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FOREWORD

This handbook is published primarily as a means of documenting the current state-of-
the-art of design and construction of electronic and electrical test equipment calibra-
tion laboratories. Its intent is to provide technical guidance to planners, engineers,
and other personnel concerned with the planning, design, and construction of such
laboratories to meet specific mission requirements,

This handbook is composed of familiarization material describing the Navy Calibration
Program structure, including historical background, and a brief description is given
of the basic operating characteristics of a Calibration Laboratory. The main portion
of the handbook contains requirements for laboratory-type environments and recom-
mendations, sample configurations, criteria, and ways and means of achieving the
desired results, Since each Calibration Laboratory is usually designed to fulfill a
specific mission, the material is presented in a general manner; that is, configurations
are not standardized, but represent examples of possible solutions to various require-
ments, Similar material to that of the Navy Calibration Laboratory is presented for
Fleet Electronic Calibration Laboratories emphasizing the shipboard environment,
Finally, requirements for the Field Calibration (Qualification) Segment of the Navy
Calibration Program is presented.

This manual may be used by all personnel concerned with new Calibration Laboratory
design to achieve the following goals: '

o To determine environmental requirements for a specific type laboratory,
e.g., temperature, humidity, vibration,

o0 To determine the optimum configuration to achieve the specific mission
goals,

o To select and/or design specific equipment, standards, supplies, furnish-
ings, etc,

The material presented herein permits the achievement of these goals by giving the
planner the technical tools required to select the optimum configuration in terms of
such factors as mission requirements, projected workloads, operational efficiency,
economy and other factors.

June 1972 Foreword
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CHAPTER 1

NAVY CALIBRATION PROGRAM STRUCTURE

1.1 HISTORICAL BACKGROUND

The establishment of a Navy Calibration Program resulted from problems generated
by the lack of agreement on uniform measurement and calibration criteria between
various activites; e. g., malfunctions and excessive return of equipment, high rejec-
tion rates, etc. The Bureau of Ordnance, in 1954, recognized the problem and ini-
tiated studies to determine the requirements for the establishment of a standardized
measurements program, Such a calibration program was begun in 1956. In 1957,
the Bureau of Ships initiated a similar program by establishing calibration facilities
at various industrial activities and coordinating its program with that of the Bureau
of Ordnance by a charter agreement to utilize the same technical guidance group
(now known as Metrology Engineering Center (MEC) Pomona) to assure common
standards, procedures, training, etc. In 1959, the Secretary of the Navy prescribed
technical requirements for a Navy-wide calibration program. Installation of Fleet
Electronic Calibration Laboratories (FECL) on Tenders and Repair Ships and at
selected Share Activities was initiated in 1960 by BUSHIPS to ensure that calibration
intervals could be reasonably maintained and calibration services provided as near
the end user as possible. As indicated in NAVELEX INST 9690.3, NAVELEX has
the responsibility for the funding and technical direction of FECLs, NAVELEX also
has the responsibility for the Field Calibration (Qualification) Segment of the Navy
Calibration Program as it applies to the Fleet and shore activities for which
NAVELEX has technical cognizance, At present, the Navy Calibration Program is
managed and coordinated under the direction of the Chief of Naval Material (CNM),
NAVELEX, by charter and by virtue of a joint agreement with NAVSHIPS, provides
operational management, funding and technical direction for NAVSHIPS electronic-
electrical calibration activities.

1.2 METROLOGY ORGANIZATIONAL STRUCTURE

1.2.1 Applicable Documents

Department of Defense (DOD) Directive 4155. 18, entitled Improved Management of
Metrology and Calibration Programs, states, in part, that metrology and calibra-
tion services and programs constitute a basic resource of the DOD. Objectives,
responsibilities, and required action are outlined in order to maintain this resource.
SECNAYV Instruction 4355. 11B, entitled Department of the Navy Metrology and
Calibration Program, promulgates the DOD directive and assigns centralized
management for the program to the Chief of Naval Material (CNM) under the Chief of
Naval Operations (CNO), The CNM and the CNO documents pertinent to the Calibra-
tion Program are NAVMATINST 4355.66, NAVMATINST 4355, 67, and NAVMATINST
4355, 68, The CNM instructions assigns specific responsibilities to the various

June 1972 1=1
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Systems Commands which have, in turn, issued internal directives to their activities.

The Naval Electronic Systems Command Electronic Test Equipment Calibration Pro- /’;.
gram, NAVELEXINST 9690, 3, is the guiding document for this command. It estab-

lished policies and procedures in support of the NAVELEX portion of the Navy's

Calibration Program and contains information covering:

o Program terminology and definitions

o NAVELEX Calibration Program Structure

o Listing of Navy Electronic Calibration Laboratories

o NAVELEX assigned responsibilities

o  Field Calibration (Qualification) segment of the Navy Calibration Program

o Technical support functions of the Metrology Engineering Center (MEC)

o Navy calibration training program

o User considerations in determining calibration priority requirements

o Calibration labels and tags

o Use of other DOD/Government calibration activities ‘al

o Responsibilities of NAVELEX Field Calibration Technical Representatives
(FCTRs)

Similarly, details of the Calibration Programs of the Naval Air, and Naval Ordnance
Systems Commands may be found, respectively, in OPNAVINST 4790. 2 and
NAVORDINST 4855, 14,

1.2.2 Program Structure and Traceability

The Navy Calibration Program is structured into various echelons or levels in which
the capability of calibration services increases progressively with each higher
echelons (see figures 1-1 and 1-2).

a. The National Bureau of Standards (NBS) and the Naval Observatory are the
chartered agencies of the Federal Government having custody of the Nation's basic
physical and time standaxrds, respectively. They provide the common references for
all measurements made within the scope of NAVE LEXINST 9690, 3, certify the Navy
Standards maintained by the Navy Type I Standards Laboratories, and provide the
basis for calibration of time and frequency standards,

The NBS and the Naval Observatory form the highest possible calibration
level in the USA, NBS services, excluding precision time and time interval (PTTI)
standards, are obtained by virtue of a Memorandum of Understanding between the C

1-2 June, 1972
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Department of Defense and the NBS, which establishes procedures for determining
calibration requirements, joint requirements review and budget planning factors,

b. The Navy Standards Laboratories, Type I, maintain the highest standards
within the Navy Calibration Program. They maintain and disseminate the most
accurate units of measurements within the program, except for time and frequency.
They obtain calibration services from the NBS and provide calibration of standards
and associated measuring equipment received from Type II Standards and Reference
Standards Laboratories,

c. The Navy Standards and Reference Standards Laboratories, Type II, pro-
vide the second highest calibration services for specific standards. They obtain
standards calibration services from the cognizant Type I Navy Standards Labora-
tory, except for time and frequency, which they receive from the Naval Observatory,
and calibrate standards and associated measurement equipment received from lower
echelon Calibration Laboratories.

d. The Local Standards Laboratories (LSL) provide for the calibration and
incidental repair of ship and shore test and measuring equipment, LSL calibra-
tion standards are calibrated by the cognizant Reference Standards Laboratory.

e. The Navy Calibration Laboratory (NCL) is a term describing the overall
calibration effort in a Shipyard, SHIPRE FAC or NAVELEXDIV or Activity, An NCL
is usually comprised of a Reference Standards Laboratory and one or more Local
Standards Laboratories,

f. Fleet Electronic Calibration Laboratories (FECL) have been established
on board Tenders and Repair Ships, and at selected Shore Activities to assure calibra-
tion services and incidental repair of the Fleet's electronic and electrical test
equipment, Calibration standards from these laboratories are submitted to RSLs
for calibration,

g. Field Calibration (Qualification) Activities (FCA) are those ship and
shore activities which have been authorized to perform field calibration functions
and have been provided with Qualification Packages. Qualification standards are
submitted to NCFs or FECFs for calibration.

1.2.3 Calibration Objectives

While the main objective of a calibration system is to attain a standardized measure-
ments program, various other objectives are desirable for the attainment of a cali-
bration system operating with a high degree of responsiveness to Navy requirements,
economically and with self-sufficiency. Some of the objectives are:

o Identification of measurement requirements and development of calibration
support plans concurrent with weapons system developments,

o  Upgrading of facilities, equipment and personnel skills as required to
maintain a continuous capability to satisfy increasing demands,

June 1972 1-5
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o Determining new capability requirements sufficiently in advance of support
needs to permit timely acquisition of equipment, training of personnel, etc.

o Reduction of transportation of equipment and personnel through improved
standards and equipment, and standardization of capabilities,

o Reduction of accuracy losses through elimination, wherever possible, of
intermediary calibration echelons,

o Greater participation in tri-service operations profiting from maximum
use of available information, elimination of duplication of development effort and
maximum use of available resources,

o Investigation of feasibility of advanced measurement and calibration tech-
niques, such as automatic test equipment and transmission of standard information

by electromagnetic means, etc,

o Improved surveillance and auditing techniques aimed at maintaining high
calibration proficiency.

1.3 LABORATORY OPERATION
1.3.1 Functions
The primary function of a calibration laboratory is to provide adequate, periodic
calibration of metrology standards and/or test and measuring equipment used for
quantitative measurements. Such calibration is performed at the lowest level of
calibration commensurate with the use of the particular equipment involved,
Secondary functions include:

o Maintenance of its own standards.

o Training of personnel in the techniques and theory of calibration,

o Technical advisory services to parent activity with regard to calibration
requirements, procedures, and equipments,

o Preparation of Local Calibration Procedures (LCP) when necessary.

o Calibration services for other government activities,
Other responsibilities will vary according to the type or level of the laboratory:
e.g., a References Standards Laboratory may be recognized as the local authority

in the measurements area and, as such, provide guidance, establish criteria,
review techniques, etc. for the Local Standards Laboratories.

1-6 June 1972
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1,3.2 Workflow, Reporting and Control

Details of workflow, scheduling, paperwork, and control of test and measuring equip-
ment vary with the activity within which the calibration laboratory is located, i,e,,
shipyard, air station, aboard ship, etc., In a shipyard, for example, the calibra-
tion program may be subject to, and operate by the procedures of the Quality Assur-
ance office,

Reference Standards Laboratories and Local Standards Laboratories maintain a
mandatory recall program for standards and test equipment which are included in the
area of responsibility for each laboratory excluding transient workload, Such recall
is performed monthly through the issuance of a Calibration Recall Notice, figure 1-3,
by the laboratory to the coordinator or custodian of the equipment due for calibra-
tion the following month, Recalls are based on the calibration intervals established
by the Metrology Requirements List (METRL), NAVAIR 17-35-MTL-1, NAVELEX
0967-133-2010, It may be accomplished manually or by an automated data pro-
cessing (ADP) system, The latter is preferable since it may be used for a wide
range of management activities, including scheduling workloads, failure reporting, ﬁ
inventory control, manhour control, etc,

The-planning/scheduling sections within an activity issue calibration work or job
orders which accompany the equipment to the cognizant laboratory and arrange for
the scheduling of this equipment, Upon entering a laboratory, the equipment is
logged in and tagged with any of the various forms used by the individual labora-
tory, Calibration is performed using the approved Navy Instrument Calibration
Procedure (ICP) or Local Calibration Procedure (LCP) if a Navy ICP is not avail-
able; the Navy Calibration Checklist (figure 1-4) is executed during the calibration
of each piece of equipment, In addition, laboratories must maintain a record for
each piece of equipment, standard, etc, using a form similar to figure 1-5,

After calibration, all standards and test and measuring equipment are appropriately
marked to indicate the calibration status. Calibration servicing labels and tags for
this purpose are described in NAVELEX INST 9690, 3 and NAVMATINST 4355, 66 of
28 September 1970, Use in the Navy Calibration Program is mandatory,

In addition to the paperwork involved in the equipment flow and calibration process,
laboratories are required to issue monthly status reports, calibration reports, etc.
on a regular basis, or as requested by the Metrology Engineering Center (MEC),
Pomona, California,

1.4 NAVELEX CALIBRATION PROGRAM PARTICIPANTS' RESPONSIBILITIES

Program participants have the following responsibilities for the effective utilization
of calibration resources:

1.4.1 Ship and Shore Customers

a. Test equipment indicated in the Metrology Requirements List (METRL),
NAVAIR 17-35MTL-1, NAVELEX 0967-133-2010, as requiring calibration ser-
vicing should be identified as to use:

June 1972 1-7
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1-8

FROM DATE
TO
Return below - listed items to this facility for calibration prior to recall date:
INSTRUMENT MFG. MODEL SERIAL NO. C°:gR°L DUE DATE
AIAE 006
Figure 1-3, Calibration Recall Notice

June 1972
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IIND—GEN—-13900-1

1. CALIBRATING ACTIVITY

. REASON FOR SUBMISSION

4. CONDITION RETURNED
WITHIN TOL ERANCE
OUTSIDE TOLERANCE Ex2es Below

5. CERTIFICATED OR REPORTED
VALUE, IF FIXED STANDARD E

CERTIFICATION/ CALIBRATION 1
2. SUBMITTING ACTIVITY C—/— CROSSCHECK 2
FAILURE FROM DAMAGE OR ABUSE 3
< OPERATIONAL FAILURE 4
2| 3. TESTINSTRUMENT
le) (Name of Item Calibrated)
5 8. DATE OF LAST SERVICING C__—— 1]
Y 4 MANUFACTURER C 1
9. SERVICING CYCLE (MONTHS)
CERTIFICATION/ CALIBRATION
5. MODEL NUMBER ] CROSSCHECK
( Commercial or Military )
6. SERIAL NUMBER C_——"7 |rw. cauisraTion PROCEDURE [ ]
—_—
1. cauieraTion TECHNCAN [ ) | 4 wan.mours Tocavierate [ ]
2 TESTDATE 7 -
7. MAN-HOURS TO REPAIR [ J
@ 3. CONDITION RECEIVED  List Repairs in ‘REMARKS" )
WITHIN TOL ERANCE
8|  oursioe ToLERANCE Exploin Below, 8. SERVICING LABEL AFFIXED
-
19 CERTIFICATION/ CALIBRATION
4y CROSSCHECK

LIMITED USZ | (Esplain Below
REJECT in ‘REMARKS®)

NEXT SERVICING DATE
CERTIFICATION/ CALIBRATION
CRO>SCHECK

- W -

REMARKS

SECTION C

D REPLY TO REMARKS REQUESTED

APPROVED

LABORATORY SUPERVISO

— —

AIAE 007

Figure 1-4. Navy Calibration Checklist Form (Sheet 1 of 2)
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11ND—GEN-13900-2

TEST INST(S):

()

(2)

(3)

(4)

(5)

(6)

PROC. NO. MFR MODEL SER.NO.

PROCEDURE MEASURED VALUES o0
STEP FUNCTION TESTED NOMINAL roL| CALIBRATION TOLERANCES
NO. FIRST RUN |SECOND RUN] ¥

(7)

AIAE 008

1-10

Figure 1-4. Navy Calibration Checklist Form (Sheet 2 of 2)

June 1972




. |

-

NAVELEX 0101, 114

INSTRUMENT CALIBRATION RECORD

IT IS THE RESPONSIBILITY OF EACH STANDARD AND LOCAL CALIBRATION
LABORATORY TO MAINTAIN A CALIBRATION RECORD FOR EACH STANDARD,
TOOL, OR PIECE OF TEST EQUIPMENT CALIBRATED WITHIN THE LABORATORY.

[INSTRUMENT MFG. MODEL SERIAL NO. |CONTROL NO.

JACTIVITY INSTRUMENT ASSIGNED TO

CONDITION NEXT
DATE 0 CALIBRATION REMARKS
CALIBRATED WHEN REC. WHEN RET, DUE

NOTES:

AlAE 009

Figure 1-5. Calibration Record Form
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(1) Develop priority list for calibration to assure that those equipments
considered most critical to the needs of the individual activity are calibrated. Highest Q
priorities should be assigned to instruments used for highly accurate, quantitative
measurements in performance monitoring, checkout and preventative maintenance.

(2) Apply a "Calibration Not Required' label if not used for critical
measurements or adjustments,

(3) Identify ranges actually used on a multi-range instrument and request
"Limited Use or Special Calibration' covering only those ranges. This will ensure
that calibration facilities do not expend resources calibrating unused ranges.

(4) Label an instrument "Inactive" if it is used only during periods of pro-
longed technical availability (Tender or Shipyard). Do not submit it for calibration
until it is to be used.

(5) If several instruments of a particular type are on board, determine a
minimum number to be submitted for calibration, Those calibrated can then be used
to verify the accuracy of the remaining ones by 'cross checking, "

(6) Clearly mark equipments known to be inoperable prior to submis-
sion, with the apparent malfunction explained on a tag attached to the instrument,
This is of utmost importance. For example, in many instances, an equipment is sub-
mitted for calibration with one range intermittent. The calibration technician will
start the calibration procedure and work through the instrument until he reaches the @
intermittent range. He then must stop, send the equipment to the repair area where
the trouble is diagnosed, the customer contacted, and funds reocuested for repair.
Only after the funds are obtained can the parts be ordered and repair started. This
process delays getting the instrument back and increases the cost of calibration, The
operator of the equipment must have known the range was intermittent and could have
identified it, or that it was a range which isn't used and "Limited Use or Special
Calibration' should have been requested.

b. Customers should expend every effort to repair equipment to the best of
their ability and, even more important, IDENTIFY THOSE EQUIPMENTS KNOWN
(or SUSPECTED) TO BE MALFUNCTIONING and provide a brief description of the
fault if possible,

c. Ensure that test equipment is properly protected in all phases of transit
or storage to prevent damage or loss of calibration,

1.4.2 Field Calibration (Qualification) Activities

a. Service every equipment which can be supported by the Qualification Pack-
age which is held.

b. Provide service to other units in the area if possible,

c. Follow steps covered above in identifying malfunctions in equipments to be Q
submitted to higher echelons.
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1.4.3 Fleet Electronic Calibration Laboratories (FECL)

a. Screen and identify malfunctioning equipment as early as possible and
return to the submitting unit for repair @f it is within their capability) or to the
repair area for service, prior to attempting calibration,

b. Clearly identify, label, and tag inoperable equipments which obviously
require shipyard servicing.

c. Submit metrology standards to the Navy Calibration Laboratory (NCL)
which supports the FECL, in lieu of submitting directly to a Type I or Type II Navy
Standards Laboratory, The NCL can support almost all FECL standards and is
funded to accomplish repairs and calibration, FECLs should not attempt to repair
FECL standards as NCLs have this responsibility, The NCL will forward only
those standards requiring Type I or Type II Navy Standards Laboratory support to
the higher echelon, Support at a level higher than is required increases costs,

d. Ensure that metrology standards and test equipment are properly protected
in all phases of transit or storage.

