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FOREWORD

The requirements st forth in this document will be used to determine the adequeacy of cdibration
facilities. When afacility is determined to be inadequate and upgrading or new condtruction is required
but funding is not avallable, awaver shal be requested from the responsible Systems Command

(SY SCOM)/Sponsor until funding is available. The criteria herein will goply to dl new congruction,
recongtruction, refurbishment, dteration, modification, and repairs of exigting facilities.

Reference to the quality or suitability of any commercid test equipment herein is gpplicable only to its
use in the Metrology and Cdibration (METCAL) program and does not reflect on the suitability of the
equipment for use elsewhere. Items of commercid equipment described in this document are cited as
examples of instruments known to be available in Navy laboratories. Thereisno intentiond implication
of superiority of these ingruments over those of other manufacturers. The information contained herein
isintended soldly for utilization in the United States Navy and Marine Corps METCAL programs.

This document will be revised, amended, and updated as required. Corrections or comments
concerning this document are invited and should be addressed to:

Naval Surface Warfare Center, Corona
M easurement Science Directorate
Metrology Technology Divison (MS30)
P.O. Box 5000

Corona, CA 92878-5000
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1 INTRODUCTION

1.1 Scope

1.1.1 Thisdocument prescribes environmental conditions that must be met within Navy and Marine
Corps calibration |aboratories to perform accurate measurements in accordance with OPNAVINST
3960.16. It dso provides recommendations that serve as guidedines to the design, congtruction, and
operation of calibration laboratories.

1.1.2 Theenvironmenta conditions outlined in this document are not gpplicable when performing on
gtecdibrations. Specific guidance with regards to environmenta requirements or correction factors
necessary to perform accurate on-sSite cdibrations is given in the approved Navy cdibration procedure
and takes precedence over the requirements prescribed in this document.

1.1.3 Thisdocument does not prescribe environmenta conditions for the Radiation Detection,
Indication, and Computation (RADIAC) Program. In accordance with NAV SEAINST 4734.1A, the
technicd policy and facility requirements for RADIAC Program equipment are contained in NAV SEA
SE700-AA-MAN-100/RADIAC.

1.2 Purpose

1.2.1 Previousfadlity requirements documents were written around arigid hierarchica structure
without regards to the specific misson of each laboratory and the level of uncertainty required in the
mesasurements. The purpose of this document isto establish technica requirements for dl Navy and
Marine Corps cdlibration facilities. The requirements listed in this document are known to be conditions
under which the environment will not have an gppreciable effect upon cdibration accuracy. However,
due to the interaction between environment and precision measurements, it isamost impossible to Sate
conditions that are suitable for every possible cdlibration without serioudy exceeding practica
condraints. Therefore, where possible, this document states differing levels of control required based
upon the measurement and level of accuracy required.

1.2.2 Inorder to ensure the successful transfer of accuracy from cdibration standard to test
ingrument this document isintended primarily as a qudity assurance document for the audit of
operationd facilities. It should aso be used during the design and congtruction of new facilities, or inthe
renovation of exiding facilities. However, many of the essentia details necessary for the design and
congruction of a complete facility are not provided. Additiona facility design criteriais prescribed in
various design manuas and should be consulted. Specia precautions, equipment and facilities may be
required to protect the hedth and safety of personnel or the integrity of calibration standards and
equipment from hazards or unusua conditions which may be encountered.

1-1
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1.3 Responsibilities

The Naval Surface Warfare Center (NSWC), Coronais responsible for designating and revising
requirements for Navy and Marine Corps Cdibration Laboratories in accordance with OPNAVINST
3960.16, NAVAIRINST 13640.1, NAVSEAINST 4734.1, MCO 4733.1, and SSPINST 4355.8.
The responsible Systems Command/Sponsor should periodicdly review the gpplicable facilities under
his cognizance for adherence to the requirements specified herein. The appropriate SY SCOM approval
must be obtained prior to performing measurements outside of the requirements set forth in this
document.

1.4 Safety

The safety of personnd is of the highest priority at dl times. Throughout this manud, references are
made to various documents that contain safety information concerning specid hazards. Thisinformation
is provided for the purpose of highlighting potential problem areas but is not intended to supplant or
replace essentiad safety information, instructions, or procedures contained in OPNAVINST 5100.23.
Safety congderations gpplicable to the design and congtruction of new facilities are provided in
OPNAVINST 5100.24.

1.5 How To Use This Document

1.5.1 Thisdocument contains both requirements on environmental conditions, which must be
maintained by operationa labs and generd discussion on laboratory design that is meant to be helpful
for meeting these requirements. The document also identifies environmenta conditionsthet are
considered to be best practices for operationd labs and design goas for new or refurbished labs. The
following paragraphs will provide the user with a brief overview of the sections contained within as well
as aguide on how to use the document to determine calibration facility requirements.

1.5.2 Section 2 contains discussion and recommended practices related to laboratory design for new
or refurbished labs. Operationd labs may aso find the information in Section 2 useful, but it must be
pointed out that satisfactory cdibrations can be performed outside of the recommendations contained in
this section, aslong as the appropriate safety and equipment environmentd requirements are met. Many
of the recommendationsin Section 2 are dso listed in the sections covering specific measurement areas
as requirements that must be maintained by operationd |abs.

1.5.3 Section 3 covers generd environmenta requirements for both cdibration and non-calibration
areas that need to be maintained by operationa labs to avoid the necessity to make corrections for
temperature deviations and/or other special consderations. This section aso contains recommended
best practices with regards to vibration and particle contamination proven to be satisfactory for
performing the required measurements. These recommended best practices are provided primarily asa
trouble-shooting tool to solve accuracy and repeatability problems within a particular measurement area
if there are no specific requirements given in Section 4.

1-2
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1.5.4 Section 4 covers environmenta requirements that must be maintained for specific cdibration
aress. Section 4.2 covers the eectrical/electronic calibration areas; Section 4.3 covers
physica/mechanical; Section 4.4 covers dimengdond/opticd; and Section 4.5 covers electro-optical.
Each of these sectionsis further broken down into specific measurement areas. At the top of each
subsection is atable of specific environmental requirements for that measurement area. Some areas will
have one set of requirementsfor dl caibrations, while others will have multiple levels of control based
on the accuracy of the required measurement. In each table, the leftmost column ligts differing levels of
measurement accuracy that are required within the specific measurement area. The second and third
columns detail the temperature and humidity limits necessary to achieve the required measurement
accuracy. The fourth and fifth columns detail the airborne particles and vibration limits that are
gpplicable to a particular measurement. Some tables do not specify particle counts and vibration limits,
since these particular parameters do not aways have a direct influence on measurement accuracy.

1541 Itisimportant to sate here that the first column represents the accuracy that satisfies the test
accuracy ratio requirement for the test instrument uncertainty, not necessarily the standard's stated
accuracy. For example, if gage blocks with an uncertainty of less than 4 microinches (uin) + 1 pin per
inch of length are used to cdibrate an ectronic height gage with arange of 0.001 in and an uncertainty
of 20 puin, then temperature limits of 68 +1 °F would apply. However, if those same gage blocks were
used to calibrate a 0-1 inch micrometer with an uncertainty of 1000 pin, then 68 £8 °F would be
acceptable.

154.2  Noteslised under amatrix represent additiona requirements that must be met for particular
types of equipment in use. Some sections may aso contain a subsection titled Discussion. This
subsection is meant to provide recommendetions for effectively meeting the stated environmenta
conditions. It aso provides other factors that must be considered during laboratory design.

155 Fndly, the diginction must be made between the environmenta requirements of cdlibration
dandards versus test insruments. Standards, being higher in accuracy than the instruments they
cdibrate, are usualy more sengtive to environment. Occasiondly however, the test instrument may be
more sendtive to one or more environmenta conditions than the standards due to |ess sophisticated
design. Likewise, some models within a parametric category of standards (such as oscill oscopes,
temperature indicators, etc.) may have different environmenta requirements. It isimpossbleto lig the
requirements of every possible combination of sandard and test insrument in this type of document.
Therefore, the requirements in this document have been written around the most sensitive of the
gandards models common in Navy inventory.

1.5.6 Section 5 contains discussion related to environmenta quality control requirements. Three
facility operationd Stuations are identified for monitoring and evauating the effectiveness of services
provided to and supporting the Fleet. A tableis provided that summarizes these three operationa
Stuations and the environmental parameters that must be reviewed during each.

1.5.7 Appendix A ligs severad documents useful for the design and/or operation of a cdibration
fadlity. Induded are commercid and military documents related to environmenta effects upon

1-3
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cdibration and measurement; documents which are not directly written toward cdibration facilities, but
contain information useful for meeting calibration facility requirements; and policy/regulatory documents
related to the Navy and Marine Corps METCAL program. The basic document number is provided in
al cases, however the latest gpplicable revision or superceding document shal be used. Some of the
documents listed in Appendix A are not specificaly referenced in the body of this document but are
included due to the potentid usefulness of their subject matter.

1.5.8 Appendixes B and C contain requirements that are unique to shipboard laboratories and mobile

fadilities, respectively. The generd requirementsin Sections 2 and 3 gpply unless changed or modified
by the requirements set forth in the gpplicable appendix.

1-4
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2 GENERAL LABORATORY DESIGN REQUIREMENTS

2.1 Introduction

This section indudes items which may not directly affect measurements, but which must be consdered in
the design and operation of any facility. These congderations represent ideals for cdlibration labs, and
should be design objectives for new and renovated facilities. However, it should be redized thet it may
not be possible or cost-effective to meet dl of these goas in some cases, and compromises may haveto
be made, as long as cdibration accuracies are not adversely compromised. It iswidely recognized that
no generd set of environmenta conditions may be stated that will absolutely assure adequate levels of
measurement accuracy and a the sametime, avoid the risk of over design or under design of the
cdibration facility.

2.1.1 Sitelocation

The building site or physicad location of the cdlibration facility shal be isolated from sources of:

a. Vibration such asthose induced from railroad lines, heavy vehicle treffic, crane or machine
operations, foot traffic, aircraft operations, or smilar disturbances such that vibration levelsin
cdibration laboratory areas may be maintained or controlled when required by the criteria set
forthin Sections 2.7 and 3.2.3.

b. Electromagnetic radiation such as high-power eectricd transmisson lines or transmitting
antennas such that € ectromagnetic interference in cdibration laboratory areas may be
maintained and controlled when required by the criteria set forth in Section 3.2.6.

2.1.2 Building
The building or buildings housing the cdibration facility shal be adequate to ensure the following:

a. Isolation from wegather or other harmful or disturbing effects or conditions so thet facility
environmenta conditions may be maintained or controlled when required by the criteria set forth
in Sections 3.2.1 and 3.3.1.

b. Isolation and segregation of incompatible calibration areas or equipment maintenance, materias
handling, or other process as specified herein.

c. Controlled access, including protection from unauthorized entry, and security for maintaining
classfied equipment and documents in accordance with the requirements of OPNAVINST
5530.14 and 5530.15.

d. Protection from toxicological, radiologica, mechanical, eectricd, eectromagnetic, pyrotechnic,
visud, and other specid hazards as specified herein.

e. Utilitiesand services as specified in Sections 2.3 through 2.10.

2.1.3 Facility Work Areas

For the purposes of this document, a Cdlibration Facility shal be considered as being divided into one
or more of the areaslisted in Table 2-1.

2-1
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Table 2-1. Cdibration Facility Aress

General Areas Special Purpose or Hazardous Areas
Electrica/Electronic Cdlibration Equipment Cleaning
Physica/Mechanicd Cdlibration Oxygen-Clean Cdibration
Optica/Dimensond Cdlibration Nuclear-Clean Cdlibration
Electro-Opticd Cdibration Electrostatic Discharge (ESD) Protection
Electromagnetic Interference (EMI) Protection
Meter Cdlibration
Liquid How Cdlibration
Mercury Handling
NOTE

The above areas are designated for the purpose of defining facilities requirements and
are not necessarily representative of the capabiilities, organizationa structure, or physica
layout of any one facility. Activities not supporting workload in one or more of the
above areas need not congder the facilities requirements for that area.  In addition to
the cdibration areas above, there are other areas normdly included in facilities such as
adminidrative offices, computer termina rooms, shipping and recelving aress,
equipment or materia storage or non-caibration work areas such as lunch rooms, rest
rooms, etc. These areas are subject to the requirements listed in Section 3.2.

2.2 Floor Areaand Laboratory Layout

A generdly accepted guiddine for the amount of floor arearequired by alab is 60 square feet (5 ft)
for each technician. However, space requirements may often be dependent upon the arearequired by
the test equipment or the calibration standard and measuring equipment or required workbenches rather
than the number of personnd. Therefore, when planning a new facility, careful congderation should be
given to dl factors applicable to the cdlibration facility. For new congtruction or remodeing, a minimum
of 1,000 gq ft of floor space shdl be alocated to any of the generd calibration laboratory areas
described above for use by up to 10 cdibration technicians. For more than 10 technicians, space shdll
be increased at the rate of at least 60 sq ft per technician. Space for specia purpose areas shdl be
alocated asrequired. For larger facilities, dedicated spaces should be alocated for support aress, such
as recaiving, storage, staging and adminidrative aress.

NOTE
Foor space requirements for specid purpose aress, if different from the above, are
specified in Section 2.10.

221 Hoor Loading
No cdibration standard or equipment ingtdlation shdl cause the floor loading capacity of the structure
housing it to be exceeded.

2-2
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222

Celingsand Walls

Interior ceilings and wals shall be congtructed of fire retardant construction materids. Interior surfaces
ghdl befinished in flat or semi-glossfinigh, light-colored paint, or wall covering materias.

223

Hoor Covering

Specid flooring shdl be required under the following circumstances and can be ether atemporary (floor
mats) or permanent ingtalation:

a

Conductive flooring of more than 25 kW but less than 1 MW, shdl be required in enclosed
areas Where there is a potentid for igniting explosive vapors, gases, or dusts by sparks from
discharging an accumulation of datic ectricity.

WARNING

Due to the increased danger to personnel from electrical shocks, conductive
flooring should not be utilized in the Electrical/Electronic calibration laboratory
or other area where it may be possible for personnel to come in contact with
sour ces of high voltage.

