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FOREWORD

1. The testing of materials and equipment in accordance with the require-
ments of this standard will ensure that magnetic characteristics have heen
considered and incorporated into the manufacture of materials and design of
equipment. This will result in compatibility of materials and operation of
equipment in a complex magnetie environment.

i1
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1. SCOPE

1.1 Scope. This standard establishes requirements for methods of measuring
and determining the magnetic characteristics (permeability; electrical conducti-

vity; ferrous, stray and eddy current magnetic field strengths) of materlals and
equipment.

1.1.1 Application. The requirements of this standard shall be applied for
the aequisition of materials and equipment to be used on nonmagnetic mine warfare

ships and craft, as specified in the individual material and equipment specifi-
cations or in the contract.

1.2 Classification. Classification is applicable to the type of magnetlc
field source and the test method for tests establighed by this standard.

1.2.1 Fileld sources. Magnetic field sources shall be classified as follows:

Class 1. Ferrous magnetlic fleld.
Class 2. Eddy current magnetic fileld.
Class 3. Stray magnetic field.

1.2.2 Test methods. Test methods are designated by a aeries of numbers
in accordance with the followilng system:

{a) Electrical conductivity tests are designated by "C-~".

(b) Eddy current magnetic field tests are designated by "EF—".
(c) Ferrous magnetic fleld tests are designated by "FF-~".

(d) Permeability tests are designated by "P—". .

(e) Stray magnetic field tests are designated by "SF--".

Where:
C = electrical conductivity
EF = eddy current magnetic field
FF = ferrous magnetic fileld
P = permeability
SF = stray magnetic field
and "—--" indicates the numerical order of tests from 0l to 99.

1.3 Method of reference. When a specific test method is required for
measuring a magnetic characteristic of a material or equipment, the test
methods contained herein shall be referenced in the applicable document by
specifying this standard and the test number.
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2. REFERENCED DOCUMENTS
2.1 1Issues of documents. The following documents, of the issue in effect

on date of invitation for bids or request for proposal form a part of this
standard to the extent specified herein.

SPECIFICATIONS
"MILITARY o
MIL-I-17214 - Indicator, Permeability; Low~mu (Go-No-Go).
STANDARDS
MILITARY
DOD-STD-2141 - Definitions and Systems of Units, Magnetic
Silencing (Metric).
DOD-STD-2143 ~ Magnetic Silencing Reauirements for the Construc-

tion of Nonmagnetic Ships and Craft (Metric).

MIL~5TD-45662 Calibration‘Systems Requirements.

(Copies of specifications, standards, handbooks, drawings, and publications
required by contractors in connection with specific acquisition functions should
be obtained from the contracting activity or as directed by the contracting
of ficer.)

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

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

A 342 - Permeability of Feebly Magnetic Materials.
B 193 - Resistivity of Electrical Conductor Material.
B 342 ~ Electrical Conductivity by Use of Eddy Currents.

{Application for copies should be addressed to .hu Americaq Scclety for
Testing and Materials 1916 Race Street, Philadelphia, PA 19103.)

(Technical soclety and technical association specifications and standards
are generally avallable for reference from libraries. They are also distributed
among technical groups and using Federal agencies.)

3. DEFINITIONS

3.1 General magnetic silencing terms. The meanings of general magnetic
silencing terms used in this standard are in accordance with DOD-STD-2141.

3.1.1 Test sample. Test sample is used in this standard as an arbitrary
definition of equipment which is to be .tested in accordance with test methods
EF, FF or SF and material which is to be tested in accordance with test methods
EF and FF of this standard.
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3.1.2 Test specimen. Test specimen is used as an arbitrary definition of
material which 1s to be tested in accordance with test methods C or P of this
standard. The specimen could be a sample of the material of which the item is
made or the entire item itself, depending upon its physical size.

4. GENERAL REQUIREMENTS

4.1 Government furnished material and equipment. Material and equipment
furnished by the Government to a contractor shall, unless the test data 1s
furnished by the Govermment, require testing in accordance with the require-
ments of this standard by the contractor for conformance to individual material
and equipment specifications, or to the contract or purchase order, or to the
regquirements of DOD-STD-2143.