1.4.4 Navy Calibration Laboratories (NCL)

a. Screen all incoming equipments as soon as possible to determine operability
and notify the submitting activity, Type Commander or maintenance representative of
“ funds required for repair, Initial contact by telephone, with paperwork follow up, is
‘ recommended,

b, Schedule work as far in advance as possible via the ''180-day letter, " pre-
arrival conferences, etc,

A
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CHAPTER 2

LABORATORY PLANNING CONSIDERATIONS

Planning Considerations in reference to the establishment of a Standards Laboratory
are discussed in this chapter. The information contained in the chapter is general in
nature and may be applied to all Standards Laboratories in the Navy Calibration
Program.,

2.1 NEW ACTIVITY ESTABLISHMENT

Establishment of a new Calibration Laboratory requires the approval of the Chief of
Naval Material (CNM). Requests for establishing a new Calibration Laboratory,
substantiated with detailed justification, should be submitted to CNM via the chain of
command, the local Field Calibration Technical Representative and cognizant
NAVSYSCOM HDQTRS. Justification for the new laboratory, or major expansion to
an existing laboratory (i. e., an annex) should include the following factors:

o Volume and consistency of workload in relation to present laboratory space.

o  Projection of future workload, including personnel and equipment budget
forecast,

o  Availability of adequately trained personnel.

o  Availability of supporting funds,

o Inadequacy of present facilities.

o Geographic location and transportation factors.

o  Availability of other suitable calibration services.
When the direct workload exceeds the capability of an existing laboratory, it is recom-
mended that a second shift be used, rather than initiating a request for additional
space, Also, maximum use of other Navy (NAVORD, NAVAIR), DOD, or contracted
facilities should be exercised, under negotiated inter- or intra-service agreements or
contracts to resolve short term heavy workloads.
2.2 SITE SURVEYS
Surveys should be conducted during the initial planning stages of a new laboratory to

determine the suitability of a physical site or plant for the location of the proposed
laboratory. The following factors should be considered during such a survey:
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a. Wherever possible, a laboratory should be:

o Located on the bottom floor of a building, isolated from heavily traveled
areas, machine shops, etc., to minimize vibration and noise.

o Located away from dust areas and operations; e. g., sand-blasting
paint shops, etc.

o Accessible to all operational organizations utilizing the calibration ser-
vices.

o Serviced by a central shipping/receiving platform or area to preclude
entry of unauthorized equipment into the laboratory.

b. An electromagnetic interference (EMI) survey should be conducted at a
potential location to assure freedom from excess electromagnetic radiation (EMR),
both natural and manmade, especially if the laboratory is expected to perform cali-
bration of VLF Phase Tracking Systems or similar equipments.

c. Required antennas should be positioned so as to be free of line-of-sight
obstructions.

d. Requirements for future expansion.
2.3 MEASUREMENT REQUIREMENTS

In order to expand an existing or implement a new laboratory it is necessary to identify
the measurement requirements of all applicable test equipment; i, e., the true tech-
nical requirements of each item to be calibrated, range, accuracy, period, etc, To
accomplish this, it will be necessary to analyze a complete inventory of test equip-
ment, subdivided or grouped according to measurement area such as voltage, resist-
ance, frequency, power, etc. Once the measurement requirements have been
identified and specified, it is then possible to construct a chain of necessary standards,
equipment and facilities required to support the standards and test and measuring
equipment up to the highest echelon (NBS),

In addition, it is necessary to identify such items as calibration cycles, manhour
workloads, facilities environments, requirements for new calibration procedures, etc.

In establishing the above requirements, the completion of the survey form shown in
figure 2-1 may prove useful, This form provides for the listing of the item requiring
calibration, nomenclature, manufacturer's code, model number, etc. of every item
being surveyed.

2.4 NAVY CALIBRATION LABORATORY CAPABILITIES

2.4.1 Background Information

Standardized measurement capabilities for the various echelons of Navy Calibration
Laboratories are not generally available. Past efforts have been directed toward
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equipping each laboratory as necessary to meet specific mission requirements., Per-
tinent MEC documents which identify capabilities are discussed below,

a, '""Navy Calibration Equipment List Electronic' (NAVAIR 17-35NCE-1) sets
forth those instruments known to be available in Navy laboratories participating in the
Navy Calibration Program, Individual instruments are listed by parameter with a
brief capability statement, This document does not represent the inventory or capa-
bility of a particular laboratory or type of facility.

b. The Calibration Capability Listing for Fleet Electronic Calibration Labora-
tories and NAVE LEX Calibration Facilities (CCL-1) indicates the support capability
of NAVELEX calibration facilities in terms of test equipment and where it can be
calibrated, listed by model number,

c. The "Minimum Equipment Requirements List" is an inventory listing for
Fleet Electronic Calibration Facilities, It contains a preferred equipment listing for
procurement consideration and models representing typical inventory of existing
facilities., A brief capability statement is provided for each item. A copy of the
MERL is presented as Appendix A,

2.4.2 Laboratory Standard Equipment

Appendix B supplements the above documents and lists the standards andkey ancillary
measurement equipment presently available, or scheduled, for NAVELEX Calibration
Program participants, For clarity Appendix B lists only the major standards or
measurement area, It is meant to be a capability chart, and as such, does not repre-
sent a complete preferred or typical inventory.

2.5 PERSONNEL REQUIREMENTS

While specific criteria relating personnel requirements to workload have not been
developed for calibration laboratories, it is important that proper planning for staff
be made to assure measurement quality and to achieve an efficient, well run opera-
tion,

2.5.1 Personnel Survey

The following factors should be examined in the determination of personnel require-
ments for each of the various types of laboratories:

a, Total quantity of customer equipment expected to fall under the laboratory's
cognizance, This may be estimated from the survey conducted initially.

b. Expected number of internal standards and equipment to be maintained by the
laboratory's own staff,

c. Calibration intervals of equipments included in workload.
d. Skills required for the areas of measurement to be encompassed, e. g.,

microwave, special test equipment, etc. .
2-4 June 1972
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e. Other services to be provided, such as training, liaison, etc.

The expected total manhour requirements per month, or other unit of time, may be
determined from a, b, and c by assuming that an average of 3 hours per instrument
is required for calibration. More accurate manhour loading may be obtained from
computer listings or checklists, if a sufficient quantity of completed checklists can
be obtained for analysis, The number of personnel required for direct calibration
activity is estimated by multiplying the total number of equipments to be calibrated
per month by the average manhours per instrument and dividing the result by 160
(approximate available manhours per month, based on a 40-hour week, 48 weeks/

year),

2,5.2 Supervisory and Support

In addition to the staff of direct workers, a number of supervisory and/or support
personnel (production control, clerical, etc.) will be required,

2.5.3 Training

Technical personnel assigned to the calibration function must be properly trained in
order to achieve a high operational quality, Supervisory personnel should be exper-
ienced and knowledgeable in all phases of calibration and be graduates of authorized
calibration training or familiarization courses, Personnel training courses may be
found in NAVE LEXINST 9690, 3 and other SYSCOM instructions,

2.6 ‘THE BASE ELECTRONIC SYSTEM ENGINEERING PLAN

NAVELEX policy requires that the planning and execution of electronic projects,
regardless of scope or complexity, be accompanied by an engineering plan called
the Base Electronic System Engineering Plan (BESEP), The BESEP is the basic
technical document governing electronics and other affected phases of shore elec-
tronic project planning and implementation. It equates a sponsor/user statement of
operational needs to appropriate shore electronic systems and facilities concepts
which will meet the need and includes such information as:

o  Historical data leading to the establishment of the project.

o Reference to and appropriate paraphrasing of operational requirements and
other guidance documents,

o Overall objectives of the systems to be provided,

o Identification of existing or other proposed systems/facilities affected or
with which compatibility is required,

o Requirements or provisions for incremental implementation,

o Special requirements for continuity of operation of existing radiation
hazards, security, etc.
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o General plan for selection of sites or identification and description of sites
already selected. @ _

o System packaging guidance (i. e., transportable or fixed plant),

o Special requirements of operational flexibility and convenience,
Within the Naval Material Command, electronics engineering capabilities are concen-
trated in the Naval Electronics Systems Command, while construction capabilities are
assigned to the Naval Facilities Engineering Command. The BESEP is normally pre-
pared by the Electronic Systems Command Field Technical Authority in cooperation

with the Facilities Engineering Command Engineering Field Division,

\Policy and procedures for BESE P utilization, as well as a detailed description of the
BESEP, may be found in NAVELEXINST 11000, 1,

2.7 LABORATORY FACILITIES CONFIGURATIONS

2.7.1 Space Requirements

The total area required for a particular laboratory depends on a number of factors, but
it is governed primarily by the minimum working space necessary to perform the in-
tended calibration and incidental repair and to accommodate the expected staff, Space
must also be allocated for clerical and administrative functions, filing and storage
cabinets, carts, bookcases, the shipping, receiving and cleaning functions, and for

a utility area to contain the air-conditioning system, janitorial supplies, and the like, m
In addition, space should be allocated for a laboratory entrance of the double door,
vestibule type, as recommended in EC-23 "Recommended Facility Requirements for
Navy Calibration Laboratories (Shorebased).' Space requirements should be
calculated to provide for all expected measurement areas, For those laboratories

not anticipating all the various types of measurements, reduced space requirements
exist, However, future measurement projections which allow for reasonable expan-
sion should be included in the space planning stages.

Specialized floor space requirements should be handled on a ''per case'' basis, For
example:

o  Laboratories with large workloads may require an office copying machine,
extra cabinets, library spaces, administrative space for supervisory staff, etc,

o Some shipyard located calibration laboratories may require additional space
for a mercury work area,

2.7.2 Floor Plans and Laboratory Arrangements

Calibration laboratories are normally arranged according to measurement area and
to achieve an efficient flow of equipment and personnel. Other modifying factors
affecting the final layout include:
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o Space and configuration available, if laboratory is being built at an existing
facility

o Location of existing machinery, equipment, transformers, power lines,
etc., which can contribute undesired vibration, noise electromagnetic fields, heat,
ete,

o  Availability and location of prime power
o Existing environmental conditions
o Human factors such as aisle clearances, safety considerations, etc,

The measurement areas expected to have the largest workload should be located for
maximum convenience, usually close to the laboratory shipping/receiving/cleaning
entrance., Other calibration stations may be separated according to function, e.g.,
DC voltage, current and resistance form a natural grouping; AC inductance, capaci-
tance and resistance; oscilloscope calibration, signal generator calibration, etc.

The exact arrangement will vary, of course, with each installation. Low frequency,
waveform, frequency response and other measurements which may be affected by the
stray fields found near transformers, cables and the like should be located so as to
avoid possible electromagnetic coupling. Similarly, microwave and coaxial measure-
ments should be placed so as to avoid possible coupling with high frequency stray
electromagnetic radiation (EMR). Screen rooms or shielded enclosures used for this
purpose must be justified on a per case basis. Experience has demonstrated that in
many instances screen rooms are not required or are overdesigned, which greatly
increases the expense of building a laboratory. An EMR survey should be conducted
to determine requirements for shielded rooms. Other precautions for minimizing
potential EMI are given in a later chapter.

Vibrations caused by door slamming, mobile carts, and general personnel traffic may
be a problem for station using sensitive galvanometers or in the calibration and repair
of meter movements. Such stations should be located away from heavily travelled
aisles, doors, or other sources of disturbances.

Figure FO 2-1 and figures 2-2, 2-3 and 2-4 depict examples of arrangements which
may be used for guidance during the planning stages of a new laboratory, The plans
and illustrations shown generally reflect the recommendations previously listed those
given in EC-23 and other Metrology Engineering Center documents, A discussion of
those elements common to all arrangements follows,

a, Shipping and Receiving. An area immediately adjacent to the laboratory
entrance should be provided with sufficient space to accommodate racks or cabinets
to store eauipment awaiting disposition, pick-up by the customer, and spare parts.
Separate racks should be provided for incoming and outgoing equipment, A cleaning
area located outside the calibration effort is also necessary. This area should con-
tain a pressurized air or nitrogen supply, sink, and if necessary, an ultrasonic or
other specialized (neutral) cleansing system,
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Such an area will most probably be required by Local Standards Laboratories operated
at production or service type facilities, rather than Reference Standards Laboratories,
which normally handle equipment originating in relatively clean environments,

b. Repair and Maintenance, Although Calibration Laboratories are limited to
incidental repair of test and measuring equipment and repair of the laboratory's own
standards, repair functions that are considered dirt producing should be confined to
an area that is physically separated from the calibration effort. Soldering, wire-
cutting and stripping, drilling and other machining operations are all contaminant
producing activities which should be isolated.

It should be noted that while the Calibration Laboratory itself does not perform major
repair work, it should be located adjacent to an Electronics Repair Shop, such as
Shop 67 in a shipyard, whose function it is to repair test equipment, This will expe-
dite any required major repair,

c. Storage. Storage space is necessary for equipment, administrative docu-
mentation, and technical literature; these are individually discussed in the following
paragraphs,

(1) Equipment., Equipment requiring storage includes incoming and out-
going standards and test/measuring equipment, the laboratory's own standards/
measuring equipment, tools used in incidental repair, and all accessories required
in the performance of the calibration function, Available types of storage facilities
include:

o  Open racks or bins with adjustable shelving, These are the least
expensive means of storage and may be used for temporary storage of customer
equipment having, for example, a 2-week turnover time,

o  Wall hung shelving which is similar to open racks.

o  Fully enclosed cabinets, These include steel panel type units with
double doors and adjustable shelves, sliding glass door type cabinets, and other labor-
atory type enclosures, They are ideal for dust-free storage of waveguides, standards,
and other delicate instruments, However they are expensive, especially the sliding
glass door type. (See figure 2-5.)

0 Drawers built into bases of work benches. These may be used to
store accessories, but should not be used for delicate equipment, e,g., meters, etc.

Whichever type of storage is used, adequate space for the anticipated (and future)
workload, standards, etc. should be planned to avoid later "pile-ups'' of equipment
on floors and desk tops,

Special storage is required for microwave isolators having internal magnets, Clear-

ances of 4 to 6 inches from metallic objects are usually necessary., This may be
obtained by use of wooden boxes or cabinet drawers to store such equipment.
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(2) Administrative Documentation. Adequate space should be provided for
filing cabinets to store the quantities of paperwork generated by the laboratory,
Checklists, recall notices, certificates, reporting forms, labels, tags, correspond-
ence, and many other forms must all be kept on file for varying periods of time, The
quantity of documentation requiring storage will be dependent on the laboratory's
workload.

A secure filing cabinet will be required for storage of classified calibration pro-
cedures,

(3) Technical Literature. Technical Literature which must be stored
includes calibration procedures, instruction books, operation and maintenance man-
uals, textbooks, manufacturers' brochures, and other documents. These may be
stored in either open or enclosed type bookcases. The quantities to be stored may be
significant, especially in production facilities which must store military and commer-
cial operation manuals for large quantities and types of test equipment. Such oper-
ations may require a separate library area to accommodate the necessary material
and to provide control of document flow,

d. Work Benches. Work Bench requirements are given in EC-23, In brief,
benches should have the following properties:

0 A minimum depth of 30 inches
o A height of approximately 37 inches from floor to bench top

o Have a non-metallic top (wood, masonite, etc.) fastened with non-
metallic screws to avoid shock hazards

o Have bases with built in drawers and/or cabinets for additional storage
space

o Provide adequate leg and knee clearances

o Bench length is not critical. Overall laboratory working area and
planned layout should determine the bench length, (See figure 2-6 for a typical
16-foot bench, )

o Have a leveling feature.
Non-metallic shelves mounted above benches, either on walls or on the benches them-
selves by means of a riser, provide additional space for test equipment, Such shelves
can run along the length of the bench; however, they should be a minimum of 18 inches
deep and be set back at least 12 inches from the bench front,

Bench installations should include:

o A copper grounding bar running along the length of all benches and
fastened at the bench rear or on back of overhead shelves, Size of the bar should be
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1/4 X 3/4 inch bar minimum, The bar should be connected to the earth ground at the
laboratories tie-point by use of an approved bonding technique (see NAVELEX 0101,
106) at one end only in order to prevent ground loops. Resistance to earth ground
should be 0, 25 Q maximum,

o Receptacles for 115-volt, 60-Hz power should be installed at least
every foot at the rear of all benches, Further details for power requirements are

provided in a later chapter. Additional receptacles should be provided for 400 Hz,

e. Other Requirements, In addition to the above, space should be provided

for:

o Mobile Service. Carts used for storage of oscilloscope and other instru-
ments and to move equipment around the laboratory. A number of these may be used
in a laboratory. If possible, they should be equipped with pneumatic tires to prevent
floor damage and to protect the instruments from vibration, In addition, padding
should be placed on the carts to isolate the instrument from the cart.

o Special Facilities. Some laboratories may handle calibration of spe-
cialized instruments or employ techniques which require special facilities, such as
equipment from nuclear submarines, Where mercury is used in calibration, a
mercury room or special work area must be available to avoid possible mercury
contamination of the equipment, Special "mercury free' tags are attached to such
equipment,

2.8 ARCHITECTURAL CONSIDERATIONS

Although construction of shore facilities is the responsibility of the Naval Facilities
Engineering Command, NAVELEX personnel concerned with the planning of new
laboratories should be acquainted with the basic types and principles of construction,
as well as those architectural features which may be specified by requirements peculiartoa
calibration laboratory. Thelatter includes floor coverings, materials, wall finishes and
similar details which should be selected specifically for a laboratory type environment,

2.8.1 Design Philosophy

In general, the objectives of military construction are the same as that of good com-
mercial practice, i.e., emphasis is placed on scale, balance of elements, simple
functional layouts, and low cost in both initial construction and future maintenance.
Other objectives include selection of good materials, methods and details of construc-
tion, mechanical and electrical systems, and fire-safe, hazard free design.

The architectural design should be harmonious with existing construction within the
area, Such design should:

o Be based on the actual project requirements with special attention given to

configuration, structural system, selection of interior and exterior (if applicable)
finishes, and extent and type of services provided.
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o  Meet the operational requirements of the using activity and, at the same
time, provide enough flexibility to accommodate future requirements changes,

o  Provide a functional facility at lowest possible cost, with regard for
economy of operation and maintenance,

o  Place emphasis on quality of the design, including the attractiveness of
both interior and exterior, High quality, simple, functional designs are achieved
through the expert use of economical basic design concepts rather than the use of
superficial, piecemeal features.

Further details may be found in NAVDOCKS DM-1 and other manuals in the DM series,
as well as commercial documents and texts on architecture and construction,

2.8.2 Fenestration

The term, fenestration, refers to the arrangement of openings in a building wall for
windows, The traditional use of windows is to admit light and permit a view, How-
ever, where advantageous to functional use or special need, (as in a calibration
laboratory), fenestration should be eliminated. The absence of windows will lessen
their possible influence on the lighting, heating and cooling systems required to estab-
lish the desired environment, and will contribute to the achievement of a glare-free,
dust-free area without the need for special sealed windows, draperies, etc. For
additional information on laboratory environments and lighting requirements, refer

to subsequent chapters,

2.8.3 Floor and Ceiling Treatments

a. Floors, Floor finishes for laboratories are selected for their electrical
insulation properties, durability, ease of maintenance and their resilience., The deck
of the entire laboratory area should be covered with continuous lengths of vinyl sheet-
ing capable of withstanding 10,000 volts without dielectric breakdown when tested by
method 8211 of Federal Test Method Standard No. 501. Examples of suitable floor
covering are sheet vinyl 9Q7220-728-3028 under Federal Specification LF-00450A (GSA-
FSS) which will test for dielectric strength of at least 30,000 volts, However, any
qualified grade of sheet vinyl will do. Light colors are encouraged due to their reflec-
tive and cleanliness characteristics,

b. Ceilings Acoustical tile ceilings installed on a metal suspension system or
on metal ceiling furring, are recommended for laboratory areas., Suspended ceilings
should be installed to conceal unsightly piping and duct work which, if exposed, can
cause condensation to fall on electronic equipment, and to lower existing high ceilings
to standard 8-foot heights. The lower ceiling permits the design and installation of
more efficient, less costly lighting, heating and cooling systems, The tile used on
such ceilings should be made of noncombustible inorganic acoustical materials. A
number of suspension systems are available which permit the combination of sound-
absorptive ceiling surfaces with lighting, air-conditioning, and sometimes radiant-
heating elements in any desired arrangement. These are further discussed in chapter
3 and details of acoustical noise treatment are given in chapter 7,
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Selection factors for paints and other interior finishes include durability, reflectance,
esthetic factors (color, texture), and special requirements such as resistance to
mildew and fungus, freedom from lead or mercury, etc.

