..
Bybrid Microcircuits . .

Work Aces 7
Hechanicsal Assewbly

Toleranca to

0.05 io (1.2F ma)
Tolersoce to

0.001 in (25.4 tm)
Toleraoca to

0.0007 in (1.34 yw)
Tolerance [lnar than

0.0001 1in (I.5%4 ym}

Vork Atea 8
Inspaction Areas

Preparstioa and Assembly

Uork Area 10
Prepatation, Mixing and
Fabrication of Propel~
1sats, Pyrotechnics, &nd
Explosives

Vork Ares 1}
Ordoance Assewbly
* Tolarancs to
0.05 ta (1.17 mw)
Tolarance to
0.001 ia (I5.4 ua)
Tolaraocs to
0.0001 in (2.54 um)
Tolerence to . 2

[Clase D
jClamn D
iClass €

[Clase B

{Class D

Class C

Class €

Class C

Claws C

Cll‘l_l.l‘.: ,’

lctess

Class C
Llaas 3

Class A

Equsl to
tha type of
work to be
inspacted.

Clasa C

Clasm 8

Clasa D
Class C
Class B

Class A

Dust control requirements selected in accordance with Table A-XI1I.

Dust control requirements do not appear feasible for this work area.

Because of the tolerances {ovolved, minimal dust control fa required.
Class C raquires air filtration, which is appropriate.

Clase B cleanliness requiresents require Clasa C dust coatrol (ace
Table A-XID). :

Class € cleanliness requiremente would oormelly require no dust contrel:
however, since dust can sevaruly degrade plating baths, ninisum dust
control ie provided.

Clasé B cleanliness requirements require Class € duet cootrol (see
Table A-I11), ~

iayb(.id sicrocircuits are highly susceptible to comtamination during
the fabricatiosn process. Class A dust eemtrel iw thua eppropriate.

OPust control requirements salected in accordance with Table A-XIIL.

To prevent contanination, Ltspection muat be accompliahed in an en-
wvircoment equal to or better thsn that required for the previous pro—
cess or assembly step.

Requirements ‘are similar to those for Work Area 3.

Class BA cleanlinesa raquirements require Class B dust control {(see
Table A-X11}, - )

Ordnance ddsesbly ‘ia eimilar to mechanical assembly. Thus, the uqulruJ
mants for Work Ares 11 are the same as for Work Ares 7.
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TABLE A-XIIL

MIL-STD-1695(AS)
13 September 1977

Review of Provisions in "Minimum Standards for
Working Environments" {Continued) )

Requirement: Dust Control

. WORK AREA

l!nmdrr

COMMENTS AND JUSTIFICATION

York Ares.12
Eaovironmsental Taating

“Work Ares 1}
Randling and Etorage

Class D

Clsss C

Class C fequiresents require no dust control (sea Table A-XIIL}.

Class D_clesnliness requirements would sormally requirs ne dust coatrol,
howsver to pravent transfer of dirt inmto clest aress, materisl being
handled asd stored should be protected [rom gross contaminstion.

Clsss C dust control appears sdequata.
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13 September 1977

30.6 Ventilation or exhaust.

a.

b.

c.

Requirement summary. Ventilation requirements control air move-
ment only to the extent that drafts are prevented and noxious or
toxic fumes are exhausted. Compliance with the air temperature
requirements provides an adequate level of ventilation.

Requirement source.

1. MIL-STD-1472
2. 1976 ASHRAE Systems Handbook'®
Analysis. Tables A-XIV and A-XV provide an analysis of the require-

ments with regard to ventilation or exhaust and pertinent comments
regarding the requirements.
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MIL-STD-1695 (AS)

13 September 1977

TABLE A-XV. Review of Provisions in "Minimum Standards for
) Working Environments"

Requirement: Yentilation or Exhaust
"WORK AREA PeQunerENT COMMENTS AND -JUSTIFICATION
ALl Note B Ventilation criteria, as dufined in Note 8, ars considered to be

applicable for all {ohabited work aress.
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30.7 Noise.

a. Requirement summary. Noise limits have been established for all
work areas. The least critical areas have been specified to agree
with OSHA limits !® (90 dBA). Permissible noise levels are re-
duced as required operator concentration and skill requirements are
increased.

b. Reguirement source.