4.2 Material or equipment tested in accordance with procedures not specified
in this standard. If the material or equipment has been previously tested for
magnetic characteristics by procedures not included in this standard, the test
procedures and report shall be submitted for evaluation by the contracting activ-
ity as evidence of meeting equivalent portions of this standard.

4,3 vVvariations in test methods EF, FF or SF. Proposed variations in test
methods EF, FF or SF of this standard (that is, rotating the test sample in lieu
of the magnetometer mounting ring for magnetic field measurements or rolling the
test sample in lieu of the test coil for EF test measurements) shall be presented
to the contracting activity for approval in the test plan of 5.1.

h.4. Testing of identical material and equipment. Material and equip-
ment produced by a manufacturer, which are identical to those previously produced
by the manufacturer, tested in accordance with this standard and found satisfac-
tory, shall require minimal testing as indicated in the approved test plan, to
ascertain conformance with this standard. A copy of the previous test report shall
be forwarded with the new test report for comparison and evaluation.

5. DETAILED REQUIREMENTS

5.1 Test plan. When required by the contract or order, a test procedure
shall be prepared by the contractor (see appendix). The test procedure shall
detail the means of implementation and application of the test procedures to
be performed to verify compliance with the applicable magnetic requirements
of the Individual material or equipment specification, the contract or purchase
order, or the requirements of DOD-STD-2143. Approval of the test plan by
the contracting activity shall precede the start of formal testing. The test
plan shall include but need not be limited to the following:

{(a) Nomenclature, serial numbers and general characteristics of test
equipment (for example, sensitivity and dynamic range of mag-
netometers).

(b) Methods and dates of last calibration of measuring equipment for
magnetic characteristics and calculations to show expected
accuracy of each.

(c) Dummy loads for test samples (for SF test methods) and similar
items to be used and their description.
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e

" (d) Readout and detector functjions to be used in measuring equipment,

where applicable.

(e} Nomenclature, description, and modes of operation of the test
sample (for SF test methods).

(f) Control settings, monitored points and sequence of operatiom of
the test sample (for SF test methods).

(g) Description and magnetic ambient profile of test site (open
space) for EF, FF and SF test methods.

{h) Detailed step~by—-step test procedures and test setups, with
maXimum use of photographs, drawings, and diagrams.

(i) Expected overall accuracy ¢f measurements.

(1) Persounnel required, both designated Government representatives

anAd ha Aanmbiiaadow

{k) Considerations and regulations regarding the operation of test
samples tested (for SF test methods) and measuring equipment
in open areas (for example, FCC or FAA regulations).

5.2 Test conditions. Detail test conditions shall be as specifie& in
section 6 for each particular type of test.” In-addition, the general test con-
ditions of 5.2.1 through 5.2.4 shall apply.

5.2.1 Accessory equipment precaution. Accessory equipment (for ‘example,
chart recorders), used in conjunction with equipment measuring magnetic char--
acteristics, shall not affect measurement integrity.

5.2.2 Excess personnel and'equipment. The test area shall be kept free of
unnécessary equipment and material. Only equipment essential to the test being
performed shall be in the test area. Unauthorized personnel shall not be per-

" mitted in the test area. - :

5.2.3 Test coils (EF and FF test methods). Tés; colls, either a Helmholtz
coll or an equivalent coil array acceptable to the contracting activity, shall be
capable of producing applied magnetic fields in the three orthogonal directions
(triaxial). The magnetic field gradient caused by the coil's field and any mag-
netic field distortions, from the immediate enviromment over the volume occupied
by the test sample, shall not exceed 0.1 percent of the applied field per meter
or 0.0016 amperes per meter (A/m) (flux density is 2 nanotesla (nT)), whichever
is greater. The coil shall generate magnetic fields to an accuracy of at least
0.05 percent of the applied field or 0.0002 A/m (flux density is 0.25 nT),
whichever is greater.

5.2.4 Power supply characteristics (SF test methods). Powar supplies for
equipment to be tested (SF test methods) and not supplied as part of the equip-
ment shall have characteristics and tolerances as specified in the equipment's
detailed specification.

. 5.3 Arrangement and operation of equipment to be tested -(SF..test methods).
Detailed test arrangements and conditions of equipment operation for SF test
methods shall be.as specified in. section 6 for -each particular type of test.