The ceiling and side walls down to a distance of 3 feet from the ceiling should be flat
white with a reflectance of 60 percent, minimum. The remaining wall surface should
be non-glossy and finished in non-saturated colors such as tints or pastels, having a
reflectance of 40 percent, minimum, Such a painting scheme will add to overall room
illumination and, at the same time, reduce undesirable specular glare. Colors may
be selected from Federal Standard 595 which presents a collection of standard colors
in current use, or from other applicable specifications, Monotonous repetition should
be avoided while selecting colors, However, the number of different colors should be
kept within reasonable economic bounds.
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CHAPTER 3

ENVIRONMENTAL REQUIREMENTS AND CONTROL

Environmental requirements depend, primarily, on the effects of the various environ=-
mental factors on the measurement process, coupled with the accuracy and precision
needed for a particular measurement, For the daily, routine measurements encoun-
tered within the Navy Calibration function, special controls or equipment may not be
required, and the normal air-conditioning, heating, and air flow systems and controls
will usually be sufficient. In higher echelon laboratories using reference standards
having greater accuracies, the environmental requirements are more demanding

and special facilities are usually necessary.

Presently accepted criteria for the various environmental factors are listed in table
3-1, in which Type I and Type II laboratories are included for comparision. Each of
the listed factors is discussed separately since numerous methods and techniques
are available to achieve the criteria identified in the table, However, since each
laboratory is unique in location, size, layout, and other details, standardization is
possible only to a limited extent. Therefore, general information applicable to most
laboratories will be stated here and the various parameters contributing to the con-
trol of the particular environmental factor will be discussed.

3.1 TEMPERATURE

Temperature values for laboratories are chosen on the bases of assuring the stability
of the laboratory standards and instruments and maintaining the desired accuracies,
The 73° F + 4° F nominal specification is considered adequate for daily NCL electronic
and electrical requirements. Special provisions, as outlined in the following para-
graph, may be used to achieve specific workload requirements deviating from the
nominal laboratory condition.

Rate of change of temperature may be more important than the nominal temperature,
since many measurements are adversely affected by high rates of change. This may
be especially true if the measurements are projected over a considerable period, or
where rapid excursions beyond narrow limits (microchanges) can affect a precision
measurement. Microwave bolometers, for example, must be calibrated within limits
of + , 005 degrees C. Even though the calibration can be performed within 15 seconds
(equivalent to a rate of change of about 1,0 degrees C/HR), rapid microchanges can
far exceed this rate, with adverse effects. Rather than attempt to control the entire
laboratory area, the bolometer may be housed in an isothermal enclosure consisting
of thick slabs of insulating material. Other cases, e.g., saturated standard cells,
may require a temperature regulated enclosure such as an oil or air bath, For DC
and low frequency measurements, variations about a static temperature should be
minimized, A 2-minute maximum duration is recommended since a 2-minute exposure
for temperature sensitive measuring equipment is usually required to stabilize any
deviation from the calibrated temperature, If a longer exposure is used, the
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measuring equipment will tend to follow the variations. However, the maximum
deviation cycle of 2 minutes can be a stringent requirement for commercial air-
conditioning systems because of sensor and controller response time. To minimize
the effects of temperature fluctuations, the amplitude of the fluctuations should be
balanced with the recommended rates of change.

Temperature control may be achieved by implementing the following techniques,
methods, and recommendations:

a. Air-conditioning/heating systems must have sufficient capacity and regula-
tion to establish and maintain the desired temperature requirements. Required
capacity is a function of room volume, heat producing equipment, insulation, location,
number of personnel, and other factors. Selection of air-conditioning equipment for
various applications is given in NAVDOCKS DM-3 and the Guide of the American
Society of Heating, Refrigeration and Air Conditioning Engineers (ASHRAE).

b. The system should be in continuous operation, 24 hours a day, including
weekends. Control of the system should be completely automatic.

c¢. The system should have the capability of air ventilating, filtering and cir-
culating, humidifying/dehumidifying the laboratory, as well as cooling and heating.

d. Ideally, the laboratory should have its own air-conditioning and control
system, independent of other facilities located within the same building. However,
the laboratory should, if possible, be placed adjacent to areas having the same
temperature.

e. Insulating materials should be used in construction of outside walls and

other walls to thermally isolate the laboratory from areas with significantly different
temperature levels, EC-23 gives a coefficient of heat transfer of 0,15 BTU per hour,
per square foot, per degree Fahrenheit as a goal for walls, ceilings, and floors,
(See ASHRAE Guide for tables and methods of computing overall coefficient for build-
ing material,) Entrances which must open between such areas should be of the double
door, vestibule type. Conditioned air should be introduced into the vestibule to main-
tain the slight positive pressure requirement (see table 3-1).

f. To avoid uneven temperature distribution, a maximum of 10,000 cubic feet
of space should be allotted for each control point, If possible, multi-zone thermostat
control systems should be used to avoid interaction between separate areas.

g. A duct system should be used to introduce the conditioned air into the lab-
oratory. The ducts should be equipped with dampers or louvers which can be adjusted
to compensate for local temperature variations and provide a uniform air flow., Return
duct openings should be positioned to achieve uniform circulation and distribution of
air within the laboratory.

h, Temperature throughout the laboratory should be measured and recorded

continuously to determine indications of drift or out-of-control periods. A thermo-
humidigraph type instrument can be used for this purpose.
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i. Special techniques can be used to obtain more stringent controls, These
include room-within-a-room construction, isothermal enclosures, ovens, oil and air
baths, and the like, having individual, separate control and monitoring systems,

j.  Coordinated or integrated cooling, heating, and lighting systems can provide
the desired environmental requirements, with the benefits of lower overall operating
or maintenance costs. Such systems use heat transfer lighting fixtures, or luminaires,
in which room air is exhausted through the lamp compartment of the luminaire, This
method causes the heat produced by the lighting equipment to be removed before it can
contribute to the room heat load. Water tube heat exchanges located within the lumi-
naire body may be used to reclaim the heat, which can then be used to reduce the
heating requirements of the building. In addition, such systems can reduce air
changes, duct size, headroom requirements, and fan horsepower. Fluorescent lamps
will provide more light in heat transfer luminaires than in static units and the life of
their ballasts will be enhanced.

3.2 RELATIVE HUMIDITY

Humidity affects the measurement process through corrosion and changes of electrical
conductivity and dielectric constants during periods of high humidity (above 50 percent),
while low humidity (below 30 percent) can cause deterioration of materials and affect
measurements by the accumulation of static charges, Selection of humidity value
represents a compromise between these effects and the requirement for personnel
comfort, In either case, the relative humidity (RH) should be maintained below the
condensation point: tables or charts in the ASHRAE Guide should be consulted to
determine the inside temperature and relative humidity that can be maintained without
forming condensation on windows, walls, and equipment at various outside tempera-
tures,

It is believed that corrosion of iron and steel in laboratories operating at 50 percent RH
presents a problem only under conditions of zoning or stratification of temperature

that would cause localized high humidity conditions. Corrosion can also occur if
contaminants become deposited upon unprotected iron surfaces, Steel, for example,
will corrode at a fairly low humidity if subjected to perspiration from fingerprints,
corrosive vapors, certain atmospheric gases, or dust, None of these conditions
should exist in a well-designed, well-maintained laboratory having adequate wall
insulation,

Humidity control involves the addition (humidification) or removal (dehumidification) of
moisture (water vapor) in the air to obtain the desired relative humidity. The follow-
ing suggestions for RH control may prove helpful.

a, Outside winter conditions for most regions of the United States show the
moisture content of outside air is relatively low even if the air is saturated, To
obtain winter indoor humidities of 30 percent or above, it is therefore necessary to
humidify or add moisture to the air.

b. A 45 percent RH is recommended, where practical, because of a problem
that has been observed in humidity control systems; i. e, , the failure of the system re-
heat cycle which can result in the system producing a relative humidity condition near 90
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percent. A value of 45 percent RH allows time to shut off the system spray pump and
keep the RH level well below the critical oxidizing humidity of 60 to 65 percent,

c. Dehumidification and cooling may be accomplished simultaneously by a
single apparatus. However, dehumidification in the hot, humid sections of the United
States or in tropical regions may be very expensive, See NAVDOCKS DM-3 for further
criteria.

d. Humidifiers may be attached to the air-conditioning system, in which case
water vapor is introduced directly into the laboratory via the duct system, or a sep-
arate humidifier may be used. In either case, the humidification equipment should
not be located directly inside the space to be conditioned. See NAVDOCKS DM-3 for
further information on humidification equipment,

e. Humidity should be monitored continuously; a hygrothermograph may be used
for this purpose.

3.3 VENTILATION

Ventilation systems are designed to remove odors, fumes, heat, and dust, and to pro-
vide a supply of fresh air for personnel. Mechanical ventilation employs fans com-
bined with a supply air and/or exhaust duct system to induce positive air circulation
within buildings or spaces.

The relation between supply air and exhaust air depends on the function of the area to
be ventilated. In the case of calibration laboratories, where a dust free atmosphere
is required, a slight positive pressure (see table 3-1) is necessary to prevent infiltra-
tion of unfiltered outside air. In this case, supply or makeup air quantity should be

10 to 20 percent more than the exhaust and exfiltration air,

In addition to effects on measurements, local temperature variations and drafts caused
by uneven air distribution can contribute to personnel discomfort. Specifications for
air freshness have not been standardized since the matter seems to include psycholog-
ical, as well as physiological, effects; i.e., a low supply air volume can cause a
stuffy, oppressed feeling on the part of the occupants, Many factors, including room
volume, number of personnel present, and the amount of traffic, influence the require-
ments for fresh air (as fresh air and outside air are not necessarily synonymous
terms). For cooling load calculations, NAVDOCKS DM-3 states that minimum ventila-
tion air supply shall be one air change per hour. At the National Bureau of Standards
Electronic Calibration Center at Boulder, Colorado, air intake is a function of outside
air temperature and ranges from approximately 1.5 to 7.5 air changes per hour.

3.4 CONTAMINATION CONTROL

Specifications for dust particle count are based mainly on good housekeeping considera-
tions, since dust levels in laboratory areas are difficult to determine quantitatively, It
is known that dust accumulation on insulating or conducting surfaces can influence
measurements, Dust can also promote rust and corrosion and contaminate oil baths

and other open-air systems, Control of contamination includes the following factors:
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o Pressurize the laboratory and all entrance vestibules,

o Avoid access to the laboratory through dirty areas such as machine shops,
sandblasting operations, etc.

o  Place mats at all entries for shoe cleaning,

o Equip the air conditioning/ventilating system with mechanical and/or elec-
trostatic traps and filters which can filter salt air as well as particulate matter (in-
cludes hair, clothing fiber, skin flakes, dust, etc.).

Filter selection depends on required efficiency, type of air conditioning equipment,
economy, and other factors, For dust free atmospheres, filters should have an
efficiency of 80 to 90 percent on the basis of the NBS Dust Spot Method, using Cottrell
precipitate, More critical applications requiring filtration efficiencies exceeding 90
percent should be equipped with two sets of filters: a prefilter of the viscous or dry
throwaway type, having an NBS efficiency of 60 percent minimum, and a main filter of
the absolute dry media type or electrostatic precipitators, Prefilters, afterfilters,
and other speical precautions, as given in NAVDOCKS DM-3, are necessary when
using an electrostatic type filter to prevent arcing and other undesirable effects.

Super critical requirements, such as ''clean rooms, " use high efficiency particulate
air filter (HEPA) type units having efficiencies better than 99. 97 percent for 0, 3-
micron diameter particles,

Horizontal laminar airflow benches such as shown in figure 3-1 may be used to provide
a clean work station in lieu of constructing an entire clean room (laminar airflow
occurs when the entire body of air within a confined area moves with uniform velocity
along parallel flow lines with a minimum of eddies). Such benches contain their own
air-movers, filters, and lighting so as to make them independent of the room charac-
teristics,

3.5 VIBRATION AND ACOUSTICAL NOISE

3.5.1 Vibration Levels

Vibration tolerance requirements vary greatly among individual instruments, There-
fore, the single values given in table 3-1 expressed in units of acceleration due to
gravity are useful only as a guide to the maximum acceptable levels, Some equip-
ments, such as galvanometers and pointer-type instruments, are more sensitive to
vibration and shock, Other instruments may respond violently to disturbances having
a frequency range which includes the natural frequencies of the instrument. In the
case of shock, or impulse type disturbance, there are additional complicating factors
of amplitude, waveshape, and pulse duration, It has been stated in the literatuyre that
in using pointer-type instruments, the threshold of error determination is exceeded
when a disturbance induces a deviation equivalent to one-tenth of a scale division,

Thus, measurements should be conducted to determine tolerable vibration and shock
levels for individual instruments, The optimum, most economical means of control
may then be selected based upon the individual requirements,
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3.5.2 Vibration Control

The following methods and techniques may be applied toward the control of vibrations
in both new designs and existing structures, In existing structures where vibrations
stem from geographic and other sources, the best approach probably involves isola-
tion of the sensitive instruments, rather than attempts to eliminate the source of
disturbance.

As a general rule, whenever possible, use equipment that is self-damped, or otherwise
less sensitive to external disturbances. In recent years, for example, there has been
a trend toward use of electronic and oil-damped equipment, of a type that is relatively
immune to moderate vibration, to replace galvanometers and other shock and vibration
sensitive instruments,

Effective isolation may be achieved by interposing a resilient member between equip-
ment and support such that the natural frequency of the equipment plus isolator is
substantially below the lowest frequency of excitation. Construct such special isola-
tion pads of either polyurethane foam, cork, rubberized hair, partially inflated inner-
tubes, or other similar materials to locally isolate individual equipments, Heavy
steel blocks (40-50 pounds) supported by air-inflated tubes resting on a bench top are
especially effective, Special isolation tables using air pistons or other devices to
"float' the table top are available in various sizes, However, these are relatively
expensive,

Reciprocating, high speed, or other machinery of vibration-producing tendencies such
as generators, pumps, fans, motors, and compressors should be mounted on supports
designed to reduce vibration to a minimum (these equipments should be located outside
of the laboratory). Such vibration mounts must also support the static load of the
machine, The principal exciting frequencies of vibrations generated by a machine
should be at least two to three times the natural resonant frequency of the machine and
its mount, If this rule is not followed, vibrations transmitted to the support may be
coupled rather than reduced. See the ASHRAE Guide on Sound Control for additional
details and methods for calculation of resonant frequency.

Selection of vibration mounts may be made from the following:
o Cork and Felt, For isolation of machinery generating mostly high-frequency

vibrations, use cork, felt, or ribbed rubber, etc., with static deflection less than 0.1
inches corresponding to a resonant frequency greater than about 10 cycles per second,

o Rubber-in-shear. Most other machines require rubber-in-shear mounts,
with a static deflection about 1/4 inch, corresponding to a resonant frequency of about
7 cycles per second,

o Steel Springs. Steel springs may be designed for larger static deflections
where large slow-moving machinery is to be isolated, Use steel springsin conjunction
with ribbed rubber pads or similar material to furnish adequate isolation at high
frequencies,
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o Vibration Damping. Dashpots or other viscous damping devices may be
used in conjunction with steel springs to furnish damping near troublesome resonances.

o Resilient Foundation. Vibrationisolation and resonantfrequencies calculated
onthe basis of an assumed infinitely still foundation may be seriously in error if the foun-
dation is resilient near the frequencies of the equipment, For additional criteria, see
ASHRAE Guide, Sound Control, and Beranek, Noise Reduction, Isolation of Vibrations,

Sources of disturbances within the laboratory, or within a collocated laboratory, such
as acceleration calibrating equipment, shakers, pumps, and the like, require isola-
tion. Shock mounts and local devices as listed or special enclosures may be used for
this purpose.

When designing new laboratories, locate the laboratory away from heavy machinery,
trains, shop operations, and all other potential sources of acoustical noise,

In cases of high vibration where the use of isolation mounts on fixed floors or benches
is inadequate, isolation can be effected by use of a floating floor, floating slab, or a
floating inertia block design. Refer to figure 3-2 and NAVDOCKS DM-3 for construc-
tion details,

3.5.3 Acoustical Noise Levels and Control

Acoustical noise specifications for laboratories stem from the effects of such noise
upon equipment and personnel, A level of 45 dB when measured on a sound level meter
using the A or 40-dB weighing network represents a balance between the level which
induces microphonics in electronic equipment and that which causes personal irritation
or discomfort. Work in the acoustical field, however, has concentrated on the physi-
ological, psychological, and speech interference aspects, rather than on effects to
equipment, Since criteria for satisfactory speech communication and telephone use
are generally lower than the levels which affect equipment, attainment of the former
will normally satisfy both requirements, Noise criteria details and personnel effects
are discussed in a later chapter.

a. Acoustical Noise Control. Noise control may be defined as the technology
of obtaining an acceptable noise environment, at a receiver, consistent with economic
and operational considerations. The receiver may be a person or a piece of equip-
ment whose operation is affected by noise, Methods for control of noise may include
noise reduction at the source, control of the transmission path, use of protective
measures at the receiver, or some combination of the three, Regardless of which
specific measures are finally selected, a number of general methods can be applied,
including:

o Segregating noisy areas from quiet ones,

o Interposing unoccupied rooms (e.g., storage) between occupied rooms
and rooms with noisy equipment,

o  Grouping together rooms where quiet is important, rooms where noise
is about average, and rooms where operations are noisy.
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o Increasing the distance between sources and areas to be protected,
Each doubling of a distance in the open reduces noise by at least 6 dB,

o Orienting the sound source to direct maximum noise radiation away
from area to be protected.

o Placing sound sources and areas to be protected on opposite sides of
natural barriers (hills, woods) or artificial barriers (hangars). Barriers such as
walls may be interposed for the specific purpose of blocking noise, but they must be
large and close to the source to be effective,

o Enclosing sources either partially or completely to reduce noise radia-
tion to areas to be protected,

o Confining noisy operations to those times when the annoyance to those
in the general area affected will be minimal,

o Investigating the possibility of establishing flight patterns over the least
populated areas of the station and surrounding countryside, and of removing the path
of rapid climb away from the end of the runway into space over open country or water.

The final choice of methods to be employed depends on the amount of required noise
reduction and on economic and operational factors. ‘Required noise reduction is given
by the difference, in decibels, in each octave band between noise level to be controlled
and criterion level. Note that noise reduction at low frequencies is generally more
difficult to obtain than at high frequencies, because typical building construction
absorbs less and transmits more sound at low rather than at high frequencies.

Since acoustical noise and mechanical vibrations are intimately connected, control of
noise at its source involves the use of procedures similar to those used for vibration
control, Other important methods of controlling source noises, such as reduction of
internal forces, balancing of moving masses, and the like, are usually impractical
for the purchaser or user of equipment to apply, since they involve equipment and
modification, The quietest equipment consistent with the end requirements should be
selected and then the vibration isolation methods may be applied.