Static-disspative flooring of more than 1 MW but less than 1,000 MW shdl be required in areas
where thereis a high potential for damage to microdectronic circuits and components from
discharging accumulated stetic dectric charge. This shall include ESD protection area described
in Section 2.10.4.

WARNING

Static-dissipative flooring should not be utilized in the Electrical /Electronic
calibration laboratory or other area where it may be possible for personnd to
come in contact with sources of high voltage unless safety measures prescribed
in MIL-HDBK-454 are applied.

Didectric flooring meeting the criteria specified in MIL-DTL-15562 shdl be required in the
Electrical/Electronic calibration laboratory or any area where eectrically powered equipment is
opened for repairs or adjustments. This shall include the Electro-Opticd (EO) cdibration area
but shal exclude the ESD protection area.

WARNING

Dielectric flooring meeting the criteria of MIL-DTL-15562 is intended to
provide protection to personnd from exposure to sources of voltage of 3,000
volts or less. Additional protection and special safety precautions are required
when working on or near exposed voltage sour ces exceeding 3,000 volts.

2-3
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d. Didectric flooring isrequired to be maintained in good physicd condition; free of Sgns of
excessve wear, accumulation of dirt, to remain unwaxed, and not to be damaged or contain
defects which could substantialy degrade insulation characteristics. Questionable areas are
required to be replaced or covered with new runner-type mats conforming to MIL-DTL-
15562, Typell or I11.

e. Didectricflooring is required to be continuous with no uncovered seams within three feet of a
workbench or potentialy hazardous location. Seams must be fused with adhesive or by hesat to
be considered continuous.

f. If thedectricd properties of ingtaled flooring cannot be determined, temporary mats with
known dectrica properties must be ingtalled.

CAUTION
Dielectric tests of in-service flooring may be dangerous and could be destructive
to flooring. Requirements for floor coverings may be satisfied by a visual
inspection or by suitable evidence that floor coverings met or exceeded the
requirements at the time of procurement and installation.

2.2.4 Laboratory Layout

2.24.1 Itisgood practice to separate calibration areas based upon different environmenta
requirements. Usudly, this means having separate rooms for Electrica/Electronic, Physica/Mechanicd,
and Dimengond/Opticd laboratory aress. Facilities servicing large amounts of workload or highly
accurate workload will benefit from separate rooms for certain individual measurement aress, such as
separate rooms for mass calibration and temperature calibration. Separate rooms are also needed for
gpecid purpose areas, such as EO cdlibration, insrument cleaning, oxygenclean calibration, or mercury
handling aress.

2.2.4.2 However, sinceit isnot dways possible to provide separate rooms for the distinct [aboratory
areas, compromises will have to be made. In particular, due to the 68 °F reference temperature for
dimensiond standards, and the 73 °F reference temperature for most other measurement aress, it may
not be possible to perform accurate cdibrations in both areas smultaneoudy. In these Stuations, careful
workload management can lessen the impact of incompatible environments by scheduling cdibrations
that require a controlled 68 °F or 73 °F environment at different times. If the lab space contains high
power equipment or equipment that produces alarge heat load, that equipment should be located well
away from the temperature sensitive areas and away from thermostats or sensors which control the
hesting, ventilation and air conditioning (HVAC) sysem. In addition, the ambient temperature and
relative humidity must be monitored in each cdibration area.

2.2.4.3 If thereis more than one compartment within a calibration area, ambient temperature and
relative humidity must be monitored within each compartment. If alarge space with no distinct
compartments acts as a cdibration area, the quality assurance supervisor shal determine the appropriate
placement of the ambient temperature and relaive humidity devices used to monitor environmentd
conditions.
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2.3 Electrical Power

2.3.1 BadcElectricd Service

2.3.1.1 All dectricd service must meet the Nationd Electrical Code, Nationa Fire Protection
Association (NFPA) Standard No. 70. All eectrical power outlets, connectors, or receptaclesin
cdibration areas shall be tagged or labeled to provide atechnica description of the type of power
source (voltage, frequency, power rating, and phase) or connection scheme as gpplicable. All dectrica
outlets shal be subject to specid safety requirements as related to the laboratory workload where
gpplicable.

2.3.1.2 Badc laboratory eectrica service shdl consst of a480 V, 3-phase, 60 Hz supply ingtdled
and connected in accordance with the requirements of NFPA 70. Refer to

MIL-HDBK-1028 and MIL-HDBK -1004/4 for further details. The following stepped down or
converted sources of eectrica power shall be required with respect to the cdibration facility workload:

Phase Frequency Voltage
1 60 Hz 120/220 + 5%
3 60 Hz 120/208 + 5%
1 400 Hz 120/220 + 5%
3 400 Hz 115/200 + 5%
dc 28 +1Valt
NOTE

If the test equipment and calibration standards are labeled as 50/60 Hz then 50 Hz
power is authorized for use as required at oversess inddlations. However, in no case
should 60 Hz (only) test equipment be cdibrated at 50 Hz.

2.3.2 Voltage Regulation

Maost measurement equipment used in cdibration facilities will operate satisfactorily with voltage and
frequency fluctuations of up to + 5%. However, it isrecommended that dectricd feeds used to supply
power to cdibration equipment be isolated from those that provide power to other large current drain
fadility equipment. If it isknown in advance that interference between loads on the same AC ling; high
speed AC line trangents; and utility line harmonic distortion are a problem, the |aboratory shal indal
AC line conditioners, isolation transformers; AC linefilters, motor generators; or uninterruptable power
supplies as gpplicable to provide the appropriate level of power and protection to the equipment. When
necessary, portable equipment may be used to supply power to calibration equipment.

2.3.3 Power Didribution

The minimum requirements for power distribution is that safe and gppropriate sources of power are
available to the calibration technician, either as part of aworkbench/workstation distribution system or
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in the immediate proximity thereof for the purpose of supplying power to the cdibration standards and
workload items assigned to the area. This shal include ingtallation, connection, outlets, overload
protection, and emergency shut-off provisions required by NFPA 70 and MIL-STD-1310.

2.3.4 Grounding and Shielding

2.3.4.1 Electricd grounding shdl be divided into two categories, the connecting of an dectricd system
to ground for electrical operating reasons, and the connecting of non-current carrying meta parts of
equipment to ground for safety of personnd asfollows:

a. Electricd sysems shdl be connected having a grounded-neutral conductor in accordance with
the requirements of NFPA 70. A common point of connection to this ground shal be required
indl caibration and specid purpose areas. The DC res stance between the common point of
connection and earth ground shdl not exceed 3 ohms when measured in accordance with the
requirements of MIL-STD-188-124 and MIL-HDBK-419.

b. Electrica conductor housings, equipment enclosures, and motor frames indaled or utilized shdll
be interconnected by an equipment grounding system which will satisfy the requirements of
NFPA 70. Safety grounds shall be re-verified on an annua basis or immediately following any
repair or replacement of permanently ingtaled dectrica equipment or facility wiring.

2.3.4.2 Tominimize eectricd interference, dl wiring should be ingaled in metd conduit. Unlessthe
facility islocated close to large sources of EMI such as high voltage power lines or radio transmisson
towers, adequate shielding can usualy be achieved through smple means. For example, the shidding
inherently provided by the facility structure, itself, can be used to isolate electromagnetic radiation
(EMR) generating equipment from potentialy susceptible devices and personne. If necessary, auxiliary
equipment rooms can be shielded by using grounded metd clad walboard or fine copper mesh on the
wadlsand caling. Additiond shidding may be required in multi-floored facilities. Some very sengtive
equipment may require the use of specialy constructed screen rooms. Refer to MIL-HDBK-419 for
screen room requirements and selection of shielding materias. MIL-STD-188-124 a so discusses
shidding requirements.

2.3.4.3 Although shidding is an important technique for reducing EMI effects, it is not the only
technique available for this purpose. Application of shielding techniques should not be made without
due regard to the roles which filtering, grounding, and bonding play in the interference suppression

program.

2.4 Lighting

2.4.1 Lighting should be designed to provide comfortable light levels gppropriate to the tasks being
performed. Light fixtures shal be of a permanent type, conssting of overhead mounted fluorescent
fixtures medting the requirements of ANSI C78.2. Light fixtures shdl be dectro-magneticaly shieded
and filtered meeting the requirements of MIL-STD-461 for class A3 equipment, requirement RE101.
Light fixtures shdl be arranged in a manner to provide baanced lighting to minimize shadows, glare and
gpectrd reflection, and to produce nomindly uniform illumination. The overdl requirement for light leve
in laboratory areasis 75 foot candles (ft-c) minimum, with arecommendation of a 100 ft-c at the

2-6



NAVAIR 17-35FR-06

benchtop. Exceptions for this requirement apply in areas where computers or terminds are widdly used
(which generdly need lower light levels), and where equipment is being repaired or fine detail work is
performed (which generdly need higher light levels) Supplementd lighting (such as adesk lamp) may
be used in areas where higher light levels are needed, but should not be used to achieve the overdl light
leve of 75 ft-c minimum. In any case, overhead lighting should be digtributed such that shadows are
avoided in work areas. Refer to MIL-HDBK-1190 and MIL-STD-1472 for more information on
lighting requirements.

2.4.2 EO cdibration areas require lighting that is adjustable from 0 to 100 ft-c. In areaswith ahigh
sengitivity to temperature gradients, such as gage block caibration, care should be taken to avoid high
heet |oads and temperature gradients that could be caused by excessvely high light levels.

2.5 Heating, Ventilation and Air Conditioning (HVAC)

25.1 Theprimary parameter, which must be controlled using the HVAC systems, is temperature.
Measurement system accuracy is dependent upon the ambient temperature of the environment.
Therefore, agood HVAC system is the most crucid eement of calibration laboratory design. The
system musgt not only regulate the nomind temperature, but must dso keep temperature fluctuations
within an acceptable limit. Specid attention must be paid to the placement of HVAC control sensors
and heat sources within the lab. Sensors should idedlly be located close to critical work areas, but must
be far enough away form heat sources, such as high power equipment, to prevent false readings. The air
supply and return ducts should be designed to dliminate temperature gradients and areas of stagnant
arflow.

25.2 TheHVAC system dso controls humidity and airborne particle counts. Humidity below 20%
relaive humidity (RH) can result in static buildup, which is hazardous to sengitive dectronics, while
humidity above 90 to 95%, can create condensation. In the presence of falling temperatures, or when
equipment is moved from cooler to warmer areas, condensation can occur & much lower ambient
humidity levels. To protect eectronics from static discharge and condensation, humidity limits of 20 to
60% RH are listed for most areas. However, humidity above 50% RH can aso cause rusting of sted
and iron items, such as gage blocks and other dimensiona standards. Therefore, limits of 20 to 45%
RH are listed in areas where such standards are used. Refer to MIL-HDBK-1003/3 for HVAC
humidification requirements for nava shore facilities.

2.5.3 Specific temperature, humidity, and particle limits are listed in the requirements section for each
measurement area. However, beyond the effect on measurement equipment, the HVAC system aso
provides personnd comfort and therefore affects productivity. Even in calibration areas where the
equipment is insengtive to temperature fluctuations comfort is achieved through having an adequate flow
of conditioned air through the room. A generdly accepted guidelineis to provide between 5 and 20
room air changes per hour. MIL-HDBK -1003/3 recommends that the HVAC system be designed for
810 12 air changes per hour with a minimum supply airflow of 4 ar changes per hour. Keegp in mind
that the location, type and Sze of the air supply and return air ducts not only affect room temperature
gradients but also the number of air changes per hour. There are dso severd factors that influence the
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requirements for fresh air such as the contaminants and odors to be controlled, room volume, number of
people in the room, and the amount of foot traffic in the room. These factors should be considered
when determining actua ventilation requirements. MIL-HDBK -1003/3 and ANSI/ASHRAE 62-1989
recommend 20 cubic feet per minute (CFM) of outdoor air per occupant for offices. A Navy Industria
Hygienist should be contacted for guidance when determining HVAC requirements within the
laboratory. Other references include NEHC-TM91-2, OPNAVINST 5100.23, ANSI/AIHA Z9.5-
1992, ACGIH Indugtrid Ventilation Manud, and the ASHRAE HV AC Handbook.

2.5.4 Some measurement equipment is more sendtive to drafts or temperature changes, than to the
actua temperature. For example, force calibrations using proving rings take along period of time. If
the ambient temperature is not 73 °F, then corrections can be made, but the actua temperature must
remain stable during the entire calibration in order for the corrections to be accurate. Pressure
cdibration usng deadweight testers, and micro-volt measurements are two examples of measurements
that are sengtive to strong air currents. Measurement areas with specid environmental sengtivities such
as these are noted below each matrix.

25.5 Insome areas with tight temperature tolerances, the therma mass of the standards and test
ingruments may alow for widening the tolerancesiif the temperature oscillations are rgpid enough to
atenuate the thermd effects of the ambient air. However, in opticd cdibration areas usng
autocollimators, and when using laser interferometers to measure distance, the sandard is actudly a
beam of light with no therma massat dl. In these areas, even dight air temperature fluctuations can
reduce repeatability and accuracy, and rapid temperature oscillations must be avoided.

2.6 Particle Control

2.6.1 Cleanroom requirements are generdly not necessary in most |aboratories, however good
housekeeping considerations should be maintained. Excessive airborne dust can contaminate mercury
used in mercury manometers, and other fluids used in pressure, temperature, and flow cdibration. It
can create measurement errors during calibrations in these areas as well as during dimensiond, optical,
and dead-weight gage calibrations. It so accelerates corroson in humid environments.

2.6.2 Ingenerd, airborne particles throughout the laboratory should be limited to less than 2.4 x 10"
particles per cubic meter, for particles over 0.5 micron (Um) in Size, expressed in the requirements tables
by “<2.4 x 10" /m? (>0.5 um).” This requirement is based on an average dust concentration value
normally expected in metropolitan areas. Some areas require more stringent particle control and the
requirements tables for these areas list the alowable count of particlesin two Szes. over 0.5 um and
over 1.0 um. For these measurement aress, the quantitative values for particle count are based on the
recommended alowable particles for sandards laboratories as defined in ISA-RP52.1. Indl areas,
particles over 50 um shdl be filtered completely. This requirement can be assured by visua cleanliness
of thearea. Smoking and eeting shal not be permitted in areas designated for particle control.