Occupational Safety and Health Act.
c. Anal ysis. Tables A-XVI and A-XVI provide an analysis of the requlre-

ments with regard to noise and pertinent comments regaromg the
requirement,
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MIL-STD-1695(AS)
13 September 1977

ERROR RESPONSES PER 100 PROBLEMS

SINGLE NOISE LEVEL REGIME

R D R |

50
NO-NOISE

60 70 80 50 100

to to to - to

69 79 89 99 109
NOISE RANGE, dB

FIGURE A-T7.

Single Regression Analysis of Error Responses
.Ey' ﬁrge ol Noise Level i
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100
— 8
a y:]
g0 7
0 / © :
g 80 . >
S / s
Z 70 @ 3 /2_..
o 4 |
s | [ i
-]
< 60 & L
w B8 L~
50l -] SEa ERERNIERE II5 I ‘
" QUIET 70dB 90d8 .. QUIET 70dB. 9048
CONT. INTERMIT. CONT. INTERMIT.

A-AN AUDITORY VIGILANCE TASK~ THE MOST DIFFICULT ONE., S DiS-
CRIMINATED A PURE TONE {400 Hz) AMONG 4 DIFFERENT TONES.

8-A WORD RECOGNITION TASK OF MEDIUM DIFFICULTY. S REACTED
TO ONE TRIGRAM{DOC) AMONG 4 DIFFERENT TRIGRAMS.

C-AN EASY VISUAL AND AUDITORY REACTION TIME TASK. S REACTED
TO A VISUAL AND AN AUDITORY STIMULUS AND DISCARDED ANOTHER
VISUAL AND AUDITORY STIMULUS,

THE NOISE WAS THE SAME IN ALL 3 EXPERIMENTS: 7CdB WH!TE
CONTINUQUS NOISE AND 90d8 VARIED INTERMITTENT NOISE.

FIGURE A-8. Effects of Nois¢ on Performance
Level as a Function of Task Dilficulty
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TABLE A-XVII. Review.of Provisions in "Mmimum Standards for

WOrkmg_Envu'onments“

WORK AREA

Requirement: Noise
COMMENTS AND JUSTIFICATION

Work Area 1
Mechanical Tabrication
Tolersnce to
0.0% {n (0,734 =m)
Tolersuce to  °
0.001 in (25.4 1m)
Toelerance to
0.0001 1o (Z.34 ym)
Tolerance finer than
0.0001 1n (I.% ua) ~

Work Ares 2
Toundry Oparations
Tolerance to -

0.005 in (127 um)
Tolerance finer than |
0.005 in (127 um)

. Mork Ares 3
Plastics Operations

Work Ares &
Plating end Heat Tresting

Work Atea 3
Elsctronic Farce

Work Araa 6
Bybrid Microcircuits

Work Area 7
Machsnical Assembly
Tolaraoca to
0.05 in (1.27 sa}
Tolerance to
0.001 1a (25.4 um)
Tolerance to
0.0001 ta {1.54 ym)
Tolarsnce finer than
0.0001 Lo (1.34 um)
Motk Area 8
lospaction Aress

Vork Ares 9
Inert Chenical Compooent
Preparacion and Assembly

Work Aces 10
Preparacion, Mixing end
Tabricstion of Propal-
lants, Pyrotechnias, and
Exploeivas

20 dua
80 4B
80 dBA.

75 dBA

90 4BA

80 dur

75 dRA

70 dBA

75 dBA
75 dBA
75 dBA

70 dBA

Equal ' to
tha type
of work te
be in~
spacced.

[ 80 dmA

Yaluas have been selected, based on enginearing judgsmants, to establish
poisa levels based on fessibility and potentisl for reducing operater
eftTore.

this work ares judged to have little or ma wuepti.biue’ to soise
{nduced oparsator srrors.
Thie work ares judged to

be only partislly susceptible to nolee fo-
duced operator errors. '

Vork Ares ) judged to be only partislly susceptibla to Bolee induced

oparator erfors.

Work Ares 4 judged to have littla or no susceptibility to notss toduced
Operator errord.

Motk Ares § judged to be very susceptibla to noise induced cperator

arroTe.