Control of the transmission path to reduce the energy communicated to the receiver
includes the use, during the construction stages, of sound-absorbing materials, sound
barriers, and other isolation methods in floors, ceilings, partitions, windows, doors,
and in the air-conditioning/heating ductwork. Figures 3-3 through 3-6 and tables 3-2
and 3-3 depict methods, properties, and classifications of various materials and con-
structions commonly used for the attenuation of acoustical noise, The following con-
siderations should be applied toward use of these measures:

o In practice more than 10- to 20-dB noise reduction is difficult to achieve
by installing sound-absorbing materials on walls and ceilings,

o  Functional sound absorbers suspended near noisy machinery may be
used to advantage if sufficient wall or ceiling areas are not available,
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Table 3-2. Classification of Sound Absorbing Materials
(Acoustical Materials Association)

Type Description

I Regularly perforated cellulose fiber tile.

I Random perforated cellulose fiber tile.

I Slotted cellulose fiber tile,

v Textured, finely perforated, fissured or
simulated fissured cellulose tile.

A2 Membrane-faced cellulose fiber tile.

VI Cellulose fiber lay-in panels.

viI Perforated mineral fiber tile.

VIII Fissured mineral fiber tile,

X Textured, finely perforated or smooth mineral
fiber tile.

X Membrane-faced mineral fiber tile.

XI Mineral fiber lay-in panels.

XI11 Perforated metal pans with mineral fiber pads.

XIII Perforated metal lay-in panels with
mineral fiber pads,

XIV Mineral fiber tile rated as part of fire
resistive assemblies,

XV Perforated asbestos board panels with
mineral fiber pads,

XVI1 Sound absorbent duct lining, '

XVII Special acoustical panels and systems.

Table 3-3. Types of Mounting of Sound Absorbing Material
(Acoustical Materials Assn,)

Type Mounting
1.... Cemented to plaster board or concrete
ceiling with 1/8 in, air space.
2.... Nailed to 1 X 3 in, wood furring 12 in. OC,
3.... Attached to metal supports applied to 1 X 3
in. wood furring.
4.... Laid directly on floor,
5.... Furred 1 in,, furring 24 in, OC, 1 in
mineral wool between furring.
6.... Attached to 24 ga. sheet iron supported by
metal angles.
T.... Mounted on special metal supports.
8.... Furred 2 in., furring 24 in. OC, 2 in,
mineral wool between furring.
Note: Mountings 1-3, and 7 are most common in building construc-
tion, Mounting 6 is typical of duct lining applications. '
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o Indiscriminate installation of sound-absorbing material may result in
poor hearing conditions,

o Measure of effectiveness of a given material in absorbing sound is the
sound absorption coefficient "a. ' This coefficient varies with material, thickness,
type of mounting, frequency, and the angle of incidence of sound,

o To obtain a single number of effectiveness of a given material as a
sound absorber, '"a' is averaged arithmetically from 250 to 2000 cycles per second,
This quantity is called the Noise Reduction Coefficient (NRC),

o Caution should be exercised in the selection of a material on the basis
of its NRC, since low-frequency absorption is not indicated by it, but large values of
low-frequency absorption are frequently required in many noise control applications.

o To prevent sound from passing from one space to another, a solid,
impervious barrier is necessary.

In general, the more massive the barrier, the better the isolation (transmission loss)
established, The theoretical limit of isolation is given by the so-called '"mass law, "
The isolation provided by practical structures is generally appreciably less.

Acoustical tile and other sound-absorbing materials are light in weight and not imper-
vious to sound; hence, they are ineffective as sound barriers, Multilayer structures
with air spaces are more effective than equivalent homogenous structures, For
instance, two 4-inch concrete walls with a 2-inch air space are considerably more
effective than a single 8-inch thick wall,

b. Transmission Loss and Noise Reduction, The measure of effectiveness of
a structure as a sound barrier is the transmission loss in decibels., Transmission
loss depends on material, types of mounting, and the frequency and angle of incidence
of sound.

Often in practice, noise reduction is used as a measure of effectiveness. Noise
reduction is defined as the difference, in decibels, of average sound pressure levels -
at both sides of a structure,

Noise reduction depends on the acoustics of the two spaces separated by a barrier,
in addition to the barrier properties and the frequency and angle of incidence of
sound,

c. Rating of Typical Construction, As a single-number rating, the "average"
transmission loss is often employed. Estimates of the average transmission loss of
typical wall and floor constructions are illustrated in figure 3-3.

The use of average transmission loss in solving noise control problems is limited,
as the transmission loss of typical structures is frequency dependent. Even trans-
mission loss values measured as a function of frequency in the laboratory may be
below values obtained in the field because of differences of panel sizes and mounting
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conditions, Values of transmission loss indicated by the weight law are almost never
realized in practice. For additional criteria, see Beranek, Noise Reduction, '"The
Transmission and Radiation of Acoustic Waves by Solid Structures. "

Sound barriers must be free of openings to be effective, Cracks, gaps, ducts, pipe
chases, windows, and doors reduce the effective transmission loss of the combination.
For example, openings in a barrier of 30-dB transmission loss which amount to only

1 percent of the total area reduce the effective transmission loss from the original

30 dB to 20 dB. Since doors and windows are acoustically weak links in wall construc-

tion, tight closures and gasketing (weatherstripping) are important in critical applica-
tions,

3.6 LIGHTING

3.6.1 Light Requirements

Minimum illumination intensities have been recommended by the Illumination Engi-
neering Society (IES) in their Lighting Handbook and other publications, based on
investigations by Blackwell and others in the field, Illumination levels have generally
doubled each decade as a result of the increase in understanding of the visual basis

for lighting requirements and the wuvailability of lighting sources having greater
efficiencies at lower operating cost,

Results of studies which have been conducted in the industrial environment, using
young normal adults performing a variety of visual tasks, show that the degree of
contrast with its background of the detail to be seen and the reflectance of the back-
ground determine the amount of light necessary to see the task at the normal scan-
ning rate (with 99 percent accuracy). However, the marked changes brought about
by the development of fluorescent lighting indicate that economy and efficiency have
probably been the dominant factors in setting illumination standards.

It is recommended in EC-23 that a minimum of 100 foot-candles of illumination be
provided at bench level from overhead fluorescent fixtures. In addition to providing
the recommended quantity of illumination, other factors to be considered include the

brightness ratios, control of direct and reflected glare, elimination of objectionable

shadows, reflectance of room surfaces, and supplementary lighting for special appli-
cations (reading of verniers, fine scales, etc.).

The following brightness ratios are recommended between specific locations within
areas of appreciable size as maximum values to achieve a comfortable brightness
balance. Reductions from these values will generally be beneficial:

0 3 to 1 between task and adjacent surroundings

o) 10 to 1 between task and more remote darker surfaces

0 1 to 10 between task and more remote lighter surfaces
20 to 1 between light sources or windows and surfaces adjacent to them
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0o 40 to 1 anywhere within the normal field of view.

Further information concerning human response to, and effects on individuals of,
lighting conditions is presented in a later chapter.

3.6.2 Lighting System Planning

a. Planning. Planning an interior lighting installation will normally involve
providing for general lighting, which produces equal seeing conditions throughout the
interior, and supplementary bench lighting which, in combination with the general
lighting, provides higher illumination at a particular task. For eye comfort, the final
illumination at the task should conform to the brightness ratio listed.

b. Conditions for Glare. Conditions which can result in glare should be
avoided. Glare is brightness in the field of vision which causes annoyance, dis-
comfort, eye fatigue, or interference with vision. Such discomfort and eye strain
result when the eye attempts to avoid high brightness by contracting the iris, This
reduces visibility and the seeing light. Glare may be reduced or avoided by observ-
ance of the following considerations and methods:

o Bare lamps are the greatest glare offenders, followed by luminaires
which are improperly shielded.

o  Reflected glare may be caused by reflections of a light source from
polished or shiny surrounding surfaces; these should be avoided.

o Room brightness may be increased without increasing source bright-
ness by providing more luminaires of the same type.

o  Benches should be positioned so that personnel do not face windows.

o Local (supplementary) lighting units should be positioned to prevent
direct glare.

o  Enough general illumination should be provided to keep the brightness
ratio between work and surroundings from being excessive when using local lighting.
Work area surroundings should be painted as recommended in a previous chapter.

o  When required to see by reflected light, glare may be reduced by using
a low-brightness, large area light source,

o  Bright metal trim on equipment or office machinery should be avoided.

c. Luminaires, Lighting equipment should be selected for efficiency, easy
maintenance, and pleasing design, once the lamp size and number necessary to pro-
vide the required illumination level have been calculated. Fixtures are then arranged
to give uniform illumination throughout the area. Typical luminaire layouts are shown
in figure 3-7.
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Figure 3-7, Typical Layouts for Luminaires
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Specifications for luminaire selection are given in NAVDOCKS Specification 9Y, Elec-
trical Apparatus, Distributing Systems, and Wiring; Underwriters Laboratory publi-
cation number 57, Standard for Electrical Lighting Fixture; and the National Electrical
Code.

Candle power in any direction from a lighting unit can be determined by multiplying
the foot-candle on a plane perpendicular to the light rays by the square of the distance
in feet from the point of measurement. Plotted on a system of polar coordinates, the
curve represents the candle-power distribution in all vertical planes through a vertical
axis of rotation. Each type of luminaire has its typical candle-power distribution
curve, as shown in figures 3-8 and 3-9, which is useful in indicating how the light is
distributed; up, down, or near-horizontal angles. These curves assist in the selection
of the correct type luminaire for a given set of conditions: type of machine and visual
task, position of work plane, and shape and proportions of the interior. Fixtures and
lighting systems are divided into five broad classifications: direct, semidirect, gen-
eral diffusing, semi-indirect, indirect.

o Direct luminaires are either concentrating or distributing type, A
luminaire designed to distribute 90 percent or more of its light output downward
below the horizontal is classed as direct. They may be suspended, mounted on a
ceiling, or recessed flush in the ceiling, Reflectors of this type are most effectively
used in narrow bays and craneways when mounting the reflector at a height equal to
or greater than the width of the area to be lighted. Because of their distribution of
light, concentrated-beam luminaires direct much of the light to the working area
without excessive loss on the walls and windows. Lighting systems with this type of
light distribution are relatively much stronger in illumination on horizontal than on
vertical planes. Direct luminaires of the distributing type for more widespread light
distribution have many shop applications because most seeing tasks in work shops
involve viewing surfaces that are nearly vertical. When distributing units are located
at ordinary mounting heights of 10 to 12 feet, a satisfactory uniformity of illumination
is usually obtained when they are spaced not more than the mounting height above the
floor.

o A semidirect luminaire is one that distributes from 60 to 90 percent
of its light output downward below the horizontal and from 10 to 40 percent of its
light output upward above the horizontal, A semidirect luminaire may be suspended
or mounted on a ceiling and may have the light source exposed, or concealed behind a
diffusing medium of glass or plastic, or behind a louver. Although these units are
essentially direct lighting in the quality of illumination produced, some added indirect
light is obtained if the ceiling is light in color., The upward light contributes to com-
fort and good appearance by brightening a light-colored ceiling and reducing sharp
contrasts between the unit and its background.

o A general diffusing luminaire distributes from 40 to 60 percent of its
light output upward above the horizontal. It can be suspended or mounted on a wall,
ceiling or pedestal. Its light source is concealed in a diffusing medium. ~ One widely
used unit is the glass enclosing globe for use with filament lamps., This type is simple,
relatively low in cost, and produces good illumination on vertical surfaces. Where

higher illumination values are desired from existing installations of enclosing globes,
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FLUORESCENT
LUMINAIRES
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Figure 3-8.

Coefficient of Utilization and Maintenance Factors (Sheet 1 of 3)

(From: TM5-680B, Electrical Facilities Interior Electric Systems, Dept. of Army)
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Maintenance factors (MF)
LUMINAIRES for the luminaires below are
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FLUX RATIO 465 06 (J) |28 20 17| 24 20 7|22 18 16119 16 %
08 (1) |3 26 2330 25 22| 26 23 2|2 2 19
10 (H) 135 3 28] 34 30 26|30 27 241 27 24 22
125(G ) | 40 36 32| 38 34 |34 3 28] 30 28 26 Owrect ndirect luminaire with opaque
14 15 (F) |a3 39 38| 4l 37 34)37 34 N2 30 28] side panels and louvers
222 :g )) ;|e 4 |45 42 39 40 38 350 36 33 32
- 47 44| 48 a5 2|2 4 38l37 38 kll -
30 (C) 153 50 7|0 &7 aalas a2 a0|39 37 3w Suggested ME- 75
40 (B) |55 53 so| 52 50 48]. m 4|40 39 38
50 (A) |87 s5 52| 54 5 50| 47 46 4] @ 40 39)
FLUX 06 (J) |23 10 6] 22 8 20 17 15 |18 16 ]
08 (1) 29 25 21128 24 21|25 22 19123 20 8
'25{2{ %37 g gg 37 §§ 723 33 %% g; 26 gg ;‘ Extended area suspended louvered
) 6 29 4 -
4 (F! o B 93 32 213 3 z 32 % 2 fixture-provides ‘custom look ' 1o hghting
15 20 () |5 & 3|ay @ 37|33 36 3|3 32 30| element-good mamtenance
ga (D) 48 44 42| 45 42 40 | 40 38 36136 34 kX
(C) |50 a7 a4l 47 a4 |42 0 3839 36 34
40 (B) [ 52 50 47|49 47  as|as a2 40|39 3B 36 Suggested MF- 75
50 (A) |54 52 s e 47|45 44 4240 39 38
FLUX RATIO 1335 06 (J) 30 24 20030 24 9l 22 1wl 2 18
08 (1) 38 32 2|3 B 2| 35 29 25133 28 24 Sem direct ceiling mounted fixture with
1o }H) 44 38 331 43 7 32| .4 35 31]38 33 29 luminous side panels. no cross louvers-
125(6) 5}» 44 M IR 43 38| 4 4 7143 38 33 shielding adds crosswise viewing comfort-
2 |25 {F; 5 ;: ;1 54 ;0 ;3 50 g{ 4 | a7 42 39
- 0 (E 61 60 4 56 471 s a8 45
]6 o \ 848 & bed 35| 89 2% bl Kt 3 5 sg o ] easier to mamntain than corresponding
¥ 30 (C) |68 63 s9[es ez 38|e2 5835|358 52 52| louvered hixture
40 (8) | 72 ge 64170 66 83|65 82 60|61 38 56
S0 (A) |75 2 68173 69 67|68 65 63|63 8l 60 Suggested MF- 78
FLUX RATIO 415 gg tf: 33 ;; ;; 33 g; 2 gg ;3 gg g; ?s ;g Semi direct suspended lixture-because
. 28 .
4 10 (W) |aa 38 a2 3 3l 35 32|37 33 o] of reduced brghiness ol T17 lamps. no
25 125 ; G) ;; A; 40| .48 43 39| 44 40 371 4 J? 35 touvers generally used-mounted crosswise
= 15 (F) 4 a4 2 47 43| .48 44 A a4 4 8
11 55 ;g (s) :; :; go 57 g: 19 :g ;; 46| 48 ‘g 23 o: nunn:al ;uewmq direction-simple to
( ) 4 |60 53 50| .51 A a7 clean and relamp
‘ 30 (C { gg 61 5862 59 46].58 55 52153 5 49)
40 (B 64 62|65 62 60| 60 58 56|56 54 52,
so (A |70 68 asle7 65 63|62 60  s8|S7 s 54 Suggested MF- 78
FLUX RATIO 415 06 (J) |27 22 18| 26 20 7|23 19 1820 8 15 1 1 [t th
Y o8 (11 I n IS K 24 | 20 % K 2 20 Typical direct indirect fix mehwv| .
10 (H) |39 3¢ 30|37 32 2833 29 2629 26 23 luminous sides-many variations-bes
4 12506) [4¢ 39 3[4 3 33|38 3 30]3 0 27| enginwise viewing- widely used for
18 o 1S (F) |48 a Ml o y|la oy |3 B X
© v 20 (€E) |53 49 45| 51 a6 3 |as a2 3939 37 35| ogeneral lighting
* 25 (D) | 57 53 49| sa 50 a7 | 48 45 | e 39 37
30 (C) |60 s6 52156 53 50|49 7 a4y 439 Suggested MF- 75
40 (B) |63 60 53| 59 56 5452 S0 47|45 44 a2 AIAE 028
50 (A) |65 62 59| .61 58 56 |53 52 s0| a7 a5 a4

Figure 3-8.

Coefficient of Utilization and Maintenance Factors (Sheet 2 of 3)