2.6.3 TheHVAC system isthe primary means of controlling airborne particles, or dust. Thisisdone
by the use of filters. The types of filters required will depend on loca conditions and on the dlowable
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particulate limits. The HVAC system should provide a dight positive pressure of 0.05 inches of water
(in. H,O) to aid particle control by preventing the intrusion of dust and unconditioned arr into cdibration
areas. However, in some areas other factors may preclude the use of positive pressure. For example,
sengitive low-pressure calibrations may be affected by changesin room pressure. Andinliquid flow
and solvent-cleaning aress, a dight negative pressure is required to contain vapors. The misson of the
laboratory as well as other facility congtraints must also be considered when designing for particle
control.

2.6.4 Patice control can dso benefit from the proper seection of fixtures and building materids. To
eliminate spots for dust to accumulate, flush mounted lighting and eectrica fixtures should be used
wherever possible. Surface mounted electrica raceways should be avoided.

2.7 Vibration

2.7.1 Themaximum alowable leve of vibration isaveocity of 0.032 in/sec (rms) and acceleration of
0.046 g (peak) between 8 and 100 Hz. This dual recommendation takes into consideration the most
sgnificant parameter within this frequency range. This control is based on floor vibration levels normaly
tolerated in workshop-type environments as defined by the Internationd Standards Organization (1S0).
However, in cdibration areas such as Dimensiond, Optica, Pressure-Vacuum, Acceleration, Force,
and Mass where high accuracy vibrationsendtive measurements are made tighter control limits are
necessary. In these areas, the maximum acceptable condition for vibration is a digplacement of less than
10 pin (25 pm) between 2 and 30 Hz and an acceleration of less than 0.001 g between 30 and 200 Hz.
Refer to the ASVIE Mechanica Engineering Article “ Designing Sengtive Equipment and Facilities’ and
ISA RP-52.1, respectively.

2.7.2 Like acoudtic noise, vibration can impede worker performance by creating an uncomfortable
work environment. The threshold of vibration perception for most humans is approximately 0.007
in/sec at frequencies below 100 Hz. New facilities shal take reasonable measures to provide this level
of isolation from vibration.

2.7.3 Preventing excessive vibration depends as much on Ste selection as on actud laboratory design.
Thisis because ground vibration is usudly created by sources outside of the facility, such as highways,
rallways, and runways. Vibration from facility mechanica equipment can be reduced or iminated by
ingtdling pumps, compressors, and HVAC systems on isolated pads or other reduction techniques.
Some measurement areas including mass, dimensiona/optica and electro-optica cdibration require
tighter vibration control. If it isnot practicd to provide this degree of isolation for the entire facility, then
isolate the sengitive equipment through mounting on air bearings or on massive, isolated blocks. Refer
to ARMY TM 5-805-4, which supercedes NAVFAC DM-3.10, for information on vibration control
and isolation techniques.

2.7.4 When measuring vibration or specifying vibration limits kegp in mind that the relationship

between displacement, velocity and acceleration varies with frequency. Equipment sengtive to low
frequency vibration is usudly sengtive to displacement. An example of thisisinterferometers or optica

2-9



NAVAIR 17-35FR-06

flats, where one fringe representing 10.7 pin can be completely washed out by a displacement as smdl
as6pin. A displacement of 6 pin at 12 Hz represents avibration level of 44 x 10 g. Other
equipment may be more sengtive to velocity or acceleration levels at higher frequencies.

2.8 Acoustic Noise

2.8.1 Themaximum noise exposure limit as gpecified in OPNAVINST 5100.23 is 84 dB(A) for 8
hoursin a 24-hour period. Higher levels can betolerated for shorter periods aslong as the time-
weighted average for the 8-hour workday remains below 84 dB(A). Although acoustic noise haslittle,
if any, direct effect upon most measurements, it can greetly affect technician performance.
OPNAVINST 5100.23 (Chapter 18), OPNAVINST 5100.19 (Chapter 4) and

NAVMEDCOMINST 6260.5 dl limit exposure to noise. Noise levels higher than 84 dB(A) can cause
hearing damage. In areas where cdibration standards and equipment produce high sound levels, such
asin vibraion and flow cdlibration areas, hearing protection is mandatory. Whenever potentialy
harmful conditions exig, refer dl questions to the command industrid safety office.

2.8.2 Noise can impede the efficiency and productivity of workers at levels far below 84 dB(A). The
degree of impediment is difficult to quantify, but depends upon the level of concentration and attention
required to perform atask. Cdibration labs shdl limit background noise from continuoudy operating
equipment to 55 dB(A). Reduction of noise caused by mechanica equipment such as pumps,
compressors, and HVAC systems can often be achieved through careful layout of the facility. Reducing
the noise from these sources can be further reduced by using isolation mountings and couplings and
through the use of sound absorptive wal and celling materids.

2.9 Furnishingsand Other Utilities

29.1 Workbenches
Workbenches shdl be the standard Navy e ectronic workbench, type NEB-2 as described in NAVAIR
engineering drawing package (DWG) 63A 114 or shall be required to incorporate the important
essentid features of the NEB-2 asfollows:
a.  Workbench surfaces shdl be required to have aworking height of 36 inches, nomindly, above
the floor in accordance with the criteria specified in MIL-STD-1472, and shdl provide a
minimum of 6 lined feet of workspace.

NOTE
Deviations to the workbench working height may be alowed to locate equipment at
proper working levels.

b. Workbenches utilized in the Electrical/Electronic Laboratory or related areas, shal provide a
120V, 60 Hz power distribution system which provides for aminimum of one 120V, 15 A, 60
Hz, duplex outlet for every 2 lined feet of workbench length. The workbench power
digtribution system shall incorporate a grounded neutra service and a safety ground wired in
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accordance with National Electrical Code specifications. Any other eectrica power outlets,
receptacles or distribution system incorporated into a workbench shall be installed to NFPA 70
Standards and shall have acommon ground with al other power sources available on the
bench. Refer to NAVAIR 01-1A-512 for further guidance.

c. Workbenches, upon which dectricaly powered equipment is opened for repairs or adjustment,
shall be constructed of or covered with non-conductive materid. Alternatively, the
workbenches shdl be insulated and grounded through current limiting resistance or impedance
to provide protection from eectrical shock in accordance with the criteriafor an ESD control
program as specified in MIL-HDBK -263.

d. All workbenchesin asingle laboratory or areashal be eectricaly bonded together and
connected to the facility ground at a common point. Workbenches shdl not be connected to
ground in series with one another. As a minimum, workbench bonding and grounds shal be
checked on an annud basis.

e. Workbenches used in the Physica/Mechanical cdibration laboratory or any area where oils or
chemicd are commonly used, shall require tops that are resistant to the absorption of these
meaterias.

NOTE
Additiond requirements may be necessary for oversess inddlations. Other workbench
requirements are discussed in the Specid Use Area requirements in Section 2.10 and
should be consdered during laboratory design.

2.9.2 Sdfety Screens

SAfety screens or shidds should be used in the immediate vicinity of force cdibration equipment such as
the Morehouse Universal Force Calibrating Machine for the purpose of protecting operators and other
laboratory personne from the possibility of flying projectiles or objects. The drawings MET D-508,
MET D-511, and MET D-541 are maintained by NSWC Corona, M easurement Technology Division,
Physicd & Mechanicd (MS 33) and are examples of the safety screens.

2.9.3 Shorebased Gravity Benchmark

A gravity benchmark shdl be required in accordance with the specifications of Engineering Report ER-
03 in facilities when weights or fluid columns are used to produce or measure cdibration pressures
exceeding £0.1% accuracy, and where dead weight force machines are used in force cdlibrations. For
less accurate needs, the local gravity can be estimated using the latitude and dtitude of the lab, by the
following equation:

a. = 980.619 - 2.586 cos(2q) - 0.003 cos(4q) - 0.000094 h
where g, islocd gravity in cn/<, q isthe latitude in degrees, and h isthe dtitude in feet.

2-11



NAVAIR 17-35FR-06

2.9.4 FumeHoods

2.9.4.1 Fume hoods are required to remove noxious, toxic, or corrosve fumes and vapors from
laboratory spaces. Separate, non-recirculaing, dot-type exhaust systems as specified in
MIL-HDBK-1003/17 shdl beingtdled. Exhausted fumes must be ducted directly to outside spaces.
The ducting should be capable of exhausting 100 CFM of air with lessthan 0.5 in. H,O pressure drop.
Typicd areasthat require the use of fume hoods include mercury handling areas, equipment washing and
cleaning areas where toxic solvents are used, and in the temperature measurement area over
temperature baths and furnaces.

2.9.4.2 A Navy Industrid Hygienist should be contacted for guidance and gpprovad prior to
inddlation of an exhaugt ventilation system, or modification of exiging systems. A routine performance
test shal be conducted on each fume hood at least annudly or whenever asignificant change has been
made to the operationa characteritics of the system. Refer to 29 CFR 1910.1000 for exposure limits
for arborne contaminants. Generd guidelines on types of hoods and their application are presented in
the ACGIH Indudtrid Ventilation Manua. Other gpplicable referencesinclude ANSI Z9.2-1979 and
ANSI/AIHA Z9.5-1992.

2.9.5 Other Condderations

Vibration cdibration rooms with high power shakers may require air-cooling or water-cooling
provisons for the shaker. Flow areas may require chilled and heated water, plus large volumes of
compressed ar. Dimensional/Optica calibration rooms with surface plates supported on air bearings
aso require compressed air service. Labs with alarge amount of pressure workload will benefit from
having a nitrogen supply hard-plumbed into the facility. Thisis usualy done by inddling a manifold for
severd nitrogen bottlesin a service or storage room, with a high-pressure line running into the pressure
cdibration area. Nitrogen used for calibration purposes shall conform to MIL-PRF-27401D, Type 1,
Grade A or B.

2.10 Special Use Areas

Requirements for specidized areas needed to ensure isolation of materias or processesthat are
potentialy hazardous to personne or incompatible with other calibrations or processes are specified in
this section. When planning a new facility or remodding, consderation shal be given to the layout of
gpecid use areasin order to limit transportation of potentialy hazardous materids through the main
cdibration area.

NOTE

Unless otherwise dtated, requirements in this section are intended to be additions or
exceptions to the more general requirements provided in preceding sections.
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2.10.1 Equipment Cleaning and Washing Area

2.10.1.1 Inactivitieswhere the workload requires an equipment cleaning facility, a specidly equipped
and isolated area shall be required for solution cleaning and washing of mechanica, eectricd and
electronic workload items. Cleaning requirements for specia purpose equipment are specified in MIL-
STD-767. Routine washing of eectrical and eectronic test equipment is not recommended. However,
arr filter servicing and moderate cleaning should be a part of dl cdibration programs. Additiondly, the
cleaning of externd surfaces does have a positive effect on the overdl cdibration effort.

CAUTION
Refer to TN 76-2 for specific information on approved cleaning methods for
routine and extensive cleaning of electrical and electronic test equipment.

2.10.1.2  Minimum reguirements for the equipment cleaning and washing area, as herein referred, are
asfollows

a. Thisareashdl belocated externdly to any environmentally controlled cdibration laboratory.

b. Thisareashdl require utilities and services equivaent to the following:

Utility or Service Description
Power 120 volt, single phase, 60 Hz, 360 W
(1480 W additiond for drying oven)
Compressed Air 50 to 200 Ib/ir?
Water Fresh water supply and drain
Exhaust Vent Outside vent with 4-5 in. duct

2.10.1.3 Where extensve cleaning isrequired as defined in TN 76-2, the following additiond
requirements must be met:
a. Thisareashdl require aminimum of one San-Dd Modd 16 Cleaning Unit
(N'SN 4940-00-422-1774) or equivdent and aminimum of one San-De Modd 46 Drying
Oven (NSN 443-01-009-2371) or equivaent shall dso be required.
b. Each deaning unit shal require aminimum of 15 g ft of floor space and each drying oven shdl
require aminimum of 10 sq ft of additiona floor space.

2.10.2 Oxygen-Clean Cdibration Area

2.10.2.1 With respect to the cdlibration facility workload and as authorized, a specidly equipped and
isolated area shall be required for cleaning, repair or cdibration of instruments removed from, or
intended for service in oxygen systems. This area shdl require adherence to NAV SEA ST700-AM-
GYD-020/0ICR or NAVAIRINST 13640.1, as applicable.
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WARNING

The scope of this document is limited to requirements for facilities. The safe
processing, repair and calibration of oxygenrelated instruments requires a
complete program involving specialized knowledge, <Kills, equipment,
accessories, materials, and workload control, as well as specialized facilities.
Refer to NAVSEA ST700-AM-GYD-020/0OICR, MIL-STD-1330, or EC-21, as
applicable for gspecific ingtruction on cleaning, handling, and packaging of
oxygen instruments.

2.10.2.2 Fadility requirements for this areashal bein accordance with those specified for the generd
Physica/Mechanica cdibration area with the following exceptions or additions:

a. Thisareashdl requireisolation from al sources of potentia hydrocarbon contamination. Thisin
part, shdl require limiting access to the area to authorized personnel and prohibiting entry and
storage of unrelated equipment items.

b. Thisarea shdl require at least one oxygen-clean workstation having a minimum work surface of
nomindly 3-by-6 ft. An oxygen-clean workstation is defined as a specia purpose workbench
or smilar working enclosure which will provide air cleanliness levels that meet or exceed the
requirements of Class 100,000 as defined in FED-STD-209.

c. Thisareashdl provide the cgpability to clean closed-end systems, such as bourdon tube gages,
with an gpproved cleaning solvent, and to detect through measurement, hydrocarbon
contamination in the solvent to aleve of 5 ppm or less.

CAUTION
Trichlorotrifluoroethane has been classified as an ozone depleting substance
whose use is restricted. Refer to TN 88-1 for information on safe use of
trichlorotrifluoroethane. Refer to the applicable Systems Command/Sponsor
instructions for guidance on approved cleaning solvents and hydrocarbon
contamination verification methods.

d. Thisareashdl require a minimum of 40 sq ft of floor space for ingdlation of each 3-by-6 ft
oxygen-clean workstation, and proportionaly more for larger workstations. In addition, the
oxygentclean cdibration areamay require a least one regular workbench.

e. Thisareashdl require asource of clean, dry nitrogen gas conforming to
MIL-PRF-27401D, Type 1, Grade A or B.