In addition, the general arrangement and conditions of operation in 5.3.1
through 5.3.5 shall apply.
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5.3.1 Control adjustment. For all modes of operation, controls on the
equipment to be tested shall be operated and adjusted as prescribed in the in-
struction manual, or as required by the equipment specification, to obtain
optimum design performance.

5.3.2 Signal inputs. Actual or simulated inputs required to activate,
utilize, or operate all circuits shall be used.

5.3.3 Arrangement and operatiqg_conditions. Interconnecting cable assem—
blies and supporting structures shall simulate actual installation and usage.
Shielded leads shall not be used in the test setup, unless they have been spe-
cified for use in the intended installation. Cables shall be checked against
the installation requirements to verify that no extra shielded wires have been
used. Cables and equipment shall be so arranged that there is no shielding -
interposed between the test sample’s cables and the measuring equipment.

5.3.4 Mounting and groundiqg. Test samples shall be mounted and grounded
as when in 1 ard ghi

5.3.5 Loads. The equipment under test shall be loaded with the full mech-
anical and electrical load, or equivalent, for which it is designed. This
requirement specifically includes electrical loading of the contacts of mechanisms
which are designed to control electrical loads, even though such loads are phy-
sically separate from the equipment under test. Operation of voltage regulators
and other circuits that function intermittently is required during testing. The
loads used shall simulate the resistance, inductance, and capacitance of the
actual load. Mechanical devices shall algo be operated under load. The device
under test shall be actuated by the same means as it will be when installed.

5.4 Measuring equipment. Measuring equipment shall be as specified in
section 6 for each particular test method. Unless otherwise specified, all lab-
oratory equipment shall be operated as prescribed by the respective instruction
manuals. This standard shall take precedence in the event of conflict with
instruction manuale or other such documents issved by industry.

5.4.1 Identification of qpurious regponses in measuring equipment.
Heasafement equipment shall be checked for spurious responses. False data
caused by such spurious responses shall be identified on data sheets.

5.4.2 Calibration of measuring equipment. Measuring instruments and acces-
sories used in determining compliance with the requirements of this standard
shall be calibrated under an approved program in accordance with MIL-STD-45662.

5.5 Test report. A test report, which details the testing procedures,
facilities, instrumentation, and data recorded, shall be prepared by the con-
tractor (see appendix). The test report shall be prepared immediately after the
performance of the tests. A reproducible copy of the test procedures may be
used .as a test data log for recording test data taken during performance of the
tests. The data shall be entered in the test report from the test data log.
Data shall not be transferred from other copies or records, refined, edited, or
typed. After the tests are completed, the test report shall be completed by
incorporating a test summary, all appendices, and certifications in accordance
with 5.5.1 and 5.5.2. The test sample or test specimen shall not be accepted
until the final test report is reviewed by the contracting activity.
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5.5.1 Clsssification'markings. Secutity clagsification markings shall
be provided in accordance with the requirements of the;:contracting activity.

5.5.2 Content.

5.5.2.1 Title gage. The title page'shall inclnde a complete identification
of the. equipment or material used as the test sample or test specimen, including,
ag applicable, part numbers, serial numbers, namp of manufacturer, name of prime

contractor, Government acquisition agency, contract number and date.

5.5.2.2 Results of tests; summations and analyses. The report shall include
a summary, which shall give a brief regume of .the test results. The resume shall
contain & statement certifying that the equipment used as the test sample or test
specimen meets or does not meet the requirements of the applicable equipment or
material specification, the contract or purchase order, or DOD-STD-2143, and
that the tests were conducted in accordance with accepted test procedures. If
the equipment or material fails, the resume shall contain a list of all points
where the test sample.or test specimen does not meet the requirements of the
applicable equipment or material specification, the contract or purchase order,
or DOD-5TD=-2143, Any adjustments, repairs, fuse replacements, failures, or
unusual phenomenon encountered during the test shall also be described, or a
positive statement, to the effect that no adjustments, fuse blowing, or fallures
occurred during tests, shall be included. Space shall be provided for the
signatures of the test engineer, equipment or material manufacturer, prime
contractor and Defense Contract Administration Services Officer (DCASO) to
certify the content of the summary..