(From: TM5-680B, Electrical Facilities Interior Electric Systems, Dept. of Army)
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LUMINAIRES Maintenance factors (MF)
for the luminaires below are
suggested values, based on
CEILING 80 % 0% 0% 30% assumed average conditions
The designer should make
WALLS |30% 30% 10%|3%0% 30% 10% [$0% 30% 10% |%0% 30% 10% dj for the cond
DISTAIBOTION LUMINAIRE peculiar 10 the specific instal-
FLOOR 10% 10% 10% 10% fation
ROOM
RATIO COEFFICIENTS OF UTILIZATION
FLUX RATIO 350 06 26 20 16 23 09 15 9 16 13 15 12 10 Semi indirect luminaire-used where uniform.
08 32 27 2 29 24 20 2420 17 18 16 13 h
1 S 1o % 0 2 29 25 2 u om PR low brightness and soft atmosphere desired
125 a4 38 32 8 3329 3N 27 2 P ]
19 50 157 % 45 40 36 a4 % 3 B 0 2 23 2 Suggested MF- 70
30 20 50 45 43 4 12 38 7 39 8 26 24
25 53 49 45 9 45 A 39 36 23 0 28 2
l 30 55 52 48 S| 47 44 © 3B 33 3 28
a0 58 55 50 5 a7 2 40 38 33 30 0
50 59 57 54 54 52 50 a2 © M 32
06 915 12 17 14 10 12 10 08 08 06 05 Luminous indirect luminaire-high quality.
08 24 20 16 218 e 1B 130 10 08 07 ' -
10 % 24 20 ET B 15 h 9 o o8 well ditfused lighting—uniform brightness of
125 32 28 2 28 24 2 2018 s 4 12 10 ceiling and luminaire help minimize direct.
20 15 %k 35 N 2 32 28 23 20 18 1S 412 reflected glare
20 0 3 3 35 32 28 % 23 2 706 14
25 43 39 35 38 34 3 8 25 816 15
30 PV 39 36 1 %9 27 2 9 17 e Suggested MF- 65
40 47 a0 4 38 3 0 28 2 20 18 18
50 48 46 43 42 40 38 LI [ 74 2 19 8
06 (J) 32 25 20 32 25 20 3 24 20 29 23 19 Cetling mounted luminawe for bare lamps-not
08 (1) a 32 27 40 32 27 8 32 36 30 26
o el & 4 34 7 3% n “ % 3 Q% 3 recommended for schools. offices,where soft.
125 (G)| 54 46 @ 53 48 10 50 a4 39 48 43 38 | restramned atmosphere is desired
2' zlg (F) 59 52 46 58 51 45 55 49 44 52 47 43
(E)] 66 59 53 64 55 52 61 58 51 58 54 SO Suggested MF- 80
25 (0| 70 84 38 68 62 3B 85 60 36 62 58 54 199
30 (CHl 73 67 62 72 66 62 64 60 65 ol
40 (B)| 78 73 68 70 7 67 72 69 66 70 66 b4
so (A @ 77 73 79 75 72 76 72 70 73 70 68
06 (J) 28 23 20 27 23 20 26 22 20 2 19 Ceiling mounted lixture with prismatic qlass
?g H ." ) g; g: g? gg ;: gg g; §';’ ;g 3; g; 22,5 10p and bottom—usetul in low ceiling interors
125 (G) 4 39 36 4 38 35 a3 38 39 36 34 where upward light from fixture can be
15 (F) 47 44 39 PT- Y 1) 44 4 37 42 39 37 smoothls 1l
22 20 (E)| 51 48 aa 50 47 a4 @ a5 0 6 3 a thly graded across ceilng
25 (D) 54 50 48 53 50 .47 50 48 46 48 46 43
30 (c)| 56 53 s0 55 52 50 52 50 48 50 48 46 Suggested MF- 70
20 (B 58 56 54 57 85 53 54 53 S 52 51 50
50 (A)] 60 58 56 59 57 S5 5 55 53 54 53 s2
FLUX RATIO 370 06 (o] 25 20w 25 20 07 4 20 2 19 16 Semi direct ceiling-mounted fixture with lou.
08 (1| 32 27 2 326 23 29 25 22 8 25 22 - .
f 0 (W) ¥ 32 8 3 3 28 34 3% 2 33 29 26 vered or enclosed lamps-for low-ceiling apphic
125 6| & 37 33 © 3% N 39 35 32 37 33 A ations--suitable for schools and offices when
23 o 15 (F) 45 40 37 44 40 36 42 38 35 40 37 34 q with low brigh | side
@ o 39
i 33 (o)| s2oup as | 3 ds a5 | g8 de 45| A6 du iy | panets-vest tor tengthwise viewing
‘ 30 (C)| s4 5 48 53 50 a7 5 48 46 48 46 44
40 (B 57 54 52 5 53 51 53 51 50 51 49 48 Suggested MF- 70
50 (A .59 57 55 58 56 54 55 53 52 53 51 50
FLux Ratio 06 (I 25 2 W7 4 20 17 23 9 1 2 B 16 Luminous sided fixture. variation of No 18,
08 (1)} 3 2 23 30 26 23 29 25 22 27 24 2
4 10 ()| 36 3 28 35 30 27 33 25 26 | 3 28 25 | butwith less upward light
125 (61| 40 3 32 9 35 3 37 33 30 35 32 30
2 s 15 (Fi] ad a0 36 2 38 35 0 37 38 35 33 Suggested MF- 75
50 20 (E)| 48 44 @ 47 43 40 44 41 38 42 39 37
25 (D) 51 a7 4 50 46 44 a7 44 a2 44 42 40
‘ 3o (c)l 53 50 47 51 48 46 4B 46 a4 46 44 42
a0 (B 56 53 81 54 52 50 S| 49 a7 48 a6 45
50 (a1 7 55 53 56 54 52 52 51«9 50 48 47
FLux RATIO 335 06 (J| 23 18 15 23 18 15 22 17 14 20 16 Simply styled plastic luminaire-good
o8 (1] 30 24 20 29 24 19 27 219 25 21 18 appearance
{ 0 (v 3429 25 33 28 24 327 24 29 26 23 PP
125 (G)| 39 34 30 3 33 29 35 31 28 3 30 7
25 RER 15 (f)| @ 38 a4 3% N 38 35 3 36 33 30 Suggested MF- 70
50 20 ()| 47 a2 39 46 42 38 4 39 36 0 37 35
25 (p)| s0 46 a2 49 45 a2 45 42 39 42 40 37
30 (€| 52 49 as S| 47 a4 47 45 42 44 42 40
a0 (B 36 52 49 54 51 48 50 48 46 a7 45 4
50 (A 57 55 s2 s6 53 5 53 50 48 9 47 a8
FLUX RATIO 335 o6 (ui| 22 18 w4 2 17 M 2 16 20 16 1 Same as No 25 but tables apply to cerling
o8 11| 28 23 20 27 22 19 26 22 19 25 21 18 I
10 (Wi 32 28 24 2 27 n 30 26 23 28 25 22 | Mounted lummnae
125 (G)| ¥ 32 28 36 3 28 34 30 27 32 29 26
15 (F)] a0 35 32 39 34 N 37 33 30 532 29 Suggested MF- 70
20 (e)| 44 40 36 4339 3 4 37 38 9 3
25 (01| 47 43 40 46 42 39 41 40 38 439 36
30 (c)| 49 45 a2 48 45 42 45 43 40 4 a4 39
40 (B8)] 52 49 a8 50 48 46 48 46 44 6 4 Q
50 (a)| 53 51 a9 52 49 48 50 48 46 47 46 45
06 (J) 26 22 18 26 21 8 25 2 8 240 20 8 Semi-direct cerling mounted tixture used n
08 (1| 33 28 24 2 27 2 327 24 30 26 23 ' \ _ suitabl
o (M} 3B 33 29 ¥ o 2 3 % 2 34 3 28 s nresl and low ceiling interiors- suitable for N
125 (G| a2 38 34 2 7 u 40 36 33 38 35 3 | school and office hghtng when equipped wit
15 CFEI 46 41 38 A5 437 43 39 3 438 36 low brightness side panels and louvers or
20 (E)| 50 46 43 49 46 42 A7 44 A A5 42 40
25 (D) 53 49 ab 52 48 46 49 47 a4 47 45 & lens enclosure
30 (C)f 55 52 a9 54 8 48 51 49 47 49 a7 45
40 (B) 58 .55 53 56 sS4 52 54 52 50 52 50 49 Suggested MF- 75
50 (a)] 60 .57 85 58 86 54 56 54 83 53 52 8
AIAE 029
3% Tabulated on indirect room ratio basis using ceiling height to work plane distance

Figure 3-8. Coefficient of Utilization and Maintenance Factors (Sheet 3 of 3)
(From: TM5-680B, Electrical Facilities Interior Electric Systems, Dept. of Army) '
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TWO TYPES OF TRANSLUCENT PANEL AND LOUVER ELEMENTS [WALL TO WALL)

The efficiency of | or | 1l el cannot at present be
d by ph ic hod ly applied to individual fixtures A1
best, output efficiency for a proposed alla can only be d by

engineering evaluation of cavity proportions. reflections and transmission charac-
teristics of the enclosing ials: or. ph ic testing of large-scale models
may provide data for specific installations. At the same time, however, efficiency
and coefficients of utilization should not be the only criteria for selecting a partic-
uler design. The designer must weigh such considerations as brightness control and
diffusion, pattern and texture,rigidity, ease of handling and cleaning, cost,

and safety.
28 VINYL CAVITY 85% 75%
WALLS 50% 30% 10% 50% 30% 10 %
REFLECTANCE - 45 FLOOR 0% 0%
TRANSMITTANCE - 45 moom
RATIO COEFFICIENTS OF UTILIZATION
06 (yi ] 2 17 14 17 402

08 (1) | 27 24 21 23 20 17
10 (H) | 32 29 26| 28 24 21
125 (G) | 38 34 3|32 29 2
15 (F)| 42 .38 36| 3% 32 30
20 (E) | 48 AS A 4 38 35
25 (p)| 52 49 A5 | 45 42 39
30 (C) | S5 52 A9 | 47 45
40 (B) | 59 .56 53| 5t 49 47
50 (a) ] ol 59 57} 53 52 50

NOTE MODIFIED FORVARYING CAVITY
PROPORTIONS.

30 ACRYLIC CAvITY 85°%, 75%

WALLS 50% 30% 10%| 50% 30% 10%

REFLECTANCE -39
TRANSMITTANCE - 53

FLOOR 10% 10%

ROOM
RATIO

06 (J)] 24 2 71 2 1w 13
08 (1)} 32 .28 41 7 23 2
10 (H) ] 37 33 29| 32 28 25
125 (G' | 42 .38 3] 37 33 30
15 (F) 46 42 3] 40 36 33
20 (E'] 52 48 45 A5 42 39
25 (D)} 56 83 49| 48 46 43
30 (C)| s8 56 521 51 49 4
40 (B) )] »2 00 56 ]| 5¢ 52 50
50 (A)] 64 62 60 | 57 55 53

COEFFICIENTS OF UTILIZATION

An important variable to be considered in the tables below is the reduction
of fluorescent lamp output due to lamp operating temperatures. Wattage loading,
efficiency. ballast location, heat losses, and ventilation vary considerably between
installations. Consequently, the tables below include no allowance for the reduc
tion of light output due to unfavorable temperature conditions Such reductions
may range as high as 20 per cent. At this rate. 25 percent more lamps would be
required for a desired footcandle level.

Maintenance factors have been estimated as follows under poor conditions,
45 for the panel type and .55 for the louver type, and under good conditions,
.85 for the panel type and .70 for the louver type

29 PLASTIC
pLasTIC cavITY 85% 75%

WALLS 50% 30% 10%]| 50% 30% 10%)

REFLECTANCE - 19 FLOOR 10% 10%
TRANSMITTANCE - 71
:2?.'3 COEFFICIENTS OF UTILIZATION

06 (J) ] 25 21 9] 22 e 7
08 (1)} .30 25 24) 26 22 20
10 (H) | 34 29 271 30 2 24
125 (G) ] 37 33 3n|33 22 28
15 (F)| 40 3 3] 36 2 30
20 (E) | 44 39 38 3@ 35 34
25 (D) | 46 42 A 4l 37 37
30 (C)| 48 44 43| a2 39 38

50 (A)| 51 48 48| 4 43 a2

3 STEELLOUVERS | caviry 5% 75%
WALLS | 50% 0% 10%| 50% 30% 10%

REFLECTANCE- 75 FLOOR 10% 10 %
:‘Z?"g COEFFICIENTS OF UTILIZATION
06 (H]|.20 16 6|7 15 4
08 (W]23 20 wla w8

10 (k) | 26 23 2|23 2 19
125 (G) | 28 26 4125 23 22
15 (F) ] 30 27 2| 277 24 23
20 ()| 32 30 29 29 27 26
25 (D) ] 34 32 31 J 28 27
30 (C)] 35 33 321 3 29 29
40 (8B)] 37 34 )32 30
50 (A)] 37 36 35] 33 32 3

AIAE 030

Figure 3-9. Translucent Panel and Louver Elements, Types
(From: TM5-680B, Electrical Facilities Interior Electric Systems, Dept. of Army)
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the next higher wattage lamps may sometimes be installed. If the globes become
uncomfortably bright, large-diameter globes should then be used.

o A semi-indirect luminaire distributes from 60 to 90 percent of its light
output above the horizontal and from 10 to 40 percent of its light output below the hori-
zontal, The light source is concealed from view below the horizontal by a diffusing
medium, usually glass or plastic. Because the ceiling constitutes an important part
of the lighting system, it must be white or nearly white and well maintained, Lumi-
naires of this classification are available either completely enclosed, open top, or
open bottom, The two latter types simplify maintenance.

o Indirect luminaires distribute from 90 to 100 percent of their light out-
put upward above the horizontal, They may be suspended or mounted on the wall or a
pedestal, The light source is concealed from view below the horizontal, Indirect
luminaires direct practically all of their light to the ceiling and upper sidewalls and
the entire ceiling becomes the light source. Shadows and reflected glare are mini-
mized and if foot-candles are not too high, little direct glare is experienced from the
ceiling brightness, With indirect lighting, luminaires and reflecting surfaces must
be well maintained. Luminaire spacings tabulated in table 3-4 list the maximum
spacings to be used between various units, Where continuous rows of units such as
fluorescent reflectors are used, the figures apply to the spacing between rows, Indi-
vidual fluorescent fixtures, because of the limited output of the small-wattage lamps,
seldom follow conventional spacings, Since more units are required to produce the
desired foot-candles of illumination, they must be arranged in a manner to suit the
conditions,

Table 3-4. Luminaire Spacings

FIXTURE TYPE MAXIMUM SPACING BETWEEN FIXTURES
Direct 1 x mounting height (above floor)
Semidirect 1 X mounting height (above floor)
General diffusion 1. 2 x mounting height (above floor)
Semi-indirect 1.2 x ceiling height (above floor)
Indirect 1. 2 x ceiling height (above floor)

Note: Spacings given for direct-type fixtures do not apply to concen-

trated beam luminaires, Spacing from walls should be approximately
one-half the fixture spacing, For more complete information, refer

to IES Handbook,

d. Other Planning Factors., Additional considerations are:

(1) Provision for adequate wiring to handle the lighting power load.

(2) EMR suppression to minimize or eliminate potential fluorescent light-
caused interference, Light loss caused by shields must be accounted for.
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Tominimize the effects of electrical noise generated by fluorescent lights, the follow-
ing precautions should be taken,

o Power line filters should be installed in all power lines feeding the
fluorescent fixtures. This precaution is necessary to prevent electromagnetic noise
feedback in the lines,

o  Fluorescent fixtures should be shielded to absorb electromagnetic
noise radiated directly from the fluorescent light assemblies (shielding materials for
this purpose are described in EC-23), After installation, specific tests should be
performed throughout the laboratory in accordance with MIL-STD-462 to determine
the effects of electrical interferences, if any, generated by the lights, These tests
should be performed in all the major measurement areas (such as voltage, current,
impedance, frequency, attenuation, etc.) by actual operation of the standards equip-
ment, If it is determined that any measurement area is significantly affected by
electromagnetic noise emanating from the fluorescent lights, or if interference levels
exceed the requirements of MIL-STD-461, additional shielding or filtering or perhaps
replacement of the fluorescent lights may required.

o In certain cases when fluorescent light noise interference has been
minimized and additional noise reduction is required for special measurements, the
laboratory should consider the use of incandescent bench-mounted lamps and have
provisions for switching off the overhead fluorescent lamps in the immediate area,

o Lighting circuits should be separate from laboratory bench circuits,

(3) Use of incandescent lamps in sensitive measurements areas where
electromagnetic radiation must be reduced below the levels obtained with (suppressed)
fluorescent fixtures,

e. Lighting Computations, Lighting calculation methods are recommended by
the IES in their handbook. For general applications, the lumen method, as outlined
below, may be used. For specific cases and more accurate designs, the point-by-
point method may be used. In the lumen method, the lamp lumens required to obtain
the desired foot-candle level are computed from the following formulae.

Required lamp lumens =

foot-candles x area (square feet)

Coefficient of utilization x maintenance factor (3-1)
Number of luminaires required =
total lumens required
e 1 (3-2)

lamp lumens per luminaire

where: The lumen is the unit of luminous flux and expresses the total amount
of light emitted by a source,
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The coefficient of utilization is the percentage of the source lumens
that reach the working plane. A coefficient of utilization of 0. 40
means that 40 percent of the emitted light contributes to the foot-
candle level, while the remaining 60 percent is absorbed by walls,
ceiling, and the fixture itself,

The maintenance factor is used to account for the fact that initial
foot-candles, measured when lamps are new and when the fixtures
are clean, are higher than the average maintained in service, The
maintenance factor indicates the percentage of initial illumination
to be expected under reasonable maintenance schedules of cleaning
and lamp replacement,

The value of the coefficient of utilization depends upon the type of fixture, room ratio
or index, reflection factor of ceiling and walls, and the maintenance factor of the fix-
ture, Figure 3-8 gives the coefficients of utilization and suggested maintenance fac-
tors for various luminaires as a function of room ratio and reflection factor. Although
luminaires may look alike, they can differ considerably in efficiency and distribution,
requiring an adjustment to the coefficient,

Room ratio is that factor which is used to account for the effects of room proportion
upon lighting conditions, i.e., large rooms usually light more efficiently than small
ones because wall area available to absorb light is less in proportion to floor space.
Similarly, high-ceiling rooms are less efficiently lighted than low-ceiling rooms with
the same floor-space arrangement, Table 3-5 lists room ratios for various room
sizes which may be used in figure 3-8 to determine the coefficient of utilization, The
letter indices which appear with the room ratios in figure 3-8 classify room propor-
tions into the ten classes listed in table 3-6.

The lumen method gives average values of illumination over the entire area to be
lighted. It cannot be used to determine the foot-candle yield from a supplementary
source, For eye comfort, such lighting should not exceed the value of the general
illumination by more than a factor of ten., The correct wattage and mounting height
for a supplementary source can be determined from foot-candle readings, if meter-
ing equipment is available, or from data supplied by light equipment manufacturers.
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Table 3-5,

Room Ratios (Sheet 1 of 3)

NAVELEX 0101, 114

i

Based on the equation inset in the table. In this equation, H represents the distance from the light source
(luminaire or ceiling) to the work plane. But, in the table below, the room ratio values are tabulated on
the basis of the distance from the light source to the floor, with the work plane assumed to be 2%’, above
the floor.
ROOM Height of Light Source (Luminaire or Ceiling) above Floor (feet) (= H + 2%')
W L The mounting height of the luminaire above the floor is used in all cases where the downward com—
ft ft. ponent _is 40% or more of the total output. Likewise, if the downward component is less than 40%,
the ceiling height is used.
7 8 9 M0 11 12 13 15 17 19 23 27 33 43 53 63
10 10 08 07 06 05
14 1.1 09 08 07 0.6 05 .. _ WXL
18 | 12 10 09 07 07 06 05 Room Ratio = i 4+ 1)
8 24 13 11 09 08 07 06 06 05 H = Distance from light source
30 14 12 10 08 07 07 0.6 05 (luminaire or ceiling) to work
40 1 12 10 09 08 07 06 05 plane.
50 15 1.3 11 09 08 07 0.7 0.6 05 Ratio for intermediate dimen—
10 1.1 09 08 07 06 05 sions may be calculated.
14 1.3 11 09 08 0.7 06 06 05
18 14 12 10 09 08 07 06 05
10 24 1.6 1.3 1.1 09 08 07 07 06 05
30 1.7 14 12 10 09 08 07 06 05
40 18 1656 12 11 09 08 08 06 06 05
60 19 16 13 11 10 09 08 07 06 05
12 1.3 1.1 09 08 07 06 06 05
16 15 12 11 09 08 07 07 05
20 1.7 14 12 10 09 08 07 06 05
12 30 19 16 13 11 10 09 08 0.7 06 05
50 21 18 15 13 11 10 09 08 07 06 05
70 23 19 16 14 12 11 10 08 07 06 05
100 24 19 16 14 13 11 10 09 07 07 05
14 16 1.3 1.1 09 08 07 07 06 06 05
20 18 156 13 11 10 09 08 07 06 05
30 21 17 15 13 11 10 09 08 07 06 05
14 40 23 19 16 14 12 11 10 08 0.7 06 05
60 25 21 18 15 13 12 11 09 08 07 0.6 05
80 26 22 18 16 14 12 11 10 08 0.7 0.6 05
100 27 22 19 16 15 13 12 10 08 08 06 05
16 18 15 12 1.1 09 08 08 06 06 05
20 20 16 14 12 10 09 08 0.7 0.6 05
30 23 19 16 14 12 11 10 08 0.7 06 05
16 40 25 21 18 15 13 12 11 09 08 0.7 06 05
60 28 23 19 17 15 13 12 10 09 08 0.6 05
80 30 24 20 18 16 14 13 11 09 08 07 05
100 31 25 21 18 16 14 13 11 10 08 07 0.6
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Table 3-5. Room Ratios (Sheet 2 of 3)

ROOM Height of Light Source (Luminaire or Ceiling) above Floor (feet) (= H + 2%’)
W L The mounting height of the luminaire above the floor is used in all cases where the downward com—
ft ft ponent is 40% or more of the total output. Likewise, if the downward component is less than 40%,

the ceiling height is used.