2.10.3 Nudear Clean Cdibration Area

With respect to the calibration facility workload and as authorized, a specially equipped and isolated
areashall be required where cleaning, repair and calibration of instruments removed from, or intended
for service in testing or monitoring mechanica systems aboard nuclear powered vessasis performed.
Facility requirements for this area shdl be in accordance with those specified in MIL-STD-767.
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2.10.4 Electrogatic Discharge (ESD) Protection Area

A specidly equipped area shdl be required where repair and calibration of equipment containing
electro-gaticaly sendtive components as defined in MIL-STD-1686, is performed. This area shdl
adhere to the requirements for the Electrical/Electronic cdibration laboratory with additiona
requirements as specified in MIL-HDBK-263. The ESD protection area may consist of a dedicated
workbench or workstation within the Electrica/Electronic cdibration laboratory and need not be
located in a separate compartment.  Alternatively, standardized protective areas can be implemented
throughout dl of the Electrica/Electronic cdibration areato provide an equd level of protection. Refer
to MIL-PRF-87893 for details on ESD control workstations.

2.10.5 Electromagnetic Interference (EMI) Protection Area

With respect to the cdlibration facility workload, a specidly equipped and isolated area shdl be required
where repair and cdibration of equipment having emission or susceptibility to EMI as defined in MIL-
STD-461 is performed. The areashall require adherence to the generd requirements for an
Electricd/Electronic cdibration laboratory. Whenever possble, EMI shidding shdl be afforded through
the use of smal bench-top type enclosures since these are more economica than the larger shielded
rooms and frequently more effective in achieving the desired attenuation of eectromagnetic radiation.
Screen rooms or shielded enclosures shdl only be required in special cases, Snce experience has
demonstrated that in most instances screen rooms are ether not required or over-designed. For further
details, see MIL-STD-461.

2.10.6 Meter Cdlibration Area

Meter caibration facilities have traditionally been established outside the boundaries of the
Electricd/Electronic cdibration |aboratory for the repair and cdibration support of dectrica

switchboard and panel meters. More recently the meter cdibration facility has been combined with and
brought into the Electrical/Electronic cdibration [aboratory. If the Meter cdlibration facility islocated in
the cdibration |aboratory proper, facility requirements shall adhere to that of the surrounding work areas
not to exceed the range of 68 to 85 °F. If the Meter cdibration facility islocated separately or in a
separate compartment, temperature in the compartment shall be maintained between 68 and 85 °F.

2.10.7 Liquid How Cdlibration Area

Facilitiesthat use jet fud or other flammable liquids in flow calibration areas are required to meet other
requirements and regulations due to the flammability and explosve potentid of the fud vapors. For use
of flammable or combustible liquids, the flow facility shal meet the safety requirements specified in
NFPA 70 for explosive environments. Detailed provisions are found in NFPA 30. In particular, any
sources of ignition and sparks must be diminated. All motors, light fixtures, and equipment must be
specificaly designed for usein potentidly explosve amospheres. Electricd outlets must be at least 24
inches above floor level. The room air should be exhausted directly to outside spaces, at arate
sufficient to maintain a safe atmosphere insgde the room. The HVAC system supplying air to the liquid
flow room shall produce a negetive pressure of gpproximately 0.05 in. H,O insde the room, to help
prevent intrusion of vapors into other laboratory aress.
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WARNING
Before using flammable or combustibleliquidsin flow calibration areasor when
designing a liquid flow area for new consruction or renovation of existing
facilities, local safety authorities must be consulted to assure compliance with
all safety and health regulations.

2.10.8 Mercury Handling Area

With respect to the cdlibration facility workload and as authorized, a specidly equipped and isolated
area shd| be required for cleaning or repair of instruments containing mercury or compounds of
mercury. Specid care and handling is necessary when operating standards and instruments containing
functiond mercury in areas outside of the mercury handling area. Refer to EC-25 for ingtructions and
guideines when using these items.  Specific requirements for the control of mercury shal be as
prescribed in NAVSEAINST 5100.3. The maximum exposure limit for mercury vapor as specified in
29 CFR 1910 is 0.05 mg/n for 8 hoursin a 24 hour period. Further requirements for mercury
handling areas are as follows:

WARNING
The scope of this document is limited to requirementsfor facilities. Mercury is
a highly toxic substance requiring specialized knowledge, skills, safety
equipment, decontamination procedures and process controls, as well as
gpecialized facilities to limit exposure to personnel during routine handling and
storage. Refer to EC-25for specific instructions on care, handling and cleaning
of mercury.

a. Thisareashdl require aminimum of one King Nutronics, Modd 3642-1-3 mercury
workbench, or the equivaent.

b. Each mercury workbench shadl require aminimum of 40 s ft of floor space.

This area shdl have smooth floors, impervious to the loss of mercury through cracks.

d. Thisareashdl require anon-recirculaing type environmenta control sysem (HVAC system).
It shall be cgpable of from 5 to 10 complete room air changes per hour while maintaining the
minimum environmenta conditions as pecified in Section 4.3.1, with the exception that
temperature be maintained below 75 °F.

e. Thisareashdl require amercury vapor monitor having an audible darm and capable of
detecting amercury vapor concentration of 0.01 milligrams or less per cubic meter in continuous
operation.

o
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3 ENVIRONMENTAL CONTROL REQUIREMENTS

3.1 Introduction

3.1.1 Environmenta controls are agpplicable in cdibration facilities when it is necessary to ensure the
gtability of caibration sandards and equipment, to maintain aset of nomina and readily reproducible
reference conditions, and to reduce the potentia for errors caused by vibration, dust, noise,
electromagnetic radiation, and smilar disturbances.

3.1.2 Theneed to provide environmental controlsin Navy and Marine Corps METCAL Program
facilities depends on the measurement capabilities, equipment alocation, and calibration workload
gpplicable to aparticular activity. Facilities where the most sengtive calibration standards and
equipment are maintained require specia environmenta controls. Other facilities are required to remain
within acceptable limits of temperature, humidity, or other pertinent environmenta requirements.

3.1.3 Therefore caution should be used when relying on environmenta control requirements
gpecifications for operating laboratories that are derived from criteria set forth in various standards
documents such as ISA RP52.1 and NCSL RP-7. The criteria set forth in these documents is meant to
provide guidance in the sdlection of |aboratory environments suitable for sandards maintenance and
cdibration operations but is not intended to mandate a Specific environment for a specific calibration.
Consequently, many of the environmenta parameters discussed below are to be considered as generd
requirements to ensure the repeatability and accuracy of the measurement.

3.1.4 Theenvironmenta controls specified do not pertain to on-site calibrations. Specia
environmental conditions that must be consdered during these cdibrations should be noted in the
approved Navy cdibration procedure. Similarly, if aspeciad environmental requirement is Sated in the
approved procedure, the laboratory environment should elther be adjusted accordingly or corrections
caculated and gpplied to ensure the accuracy of the measurement.

3.2 General Environmental Control Requirements

The purpose of this section isto define the generd facility environmental conditions induding non
cdibration areas such as storage and adminigtrative areas that are adjacent and open to the cdibration
aress.  These conditions are summarized in Table 3.1. Equipment that requires calibration in amore
gringent environment is specified in the applicable measurement aress, in Section 4. Equipment should
be maintained under the prescribed environmental conditions for a sufficient period of time to ensure
dability prior to cdibration. This stabilization time will vary depending on the type of equipmernt,
environmental changes, and accuracy requirements. Questions concerning the gpplicability of
environmental controls to any item should be directed to NSWC Corona, Measurement Science
Directorate (MS 30).
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NOTE
Storage and adminidrative areas that are not adjacent and open to the caibration areas
should dso remain within the requirements listed in Sections 3.2.1 through 3.2.5 since
these guidelines form the basis of good facilities engineering practices but they are not

governed by this document.
Table 3-1. Summary of Generd Facility Environmental Conditions
Par ameter Acceptable Range
Temperature 60 - 85°F
Humidity 20 - 60% RH
Airborne Particles £ 2.4 x 10" /m3 for >0.5 nm
Vibration £ 0.032in/sand <0.046 g for 8 - 100Hz
Background Noise £ 55dB(A)
[lTuminance 3 50ft-c

3.2.1 Temperaure and Humidity

The maximum acceptable conditions for temperature and relative humidity are from 60 to 85 °F and 20
to 60% RH respectively.

NOTE

The maximum acceptable conditions provided above have been established in order to
maintain a maximum level of safety in dl caibration arees. There are some ingtances
when cdibrations may need to be peformed outsde of the conditions liged. Any
measurement process conducted outside of the prescribed parameters must be
evduaed in order to identify potentid safety hazards and possble damage to
measurement standards.  For example, static discharge becomes a potentia problem
when humidity drops below 20%. This may cause problems with some measurements
and pose shock hazards when working with eectronic equipment. Conversdy, high
humidity may accelerate corroson and condensation can cause possble shorts.
Therefore, appropriate SYSCOM approval must be obtained prior to performing
measurements outsde of the requirements set forth in this document.

3.2.2 Paticle Contamination

Particle counts are generally referenced in terms of particles greater than 0.5 uminsze. The best
known recommended practice for |aboratory airborne particle counts is a contamination level not
exceeding 2.4 x 10™ particles per cubic meter greater than 0.5 pmin sSize. Particles over 50 um shall be
filtered completely. Particle count control is not required for measurement accuracy unless mandated by
the requirements set forth in the tables in Section 4. However, good housekeeping practices must be
maintained to ensure that dust does not accumulate on or under benches, cabinets, equipment and
ingrumentation. Accumulation of waste materid or scrap shal be avoided. The primary intent of this
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requirement isto preclude the use or storage of calibration standards and equipment in heavily dust-
laden aress.

NOTE
A vdue of 24 x 10" particles per cubic meter is based on an average dust
concentration vaue normaly expected in metropolitan arees.

3.2.3 Vibration

3.2.3.1 Thebest known recommended practice for generd vibration levels within the laboratory isa
velocity of 0.032 in/sec (rms) between 8 and 100 Hz and an acceleration of less than 0.046 g (peak)
between 8 and 100 Hz. Vibration control is not required for measurement accuracy unless mandated
by the requirements set forth in the tablesin Section 4.

3.2.3.2 Theprimary intent of this recommended practice isto preclude the performance of
cdibrations in areas routingly affected by impacts, shocks, or abnormaly high vibration levels, which
would adversdly affect cdibration results or degrade the long-term performance of equipment. There
are severd cdlibration areas where this requirement is unacceptable such asin the Dimensiond, Opticd,
Pressure-Vacuum, Acceleration, Force, and Mass areas where high accuracy vibrationsengtive
measurements are made. For these cdibrations, the maximum acceptable condition for vibrationisa
displacement of less than 10 pin (25 pum) between 2 and 30 Hz and an acceleration of lessthan 0.001 g
between 30 and 200 Hz.

NOTE
An RMS velocity of gpproximately 0.007 in/s (or the equivdent in displacement or
acceleration units) represents the threshold of human perception between 8 and 100 Hz
while gpproximatey 0.032 in/s would represent a tolerable level for workshop-type
environments over the same frequency range.

3.24 Acousic Noise

3.24.1 Themaximum acceptable condition for background acoudtic noiseisasound level of 55
dB(A) or less. For the purposes of this requirement, background noise is defined as noise from
permanently ingtaled and continuoudy operating equipment.

3.2.4.2 The maximum acceptable exposure limit for hazardous noiseis 84 dB(A) for 8 hoursin a24
hour period as specified in OPNAVINST 5100.23. Higher levels can betolerated for shorter periods
as long as the time-weighted average for the 8-hour workday remains below 84 dB(A). For the
purposes of this requirement, hazardous noise is defined as any intermittent or temporary noise
emanating from either insde or outside the facility.
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WARNING

The scope of this document is primarily limited to requirements for facilities.
OPNAVINST 5100.23 governslimitsfor personnel exposure to acoustic noise.

3.25 [lluminance

The minimum acceptable condition for illumination leve is 75 ft-c at workbench leve indl calibration
aeas. The minimum acceptable condition for illumination levd in dl nontcalibration areas that are not
adjacent and open to the cdibration areasis 50 ft-c. Light should be evenly digtributed to minimize
glare, spectra reflection, and radiant heet to a degree that cdibrations are nominaly unaffected by any
of these parameters.

3.2.6 Electromagndtic Shidding

An EMI survey should indicate afidd strength of lessthan 100 nV/min the cdibration area. The
primary requirement is that the presence of EMR, from sources ether internd or externd to the facility,
must not be of such levels asto cause interference with measurements or cause erroneous calibration
results. Where tests demondtrate the presence of excessve EMR or when an area of containment is
needed to perform calibration on interference producing equipment, requirements for some specid type
of shidded enclosure are indicated. Shielded areas or enclosures shal be furnished in accordance with
the requirements specified in Section 2.10.5.

3.3 Calibration Area Environmental Control Requirements

The purpose of this section is to define the minimum performance capailities of the facility
environmenta control system not the acceptable measurement control limits. The requirements that
follow gpply to dl cdibration areas, and are in addition to the requirements listed above. Additiona
requirements are dso listed for individua measurement areasin Section 4.

3.3.1 Temperature and Humidity

Facilities shal require environmental controls or an environmenta control system (HVAC system)
having automatic temperature and relative humidity control cgpabilities to meet the following minimum
requirements.

a. Maintan anominad temperature of 73 °F (23 °C) or 68 °F (20 °C) in designated aress.

b. Control temperature excursons to within the specified tolerance limitsin Section 4.

c. Mantan aspatidly uniform temperature, such that the deviation between any two pointsin the
working volume of alaboratory does not exceed the specified value for stability or temperature
tolerance limitsin Section 4 or 4 °Fhour if no ability requirement is given. The working volume
is defined as any point where measurements are conducted or senditive equipment located, or
within +3 ft devation from the workbench levd.

d. Limit temperature oscillations to a maximum of 60 cycles per hour.
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NOTE

Depending on the type of environmental control systlem and on its overdl hegting or
cooling capacity, room temperature will typicaly oscillate between some high and low
control limits in a nomindly snusoidd manner. Measurement sandards and test
ingruments will atempt to come to equilibrium with the environmental temperature.