Work Area 6 judged to be highly susceptible to nolse induced operstor
errors.

tUork Area 7 judged to be more susceptible to noisa Mueod oparatol.
errors than Work Ates |. Ao arbitrary creduction’ef 3 dB-from the Work
Arca 1 levels has been specified. The maximm parmitted has baen
limited to 75 dBA to penn sdequate communication (from HIL-STD-1471}.

lnspection judged to be squal in suaceptibilicy te oalse tnduc‘nd opara=
tor errors as the asgocisted process or assesbly oparatiom.

Wark Ares § judged to be squivalant to Work Arsa 3.

Work Ares 10 judged to be aquivalent to Work Area 3.
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TABLE A-XVIi. Review of Provisions in "Minimum Standards for
Working Environments" (Continued)
" Requirement: Noise
WORK AREA Imnnon -COMMENTS AND JUSTIFICATION
Work Ares V1
Ordnsnce Assembly
Tolersnce to - 73 4 Work Atres 11 judged to be equivalent to SYork Ares 1.
0.03 tn ¢1.17 wm)
Tolerenca to 75 dBA
$.00% in {25.4 um)
Tolerance te 75 doa
0.0001 1a (2.534 um)
Tolersnce finer than © 70 dBA

0:0001 tn (2.% pa)
Work Area 12 i
gnviroomeatal Teating 90 dhiA Secause of the asture of the vork involved, mors siTingest ‘ontrole
are not. {eseible.
ork Area 1) . . e C L .
Handling and Storaie 20 dBr Nandlfng and etorage of items in work judged to have little or oo
| sumceptivility to oolse induced operator errors.
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MIL~STD-1655 (AS)
13 September 1977

30.8 Habitat.

a.

Requirement summary. - Three levels of habitat are defined. The

first is where no food, drink, or personal grooming are ellowed: the
second is where no food, drink, personal grooming, or smoking are
allowed; and the third precludes the introduction of food, cosmetics,
or smoking materials into the work area, Selection of the appropriate
level is based on engineering judgments regarding the potential for
contaminating work in-process.

Reguirement source.

Fed-Std-209
Analysis.- Tables A-XVIII and A-XIX provide an analysis of the require-

ments with regard to habitat and provide comments regarding the
requirements.
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TABLE A-XIX. Review of Provisions in "Minimum Standards for

or Jg nvironmen

Requirement: Habitat

—

COMMENTS AND JUSTIFICATION Coe

WORK AREA
Work Aras 1
Machanical Fabricscion
Tolerance to Clags D titela posstbility of derrimentsl contaminacion {s snticipated at the
0.01 1a (0.254 wm) ‘cough wachining oparation, .
Talarzace to Clase C s
0,001 1n " (25.4 um) The remaining categories are increasingly msors suscaptible to too-
Ttolersnce to Class C taminante; however, the machining cperaricn 1s normally followed by
0.0001 1o (2.34 ym) a cleanicg operation, thus Class A requirsments are oot fostified.
Tolarance finer than Class 8
0.0001 in (2,354 ym)
Sork Ares I
Toundry Operstions .
Tolerance to Class D Lictle posafbility of datvimental contsminstion is anticipated in
0.005 4n {127 ya) thess wvotk afeas.
Tolerance (iner than Clage D
0.00% 1o {127 im)
. Sark Ares 3 . .
Plastice (parations Claps B Eaployes ssfety requirwments preclude eating, drinking, grooming, or
saoking 10 the work areas. ‘ -
Sork Ares 4
Plating and Heat Tresting Class C Exploywe safety requirements preclude eating., drinking, or gromming
. in the work ares.
Wark Ares 3
Klactrounic Parte Class B Tlectronic parts snd asgemblise are susceptible to coutsminatics from
food and tobacco ssoka; thetefocs, Clase B Fequiremsots are
mros_u’uu.
Work Arsa §
Bybrid Microcircuits Class A The extrems cleanliness raquiremants for this work area preclude the”
introduction of any unnecedsary cootaminasts into the work arws.
Wark Aves 7 '
Machanical Assesbly .
Taleranze to Class D As with Work Ares 1, 1iztle pomsibility of detrisental contamination
0.05 1o (1.27 ma) can be sesn for the cosrse assembly operatica. The resaining categories
-Tolerance to Class C are increasingly mare susceptibla o contaninstion and the asdemblics
0.001 {a (25.4 um) will not nacessarily be cleaned and degreased after assembly.
Talergace to Class 3
0.0001 1o {(2.34 1m)
Tolersnca [iner then Clasa A
0.0001 in (2.54 ym)
Wark Ates 8
Iospaction Arsas Equal teo Inspection oparations judged to be equivalent in susceptibility tp the
tha type process or assembly operation preceding the ingpecticn operatica. -
of work to
be fo-
spected
Gork Ares § : . .
Inart Chexicel Component Class & Requirements judged to be the same s required for Work Area 3
Puplnt!ﬂn and Assemhly N .
VUork Ares 10 .
Praparagioc, Mixing and Class 8 Requirements judged to be the sems sa required for Work Area P
Fabricscion of Propel-
lanta, Pyrotechnics, and
Explosives
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TABLE A-XIX. Review of Provisions in "Minimum Standards for