7 8 9 10 11 12 13 15 17 19 23 27 33 43 53 63

20 21 17 15 13 11 10 09 08 0.7 06 05

30 25 20 17 15 13 12 11 09 08 0.7 05

40 28 23 19 16 15 13 12 1.0 09 08 0.6 05

18 60 31 25 21 18 16 14 13 11 10 08 07 06 05
80 33 27 23 20 17 15 14 12 10 09 07 06 05

100 34 28 24 20 18 16 15 12 11 09 07 06 05

120 36 29 24 21 19 16 15 13 11 10 08 06 05

20 22 18 15 13 12 10 10 08 07 06 05

30 27 22 18 16 14 13 1.1 10 08 0.7 06 05

40 30 24 20 18 16 14 13 1.1 09 08 07 05

20 60 33 27 23 20 18 16 14 12 1.0 09 07 06 05
80 36 29 25 21 19 17 15 13 11 10 08 07 05

100 37 30 26 22 20 18 16 13 12 10 08 07 06

120 38 31 26 23 20 18 16 14 12 10 08 0.7 06

30 30 25 21 18 16 14 13 11 09 08 07 06

40 34 28 24 21 18 16 15 12 11 09 08 06 05

60 39 32 27 24 21 19 17 14 12 11 09 07 06

25 80 42 35 29 25 22 20 18 15 13 12 09 08 06 05
100 44 36 31 27 24 21 19 16 14 12 10 08 07 05
120 45 38 32 28 24 22 20 1.7 14 13 1.0 08 07 05
140 47 39 33 28 25 22 20 17 15 13 1.0 09 07 05

30 33 27 23 20 18 16 14 12 10 09 07 06 05
40 38 31 26 23 20 18 16 14 12 10 08 07 06
60 44 36 31 27 24 21 19 16 14 12 10 08 07 05
30 80 48 40 34 29 26 23 21 17 15 13 11 09 07 05

100 61 42 36 31 27 24 22 18 16 14 11 09 08 06 05
120 53 44 37 32 28 25 23 19 17 15 12 10 08 06 05
140 56 45 38 33 29 26 23 20 17 15 12 1.0 08 06 05
40 42 34 29 25 22 20 18 15 13 1.1 09 08 06 05
60 49 40 34 29 26 23 21 18 15 13 1.1 09 07 06
80 54 44 37 32 29 26 23 19 17 15 12 10 08 06 05
35 | 100 47 40 34 31 27 25 21 18 16 13 11 09 06 05
120 49 42 36 32 28 26 22 19 17 13 11 09 07 05
140 51 43 37 33 29 27 22 19 17 14 11 09 07 06
40 44 36 31 27 24 21 19 16 14 12 10 08 07 05
60 53 44 37 32 28 25 23 19 17 15 12 10 08 06 05
80 49 41 36 32 28 25 21 18 16 1.3 1.1 09 07 05
40 100 52 44 38 34 30 27 23 20 17 14 12 09 07 06 05
120 55 46 40 35 32 28 24 21 18 15 12 10 08 06 05
140 48 41 37 33 30 25 21 19 15 13 10 08 06 05
50 46 38 33 30 26 24 20 17 15 12 10 08 06 05
70 53 45 39 34 31 28 23 20 18 14 12 10 07 06 05
100 51 44 39 35 32 27 23 20 16 14 11 08 07 05
50 | 140 49 43 39 35 29 25 22 18 15 12 09 07 06
170 51 46 41 37 31 27 24 19 16 1.3 10 08 06
200 53 47 42 38 32 28 24 20 16 13 1.0 08 06
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Table 3-5. Rooms Ratios (Sheet 3 of 3)

ROOM Height of Light Source (Luminaire or Ceiling) above Floor (feet) (= H + 2%')
w L The mounting height of the luminaire above the floor is used in all cases where the downward com—
ft ft ponent is 40% or more of the total output. Likewise, if the downward component is less than 40%,
‘ the ceiling height is used.

7 8 9 10 11 12 13 15 17 19 23 27 33 43 53 63
60 556 46 40 35 32 28 24 21 18 15 12 10 08 06 05
80 53 46 40 36 33 27 24 21 17 14 11 09 07 05
100 50 44 39 36 30 26 23 18 15 12 09 08 0.6
60 | 140 50 44 40 34 29 26 21 17 14 10 08 0.7
170 52 47 42 35 31 27 22 18 15 11 09 0.7
200 556 49 44 37 32 28 23 19 15 12 09 0.7
80 53 47 42 38 32 28 24 20 16 13 10 08 06
80 | 140 53 48 41 35 31 25 21 17 13 1.0 08
200 54 46 39 35 28 23 19 14 1.1 09
100 52 48 40 34 30 24 20 16 12 1.0 08
100 | 150 48 41 37 29 25 20 15 12 10
200 53 46 41 33 27 22 17 13 141
120 48 41 37 29 25 20 15 12 1.0
120 | 160 55 47 42 34 28 23 17 14 141
200 52 46 37 31 25 19 15 12
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Table 3-6. Classification of Room Ratios

ROOM INDEX ROOM RATIO RANGE OF ROOM RATIOS
J 0.6 Less than 0.7
I 0.8 0.7 - 0.9
H 1.0 0.9 - 1.12
G 1.25 1.12 - 1.38
F 1.5 1.38 - 1,75
E 2.0 1.75 - 2.25
D 2.5 2.25 - 2.75
C 3.0 2,75 - 3.50
B 4.0 3.5 - 4.5
A 5.0 4.5 up
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CHAPTER 4

ELECTRICAL POWER CONSIDERATIONS

Power supply characteristics of a laboratory should be considered in reference to the
measurements requirements of the laboratory, and the steps that must be taken to
assure that the characteristics meet these requirements. These requirements, load,
voltage regulation, distribution, etc,, are discussed in this chapter.

4.1 PLANNING FACTORS

Reliable and problem-free service, suitable for electronic calibration laboratories
requires a number of qualitative factors be considered during the planning stages.
They should be implemented during design and layout of the interior power distribution
system, The most significant of these qualitative factors to be considered are:

o To minimize interaction from other users that may result in excessive line
voltage variations, transients, or conducted electromagnetic interference, the labora-
tory should be supplied directly from the power source, using a separate line, If a
direct line is not possible, isolation transformers, voltage regulators, and power line
filters should be used between the prime source and laboratory load to minimize such
interactions (figures 4-1 and 4-2). Within the laboratory, regulated lines should be
used for all measurements operations and separate lines used for auxiliary equipment
such as office machinery, soldering irons, and heaters, The lighting system and air-
conditioning system should each have individual, separate lines.

o To prevent or minimize conducted electromagnetic interference from
fluorescent lamps, power line filters should be installed in all lines supplying fluores-
cent fixtures,

o For reasons of personnel and equipment safety, and the minimization of
potential interference, an adequate grounding system should be installed within the
laboratory. ''Adequate' means the realization of an equipotential network which will
prevent or minimize potential hazards from shock, overloads, faults, short circuits,
and lightning, and which will prevent or minimize equipment interaction through
radiated or conducted emissions, Details of a bonding and grounding system are given
in a later chapter.

o Grounding type duplex outlets, having a 15 ampere capacity, minimum,
should be installed every running foot of wall space at the rear and above bench
surfaces.

o Different receptacle configurations should be used to distinguish between
the various voltages and frequencies entering the laboratory to prevent accidental
connection of equipment to the wrong power source, Receptacles and wall plates
should conform to Federal specifications W-C-596 and W-P-455,
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Figure 4-1, Isolation, Regulation, and Filtering of Incoming 3-Phase
Primary Power Using Three Transformers
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of different frequencies should be installed in separate raceways and shielded.

4,2

o Each branchor line servicing a row of benches should have an individual
circuit breaker of sufficient capacity to handle the branch load, Circuit breakers
should conform to Federal specification W-C-375,

o Exposed horizontal and vertical wiring runs should be avoided. Power lines

o Transformers should be located away from all measurement areas, power
lines, etc., and shielded.

o Provision should be made for emergency, standby power, as required.

POWER REQUIREMENTS

Power requirements for Naval Calibration Laboratories, as given in EC-23, are

listed in table 4-1.
type laboratories.

amplifier,
Table 4-1, Normal Laboratory Power Requirements
POWER OR
FREQUENCY| VOLTAGE | CURRENT | NO, PHASES | DISTORTION
+ 60 Hz 115V 40 kVA Single 5%
+ 5% to
70 KVA
+400 Hz* 115V 5 kVA Single 5%
+ 5% (max.)
+ 60 Hz* 220 V 2 kVA Single 5%
+ 5% (min, )
+400 Hz* 115 V Three 5%
+ 5%
_ +28 V.D.C.* 1 kW e
+ 2%
*Requirement varies with workload and type of calibration; measurement/
installation limited to applicable measurement area.

The requirement for 60 Hz/Single Phase/115 VAC applies to all
However, the need for other frequencies, voltages, DC distribu-
tion, or powers varies for the individual laboratory according to measurement respon-
sibility, Thus, laboratories that calibrate certain radar test sets will require 400
Hz/Three Phase/115 VAC, while other laboratories may require 28 VDC and 400 Hz/
Single Phase/115 VAC, etc. The requirement for 400 Hz/Single Phase/115 VAC power
is prevalent enough to warrant the installation of a 400 Hz supply in all laboratories.
Such a source can be purchased commercially or, if power requirements are not too
high, constructed by the laboratory using a 400 Hz precision oscillator and power
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Incoming voltage should be regulated to maintain the line voltages within the allowable
tolerance of +5 percent. Most equipments are designed to operate over this range.
Equipments that are sensitive to such line tolerance variations will require additional
regulations, such as provided by a bench-type regulator, or the monitoring of line
voltage during their use.

Specific requirements regarding waveform distortion, transients in terms of ampli-
tudes, rates of change, durations, etc., have not been generally standardized, This

is due to their variation with load, equipment type, primary supply and distribution
type, and other factors, The value of 5 percent distortion, maximum, i.e., the total
RMS value of all harmonics should not exceed 5 percent of the RMS value of the funda-
mental (measured at no load and from line to line), is often cited in the literature. A
distortion factor meter, if available, may be used to measure this parameter., Note
that some meters require a "pure' (less than 1 percent harmonics) 60 Hz sinusoid for
internal calibration purposes., Short time-constant, solid-state, microelectronic, and
other equipments may be more susceptible to transients than fluctuations in the steady-
state voltage level, thereby leading to erroneous readings or possible damage, Trans-
ients may be minimized by use of isolation, filtering, and attenuation methods.
Although regulators are available which are capable of handling transients that occur
in less than 1 cycle of the powerline frequency, these are limited in power capacity
and are expensive,

4,3 ELECTRICAL INSTALLATIONS DESIGN AND LAYOUT

Minimum standards and specifications for electrical installations are given in the
National Electrical Code, NAVFAC specification 9Y, and in the Underwriters Labora-
tory Standards for materials and equipment,

A systematic procedure should be employed when designing electrical circuits. If the
exterior distribution system is in existence, then the voltage at the main distribution
center of the building must be determined., This voltage will influence the voltage
drop calculation of the interior systems. Each type of interior circuit may then be
chosen based on required load and location, Wire sizes for the circuits are deter-
mined by load, wire capacity, distance, and voltage drop. Variations from National
Electrical Code standards should only be taken when the field situation dictates their
necessity.

4.3.1 Distribution Types

The electrical power load in any building cannot be properly circuited until the type
and voltage of the central power-distribution system is known, The voltage and the
number of wires from the powerlines to the buildings are normally shown or specified
on the blueprints, However, a check should be made of the voltage and type of dis-
tribution at the power-service entrance to every building in which wiring is to be done.
This is especially necessary when altering or adding circuits, Voltage checks are
usually made with an indicating voltmeter at the service-entrance switches or at the
distribution load centers. The type of distribution is determined by visual check of
the number of wires entering the building (see figure 4-3).
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OR

TYPE WIRING DIAGRAM VOLTAGE USE
A LIGHTING AND SMALL
SINGLE PHASE TWO WIRE 120 SINGLE PHASE MOTORS,
12 W SMALL LOADS
=
& 120 Jo 1
SINGLE PHASE THREE WIRE LOCAL POWER TO
1/3W 240 480 sMmALL BUILDINGS
— 120 240
[ 1
08 MOST COMMON SYSTEM
12'0 ‘ 120 |FOR MILITARY SECONDARY
¢ 208 l DISTRIBUTION
THREE PHASE FOUR WIRE .,_ 208
3/4W -L_
- 12;0

I ] V=240
b v OR
THREE PHASE THREE WIRE Vom0
3/3W __I_ OR
v 600
E 280 o MOTOR AND LIGHTING
24
THREE PHASE FOUR WIRE I 240 MOTO!
34w
120
= 1%0 AIAE 031

Figure 4-3. Power Distribution Types
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a, If only two wires enter the building, the service is either direct current or
single-phase alternating current. The voltage is determined by an indicating volt-
meter,

b. When three wires enter a building from an alternating current distribution
system, the service can either be single-phase, three-phase, or two ungrounded
conductors and a neutral of a three-phase system (V-phase),

(1) If the service is single-phase, two of the conductors are hot and the
third is ground. A voltmeter reading between the two hot conductors will be twice as
great as the reading between either hot conductor and the neutral or ground conductor,

(2) If the service is three-phase, the voltage between any two of the con-
ductors is the same. Normally one of the conductors is grounded to establish a ground
reference voltage for the system.

(3) Two ungrounded conductors and a neutral, or a V-phase system is the
most common service for theater of operations construction. The distribution system
is described in the following paragraph, The voltage between the two hot conductors
will be the V3 or 1, 732 times greater than the voltage between either hot conductor
and the neutral or ground.

c. Four-wire distribution denotes three-phase and neutral service, When
tested, voltages between the neutral conductor and each of the three hot conductors
should be the same. Voltage readings between any two of these three wires are
similar and should equal the neutral to hot wire voltage multiplied by 1. 732, Common
operating voltages for this type service are 120 and 208 volts or 277 and 480 volts,

4,3.2 Circuit Types

The names of the circuits used in interior wiring are service, feeder, subfeeder,
main, submain, and branch. Figure 4-4 shows the layout of the various circuits,

a. The service is the name given the conductors carrying electric power to a
building, It may bring power to a building from the exterior secondary distribution,
street main, exterior distribution feeder, local transformer, or a generator. The
service terminates at the main distribution center or main fuse box of the building.

b. Feeders are circuits that supply power directly between a distribution
center and a subdistribution center, The only cutout for a feeder is at the main dis-~
tribution center,

c. A subfeeder is an extension of a feeder or another subfeeder through a
cutout to another subdistribution center., The cutout being the subdistribution center
feeding the circuit,

d. A main is a circuit to which other energy-consuming circuits are attached
through automatic cutouts (fuses or circuit breakers) along its length, A main has the
same size wire throughout its length and has no cutouts in series with it,
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e. A submain is fed through a cutout from a main or another submain and has
branch circuits or loads connected to it through cutouts, A submain has the same
size wire throughout its length, but it is usually of smaller size than the main or sub-
main feeding it,

f. A branch circuit connects one or more energy-consuming devices (loads)
through one cutout to a source (distribution center, subdistribution center, main, or

submain), Interior lighting circuits are usually branch circuits since many lights are
connected to one circuit which is controlled by one fuse or circuit breaker,

SUB-DISTRIBUTION CENTER

MAIN DISTRIBUTION CENTER

FEEDER SUB—-FEEDER SUB—FEEDER

SERVICE

MAIN

SUB—DISTRIBUTION CENTER

SUB—MAIN

LOAD cuTouT AIAE 032

Figure 4-4, Interior Wiring Circuits
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4,3.3 Load Determination

The first step in planning the circuit for any wiring installation is to determine the
connected load per outlet, It is best to use volt-amperes as the method of determining
electrical needs, This eliminates power factor considerations, The power needed for
each outlet or load per outlet is used to find the number of circuits. It is also used to
find the power needed for an entire building. The load per outlet can be obtained in
several different ways,

a, The most accurate method of determining load per outlet is to obtain the
stated value from the blueprints or specifications,

(1) Commonly, the lighting outlets shown on the blueprints are listed in the
specifications along with their wattage ratings.

(2) If the lights used are of the incandescent type, this figure represents
the total wattage of the lamp,

(3) When fluorescent type lights are specified, the wattage drain (also
called load per outlet) should be increased approximately 20 percent to provide for
the ballast load. For example, when the fixture is rated as a two-lamp, 40-watt unit,
the actual wattage drain is 80 watts, plus approximately 16 watts for both lamp bal -
lasts, or a total load of 96 watts,

(4) If the specifications are not available, the blueprints in many cases
designate the type of equipment to be connected to specific outlets, Though the
equipment ultimately used in the outlet may come from a different manufacturer,
equipment standards provide the electrician with assurance that the outlets will use
approximately the same wattage, If the equipment is available, the nameplate will
list the wattage used or ampere drain.

b, To provide adequate wiring for systems where the blueprints or specifica-
tions do not list any special or appliance loads, the following general rules will apply:

o  For heavy duty outlets or mogul size lampholders, the load per outlet
should be figured at 5 amperes each,

o  For all other outlets, both ceiling and wall, the wattage drain (load per
outlet) should be computed at 1.5 amperes per outlet,

4.3.4 Circuiting the Load

If all the power load in a building were connected to a single pair of wires and pro-
tected by a single fuse, the entire establishment would be without power in case of a
breakdown, a short circuit, or a fuse blowout. In addition, the wires would have to
be large enough to handle the entire load and, therefore, would be too large in some
cases to make connections to individual devices, Consequently, the outlets in a build-
ing are divided into small groups known as branch circuits, These circuits normally

are rated in amperes as shown in table 4-2, This table contains a comparison of the
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various ampere requirements of the branch circuits with the standard circuit compo-
nents, Normally the total load per circuit should not exceed 80 percent of the circuit
rating.

The method of circuiting the building load varies with the size of the building and the
power load,

o In a small building with little load, the circuit breakers or fuses are
installed at the power-service entrance and the individual circuits are run from this
location,

o For buildings of medium size with numerous wiring circuits, the fuse box
should be located at the center of the building load so that all the branch runs are
short, minimizing the voltage drop in the lines.

o  When buildings are large or have the loads concentrated at several remote
locations, the ideal circuiting would locate fuse bpxes at each individual load center,
It is assumed that the branch circuits would be radially installed at each of these
centers to minimize the voltage drops in the runs,

Table 4-2. Branch Circuits Requirements
(Type FEP, FEPB, R, RW, RU, RUW, RH-RW, SA, T, TW, RH, RUH.
RHW, RHH, THHN, THW, and THWN conductors in raceway or cable,)

CIRCUIT RATING 15 AMP, |20 AMP. | 30 AMP. | 40 AMP, | 50 AMP,
Conductors:
(Min, Size)
Circuit Wires* 14 12 10 8 6
Taps 14 14 14 12 12
Overcurrent
Protection 15 Amp. | 20 Amp. | 30 Amp. | 40 Amp. | 50 Amp.
Outlet Devices:
Lampholders Any Any Heavy Heavy Heavy
Permitted Type Type Duty Duty Duty
Receptacle 15 Max, 15 or 20 30 40 or 50 50
Rating Amp, Amp, Amp, Amp, Amp,
Maximum Load 15 Amp, | 20 Amp, | 30 Amp. | 40 Amp, | 50 Amp,
*These current capacities are for copper conductors with no correction
factor for temperature,
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The number of circuits required for adequate wiring can be determined by adding the
connected load in watts and dividing the total by the wattage permitted on the size of
branch circuit selected. This method should not include special heavy loads, such as
air conditioners, requiring separate circuits, The total wattage is obtained from the
sum of the loads of each individual outlet determined by one of the three methods out-
lined in paragraph 4,3.3. For example, if 20-ampere, 120-volt circuits are to be
used, 80 percent of this rating or 16 amperes per circuit is allowed. The maximum
wattage permitted on each circuit equals 16 times 120 or 1920 watts. If the total
connected load is assumed to be 18,000 watts, 18,000 divided by 1920 shows that

9, 375 circuits are required, Since we can only have whole circuits, ten 20~ampere
circuits should be used to carry the connected load. The number of circuits deter-
mined by this method should be the basic minimum, For long-range planning in
permanent installations, the best practice requires the addition of several circuits to
the minimum required, or the installation of the next larger modular-size fusing panel
to allow for future wiring additions. If additional circuits over the minimum required
are used, the number of outlets per circuit can be reduced; therefore, the electrical
installation is more efficient, This is true because the voltage drop in the system is
reduced, allowing the apparatus to operate more efficiently.