However, the net effect tends to be lower in amplitude and out of phase with changesin
the environment because of the greater heat capacity of the equipment. Higher rates of
change (more oscillations per unit time) will ensure that the net temperature experienced
by the equipment is close to the average temperature of the space, while lower rates will

result in wider temperature excursons.

e. Maintain relative humidity to within the soecified tolerance limits.

NOTE
Temperature and humidity are interrdlated such that a change in one parameter can
cause achange in the other parameter. For example, a 1 °C change in temperature can
cause a 3.5% change in RH a 20 °C and 50% RH. In the past, certain humidity
control systems were observed to have system reheat cycle failures which caused the
system to generate a humidity level approaching 90% RH. This may not be a problem
with modern humidity control systems.

f.  Maintain the above conditions nomindly at dl times and for a period of 24 hours prior to any
cdibration conducted in the facility.

NOTE
The capability of the control system to hold the temperature to within acceptable limits
for a period of 24 hours prior to performing calibrations does not limit caibration
measurements should a temperature excursion Occur. Generdly spesking,
measurements can be made if the laboratory temperature isin control and has remained
so for a period of 4 hours. However, some standards and test instruments require a
shorter or sgnificartly longer period of temperature control depending on the accuracy
of the required measurement, the therma mass of the equipment and the magnitude of
the thermd offset. Laboratory management discretion must be used to determine the
ggnificance of the temperaure excurdon and its likdy impact on the intended
measurement.  Separate enclosures may be used to provide better environmental
controls for particularly sensitive measurements.

NOTE
The maximum acceptable conditions provided above have been established in order to
maintain a maximum level of safety in dl caibration arees. There are some ingtances
when cdibrations may need to be peformed outsde of the conditions lisged. Any
measurement process conducted outside of the prescribed parameters must be
evduaed in order to identify potentid safety hazards and possble damage to
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measurement standards.  For example, static discharge becomes a potentia problem
when humidity drops below 20%. This may cause problems with some measurements
and pose shock hazards when working with eectronic equipment. Conversdy, high
humidity may acceerate corroson and condensation can cause possible shorts.
Therefore, gppropriate SYSCOM agpprova must be obtained prior to performing
measurements outside of the requirements set forth in this document.

3.3.2 Tempaature and Humidity Monitoring

Since environmenta conditions of temperature and humidity are of such basic importance to cdibration,
continual monitoring, and recording of the temperature and relative humidity of each laboratory areaisa
facility requirement. Thermo-humidigraphs and/or sensors used to monitor environmental conditions
shal be placed within the working volume of the calibration area, as defined in Section 3.3.1.c, to
represent accurately the area of coverage, i.e. out of drafts and away from heat sources, doors,
windows, and vents. Records shdl be maintained as specified in

Section 5.1.

NOTE
Portable hand-held devices having a sufficient accuracy may be used to monitor and
record the temperature and humidity within the working volume. These devices may be
preferred over conventiond thermo-humidigraphs or sensors, particularly if they cannot
be located within the working volume or when the temperature of the Tl is required
such as during artifact cdibrations.

NOTE
Laboratory areas with HVAC systems that are designed to diminate temperature
variations and can control temperature and humidity within the working volume to the
specified requirements for the measurement area require no additiond instrumentetion as
long as the environmenta qudity control requirements in Section 5 are met. HVAC
system indrumentation must be cdibrated and routinely monitored for conformance to
the requirements.

3.3.3 Vaentilation and Air Pressure

Facilities shdl require environmenta controls providing the following minimum capabilities to:
a. Maintain aventilation rate of between 5 and 20 room air changes per hour.
b. Maintan an average air velocity of 6 to 20 feet per minute.

NOTE
As an effective means to prevent infiltration of dust and untempered air, laboratories
should maintain a positive air pressure of 0.05 in. HO (£ 10%) in dl environmentdly
controlled cdlibration laboratory areas (except in areas specificaly noted). This should
be considered when determining the requirements for the environmenta control system.
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3.34 Patide Contamination

Fecilities shall require the control of airborne particles to less than 2.4 x 10™ particles per cubic meter
for particles greater than 0.5 um in size. Specific measurement areas with more stringent particle control
requirements are listed in Section 4, with alowable counts of particlesin two sizes. over 0.5 um and
over 1.0 um. Inal aress, particles over 50 um must be filtered completely. Srmoking and eeting shdll
not be permitted in areas designated for particle control.

NOTE
Specid consideration must be made for on-ste cdlibrations when using sandards or
equipment that require particle control to ensure measurement accuracy. Refer to the
approved Navy cdibration procedure for specific guidance regarding particle control
for these calibrations.
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4 CALIBRATION AREA REQUIREMENTSTABLES

4.1 Introduction

4.1.1 Information is provided in the following tables to provide guidance for measurements bang
conducted in the measurement areas as defined below. To perform measurements to the accuracy
liged in the Required Accuracy column, the temperature and humidity must be maintained within the
ranges listed in the appropriate columns. If the temperature and/or humidity exceed these ranges and it
is gpproved by the SY SCOM, it will be necessary to make corrections for temperature deviations and
specid consderations must be given to maintenance and safety conditions that exist when humidity
levels exceed the specified range. Any time measurements are taken outside of the temperature and/or
humidity ranges pecified in the table, the out of specification condition shal be documented and
appropriate steps must be taken to ensure that the measurements are accurate and repeatable and
safety is not compromised.

NOTE
Specific guidance with regards to environmenta requirements or correction factors may
sometimes be given in the approved Navy calibration procedure and takes precedence
over the requirements prescribed in this document.

4.1.2 The paticle count and vibration information provided in the tables are the recommended
practices that have proven to be satisfactory for performing these measurements. Some tables do not
Specify particle counts and vibration limits, Since these particular parameters do not always have a direct
influence on measurement accuracy. Other tables specify limits for only the most stringent accuracy
requirements.

4.1.3 TheNotes column is provided to identify additiond guidance or requirements that must be met
for particular types of equipment in use. The number listed in the table corresponds to the numbered
item in the Notes subsection. Some tables may have an additiona subsection titled Discussion. This
subsection is used to provide additional recommendations to help laboratory personnd in meeting the
gtated environmenta conditions or to provide additiona factors that must be considered during
|aboratory design.

4.2 Electrical/Electronic Calibration Area Requirements

42.1 DCVoltage

Required Accuracy | Temperature Humidity Particle count /m3 Vibration Notes
2 ppm or better 7312 °F 20% to 60% RH Not applicable Not applicable
>2t0 90 ppm 7319 °F Same as above Not applicable Not applicable
>90 ppm 6010 85 °F Same as above Not applicable Not applicable
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Required Accuracy | Temperature Humidity Particle count /m3 Vibration Notes
4 ppm 73+2°F 30%to60% RH | Not applicable Not applicable 1
>4 ppm 7319 °F Same as above Not applicable Not applicable 1
Notes:
1.) Low humidity can cause problems with resistance standards and should be avoided.
4.2.3 Frequency and Power
Required Accuracy | Temperature Humidity Particle count /m?3 Vibration Notes
All 60to 85 °F 20% to 60% RH Not applicable Not applicable
4.2.4 Generd Application for other Electrical/Electronic measurements
Required Accuracy | Temperature Humidity Particle count /m?3 Vibration Notes
All 7319 °F 20% to 60% RH Not applicable Not applicable
4.3 Physical/Mechanical Calibration Area Requirements
4.3.1 Pressureand Vacuum
Required Accuracy | Temperature Humidity Particle count /m3 Vibration Notes
0.01% or better
- using mercury 75+10 °F 20% to 60% RH <4x10’ (over .5 pm) <10pin (0.1t0 30 H2) 1,23
manometer <7x10° (over 1.pm) <0.001 g (30 t0 200 H2)
- using dead weight | 7319 °F Same as above Same as above <0.002 in/sand <0.003 g
tester (810 100 H2) 2.4
>0.01%
- using gauge 7319 °F 20% to 60% RH Not applicable Not applicable 5,6
standards
- using transducer | 60to 85 °F Same as above Not applicable Not applicable
standards
Notes:

1.) Temperature changes when using mercury manometers must be limited to less than 3 °F/hour.

2.) Locd gravity must be known to within 0.001 cr/s? using alocd gravity benchmark.
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3.) Excessve vibration can digtort the readings made by high accuracy mercury manometers. Where
necessary, the manometer may require isolation from the surrounding floor surface.

4.) Draftsand strong air currents (over 20 ft/min) must not blow onto the standard. Use baffles or
shidding where necessary.

5.) Particle count limits gpply to hydraulic gauge Sandards. Pneumétic gauge standards have no particle
count requirement.

6.) If the standard gauges are temperature-compensated, the temperature requirement is expanded to
60 to 85 °F.

4311 Discussion

Schwien Engineering, Inc. has a seismic mass recommendation consisting of a concrete block 4 feet by
4 feet and 5 feet degp with a 2-inch thick sheet of cork on the four sides of the block and supported by
agrave bed. Seedso Army TM 5-805-4 for guidance on seismic masses.

4.3.2 Forceand Torque

Required Accuracy | Temperature Humidity Particle count /m?3 Vibration Notes
0.025% or better 7316 °F 20% to 60% RH Not applicable <10 uin(10to 30 Hz) 1,24
<0.001 g (30to 200 Hz)

>0.025%

- using proving 7319 °F Same as above Not applicable Same as above 1,2
rings

;;;an |oad/torque 6010 85 °F Same as above Not applicable Same as above 3
Notes:

1.) When cdlibrating proving rings, the ambient temperature must be held stable within 2 °F for the
duration of the cdibration. Drafts and strong air currents (over 20 ft/min) must not blow onto the
gandard. Use baffles or shielding where necessary.

2.) If the proving ring was cdlibrated at atemperature other than 73.4 °F, then apply the appropriate
temperature tolerances to the calibrated temperature.

3.) Sources of EMI must be shielded where load cell indicators are used.

4.) A loca gravity benchmark, accurate to .001 cnV/<? isrequired if the standard is a dead weight force
mechine.

4.3.21 Discusson

4.3.2.1.1 Sdfety shiddsshould be used around al force machines when calibrating with proving rings
or load cells. Three drawings, MET D-508, MET D-511 and MET D-541 are available from NSWC
Corona, Measurement Technology Division to provide designs for safety equipment to be used with
force machines.
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4.3.2.1.2 Thetemperature of the proving ring itsdf is crucid to performing accurate measurements. A
thermometer should be attached at the base of the proving ring or athermometer may beinserted into a
well drilled in asted block and placed near the base of the proving ring, to measure the proving ring
temperature. The thermometer should be shielded to protect the bulb end from drafts that may be
prevaent where the proving ring isbeing used. The thermometer used to monitor the proving ring
temperature may be either Fahrenheit or Centigrade scae with aresolution of 0.1 degree. The
gppropriate temperature correction formula must be gpplied to determine corrections for measurements
taken when the temperature deviates from the reported calibration temperature as indicated on the
report of calibration for the proving ring. Proving rings are normaly calibrated a areference
temperature of 23 °C (73.4 °F). In order for the correction to be vdid, the ambient temperature in the
region of the proving ring must be uniform and stable during the duration of use.

4.3.3 Mass
NBS Circular 547
Required Accuracy | Temperature Humidity Particle count /m?3 Vibration Notes
Classes S, M 68t0 73 °F 30%t055% RH | <4x10’ (over .5 um) <10pin (10to 30 Hz) 1
<7x10° (over 1 um) <0.001 g (30 to 200 Hz)
ClassS1 6810 73 °F 30%to 55% RH <4x10" (over .5 um) <10 uin (10to 30 Hz) 2
<7x10° (over 1 um) <0.001 g (30 to 200 Hz)
ClassesP,Q, T 641080 °F 30% to 60% RH <4x10’ (over .5 um) <10 uin (10to 30 Hz) 3
<7x10° (over 1 um) <0.001 g (30 to 200 Hz)
ASTM E 617
Required Accuracy | Temperature Humidity Particle count /m3 Vibration Notes
Classes0,1,1.1 6810 73 °F 30% to 55% RH <4x10" (over .5 um) <10 uin (10to 30 Hz) 1
<7x10° (over 1 um) <0.001 g (30 to 200 Hz)
Classes 2, 3 6810 73 °F 30% to 55% RH <4x10’ (over .5 um) <10 uin (10to 30 Hz) 2
<7x10° (over 1 um) <0.001 g (30 to 200 Hz)
Classes 4,5, 6 641080 °F 30% to 60% RH <4x10’ (over .5 um) <10 uin (10to 30 Hz) 3
<7x10° (over 1 um) <0.001 g (30 to 200 Hz)
NIST 105-1
Required Accuracy | Temperature Humidity Particle count /m3 Vibration Notes
ClassesC, F 641080 °F 30% to 60% RH <4x10’ (over .5 um) <10pin (10to 30 Hz) 3
<7x10° (over 1 um) <0.001 g (30 to 200 Hz)
Notes:

1.) Thetemperature must be held stable within 4 °F per hour with a maximum change of 1 °F per hour
during cdibration.

2.) Thetemperature must be held stable within 7 °F per hour with a maximum change of 2 °F per hour
during cdibration.

3.) Thechangein temperature must not exceed 4 °F per hour.
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4.3.3.1 Discusson

Class designations for ASTM 617 and NIST 105-1 have superceded the class designation for NBS
Circular 547.

The gability and uniformity of the temperature in the mass cdlibration room is more important than the
actua temperature. Subdtitution techniques used in mass cdibrations eiminate errors that might be
caused by ambient temperatures other than 73 °F. However, baances are very susceptible to
temperature gradients, fluctuations, and air currents. Most senditive balances are enclosed in a cabinet
to protect them from air currents. Nevertheless, temperature gradients and air currents in the region
surrounding the balance can produce temperature gradients insde the cabinet, which in turn can cregte
ar movement insde the cabinet. Additiondly, the mass standard’ s buoyancy in air requires temperature
dability to attain certain class accuracies due to changesin ar density.

4.3.4 Temperature

Required Accuracy

Temperature

Humidity

Particle count /m3

Vibration

Notes

All

735 °F

20% to 60% RH

Not applicable

Not applicable

1,2

Notes:

1.) Thetemperature requirement gpplies to ambient conditions surrounding the digital temperature

indicators used with platinum res stance thermometers and thermocouples. Where digitd indicators
are not used, the requirement can be expanded to 60 to 85 °F.
2.) Sources of EMI must be shidlded where digita temperature indicators are used.