5.5.2.3 Main body of report. The objective is to have the details of what
was tested, how it was tested, what results were obtained and what results
should have been obtained, recorded in a manner such that information can be
reviewed without searching through the report to correlate data-with procedures.
The main body of the report shall include, as a minimum, the information speci-
fied in section 6 for each particular type of test, and the following information:

'(a) Nomenclature of measuring equipment.
(b) Serial numbers of measuring equipment.
(¢) Date of last calibration of measuring equipment.
(d) Descriptions of procedures used (including methods of loading
and operating and control settings .for test sample for SF test
"methods).
(e) Measured line voltages to .test sample for SF test methods.
{f) Photographs or diagrams of the test setup and test specimen or
. test sample with identification.
(g) Sample calculations. showing how equivalent weter reading was cal-
culated.
- {h) Description and size of test facilities.
{1} Ambient magnetic profile of test site and ambilent levels with
each detector function energized (for EF,; FF and SF test methods
only). .- S e
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(j) Methods and criteria for monitoring for degradation of performance
of test samples for SF test methods.

(k) Explanation of special terms and abbreviations used in the report.

(1) Settings of control functions for test samples during the tests for
SF test methods.

5.5.2.4 ABEendices.

Appendices shall be included as required to incorporate
......... AaTesda doa e=hha Thadsr

data which are of a form and content not feasible to ilnclude in the uuuy‘uf the
report. Oscillograms are examples of data which are not feasible to include in

the body of the report.

Appendices shall also be used to incorporate test reports

submitted by other testing activities that perform some of the tests. Each ap-
pendix shall be preceded by a title page indicating content (including number .of
pages) of the appendix and applicable references to the body of the report.

6. MEASUREMENT PROCEDURES

6.1 Measurement procedures. This section contains the measurement pro-

cedures to be used in determining compliance with the individual material or
equipment specifications, the contract or purchase order, or DOD-STD-2143.
Unless otherwise specified in the applicable document, any applicable test
method may be used for the testing of a selected magnetic characteristic.

6.2 Index of measurement procedures. Table I is an index of test measure-
ment methods by method number and title. -

TABLE I.

Index of test measurement methods.

Test method no.

Test method title

co1
co2
PO1
__?02
" PO3

P04
PO5

FFOL

Percent IACS electrical conductivity by electrical
resistivity measurement

Percent IACS electrical conductivity by eddy current

e e

IedsuUL THCILL

Relative magnetic permeability with go-mno-go
permeabliliity indicator

Relative magnetic permeability using a modified
Fahy low-mu permeameter

Relative magnetic permeability using a Fahy low-mu
permeameter

Relative magnetic permeability by null method.
Relative reversible magnetlic permeability

Ferrous magnetic field from a class 1 source measured
at a distance in an ambient magnetic environment
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TABLE I. Index of test measurement methods. = Continued

Test method no. ‘ Test method title

FF02 Ferrous magnetic fleld from a class 1 source mea-

' sured at a distance in a controlled magnetic
environment .

FF03 Ferrous magnetic field from a class 1 source mea-
sured on a horizontal plane in an amblent magnetic
environment

FFO4 | FPerrous magnetic field from a class 1 source mea-
sured on a horizontal plane in a controlled magnetic
enviromment :

FFO5 Ferrous magnetic field from a class 1 source caused

by linear motion in a ambient magnetic environment

EF01 Eddy current magnetic field from a class 2 source
measured at a distance in a controlled magnetic
environment

EF02 Eddy current magnetic field from a class 2 source

measured on a horizontal plane in a controlled
magnetic environment

EF03 Eddy current magnetic field from a class 2 source
caused by oscillatory motion in an amblent mag-
netic field

SFO1 Stray magnetic ‘fleld from a class 3 source
measured at a distance in an ambient magnetic
environment

SFO2 Stray magnetic field from a class 3 source

measured on a horizontal plane in an ambient
magnetic environment

Preparing activity:
Navy - SH
(Project 1905~N010)
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TEST METHOD CO1

PERCENT IACS ELECTRICAL CONDUCTIVITY
BY ELECTRICAL RESISTIVITY MEASUREMENT

1. Scope. This method 1s used for determining the electrical conductivity
of electrically conductive material in accordance with the standard test method
of ASTM B 193. Percent IACS conductivity is determined by measuring the re-
sistivity of the material in accordance with ASTM B 193 and then converting
the resistivity into percent IACS conductivity by using the appropriate conver-—
sion factor in ASTM B 193. The conductivity may be calculated on a volume or
weight basis. This method provides accuracy of plus or minus 0.30 perceat on
test specimens having a resistance of 0.00001 ohm.