Motors that are used on portable equipments are normally disconnected from the
power source either by removal of the equipment plug from its receptacle or by the
operation of an attached built-in switch, Some large horsepower motors, however,
require a permanent power installation with special controls, Motor switches are
rated in horsepower capacity. In a single motor installation, a separate circuit must
be run from the fuse or circuit breaker panel to the motor, and individual fuses or
circuit breakers installed., For multiple motor installations, the National Electrical
Code requires that "Two or more motors may be connected to the same branch circuit,
protected at not more than 20 amperes at 125 volts or less or 15 amperes at 600 volts
or less, if each does not exceed 1 horsepower in rating and each does not have a full
load rating in excess of 6 amperes, Two or more motors of any rating, each with
individual overcurrent protection (provided integral with the motor start switches or
an individual unit), may be connected on one branch circuit provided each motor
controller and motor-running overcurrent device be approved for group installation
and the branch circuit fusing rating be equal to the rating required for the largest
motor plus an amount equal to the sum of the full load ratings of the other motors, "

4,3.5 Balancing the Power Load on a Circuit

The ideal wiring system is planned so that each wiring circuit will have the same
ampere drain at all times, Since this can never be achieved, the circuiting is planned
to divide the connected load as evenly as possible, Thus, each individual circuit uses
approximately the average power consumption for the total system, This will make
for minimum service interruption, Figure 4-5 demonstrates the advantage of a
balanced circuit when a three-wire single-phase, 110-220 volt distribution system is
used; i. e, , the current in the neutral conductor of a three-wire single-phase system
will remain at zero as a result of the balanced condition,
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Figure 4-5. Balanced Circuit

4,.3.6 Building Load

In some building installations the total possible power load may be connected at the
same time, In this case the demand on the power supply, which must be kept avail-
able for these buildings, is equal to the connected load, In the majority of building
installations where armed forces personnel will work, the maximum load which the
system is required to service is much less than the connected load, This power load,
which is set at some arbitrary figure below the possible total connected load, is called
the "maximum demand" of the building,

The ratio of maximum demand to total connected load in a building expressed as a
percentage is termed '"demand factor, ' The determination of building loads can be
obtained by the use of standard demand factors as shown in table 4-3. For example,
if the connected load in a warehouse is 22,500 watts, using the demand factors listed
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Table 4-3. Calculation of Feeder Loads by Occupancies

PORTION OF LIGHTING LOAD
TO WHICH DEMAND FEEDER DEMAND
TYPE OF OCCUPANCY FACTOR APPLIES (wattage) FACTOR
Dwellings - other than First 3000 or less at 100%
Hotels Next 3001 to 120,000 at 35%
Remainder over 120,000 at 25%
Hospitals First 50, 000 or less at 40%
Remainder over 50,000 at 20%
Hotels and Motels - First 20,000 or less at 50%
including Apartment Next 20,001 to 100,000 at 40%
Houses without Remainder over 100,000 at 30%
provision for cooking
by tenants
Warehouses First 12,500 or less at 100%
(Storage) Remainder over 12,500 at 50%
All Others Total Wattage 100%

in table 4-3 for warehouses, the actual building load can be obtained as follows: 100
percent of the first 12,500 watts equals 12,500, 50 percent of the remaining 10,000
watts equals 5,000; therefore, the total building load is 12,500 plus 5, 000 watts or
17,500 watts.

The standard voltage distribution system from a generating station to individual build-
ing installation is the three- or four-wire, three-phase type. Distribution transformers
on the powerline poles change the voltage to 120 or 240, and are designed to deliver
three-wire single-phase service. These transformers are then connected across the
distribution phase leads in a balanced arrangement. Consequently, for maximum
transformer efficiency, the building loads assumed for power distribution should also
be balanced, as previously illustrated in figure 4-5.

4,3.7 Wire Size

Wire sizes No. 14 and larger are classified according to their maximum allowable
current-carrying capacity based on their physical behavior when subjected to the stress
and temperatures of operating conditions. Fourteen-gage wire is the smallest wire
size permitted in interior wiring systems,

Determination of the conductor size to be used in feeder and branch circuits is depend-
ent on the maximum allowable current-carrying capacity and the voltage drop coinci-
dent with each wire size, The size of the conductors for branch circuits (that portion
of the wiring system extending beyond the last overcurrent device protecting the cir-
cuit) should be such that the voltage drop will not exceed 3 percent to the farthest
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outlet for power, heating, or lighting loads. The maximum voltage drop for feeders
is also 3 percent, provided that the total voltage drop for both feeder and branch cir-
cuits does not exceed 5 percent, Table 4-4, which is based on an allowable 3 percent
voltage drop, lists the wire sizes required for various distances between supply and
load at different amperages. This table may be used for branch circuits originating
at the service entrance. This is the common house or small building circuit. A more
detailed method of determining wire size is given in paragraph 4. 3. 9.

The minimum gage for service-wire installation is No. 8. The service-wire sizes
are increased because they must not only meet the voltage-drop requirement but also
be inherently strong enough to support their own weight, plus any additional loading
caused by climatic conditions (ice, branches, and so on).

4,3.8 Additions to Existing Wiring

In the installation of additions to existing wiring in a building, the electrician first
determines the available extra capacity of the present circuits. This can readily be
obtained by ascertaining the fused capacity of the building and subtracting the present
connected load. If all the outlets do not have connected loads, their average load
should be used to obtain the connected load figure. When the existing circuits have
available capacity for new outlets and are located near the additional outlet required,
they should be extended and connected to the new outlets, Consideration must be
given to the additional voltage drop created by extending the circuit. The proper wire
size may then be determined.

When the existing outlets cannot handle an additional load, and a spare circuit has been
provided in the local fuse or circuit breaker panel, a new circuit is installed, This is
also done if the new outlet or outlets are so located that a new circuit can be installed
more economically than an existing circuit extension, Moreover, the installation of a
new circuit will generally decrease the voltage drop on all circuits, resulting in an
increase in appliance operating efficiency, Figure 4-6 illustrates the addition of a
new circuit from the spare circuit No, 4 in the circuit breaker panel,

In many wiring installations, no provisions are made for spare circuits in the fuse
panel, Moreover, the location of the new circuit required is often remote from the
existing fusing or circuit breaker panel. In this case, the most favorable method of
providing service to the circuit is to install a new load center at a location close to the
circuit outlets, This installation must not overload the incoming service and service-
entrance switch, Should such an overload be indicated, the service equipment should
also be changed to suit the new requirements, This sometimes can be accomplished
in two-wire systems by pulling in an additional wire from the powerline, This changes
the service from two-wire to three-wire at 120 to 240 volts, In these cases, the fuse
or circuit breaker box should also be changed and enlarged to accommodate the in-
creased circuit capacity. Figure 4-7 schematically illustrates the installation of an
additional load center for a new circuit,

4-14 June 1972

¢



NAVELEX 0101, 114

‘pasn aq 1snW ¢ "ON e %€ 30 doup abeijoa wnwixew

© 10} pue ‘Z| ‘ON SI 821S WNWIUIW 3y} UBYL ‘WNUIWN|E 3J3M 3[GR|IBAR 2JIM 3y} 4| P3SN 3q PINOYS a1im 1addod g "ON e ‘ai04aiay] "%g 031 doip abeijoa ayl

Wi 01 pasinbal s 311m 12ddod g "ON € ‘3|qe) 3A0QE 3yl WOJ4 “p|L "ON S! HNDIID SIYL JO§ BJIM BZIS WNWILIW 3y} ‘(Pasn st aJim 13ddod adAy Y Bununsse) z—vy
pue |—V sa|qe] WoJ4 "Ja3eaiq 1indaid ayl WoJj 1) 0GL Paiedco] peo| e o} paiddns aq 03 (AQL L 3e) saiadwe Qg sasinbas Bum uado buisn 6uip|ing v "ejdwex3

4415

ose[ooeoszfoseow [oe JozT oJz [u [ o, [osE[osefom[oe]ozl o L1z [e]ef| o
009 | 005 | 005 | oov | 0sE [00E |O/F [ O/E|'D | T 009 | 00s | 0sE |ooc| o/v |oE|o/c|lo |1 | ¢
00€| 00E (0S| O/F |O/v [O/E |O/C] O | C | ¥ o6 |Q0E|0sc|oe foeoe) L] Lje | €| ¥ 06
00s | 00s | oov | oG | oo€ |05z |o/v [ O/E| O | T 00s | oov | ooc |osz|ow|oE|o/c|lo |1 | ¢
0sz|0Sc| o/ |O/v |O/E|OCZ| O | LIE |9 og |osc|lowjoejoef o Lje (€ ¥ 9 08
0os| oov | 0se| oo |ose|ow |Oo/EjO0/2] 1 | ¥ oos|ose|osc|ow |oEfoe]lo [V |2 | v
osclom o fO/E€|O/Ci0C| 0| ClE |9 osc|omw|o/efoel 0ol Z|c |E |¥ |9
oov| os€|ooc| oo | oSz |o/w |O/E |02V | ¥ 0L Joov|ooc|osc|ow|oE|oz|a |V |2 | ¥ 0L
ovjow|foEeloc|Oe| O | L] |¥ |9 ovfoeloe|l o] Ltz |e ¥ [E ]9
ose| ooc|oseclose|om |oE |02 |0 |2 | P 09 Joce|oscfomw |oc|oz|lo |V |2 |2 | F 09
oeloelozfoel ol e Je e [8] oo [o&[oclo] Lz [e |t (e (28] o
ooc|osz|ow|om|oE|oz|o0 [V |E | ¥ ooc|ow |oc|oc|o [T |2 | [V | ¥
o/cfoe|l 010 f Lz (€ (¥ f9 |8} o Jog|l 0 Ljc [E€ v (v |9 19 8} .
ov|ow|ocloe|oz|o |V |2 |v |V ov|ocl|lozlo |T |z |e |y | v | 9
ol oft]lelz (g | (v |9 fOL) oo p O} LfC JE |V ¥ 9 |9 |80 g0
oc|oE|orz|oe|lo |t |2 |E |v |9 oc|loz|lo |T |2 |e |v |¥ |9 ]9
i tfz jz (e |e |z |2 [8 |of o | L[e [E | |2 |2 |2 (8 |8]Q z
oz|oc|lo [0 |V |z |g |v |9 | ozlo |t |z |lge |y |v |9 |oa || S
¢ |2 (e |e |2 |2 |2 (2 |8 [2 o2 |2 |E (2 |2 |2 |2 (8 |8 (O &Y o
o |lo |t v |2 |g |v |y |9 |Ot o |T |z |g |v |v |9 |9 |8 ]| O
€ 1€ [& |2 |2 |2 |2 [8 |oufetl 4 € |2 (2 |12 |2 [8 (8 |OQLjorfcetf o
t it |z |z e |v |v |9 |8 |Tt it |z |le |v |v |9 |9 |g |8 |0
ooot} 006 | 008 |00z |009 |00S |00 | 00E | 0OC | OOL|'SAWV NIj 00S | OO |00E |OSC | 00Z | OGSt |SZL | 00L | S¢L 0S | 'SdANV NI
avol i avol
1334 NI AVO1 O4 30NVLSIA LINDHID AOZZ HOS 1334 NI QY01 OL 3ONVLSIA LINJHID AOLL HO4

oam 1eddod—Z 1L
8JIM wnuwN|Y—0L

ALIDVdVI DONIAHHVYI—LNIHHUND HOd HOLONANOD @3lI3T13S AdIHAA

doaq 9%¢ uo paseqg 9[qe]L doxq a88}[0A ‘$-¥ O[qElL

e

June 1972



NAVELEX 0101, 114
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4,3.9 Allowable Voltage Drop

Most equipment is designed to allow for a 10 percent total voltage drop. This means
that the voltage at the equipment must be equal to or greater than 90 percent of the
equipment's rated voltage and no more than 110 percent, The National Electrical Code
is followed for large installations having central power plants to determine the elec-
trical installation requirements, The National Electrical Code allows a maximum of

5 percent voltage drop from the generator to the most distant service entrance.

Therefore, inside a building another 5 percent drop may be tolerated, This normally
is divided into a 3 percent drop for branch circuit and a 2 percent drop for feeders or
main. The above requirements are necessary for large, city-like complexes but,
under field conditions, the engineer may be able to accept larger voltage drops in a
system,

The design procedures of paragraph 4, 3, 7 are straightforward but they do not permit
flexibility in design. As an example, if a load of 20 amperes at 120 volts must be
located 150 feet from the cutout, a No, 6 copper wire is required for a voltage drop
of 3 percent or less. If No, 6 copper wire is not available, a larger wire could be
used, This would eliminate voltage drop problems but would not be economical, It
may be possible to use a smaller wire, but this must be based on an analysis of the
total electrical system. The following procedure does not account for inductance,
capacitance, or skin effect which may exist in alternating current circuits. This pro-
cedure, therefore, is valid for wire sizes of 4/0 and smaller for lighting circuits and
No. 1 and smaller for motor circuits. As the load increases and the power factor
decreases, AC design procedures from electrical engineering references must be
used,

Table 4-5 gives the values of resistance for copper and aluminum wire in ohms per
thousand feet, Since the first step in designing an interior wiring system is to esti-
mate or calculate the load, the current needed in each wire is then known., The
operating voltage is determined by the available power source or the equipment to be
operated, Knowing the current and distance, the voltage drop for any size wire may
be calculated. Since the operating voltage and allowable voltage drop are known, the
system may be designed using the minimum size wires,

The benefit of this system may be shown by choosing the wire for the example above.
Based on table 4-4, the 120-volt, 20-ampere load at a distance of 150 feet required a
No, 6 copper wire at a minimum. Understanding the distribution system, the voltage
drop from the main distribution center to any individual load within the building may be
allowed to be 5 percent or 120 times 0. 05 equals 6 volts, By trial and error, it will
be found that the smallest size copper wire is No, 8. Table 4-5 shows that No, 8
copper wire has a resistance of 0, 64 ohm per thousand feet, Two wires are needed
for the circuit,
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Table 4-5. Wire Characteristics

SIZ% 1‘:‘WG DIAMETER OhmI:;Engl‘?ON(::(‘)Efeet
MCM NO. WIRES Inches Millimeters Copper Aluminum
14 solid .0641 1.63 2.57 4,22
12 solid . 0808 2.05 1.62 2.66
10 solid . 102 2.59 1.02 1.67
8 solid .129 3.27 0. 640 1.05
6 7 .184 4,67 0.410 0.674
4 7 .232 5.89 0.260 0.424
3 7 .260 6. 60 0.205 0.336
2 7 .292 7.41 0.162 0. 266
1 19 . 332 8. 42 0.129 0.211
0 19 .373 9.46 0.102 0.168
2/0 19 . 418 10.6 0.0811 0.133
3/0 19 . 470 11.9 0.0642 0.105
4/0 19 . 528 13.3 0.0509 0.0836
250 317 .575 14.6 0.0431 0.0780
300 37 .630 16.0 0.0360 0.0590
350 37 .681 17.3 0.0308 0. 0505
400 37 . 728 18.5 0.0270 0.0442
500 37 .814 20.6 0.0216 0.0354
600 61 . 893 22.17 0.0180 0.0295
700 61 . 964 24.5 0.0154 0.0253
150 61 . 998 25,4 0.0144 0.0236
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Thus:

voltage drop = load in amps x resistance of wire

_20@2) (.64) (150)
- 1,000

= 3. 84 volts
Since this is less than a 5 percent drop it is acceptable.

4.3.10 Minimizing Voltage Drops

One method of reducing low voltage problems caused by nonavailability of proper wire
sizes is to increase the power supplied to the system by increasing the voltage output
of the generator, In other words, the increase in generator output may be used to
compensate for the voltage drop between the generator and the nearest service entrance
or building, The voltage at any building should not exceed the rated value, As an
example, the building nearest to the generator site must be identified. The maximum
voltage at this point is to be the circuit's rated voltage. The voltage drop of the wire
between the generator and this point is the value that the generator output voltage may
be increased (figure 4-8). For building A, the voltage drop that may now be allowed
for interior wiring would be 10 percent since the rated voltage of 220 volts appears at
the service entrance, The wire needed in the example problem of paragraph 4. 3. 7
may, if located in building A, be a No, 14. Thus, if the supply of wire is limited in
variety of sizes, this method may permit the supply of power or a location previously
unattainable, Buildings further from the generator would have different design limits,
The allowable voltage drops would depend on the voltage drop along the supply line,
Since the first voltage drop (line A B) has been compensated for, the voltage at all
buildings will be higher, This will permit greater allowable drops for building inte-
riors and, therefore, smaller wire sizes to be used. '
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GENERATOR AIAE 036
220V
100 A 65 A 3BA
A 200 FEET B c
MINIMUM SIZE RW COPPER WIRE - - - NO. 4
VOLTAGE DROP TO LOAD B (FROM TABLE 4—4) =
2(100) (.260) (200
2(100) (260) (2000 _ VOLTS
1000
220 v 210 v
100 A 65 A 35 A
A B
RAISE GENERATOR OUTPUT TO 230 VOLTS
230 Vv 220V
100 A 65 A 3BA
A B c
Figure 4-8, Minimizing Voltage Drops
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CHAPTER 5

ADDITIONAL LABORATORY REQUIREMENTS

Special requirements and/or conditions do not permit the routine equipment measure-
ment, testing, and calibration to be performed in the laboratory facility described in
the previous chapters. To fulfill these particular needs, additional facilities and
special equipment are required. The additional laboratory facilities may be either
shielded enclosures or clean rooms, or both. Special equipment consists of selected
antennas with optimum characteristics for reception of time and frequency standards
transmitted from the U.S. Naval Observatory.

5.1 SHIELDED ENCLOSURES

In Chapter 2 it was stated that the expense of constructing a . screen or shielded room
must be justified on a per case basis since experience has demonstrated that a large
percentage of existing shielded rooms were not necessary or were overdesigned in
many cases.