4.3.4.1 Discusson

Temperature baths and freezing point cdls require large amounts of power, usudly a 230 volts. These
devices aso produce very high heet loads. HVAC systems shdl be sized accordingly to handle the heet
load. When using triple-point cells and ice-baths, the ambient temperature should be kept aslow as
conveniently possible to maximize the duration over which the triple-point cdll or ice-bath may be used.

435 GasFlow
Required Accuracy Temperature Humidity Particle count /m3 Vibration Notes
0.2% or better 70+4 °F 20%t060% | Not applicable Not applicable
. RH
-using abell prover
0.2% or better 70+4 °F 40%1t060% | Not applicable Not applicable 1
-using a piston prover
>0.2% 6010 85 °F Same as Not applicable Not applicable
above
Notes:
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1.) When apiston prover is equipped with agrounding sirap for static dectricity, the humidity can
range from 20%-60% RH. The humidity requirement is provided to minimize the effect of atic
electricity buildup on the glass tube of a piston prover.

4351 Discussion

Gasflow cdibrators may aso require large volumes of shop ar or instrument qudity air. High flow rate
cdibrators can a0 cregte large amounts of noise. Noise damping materias may be required on wals
and caling.

4.3.6 Liquid Flow

Required Accuracy | Temperature Humidity Particle count /m?3 Vibration Notes
All 60to 85 °F 20% to 60% RH Not applicable Not applicable 1
Notes:

1) If theliquid flow areauses fuds or other flammable or combustible liquids, then the HVAC systems
serving this area should operate under a dight negative pressure (0.05 to 0.1 in. H,O) to prevent
intrusion of vapors into adjacent areas. Additiond venting may aso be required to prevent buildup
of vapors ingde the room.

4.3.6.1 Discusson

4.3.6.1.1 Fadlitieswhich usejet fud or other flammable or combustible liquidsin flow calibration
areas are required to meet other requirements and regulations due to the flammability and explosive
potentia of the fuel vapors. In particular, any sources of ignition and sparks must be diminated. All
motors, light fixtures, and equipment must be specifically desgned for use in potentidly explosive
atmospheres. Electrical outlets must be at least 24 inches above floor level. The room air should be
exhausted directly to outside spaces, at arate sufficient to maintain a safe amosphere insde the room.
The HVAC system supplying air to the liquid flow room should produce a negative pressure of
gpproximately 0.05 in. H,O indde to room, to help prevent intrusion of vapors into other [aboratory
areas. When designing aliquid flow areafor new congruction or renovetion of facilities, locd safety
authorities must be consulted to assure compliance with dl safety and hedlth regulations.

4.3.6.1.2 Liquidflow cdibrators may aso have additiond utility requirements such as 230 volt or
three-phase power, large volumes of shop air or instrument quality air, or heated and/or chilled water.
High flow rate cdibrators can aso create large amounts of noise and vibration, and should be isolated to
minimize adverse effects on other calibration aress.

4.3.7 Vibraion and Rotation

Required Accuracy | Temperature Humidity Particle count /m?3 Vibration Notes
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All 6010 85 °F 20% to 60% RH Not applicable <0.032 in/sand <0.046 g 1

(8to 100 H2)

Notes:
1.) Provisonsfor water-cooling or ar-cooling of some high power shakers may be required.

4.3.7.1 Discusson

Shakers can create high noise levels. Hearing protection should be provided. Noise damping materias
may be required on walls and celling to reduce noise levelsin adjacent areas. High power amplifiers
used to drive shaker can dso cregte large amounts of EMI. Instruments sengitive to EMI shall be
shielded as necessary.

4.3.8 Viscosty and Specific Gravity

Required Accuracy | Temperature Humidity Particle count /m? Vibration Notes
All 73+4 °F 20% to 60% RH <4x10" (over .5 um) Not applicable
<7x10° (over 1 um)
4.3.9 Generd Application for other Physica/Mechanica measurements
Required Accuracy | Temperature Humidity Particle count /m3 Vibration Notes
All 739 °F 20% to 60% RH Not applicable Not applicable
4.4 Dimensional/Optical Calibration Area Requirements
4.4.1 GageBlock Cdibration
Required Accuracy | Temperature Humidity Particle count /m? Vibration Notes
See note 1 below
- by comparison 68+0.5 °F 20%t045% RH | <2x10° (over .5 pm) <10 pin (10to 30 Hz) 1,2
<4x10° (over 1 um) <0.001 g (30t0 200 Hz)
- by interferonetry | 68+0.5 °F Same as above Same as above <2 pin (10to 30 Hz) 1,2
<0.001 g (30to 200 Hz)

Notes:

1.) Uncertainties of gage block calibrations (including effects of environment) should aways be
determined by the servicing lab and reported to the customer on the report of caibration.

2.) Ventildion in the gage block room must be draft free. There must be no radiant hest sources that
are strong enough to cause the temperature of the gage blocks or gage block comparator to exceed
the limits above.
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4411 Discussion

4.4.1.1.1 Gageblock cdibration isone of the most demanding area of a caibration laboratory in
terms of environment control required. Gage blocks are currently calibrated with uncertainties of less
than 2 pin, and repeetability of lessthan 1 pin. This degree of repeatability requires a very tightly
controlled environment. The length of agage block is defined at atemperature of exactly 68 °F (20
°C). Thetemperature control becomes crucia because steel gage blocks have atherma expansion
coefficient of 6.4 ppm/ °F (or 11.5 ppnv °C). Thismeansthat a 1 inch long gage block will grow in
length by 6.4 pinfor a1 °F increase in temperature, a change that is much greater than the uncertainty of
the gage block.

4.4.1.1.2 Althoughitispossbleto agoply acorrection for the therma expanson when using gage
blocks at temperatures other than 68 °F, this practice is not recommended for very precise
requirements, such as gage block comparisons. Thisis because the expanson coefficient can vary by
severd percent around the nominal value of 6.4 ppnV °F, even with blocks of the same size and brand.
The variances are especialy common in blocks over 4 inchesin length. This resultsin an additiona
uncertainty when the temperature correction is agpplied to the measured or cdibrated length of agage
block. Thisadditiona uncertainty is proportiond to the difference between the actua temperature and
68 °F. The problem is complicated further when gage blocks of one materia are used to cdibrate
blocks of adifferent material. There are then two different expansion coefficients to account for, each
with an associated uncertainty.

4.4.1.1.3 Inadditionto anomina temperature of 68 °F, it isimportant to maintain avery uniform and
dable temperature. Stable temperatures in the measurement area shal be maintained for a minimum of
8 hours prior to performing cdibrations of gage blocks. A difference of even 0.2 °F between a master
and test block is enough to affect the repeeatability of cdibrations. Although the cdibration techniqueis
designed to reduce differences between master and test blocks, these techniques depend upon stable,
uniform environments.  Also, the HVAC ducting and equipment in the gage block room should be
designed to diminate drafts and hot spots near the comparator. Temperature drift or gradients around
the comparator can cause random errors that affect repesatability. In laboratories performing the most
sengitive measurements, it is even possible for radiant energy from common, direct lighting to heat gage
blocks or the comparator enough to affect repeatability. Normal HVAC systems commonly oscillate
around a set temperature. The therma mass of gage blocks will tend to attenuate this affect somewhat,
but the HVAC system for the gage block cdibration area should be specificaly designed to produce as
gtable an environment as possible. If atemperature excursion outside of the limits should occur, there
may be a subgtantia time lag before cdibrations can resume. The amount of time for equilibrium to be
restored depends upon the magnitude of the offset and the accuracy of the required measurement.

4.4.1.1.4 Humidity control for gage blocks, and other dimensiond aress, isadso critica. Oxidation or
rust of clean stedl surfaces begins at gpproximately 60% RH. The presence of air contaminates, dusts,
and skin oils cause oxidation to occur a lower humidity, aslow as 50% RH. The relationship between
relative humidity and water vapor content of air changes with temperature. Thismeansthat adrop in
temperature will increase the relative humidity, even without the addition of water vapor into the air.
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Since humidity controls are dower to respond than temperature controls, it isimportant to keep
humidity below 45% RH to provide a safe operating margin.

4.4.1.1.5 Itisadvantageous to locate gage block calibration equipment in its own room toward the

center of the building. Locating the room away from exterior walls reduces seasond heat |oads and
heet losses that can make the required level of contral difficult.

4.4.2 Length (except by Laser Interferometry)

Required Accuracy | Temperature Humidity Particle count /m3 Vibration Notes
0.000010in/in or 68+1°F 20%1t045% RH | <2x10° (over .5 pm) <10 pin (under 30 Hz) 1
better

<4x10° (over 1 um) <0.001 g (30 to 200 Hz)
(20 pin/in or better)

>(0.000010 to 0.000050 | 68+2 °F 20% to 50% RH Same as above Same as above 1
in/in
(>10to 50 pin/in)

>0.00005 in/in 6848 °F 20% to 60% RH Not applicable Not applicable 1
(>50 pinfin)

Notes:

1.) Proper atention must be given to maintaining standards and test instruments in high humidity
environments. Rust can begin to occur at 50% RH per the discussion below.

4.4.2.1 Discusson

4.4.2.1.1 All length measurements are referenced to a standard temperature of 68 % (20 °C). When
temperatures deviate from the 68 % reference point in the measurement area, it may be necessary to
apply correctionsfor dissmilar expansion caused by differencesin materid and mass. Therate of
temperature change prior to and during measurements must be kept to a minimum to reduce the
possihility of error caused by varying rates of thermal expanson. The measurement standards such as
gage blocks, measuring machines, micrometers, and cdipers often will be different in Sze than the item
being measured and will change at a different rate due to the amount of materiad. The heeat trandfer will
depend on the type of materid, the mass of the materid and the surface area available to transfer heat.
To ensure accurate measurements the guidelines in the table should be followed for the accuracy
required.

4.4.2.1.2 Smilartothediscussion in Section 4.4.1 above, humidity control for length measurementsis
aso critica. Oxidation or rust of clean sted surfaces begins at approximately 60% RH. The presence
of ar contaminates, dusts, and skin oils cause oxidation to occur a lower humidity, as low as 50% RH.
The relaionship between rdative humidity and water vapor content of air changes with temperature,
This means that a drop in temperature will increase the relaive humidity, even without the addition of
water vapor into the air. Since humidity controls are dower to respond than temperature controls,
where possible, humidity should be kept below 45% RH to provide a safe operating margin. It should
be emphasized that accurate measurements can be made when humidity excursions exceed the specified
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ranges, however sandards will require extra cleaning and maintenance to prevent damage caused by

dirt and moisture,

4.4.3 Length by Laser Interferometry

Required Accuracy | Temperature Humidity Particle count /m?3 Vibration Notes
1 ppm or better 6815 °F 20% to 45% RH <2x10° (over .5 um) <10 uin (10to 30 Hz) 1
<4x10° (over 1 um) <0.001 g (30 to 200 Hz)
>1 ppm 6815 °F Same as above Same as above Same as above 2
Notes:

4.) The temperature must be held stable within 0.5 °F per hour during cdibration.
5.) Thetemperature must be held stable within 1.0 °F per hour during cdibration.

4431 Discussion

The slandard in alaser interferometer isthe speed of light, which varies directly and ingantly with
changes in temperature. For this reason, temperature stability is of much more concern than the actua
temperature. Even smdl fluctuations in the ambient temperature during a caibration can severely impact
repeatability. Unlike length measurements made using mechanica standards (which have ahigh therma
mass to attenuate the effects of temperature oscillations), laser interferometers respond ingtantly to rapid
temperature oscillations, creating random errors. It istherefore critica to eiminate sources of thermd
gradients and drafts, and provide a uniform and stable environment.

4.4.4 Autocollimation

Required Accuracy | Temperature Humidity Particle count /m3 Vibration Notes
0.5 arcsec or better | 68+1 °F 20% to 45% RH <2x10° (over .5 um) <10 pin (10to 30 HZ)

<4x10° (over 1 um) <0.001 g (30 to 200 Hz)
>0.5t04.0arcsec | 68+2°F Same as above Same as above Same as above
>4.0 arcsec 68+5 °F Same as above Same as above Same as above

4441 Discusson

4.4.4.1.1 Likelaser interferometry discussed above, the standard used in autocollimation is abeam of
light. And for amilar reasons, the autocollimator responds ingtantly to rapid temperature oscillations,
creating random errors. It istherefore critical to diminate sources of therma gradients and drafts, and
provide a uniform and stable environmen.
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4.4.4.1.2 Theair path between the autocollimator objective lens or window and the associated
reflector is an unavoidable part of the optica system. Any air turbulence can beregarded asa
disturbing factor, with possible effects on image position and stability. Turbulence shows up asnoisein
photoel ectric autocollimators. Temperature gradients can result in air dratification and cause mechanica
twigting and warping of the instrument, reflector, and/or mounting surfaces. Severe temperature changes
can affect optica dignment within the autocollimator, as well as between autocollimator and reflector.
Vibration, even a moderate levels, can be a serious deterrent to the accurate measurement of angular
displacement. It may cause deflections and perturbations of the autocollimator and/or reflector,
introducing uncertainties in the instrument readout. It may aso cause progressve misaignment in
improperly supported systems, impairing accuracy and repeetability of measurement.

4.4.4.1.3 Fndly, sray light which enters the front of the autocollimator may impair the accuracy of the
ingrument by reducing the qudity of the return image in avisud autocollimator, or saturating the interna
senaing devices of the photodectric automatic type autocollimator. Stray light entering the eyepiece of
an automatic ingrument may dso impair performance and accuracy of that autocollimeator.

445 Generd Application for other Dimensiond/Optical measurements

Required Accuracy | Temperature Humidity Particle count /m3 Vibration Notes
All 68+5 °F 20%1045% RH | <1x10® (over .5 pm) <0.002 in/sand <0.003 g
<2x10" (over 1 um) (80 100 Hz)
4.5 Electro-Optical Calibration Area Requirements
Required Accuracy | Temperature Humidity Particle count /m? Vibration Notes
All 73£5°F 20% to 45% RH Not applicable Not applicable 1,2

Notes:

1.) Vibrationis generadly not gpplicable to EO measurements unless performing boresight
measurements. For these measurements, a displacement of less than 10 pin (25 pm) between 2 and
30 Hz and an acceleration of less than 0.001g between 30 and 200 Hz apply.