waf_ ¥ S ) (g e, | B g [Py G- ginfiay Ik

wori(mg EOVironmentis \wontinuea

Requirement: Habitat

WORK AREA REQUREMENT

COMMENTS AND JUSTIFICATION

Work Ares (I
Ordaance Aessenbly
Tolerance to
0.03 1o 1.27 wm)
Tolerance to
0.001 1o (25.4 um)
Toleranca to
0.0001 dn (3 84 pa)
Tolaranca finer than
0.0001 1n (2,34 u=)

Work Area 12
Rovirozmancal Testing

otk Ares 1)
fandling sod Storage

Class D
Class C
Clase B

Class A

Claas C

Class €

Raguivements judged to be the ssme as required for VWork Area 7, Bsoking
muterials ers prohibited at all times by Dob 4145.26M.

Exviroomental testing usually involves end item testicg or testing of
units vhich will not be used 1in subsaquent asgembly. Thus, only
niniesl habitat requiresents srs sppropriate.

Handing and storage of items in work which are properly coversd or
protected normally would not require habitat restriction. Rowever,
to prevept tha introduction of countemiaunts to clean arsas, minimal
controle are required. Class € habirst appears appropriata.
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30.9 Additional considerations.

30.9.1 Reduced environmental limits. A number of instances can be envisioned
where the provisions derived herein are not applicable, such as a need for reduced
ambient lighting levels when using optical comparators, when using light-ditected
component insertion equipment, and when viewing TV monitors or X-ray films,
and a need for restricted humidity levels when assembling thermal batteries.
Some provision must be made to permit the supplier the freedom to develop
alternate environmental limits when warranted for valid engineering reasons.
Note 1 has thus been included, whlch reads as follows:

Note 1. "The requirements listed herein represent minimum requirements for
normal manufacturmg operations. Suppliers who are required to comply with
the provisions herein and who may have special processes, such as X-ray, video
displays or light directed component insertion equipment, ete., may develop re-
duced environmental limits under the following conditions:

8. A valid engineering requirement exists for the reduced limit, and

b. The reduced limits are documented (including the reasons therefor)
and subject to control and audit in the same manner as the remaining
requirements listed herein, and

c. Such revised environmental limits, the reasons therefor, and the man-
ner of control are subject to approval of the Government contracting
officer."

40. REFERENCES

1. MIL-Q-9858A, Quality Program Requirements, 16 December 1963.
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Controlled Environment, 24 April 1973.
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Lighting Handbook have been included in ANSI Standard A11.1-1973. )
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Street, New York, NY 10017 (1974).
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Report SC1-76-TR091, 21 April 1975. ’
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" tection Techniques, by A. C. Trigonis, Jet Propulsion Labora-

tory, 18 January 1975.
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American Society of Heating, Refrigerating and Air-Conditioning
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Occupational Safety and Health Act, Williams-Steiger Occupational
Safety and Health Act of 1970, PL 91-596, 29 December 1970. -

Effect of Noise on the Performance o ﬁ Memory-Decision-Response
Task, by B. W, Lawton, Langley ese h Center, NASA Technical
Note TN D-6675 (1972)
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Explanations, by Edith Gulina, Proceedings of the International
Congress on Noise as a Public Health Problem, 13-18 May 1973.
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