Where tests demonstrate the presence of electromagnetic radiation (EMR), from either
external or internal sources, of such levels as to cause objectional interference with
measurements, or where an area of containment is needed to perform calibration on
interference producing equipment, some type of shielded enclosure may be employed.
Whenever possible, use should be made of small, benchtop type enclosures since

these are more economical than the larger shielded rooms and, frequently, are more
effective in achieving the desired attenuation.

5.1.1 Selection of Enclosure Type

Selection factors for shielded enclosures include:

o The types and levels of electromagnetic fields present in the vicinity of the
intended enclosure location; i. e, , Electric (E) field, Magnetic (M) field, or both,

o The frequency range of the unwanted EMR.,

l
o The attenuation required over the range of frequencies encountered,

o Structural requirements, if any.
o Enclosure size and configuration; e.g., door position, ceiling height, etc.

MIL-E-8881A specifies minimum construction and performance requirements for
three basic enclosure types. See table 5-1 and figure 5-1. The enclosures should
be designed to provide minimum attenuation levels, as categorized by the various
classes listed in table 5-2. Attenuation is the figure of merit used to designate the
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shielding effectiveness of an enclosure and is defined as the ratio, in dB, of the
received powers on opposite sides of a shield when the shield is illuminated by elec-
tromagnetic radiation, The attenuation should be measured, using the methods of
MIL-STD-285, with the enclosure completely assembled, powerline filters and coax~
ial connectors installed, and with power fed into the enclosure.

Table 5-1, Basic Shielded Enclosure Types

TYPE | NUMBER OF SHIELDS

SHIELDING MATERIAL

Ia Single Shield
Ib Single Shield
IIa Double Shield, Cell Type
b Double Shield, Cell Type

IIIa Double Shield, Isolated

IIIb Double Shield, Isolated

Screen Mesh or Perforated Metal

Solid Metal

Screen Mesh or Perforated Metal

Solid Metal

Screen Mesh or Perforated Metal

Solid Metal

Table 5-2, Minimum Attenuation Design Criteria for Shielded Enclosures

TYPE OF ELECTROMAGNETIC FIELD

CLASS AND dB OF ATTENUATION *

Magnetic (100 kHz to 30 MHz)
Electric (100 kHz to 30 MHz)
Plane Waves (30 MHz to 1,000 MHz)

Microwaves (1,000 to 10,000 MHz)

A
30

110

60

35

B
40

120

70

50

C
70

140

100

100

D
76

190

220

240

E
82

220

240

250

high levels,

NOTES

3) The attenuations listed for each class take into consideration the

deleterious effect on shielding effectiveness of the enclosure introduced
by the impedance at the seams between adjacent panels,

*Nominal attenuation varies from 70 to 130 dB because of deviations in the
nominal separation distance between the two shields.

1) Attenuations greater than 250 dB are not listed as they represent the
reduction down to 1 microvolt per meter (minimum discernible signal)
from 3,160 kilovolts per meter (breakdown of free space).

2) The types of electromagnetic fields and frequency ranges considered
are those that predominate in the vicinity of the enclosure at relatively
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Attenuation should not be confused with insertion loss which is the ratio of received
powers before and after insertion of shielding material between a source and receiver
of electromagnetic energy.

Selection of attenuation class depends on the type and magnitude of the undesired sig-
nals present at the enclosure location. Table 5-3 is given for guidance in the selection
process. For general applications, the attenuation provided by class C is considered
adequate.

Table 5-3. Guide for Selecting Required Attenuation Class

SOURCE OF SIGNAL TO BE SUPPRESSED CLASS OF ATTENUATION*

Electrical Machinery, light, power A
Ignition, arc-welding, diathermy, induction B
heating, X-ray

Low power transmitters and radars (up to _ C
100 watts) ‘ :

Medium power transmitters and radars D

(100 watts to 100 kilowatts)

High power transmitters and radars (100 E
kilowatts to 10 megawatts)

*See table 5-4 for class distinction. Ql

NOTE: Since signals from AM, FM, TV stations, and high tension power-
lines are remotely generated from enclosures, any class of atten-
uation listed will give adequate suppression,

5.1,2 Basic Design Criteria

The design of an enclosure, either permanent or portable, usually centers around the
type and thickness of material that will provide the required shielding effectiveness.
Exceptions to this are those instances where structural requirements predominate in
the selection of material thickness and type.

Where magnetic field shielding is required, thicker ferrous materials are usually
employed. For high E-field shielding, thin, solid metal sheet is recommended, made
of copper, steel, or aluminum, Materials which may be used for low and moderate
E-field levels include copper and bronze screening, foils, wire mesh, and metal
impregnated cloth, sprayed-on coatings, and honeycomb materials.

MIL-E-8881A lists various materials (see table 5-4) which may be used to meet the

attenuation classes of table 5-3. However, any material for which eaquivalent effec-
tiveness can be demonstrated may be used,
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Table 5-4, Shielded Room Materials

CLASS | ENCLOSURE TYPE MATERIAL DESCRIPTION
A Ia Commercial Bronze Window Screening with 18
by 14 mesh,
B Ia a) 22 mesh copper screening, 15 mils minimum

thickness, with a woof of hard-drawn and a warp
of soft-annealed wire or,

b) perforated copper sheets, 15 mils thick,
minimum, Perforations to be evenly distrib-
uted, with distance between the periphery of
adjacent perforations not less than 15 mils,
Circular holes to have a maximum diameter of
37 mils. Square holes shall have a maximum
side of 32 mils,

C IIa or Ila a) *Two sheets of screening material as speci-
fied in (a) above, or
b) *Two sheets of perforated metal as specified

or in (b) above,
b Solid copper sheet of 18 mils thickness, mini-
mum,
D Ib Solid copper sheet of 25 mils minimum thickness.
E I or IIIb *Two sheets of solid copper, each of 10 mils

minimum thickness.

*Distance between shields shall be sufficient to meet specified performance.

Other design factors which must be considered include seam design, and structural
and environmental requirements, if any, The latter must be considered when an
enclosure is subject to climatic conditions such as wind, moisture, and extreme
temperature changes. However, this situation is rare. Careful seam design is
extremely important in achieving and maintaining shielding integrity, especially in
portable enclosures or those incorporating interchangeable panels. Doors and other
openings and penetrations, such as for filters, connectors, and honeycomb air vents,
may be considered as seams; they are potentially the weakest points of the enclosure
from a leakage or high-impedance viewpoint.

o  The total seam length should be minimized to reduce potential leakage and
to reduce construction time,

0 -Seams should be located away from edges and other points of maximum
stress,
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o Butting-type seams should meet in the same plane since sealing in two or
three planes is difficult.

o Use of shielding gaskets in seams of portable enclosures is not rec-
ommended, especially where magnetic field or E-field shielding above 200 MHz is
required. However, use of gaskets may become feasible in cases where seam length
is small and only moderate levels are encountered.

0o Access doors should be hinged and provided with two sets of serrated
phosphor-bronze contact fingers (fingerstock) arranged around the periphery at right
angles to form a seal. The optimum arrangement consists of one set acting as a
wiper which is compressed when the door is closed. To assure sufficient pressure,
a three-point wedge-type locking system should be used which can be operated from
both sides of the enclosure. Both the door and jamb should be braced sufficiently to
avoid sag.

o Bolts that fasten adjacent panels together should have a maximum center-
to-center distance of 16 inches. Inside bolting is preferred. If possible, avoid pass-
ing bolts through the shield, since they may act as radiators at certain frequencies.

Specific recommendations for clamping pressure depend on seam structural require-
ments, desired shielding effectiveness, and enclosure materials. However, pressure
should be evenly distributed and bolts tightened as much as possible without damage
to the screw threads or other parts. Loose bolts on a cell type room can result in
attenuation losses on the order of 25 to 30 dB.

The width of seam lips should be 1 inch, minimum, for single-shielded enclosures,
2 inches, minimum (total), for double-shielded enclosures, and at least 1 inch for
each lip of the double-shielded, isolated type enclosure.

Wood frame type structures (such as those using a plywood core panel faced on each
side with the shielding material) should be avoided since the wooden core can absorb
moisture which induces warping and, consequently, loosening of the joints. Also, it
is difficult to achieve and maintain high pressure on a bolted, wood-frame structure.

Information concerning prefabricated shielded enclosures can be found in MIL-E-
4957(ASG).

5.1.3 Powerline Filters

Powerline filters must be considered an integral part of an enclosure since penetra-
tion by unfiltered lines or wires will adversely affect the attenuation characteristics
of the enclosure, no matter how well designed. As a minimum, one 28 volt DC/100
ampere, two 115 volt/60 Hz/50 ampere, and three 115 volt/400 Hz/three-phase/40
ampere filters should be supplied. These should conform to MIL-F-15733 which
specifies general requirements for current-carrying filters (AC and DC) used prima-
rily for reduction of interference. Selection of filter attenuation characteristics to
complement the enclosure design or application is not a simple task. The degree of
filter attenuation is only roughly related to the attenuation of the room, The usual
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solution is to initially provide filters with an attenuation capability somewhat less than
that of the enclosure, and then add filters in series, if later required, to provide the
additional attenuation. MIL-F-8881A specifies that powerline filters should have a
minimum insertion loss of 100 dB from 100 kHz to 20,000 MHz, as measured in
accordance with MIL-STD-220 (from 100 kHz to 1,000 MHz),

Both mechanical design and mounting method are important factors in obtaining
desired filter performance. Filter input and output sections should be isolated by
design and/or use of a shield to provide a minimum of 100 dB decoupling between
input and output. A panel, known as the filter and connector panel, is used to mount
the filter to the enclosure wall. All neutrals are tied together and connected to a
common grounding stud on the panel. Where screening is used as the shielding mate-
rial, the panel is reinforced by a solid copper plate soldered to the mesh over its
entire periphery. Filters are commonly mounted on the outside of the enclosure,
with the filtered line passing into the enclosure through threaded pipe nipples.

5.1.4 Connectors

Coaxial connectors, as required, are mounted to the aforementioned panel by means
of special coaxial fittings, similar to the threaded pipes used to bring the powerlines
into the enclosure. If high-level signals are known to exist, double-shielded coaxial
cables should be used for these connections.

As a minimum, MIL-E-8881A specifies that two type N assemblies, as per MIL-C-
71, with receptacles equivalent to type UG-29B/U, one twin coaxial plug equivalent to
type UG-493/U, and two type HN assemblies, as per MIL-C-3643, with receptacles
equivalent to type IPC11050, be provided.

5.1.5 Air-Conditioning and Ventilation

Room enclosures of all types, but especially the solid-wall enclosures, require some
means of forced ventilation. If the room is to contain substantial amounts of equip-
ment and/or personnel, air-conditioning will be necessary.

Moving air must be provided without affecting shielding effectiveness. This is usually
accomplished by providing intake and exhaust openings consisting of metal grills
which incorporate the waveguide-beyond-cutoff principle in their construction. The
idea is to provide a large number of small-diameter "tubes' arranged in a parallel
configuration, with each tube bonded to its neighbors to preclude leakage from cracks
or seams.

The tube length should be at least three times the diameter to obtain attenuations of
the order of 80 dB. The size and placement of these vents depend on individual room
requirements; however, MIL-E-8881A specifies 2 minimum area of 1 square foot,
and an attentuation of 100 dB below 20,000 MHz,
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5.1.6 Lighting _ q

Although suppression of fluorescent-light generated signals is available in the form of
special shielding and line filtering, the amount of suppression attainable is usually
not sufficient to enable use of fluorescent lighting in shielded rooms. For this reason,
incandescent lighting is usually provided for enclosures, in the form of overhead gen-
eral lighting, plus supplementary bench lighting, as required to achieve the rec-
ommended foot-candle levels. See Chapter 3 for details of room lighting.

5.2 ANTENNAS FOR RECEPTION OF TIME AND FREQUENCY STANDARDS
TRANSMISSIONS
5.2.1 Frequency and Time Broadcasts

The U.S. Naval Observatory, as the agency which determines time for the United
States, provides transmissions of precise time and frequency signals for use in
correction and maintenance of time and frequency standards at Navy facilities. These
broadcasts are made in the very low frequency (VLF) band (3-30 kHz) because of the
inherent stability of the phase characteristics of VLF transmissions over thousands
of miles. The predictable time delay plus the stability of the VLF signal contribute
to the increased measurement accuracy.

Prior to the inception of VLF broadcasts, Navy Laboratories used the high frequency

(HF) broadcasts provided by the National Bureau of Standards (NBS) for calibration of

time and frequency standards. The limited accuracy of HF transmissions (as ‘
received beyond ground wave distance), caused by ionospheric instabilities and other /
propagation effects, coupled with the increasing need for higher accuracies, has

motivated the shift to the VLF band.

At present, seven Navy LF stations (see table 5-5) are phase stabilized and trans-
mitting precise signals.

In addition, the NBS operates a VLF station (WWVL) which transmits on 20 kHz, the
international assigned VLF standard frequency, and a low frequency (LF) station
(WWVB) operating at 60 kHz.

Since frequencies and radiated powers, as well as transmission formats, are subject
to periodic change, it is advisable to obtain the latest schedules and announcements of
both the Naval Observatory and the NBS to keep abreast of this information.

5.2.2 Antennas

Because of the long wavelengths associated with VLF transmission, the use of anten-

nas whose dimensions are a fraction of the received wavelength (e.g., 1/4A, 1/2A)

are not practical. For example, at 18 kHz, a quarter-wavelength antenna would have

a maximum dimension of approximately 12,500 feet. Fortunately, antenna efficiency

in the VLF-LF band can be very low without affecting the signal-to-noise ratio. For

a receiver having a noise figure of 1,0 dB, receiving antenna efficiency may be as

low as -120 to -140 dB. Thus, the most commonly used antenna types are the 0
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simple vertical whip, the rotary loop, and the long wire antenna, Traveling wave
antennas, such as the Beverage type, are occasionally used to obtain noise discrim-
ination, Loop antennas may also be used to obtain some noise discrimination from
sources on bearings different from that of the desired signal. Also, the loop can be
electrostatically shielded to provide some degree of additional immunity.

Table 5-5. VLF Radio Stations

FREQUENCY NORMAL

STATION LOCATION (kHz) RADIATED POWER (kW)
NAA Cutler, Maine 17.80 2000
NBA Balboa, Canal Zone 24,00 1000
NLK/NPG | Jim Creek, Wash, 18.60 1000
NPM Lualualei, Hawaii 23.40 1000
NSS Annapolis, Md. 21.40 85
NwWC Harold E, Holt 22,30 2000

North West Cape,

Australia
NDT Yosami, Japan 17.40 500
WWVL Fort Collins, 20.00
(N.B.S) Colorado or

20.50

Selection of the optimum antenna characteristics depends on receiver geographic
location; i. e., strength of received field, '"noise' levels caused by worldwide light-
ning discharges, etc, Many papers and reports, published by the NBS, the CCIR,

and various individuals and groups, may be found in the literature dealing with VLF
propagation phenomena and atmospheric noise predictions, and offering various

models which may be used to calculate the received signal strength, A summary of
the most popular (empirical) formulas for calculating field strength is given in table
5-6. The results of these equations are compared in figures 5-2 and 5-3, Figure 5-4
presents a nomogram for the Espenschied formula, the use of which is restricted to
daylight, overseas propagation paths with distances greater than about 2000 kilometers,
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Table 5-6, VLF Field Strength Equations

FIELD STRENGTH, Ev/m): FORMULA
0.300vP d/a { -0, 0016d} ,
> A -Coh
q sin(d/a) 0.5 ustin-Cohen
0.300VP d/a . { -0, 0014d} Modified
d sin(d/a) *P 20.6 Austin-Cohen
0.300VP d/a { -0, 005d} )
a sin(d/a) exp 1.25 Espenschied, et al
wd\_@ (0.4)  exp {—1. 151ad x 10'4} Wait
231 —P e [-d/a 0.1 kl Pierce
sin(d/a) P . kaz)
where P = radiated power in kilowatts
d = distance in kilometers
a = earth radius in kilometers (6380 km)
A = wavelength in kilometers
a = attenuation factor in dB per 1000 km
kaz = frequency in kilohertz

Typical antenna installations are elucidated in EC-7, Frequency Standards and
Measurements, and EC-17, Installation and Operation Instructions for Very Low

Frequency (VLF) Phase Tracking Systems,

subparagraphs.

weld,

5-10

a.

Long Wire Antenna

1
@
@)
@)
©)

Length: 100 to 500 feet
Orientation: in line with transmitting antenna
Height: at convenience

Tuning system recommended to improve reception

These are summarized in the following

Transmission line: No, 10 AWG stranded or single conductor copper-

June 1972



NAVELEX 0101, 114

(W/NT) HLON3HLS a131d

®

N
1
: =_
] =)
i =
T
..u N m
T w St
ot W ]
-1 2
¥ Vo
m_:"Ln_y < |
Tijr<z 2
hrbe 29
FWe §2
Ffeaod x5
YL oo
Io 9o
o0 17
wugkk
IPDISA
»wnogLSo
TWwEs <<
[ I B
N _
<o O0w
T |
—t "
N [l T
SRSy FRM T T
| NI N A Ty
IR W NI A
N ..“ N SRR
I A p S '
S ans mam
= — ,,_f T <
Vil [ 1]
1 _,‘ ﬂ_,
e o
N N R
BRED L T
[« IR N 1 i
i [ | T i 7
17T T =2 1r|_ o
1 ] LoX] i}
| s Re [
N IR
- : [
_J_“" f.anll.lLrl.
. a4
1T a i
1] ENERN N o

AlAE 049

DISTANCE (KM X 103

Estimated Daylight Field Strength vs Distance for

Figure 5-2.
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b. Vertical Whip Antenna

(1) Length: 20 feet
(2) Orientation: vertical
(3) Height: as high as possible
(4) Transmission line: 50 G-58/U
c. Loop Antenna
(1) Area: 65'" by 65' square
(2) Turns: 40 turns, No. 20 AWG
(3) Terminating resistance: 50
(4) Shielding: loop enclosed within aluminum tubing
(5) Transmission line: RG 58/U
(6) Orientation: loop plane aligned in line with transmitter antenna

d. All Antenna Types

(1) Locate antennas a maximum of 100 feet from the receiver

(2) Site antennas away from all potential radiators, such as powerlines,
and away from other antennas

(3) Where available, antenna AT 252/SR or antenna group AN/SRA-17
(XN-1) may be used,

5.2.3 Omega

Omega is a VLF worldwide radio navigation system which, ultimately, will consist of
eight strategically located transmitting stations., The navigational accuracy of Omega
is dependent on rigid frequency control derived from four cesium beam standards (per
station). Because of this feature, the Naval Observatory has cited Omega as an
accredited source of standard frequency. Operations stations, frequencies, and sched-
ules for Omega may be obtained in the Time Service Announcements of the Naval
Observatory. However, it is recommended that use of these frequencies be limited

to emergencies until all eight stations are completed and operating on a permanent
basis.

5.3 CLEAN ROOMS

Ordinarily, electronic calibration laboratories do not have the need for clean room
capabilities. However, unique applications may arise requiring highly specialized
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and controlled measurements to be performed. The ideal solution is to perform these
. measurements within the controlled environment of a clean room,

Detailed data and information pertaining to the installation, operation, and maintenance
of a clean room may be found in Federal Specification Fed, Std, No. 209, "CLEAN
ROOM AND WORK STATION REQUIREMENTS, CONTROLLED ENVIRONMENT, "

5.4 PACKING AND SHIPPING

Packaging is necessary to protect equipment from shock and vibration encountered
during transit, and to fu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>