2.) For sedled optical systems, a humidity specification of 20% - 60% RH is acceptable.

4.6 Fiber Optic Calibration Area Requirements

Required Accuracy

Temperature

Humidity

Particle count /m3

Vibration

Notes

All

7345 °F

30%to 70% RH

Not applicable

Not applicable
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5 ENVIRONMENTAL QUALITY CONTROL REQUIREMENTS

Navy and Marine Corps cdibration facility environmenta conditions shal be monitored and evauated in
order to gage the effectiveness of services provided to and supporting the Fleet as defined in NAVAIR
17-35QAC-01, NAVSEA 04-4734, and USMC TI-4733-35/23. Quadity control of facility operation
and environmentd conditionsis required a any one of three facility operationa Stuations as discussed in
Sections 5.1-5.3 below. The environmental requirements for these conditions are tabulated in Table
5.1

5.1 Routine-Local.

5.1.1 Cdibraion facility environmenta conditions shal be monitored on a quditative routine basis at
the locd level. Thisrequirement gppliesto al caibration, specia purpose or hazardous areas defined
within.

5.1.2 Theenvironmenta parameters of temperature and humidity shall also be monitored on a
quantitative basis. These parameters shdl be continuoudy monitored, recorded and verified to be
within the limits specified herein. Records of environmenta control shal be maintained for a period as
gpecified in the laboratory quality manual. Charts and/or logbooks should be clearly marked and
annotated with any relevant information when environmental conditions are out-of-tolerance.

5.2 Audit-Survey.

By direction or request of the gpplicable Type Commander/Sponsor, audit-surveys of cdibration fecility
conditions or environmenta controls will be performed as gpplicable and as a minimum at least once
every three yearsfor indaled measurement areas. The audit survey will ingpect and evauate the facility
in detal for the type of itemslisted in Table 5.1.

5.3 Design Review

By direction or request of the gpplicable Type Commander/Sponsor, NSWC Corona, Measurement
Technology Divison shdl direct, conduct, or arrange for design review leve tests of facility
environmenta controls and operations for any or dl parametersrequired. Design reviews will be
conducted as necessary to fully determine the adequacy of exigting facilities or systems under harsh or
adverse weether or other extreme environmenta condition to establish a basdine of environmenta
control capatilities for exiging facilities, or to evauate newly congtructed facilities for conformance to
contractud requirements.

o1



Table5.1. Environmenta Qudity Control Requirements

NAVAIR 17-35FR-06

Routine-L ocal

Audit-Survey

Design Review

Temperature
Nomina
Tolerance
Uniformity
Ogcillaions

X
X

X X X

Humidity

IAirborne Particles

X| XX X X X

\Ventilation

Frequency
Veocity

X X

Pressure

Noise
Background
Hazardous

X X

\Vibration
Veocity
Accderation

[lumination

Shidding

X| X| X X

* Investigations of these parameters shal be performed if there is adequate reason to suspect a problem

requiring further investigation or corrective action in accordance with
NAVAIR 17-35QAC-01.
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APPENDIX A

REFERENCE DOCUMENTS

Document Designation

Title

29 CFR 1910

Code of Federal Regulations, Title 29, Chapter XVI11-
Occupationd Safety and Health Adminigtration

ACGIH Industrid Ventilation Manud

Indudtrid Ventilation, A Manud of Recommended Practice

ANSI B89.6.2

Temperature and Humidity Environment for Dimensond
M easurement

ANS| C78.2

Dimensiond and Electricad Characteridtics of Fluorescent
Lamps-Preheat- Start

ANSI/LIA Z136.1

American Nationd Standard for the Safe Use of Lasars

ANSI Z9.2-1979

Fundamentals Governing the Design and Operation of Locd
Exhaust Systems

ANSI/AIHA 79.5-1992

American Nationd Standard for Laboratory Ventilation

ANS| 7535.2

Environmentd and Facility Safety Signs

ANSI/ASHRAE 62-1989

Ventilation for acceptable Indoor Air Quality

ANSI/NFPA 45-1991

Fire Protection for Laboratories Usng Chemicas

ANSI/NCSL 7540-1

Cdlibration Laboratories and Measuring and Test Equipment

ARMY TM 5-805-4

Noise and Vibration Control

ASHRAE Handbook of Fundamentds

ASHRAE Handbook of Fundamentals

ASHRAE HVAC Handbook ASHRAE Hesting, Ventilating, and Air-Conditioning
Applications Handbook

ASME B89 1.2M Cdlibration of Gage Blocks by Contact Comparison
Methods

ASTM E 617 Standard Specification for Laboratory Weights and Precison
Mass Standards

EC-21 Cleaning, Handling, and Packaging of Oxygen Instruments

EC-25 Care, Handling, and Cleaning of Mercury

ER-03 Engineering Report, Caculated Corrections for Improved
Force, Weight, and Mass Measurements When Using Force-
Sengng Indruments

ER-13 The Effects of Temperature on Elagtic Element Pressure
Gages

FED-STD-209 Clean Room and Work Station Requirements, Controlled
Environment

ISA RP52.1 Recommended Environments for Standards L aboratories

MCO 4733.1 Marine Corps Test, Measurement, and Diagnostic Equipment
(TMDE) Cdlibration and Maintenance Program (CAMP)

MET D-508 Metrology Drawing, Safety Shield Assembly (Morehouse

100K Force Machine)
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MET D-511

Metrology Drawing, Proving Ring Safety Retainer

MET D-541

Metrology Drawing, Safety Shield Assembly (Morehouse
300K Force Machine)

MIL-DTL-15562

Matting or Sheet, Hoor Covering, Insulating for High Voltage
Application

MIL-F-16377 Generd Specifications for Fixtures, Lighting, and Associated
Parts; Shipboard Use.
MIL-HDBK-263 Electrostatic Discharge Control Handbook for Protection of

Electrica and Electronic Parts, Assemblies, and Equipment
(Excdluding Electricdly Initiated Explosive Devices)

MIL-HDBK-419 (Val. 1)

Grounding, Bonding, and Shielding for Electronic Equipment
and Facilities Basic Theory

MIL-HDBK-1003/3

Heating, Ventilating, Air Conditioning, and Dehumidifying
Systems

MIL-HDBK-1003/17

Indudtrid Ventilation Systems

MIL-HDBK-1004/4

Electricd Utilization Systems

MIL-HDBK-1028/1

Aircraft Maintenance Facilities

MIL-HDBK-1190

Facility Planning and Design Guide

MIL-PRF-27401 Nitrogen, Propellant Pressurizing Agent

MIL-PRF-87893 Electrostatic Discharge (ESD) Control Workstation

MIL-STD-188-124 Grounding, Bonding and Shidding

MIL-STD-461 Requirements for the Control of Electromagnetic Interference
Emissons and Susceptibility

MIL-STD-462 Measurement of Electromagnetic Interference Characterigtics

MIL-STD-767 Cleaning Requirements for Specid Purpose Equipmernt,
Including Piping Systems

MIL-STD-1310 Standard Practice for Shipboard Bonding, Grounding, and
Other Techniques for Electromagnetic Compatibility and
Sefety

MIL-STD-1330 Standard Practice for Precison Cleaning and Testing of
Shipboard Oxygen, Helium, Helium-Oxygen, Nitrogen, and
Hydrogen Systems

MIL-STD-1399 Interface Standard for Shipboard Systems

MIL-STD-1472 Human Engineering Design Criteriafor Military Systems,
Equipment, and Fecilities

MIL-STD-1686 Electrogtatic Discharge Control Program for Protection of

Electrica and Electronic Parts, Assemblies and Equipment
(Excduding Electricdly Initiated Explosve Devices)

NAEC-AWS-621

An Andyssof Spatid Requirementsfor Field Cdibration
Activitiesof LPH, LHA, and CV/CVN Type Ships

(Revised)
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NAVAIR 01-1A-512

Design Guide for Avionics Shop Power Distribution

NAVAIR 17-35HBK-3-1

Guide for Egtablishment of aLoca Cdibration Program

NAVAIR 17-35MTL-1

Metrology Requirements List (METRL)

NAVAIR 17-35NCE-1

Navy Cdibration Equipment List (NCE)

NAVAIR 17-35QAC-01

Naval and Marine Corps Cdibration Laboratory
Audit/Certification Manud

NAVAIR 17-35QAL-11

Oxygen Instrument Cleaning for Cdibration

NAVAIR DWG 63A114

Electronic Workbench, Type NEB-2

NAVAIRINST 13640.1

Nava Aviation Metrology and Cdibration (METCAL)
Program

NAVFACINST 11012.146

Department of Defense Congtruction Criteria

NAVMEDCOMINST 6260.5

Occupational Noise Control and Hearing Conservation

NAVSEA 04-4734

Naval and Marine Corps Cdibration Laboratory
Audit/Certification Manud

NAV SEA S9086-CL-STM-010/CH-
077

Nava Ships Technicd Manua (NSTM) Chapter 77,
Personnd Protection Equipment

NAV SEA S9086-C6- STM-000/CH-
096

Nava Ships Technica Manua (NSTM) Chapter 96,
Weights and Stability

NAV SEA S9086-K Y -STM-000/CH-
320

Nava Ships Technica Manua (NSTM) Chapter 320,
Electric Power Didtribution Systems

NAV SEA S9086-K 9-STM-000/CH-
330

Nava Ships Technicd Manuad (NSTM) Chapter 330,
Lighting

NAV SEA S9086-RK-STM-010/CH-
505

Navd Ships Technicd Manud (NSTM) Chapter 505, Piping
Sysems

NAV SEA S9086-RQ-STM-010/CH-
510

Nava Ships Technica Manua (NSTM) Chapter 510,
Heeting, Ventilating, and Air Conditioning Systems for
Surface Ships

NAVSEA S9086-SD-STM-000/CH-
532

Nava Ships Technical Manuad (NSTM) Chapter 532, Liquid
Cooling Syslems for Electronic Equipment

NAV SEA S9086-SX-STM-010/CH-
550

Navd Ships Technicd Manua (NSTM) Chapter 550,
Industrid Gases - Generating, Handling, and Storage

NAVSEA S9086-SY-STM-010/CH-
551

Navd Ships Technicd Manua (NSTM) Chapter 551,
Compressed Air Plants and Systems

NAV SEA S9086-S3-STM-010/CH-
555

Nava Ships Technica Manua (NSTM) Chapter 555,
Shipboard Frefighting

NAV SEA S9086-VG-STM-000/CH-
634

Nava Ships Technical Manua (NSTM) Chapter 634, Deck
Coverings

NAV SEA S9086-VH-STM-010/CH-
635

Nava Ships Technica Manua (NSTM) Chapter 635,
Thermd, Fire, and Acoudtic Insulation

NAVSEA SE700-AA-MAN-
100/RADIAC

RADIAC Policy and Procedures, Val. 1
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NAVSEA ST000-AG-IDX-
010/TMDE

Test Measurement Diagnostics Equipment (TMDE)

NAVSEA ST700-AM-GYD-
010/METCAL

Metrology and Calibration (METCAL) Laboratory
Reguirements and Certification Guide

NAVSEA ST700-AM-GYD-
020/0ICR

Oxygen Insrumentation Cdlibration Room (OICR)
Requirements and Operations Guide

NAVSEAINST 4734.1

Metrology and Cdlibration (METCAL) Program

NAVSEAINST 5100.3

Control of Mercury, Mercury Compounds and Components
Containing Mercury, and Mercury Compounds

NBS Circular 547 Precision Laboratory Standards of Mass and L aboratory
Weights

NCSL RP-7 Laboratory Design

NCSL RP-14 Guide to Sdlecting Standards- L aboratory Environments

NEHC-TM91-2 Industrid Hygiene Field Operations Manua

NFPA 30 Hammable and Combustible Liquids Code

NFPA 70 National Electrica Code

NIST Handbook 105-1

Specifications and Tolerances for Field Standard Weights

NIST Monograph 180

The Gage Block Handbook

OPNAVINST 3960.16

Navy Test and Monitoring Systems (TAMS)

OPNAVINST 5100.19

Navy Occupational Safety And Hedlth (NAVOSH) Program
Manual For Forces Afloat

OPNAVINST 5100.23

Navy Occupationd Safety and Hedlth (NAVOSH) Program
Manudl

OPNAVINST 5100.24

Navy System Safety Engineering and Management

OPNAVINST 5530.14

Navy Physical Security and Loss Prevention

OPNAVINST 5530.15

Navy Physica Security

OPNAVINST 9640.1

Shipboard Habitability Program

SSPINST 4355.8B

Trident Cdibration Support Responghilitiesfor Test and
Measurement Equipment a Submarine Base Bangor and
Kings Bay

TN 76-2 Technica Note, Electronic Test Equipment Cleaning and
Washing

TN 82-1 Technical Note, Electro-Opticd Facilities Recommendations

TN 88-1 Technical Note, Use of Trichlorotrifluoroethane

USMC TI-4733-35/23

Naval and Marine Corps Calibration Laboratory
Audit/Certification Manud
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APPENDIX B
SHIPBOARD REQUIREMENTS

B.1  Shipboard General Requirements

B.1.1 Laboratory Desgnations

A shipboard calibration facility shal consst of one or more spaces having the following designation and
purpose:

Calibration Laboratory Spaces Special Purpose or Hazar dous Spaces
Optica/Dimensiona OxygenClean Cdibration
Physica/Mechanica Meter Calibration
Electrica/Electronic Electrosgtatic Discharge Protection

NOTE

Activities not supporting workload in one or more of the above areas need not consider
the facilities requirements for that area. The Shipboard Gage and Cdibration Program
(SGCP) does not have facility requirements due to the on-ste and in-place nature of
SGCP cdlibrations. A secure non-condensing storage space shall be provided for the
SGCP cdlibration standards and equipment.

B.1.2 Physcd Isolation

Physicd isolation and separation of shipboard calibration facilities is required as follows:

a. Thecdibration laboratory spaces shal require location in compartments dedicated solely for the
purposes of calibration or activities directly related such as incidenta instrument repair work or
laboratory adminigtretion.

b. Electrica/Electronic cdibration functions require isolation and separation from
Physica/Mechanica and Optica/Dimengond cdibration functions by a minimum of at least one
watertight bulkhead.

NOTE

Activities with only low accuracy Physical/Mechanical workload (such as pressure
gages, torque wrenches and thermometers) ae exempt from the above requirement,
provided the ambient temperature range specified in Section 4.3 for that workload is no
tighter than that specified in Section 4.2 for the Electrica/Electronic workload. Low
accuracy dimensional workload (with 0.0005 inch or grester Tl tolerance) may be
supported in this combined cdibration areg, but only if the temperature is held within 64
to 76 °F for at least 24 hours before performing any dimensond calibrations. Also, if
dimensiond cgpability isincluded in this combined cdibration area, the humidity should
be held below 45% RH if possible to prevent rusting of the dimensiona equipment.
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c. Isolation and separation of other cdibration functions, such as Optica/ Dimensiond from
Physca/Mechanicd, isrequired only to the extent that the respective environmenta control
requirements can be achieved as specified in Section 4.

d. Isolation and separation of specia purpose and hazardous spaces is required to the extent
gpecified in Section 2.10.

e. Shipboard thermal, fire, and acoudtic insulation shal be in accordance with
NAV SEA S9086-VH-STM-010/CH-635.NAV SEA S9086-VH-STM-010/CH-635.

B.1.3 Deck Space

The dlocated |aboratory space shdl be adequate to accommodate the |aboratory staff during
performance of expected pesk calibration workloads without crowding. An area shdl be provided for
the safe storage of laboratory standards and accessories and for incoming/outgoing workload.

NOTE

The workload storage area in accordance with
NAVSEA ST000-AG-IDX-010/TMDE shall be large enough to preclude use of the
laboratory deck for workload storage. Six linear feet of workbench is recommended
for each technician. The minimum space recommended for dectrica/dectronic areas
and for physica/mechanicd areas is 960 g ft each for 10 or less technicians including
60 gq ft for workload storage. Add 40 gq ft for every technician above ten plus 30 gq ft
of workload storage for each additional 10 technicians. Storage racks for workload
shall be provided. Typicdly, the racks should be two to three feet deep, six feet high,
as wide as space dlows, and have shelf spacing from 30 inches at the bottom to 15
inches at the top. Equipment shdl be secured using tie-down straps or other acceptable
means during underway periods.

B.1.4 Deck Loading
No cdibration standard or equipment ingtalation shal cause the deck loading capacity of the Structure
housing it to exceed the requirements of NAV SEA S9086- C6- STM -000/CH-096.

B.1.5 Overheads and Bulkheads

Overheads and bulkheads shal be constructed of fire retardant construction materids. Interior surfaces
ghdl befinished in flat or semi-glossfinigh, light-colored paint, or wal covering materias.

B.1.6 Deck Covering
Specia deck covering shdl be required in accordance with the requirements of
NAV SEA S9086-VG-STM-010/CH-634.
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B.2.2

Shipboard Utility Requirements

Electrical Power

A shipboard cdibration facility shal require a standard electrical power service conssting of a
440/115 volt, 3-phase, 60 Hz, Type | source, furnished by the ship’s dectric power plant or the
equivaent from a shore based source, as specified in

NAV SEA S9086-KY - STM-000/CH- 320.

The Electrica/Electronic cdibration laboratory space shdl require additional electrical power
sarvice congsting of a440/115 volt, 3-phase, 400 Hz, Type 111 source, furnished by the ship's
electric power plant or the equivaent from a shore based source as specified in NAV SEA
S9086-K Y -STM-000/CH-320.

Both Type | and Type Il sources shall require specid reconfiguration in cdibration facilities
such that al 115-volt power outlets are furnished with a grounded neutral service meeting
requirements of NAV SEA S9086-K'Y - STM-000/CH- 320.

Voltage, waveform, frequency, and power continuity shal be in accordance with the
requirements of NAV SEA S9086-K'Y - STM -000/CH-320.

Electrica/Electronic cdibration laboratory spaces shdl require additiond regulation, filtering,
and isolation of Type | eectrica power to achieve voltage, waveform, frequency, and power
continuity equivalent to Type |11 power with the exception that the nomina frequency shdl be
60 Hz vice 400 Hz.

Electrical power outlets, connectors, or receptacles shall be tagged or labeled to provide a
technica description of the type of power source (voltage, frequency, power rating and phase)
or connection scheme as applicable.

NOTE
The grounded neutra dectrica service specified in B.2.1.c can be achieved through the
use of isolated line conditioners such as the Elgar 6006B series for 60 Hz or the Elgar
6004B seriesfor 400 Hz.

Power Distribution

The minimum requirements for power distribution is that safe and appropriate sources of power are
available to the calibration technician, ether as part of aworkbench/workstation system or in the
immediate proximity thereof for the purpose of supplying power to the cdibration sandards and
workload items assigned to the area. This shall include ingtallation, connection, outlets, overload
protection, and emergency shut-off provisons as required by

NAV SEA S9086-K'Y-STM-000 /CH-320.

B.2.3 Grounding
Electrical grounding shal be in accordance with the requirements of
NAV SEA S9086-K Y-STM-000/CH-320.
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Lighting

Lighting in cdibration laboratory spaces shdl be governed by the requirements of
NAV SEA S9086-K 9-STM-000/CH-330.

a

b.

B.25

B.2.6

B.2.7

Generd illumination shal be provided by fluorescent fixtures meeting the requirements of MIL-
F-16377/13, Symbol 174, or the equivaent.

Light fixtures shal be dectromagneticaly shielded and filtered meeting the requirements of
MIL-STD-461 for Class A3 equipment, requirement RE101.

Light fixtures shdl be arranged in a manner to provide ba anced lighting to minimize shadows,
glare and spectrd reflection, and to produce nominaly uniform illumination in al soaces
specified in paragraph 2.4. Light fixtures shal be cgpable of providing illumination levesin
accordance with the requirements specified in Section 3.2.5.

Compressed Gas

Nitrogen gas conforming to MIL-PRF-27401D, Type 1, Grade A or B

NAV SEA S9086-SX-STM-010/CH-550, NAV SEA S9086- SD-STM-000/CH-532, and
S9086-SY-STM-010/CH-551 a aminimum regulated ddlivery pressure of 1,000 ps shal be
required in the Physica/Mechanical cdlibration laboratory and in other spaces as necessary.

All permanently ingtalled compressed gas outlets, connectors, or receptacles shal be tagged or
labeled to provide atechnica description of the type of gas, pressure, and flow capacity.
Shipboard piping systems shdl conform to Nava Ships Technica Manud

S9086-RK - STM -010/CH-505.

Fire Detection and Protection

Desgn, ingdlation, use, maintenance, and testing of fixed fire suppresson and detection
equipment shal bein compliance with 29 CFR 1910 and

NAV SEA S9086-S3- STM-010/CH-555.

Placement, use, maintenance, and testing of portable fire extinguishers shdl be in compliance
with 29 CFR 1910.

Hesating, Ventilation, and Air Conditioning

Shipboard HVAC systems shdl be in accordance with the requirements of OPNAYV 9640.1 and
OPNAVINST 5100.19. In surface ships, minimum replenishment with outside air shal be 5 CFM per
person. Exhaust ventilation systems shall be designed, congtructed, ingtdled, and maintained in
accordance with the requirements of MIL-HDBK -1003/17.

B.2.8

Workbenches

Workbenches shdl be built according to NAV SEA S9086-K C-STM-10/CH 300 and as follows:
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a.  Workbench surfaces shdl be required to have aworking height of 36 inches, nominaly, above
the floor in accordance with the criteria specified in MIL-STD-1472, and shal provide a
minimum of 6 lined feet of workspace.

NOTE
Devidions to the workbench working height may be alowed to locate equipment at
proper working levels.

b. Workbenches utilized in the Electrical/Electronic Laboratory or related areas, shdl provide a
120V, 60 Hz power distribution system which provides for aminimum of one 120V, 15 A, 60
Hz, duplex outlet for every 2 lined feet of workbench length. The workbench power
distribution system shdl incorporate a grounded neutrd service and a safety ground wired in
accordance with NAV SEA S9086-K C-STM-10/CH 300. Any other electrica power outlets,
receptacles or distribution system incorporated into aworkbench shal be ingtdled to NAVSEA
S9086-K C-STM-10/CH 300 and shdl have a common ground with al other power sources
available on the bench. Refer to
NAV SEA S9086-K Y -STM -000/CH320 for further guidance on shipboard power distribution.

c. Workbenches, upon which eectricaly powered equipment is opened for repairs or adjustment,
shall be constructed of or covered with non-conductive materid. Alternatively, the
workbenches shdl be insulated and grounded through current limiting resistance or impedance
to provide protection from electrica shock in accordance with the criteriafor an ESD control
program as specified in MIL-HDBK -263.

d. All workbenchesin asingle laboratory or area shdl be dectricaly bonded together to a ground
bus as described in NAV SEA S9086-K C-STM-10/CH 300 and connected to the ship’s hull
at acommon point. Workbenches shall not be connected to ground in series with one another.
As aminimum, workbench bonding and grounds shdl be checked on an annud basis.

e. Workbenches used in the Physica/Mechanica cdibration |aboratory or any areawhere oils or
chemicd are commonly used, shdl require tops thet are resistant to the absorption of these
materids.
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APPENDIX C
MOBILE FACILITY REQUIREMENTS

C.1 MobileFacility General Requirements

A mobile cdibration facility is used to meet the needs of the Marine Corps. The ground Marine Corps
facility known as the Cdlibration Facility (CF), AN/TSM-198, and the NAVAIR facility known as a
Mobile Facility (MF), are agroup of al weather, standardized shelters designed to 1SO specifications.
Modules provide the user with flexibility to configure the interior of each shelter, or groups of shdlters
(complexes), to satisfy specific misson needs. Internd furnishings are configured to meet cdibration
requirements for various measurement characteristics and calibration support functions. The gods of the
system are to reduce manpower, system costs, and shipping space requirements. The shelters are easly
assembled and relocated and are trangportable by helicopter and amphibious shipping. They are
compatible with both tactical and commercid materid handling equipment. The shdlters have aweight
restriction of 10,000 Ibs. Or 11,200 Ibs. depending on the shelter and have an outside dimension of 8 ft.
wide, 8 ft. high, and 10 ft. or 20 ft. in length.

C.1.1 Sitelocation

The site for setting up a CF, AN/TSM-198 or a MF has some important considerations. Those that
are necessary for proper ingtdlation but not previoudy discussed in Section 2 of this document include:
a. Ingdlation on afarly flat, well-drained surface that dopes gently to avoid accumulation of
drainage water. Shelters can dso be ingtaled on paved asphdt or concrete, if avalable or hard
packed ground.
b. Preparation, positioning, and leveling should be completed as described in the appropriate
technica manual for the CF, AN/TSM-198 or the MF.

C.1.2 Laboratory Spaces

For the purposes of this document, the calibration laboratory shal be considered as being conceptually
and physicdly divided into one or more shdters. Cdibrations performed within a shelter must be
compatible with other cdibrations and tasks sSince a variety of measurement parameters may be
performed within each shelter. However, the shdlters environmenta specifications must meet the
requirements listed for individual measurement areas as specified in Section 4 to achieve the accuracy of
the required measurement.

C.1.3 Deck Space

Shelters are configured with a variety of modules based on workload requirements. However, dueto
their Sze limitations, Space requirements are determined by the area required for the test equipment,
standards and workbenches rather than by the number of personnd. The allocated laboratory space
shall be adequate to accommodeate the laboratory staff during performance of expected peak cdibration
workloads without crowding. An areaimmediately adjacent to the entrance should be provided for
logistics purposes with sufficient space for processing equipment, racks or cabinets for storing test
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equipment awaiting disposition and for storing spare parts or equipment. Also, where applicable, space
should be provided for maintaining an active and inactive test equipment pool.

NOTE
A minimum of 10 5q ft of floor space is recommended for workload storage for each
calibration phase package supported.

C.2  Mobile Facility Utility Requirements

Each MF shdl have voltage and power capabilities required by the calibration phase packages
supported. Power connections and requirements defined in U.S. Marine Corps Technical Manud
TM5410-14/1, Intermediate Maintenance Ingtructions, Electronic Maintenance Complex, will be used
for the CF, AN/TSM-198 shelters.

NOTE

It is recommended that MF power be provided by means of a Wye—connected
transformer secondary system using a grounded common with 115 V between each
phase leg and common. MF power, both shipboard and shorebased should be
provided directly from the source on an unshared line to minimize line fluctuations
caused by high current equipment. A sngle—point ground connection for al workbench
receptacles should be provided at the facility power digtribution panel. The 60-Hz
power distribution system for shorebased facilities and vans should be sngle—phase
three-wire, grounded-neutra service. Navy shipboard safety requirements impose
restriction upon users equipment to prevent connection (or bonding) of the ship’s power
carying conductors to the ship’s hull (ground). Therefore, whenever MF equipment
would cause a power—carrying conductor to be connected to the personnel safety
ground (such as in some commercid test equipment in which one of the power—carrying
conductors and personnel safety ground are connected to the equipment chasss),
portable line isolation transformers shdl be provided and used.

C.2.1 Grounding and Shidding

The DC resistance of the neutral conductor, and the safety ground wire from all receptaclesto a
reference ground point for the facility, shal be minimized. A DC resistance of 0.2 ohmsor less shdl be
maintained.

NOTE
Navy cdibration techniques and procedures are developed using a grounded—neutrd
power distribution system, and include methods to reduce or diminate, under norma
circumstances, the effects of ground loops and stray sgnd pickup. In view of this,
gpeciad ground bars or buses are generdly not required except at specific locations
where measurements of extremely smal DC sgnd levels are made (e.g., comparison of
gandard cdls). When a higher quality ground is to be used in a calibration process,
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then a 3/4” x 1/4” copper bus is recommended. This bar shall be connected to ship's
ground at only one point, or to the power didribution system earth ground. In ether
case the bus is connected to ground utilizing a flexible connector, such as SR-1-9
cable. The DC resistance between the ground bus and the ship’s ground or the earth
ground dectrode should be 0.1 ohms or less. To achieve this, the connections between
the flexible cable and the copper bus bar, and between the flexible cable and the ship’s
ground or the earth ground eectrode, may require soldering as well as mechanica
bonding.
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