2. Apparatus. The basic test apparatus shall consist of a Kelvin-type
double bridge, a potentiometer, a Wheatstone bridge, or a Hoopes conductivity
bridge as appropriate.

3. Test specimen. The test sgpecimen shall be in the form of a wire,
strip, rod, bar, or tube, or shape.

4, Procedure. The procedure of the test shall consist of measuring the
electrical resistivity of the test specimen and converting the measured results
to electrical conductivity.

5. Test report. The test report shall include all of the information
described in ASTM B 193 and the calculated value of electrical conductivity.

TEST METHOD COl
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TEST METHOD GO2

PERCENT IACS ELECTRICAL CONDUCTIVITY
BY EDDY CURRENT MEASUREMENT

1. Scope. This method is used for determining the electrical conductivity
of nonmagnet{c metals and alloys in accordance with the standard test method
of ASTM B 342. Percent IACS conductivity 1s determined by measuring the resist~
ance of a material to the flow of eddy current and converting this resistance
to conductivity. This method provides. a convenient and rapid means for deter-
mining the conductivity of materials,.but it is less accurate than test method
COl described herein. The value obtained can be significantly affected by the
flatness and smoothness of the surface and the nonuniformities within the
material being measured. :

2. Apparatus. The basic test apparatus consists of a coil in a detector
tip. . ;

3. Test specimen. The test specimen ghall have a‘fiat surface. The
degree of flatness and smoothness can affect the test results significantly.

4. Procedure. The procedure shall consist of measuring the resistance
that test specimen presents to the flow of eddy currents in the test specimen,
and then converting this resistance to conductivity.

5. Test report. The test report shall include the follpwing'information:

(a) Description of test specimen.

{b) Test temperature.

(¢) Thickneas of test gpecimen.

{d) Location of test areas on specimen.

(e) 1Identification of measuring instruments, including manufacturer's
serial numbers.

(f) Warm~up adjustments of measuring instrument.

(8) Electrical conductivity and how it was obtained from the measure~
ments (by calculation or directly, if by calculation, identify
calculations).

TEST METHOD CO2

10
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TEST METHOD POl

RELATIVE MAGNETIC PERMEABILITY WITH
GO-NO-GO PERMEABILITY INDICATOR

1. Scope. This method 1s used for determining whether the relative mag-
netic permeability of a feebly magnetic material exceeds a specific value (1.2,
1.6, 2.0 or 2.5). This is accomplished by using permeability inserts or stan-
dards that have known relative magnetic permeabilities with a permeability in-
dicator. The test is a convenient and rapid method of identifying suspect
material with a limited degree of accuracy.

2. Apparatus. Test apparatus shall be a low-mu (go-no-go) permeability
indicator In accordance with MIL-I-17214 and associated permeability inserts
of 1.2, 1.6, 2.0 and 2.5 relative magnetlc permeability (see figure POl-1).
The ti{p of the indicator's magnet shall be free of any adhering particles.

3. Teat specimen. The test specimen may be a plate, sheet, bar, rod or
irregular-shaped object, The test area of the specimen shall be clean and free
from oxide scale.

4. Procedure. Refer to figure POl-l.

4.1 Select a permeability insert and place it into the seat of the per-
meability indicator.

4.2 While holding the end of the indicator cpposite the insert and magnet
in one hand, place the projecting end of the indicator's magnet in contact with
the test area of the specimen.

4.3 Move the indicator in a direction normal to the contact surface of the
test area of the specimen.

4.4. If the indicator's magnet breaks contact with the insert, the test
specimen has a higher relative magnetic permeability than that of the insert.
If the magnet breaks contact with the test area of the specimen, the test spe-
cimen has a lower relative magnetic permeability than that of the magnet.

4.5 Bepeat 4.1 through 4.4 with other appropriate permeabllity inserts so
that the relative magnetic permeability of the test specimen can be bracketed

between that of two inserts or be established as higher than 2.5 or lower tham 1.2.

5. Test report. The test report shall include the following information:

(a) 1Identification of test specimen.

(b) Kind of material.

{¢) Serial number of the permeability indicator.

(d) Relative magnetic permeability of the test specimen with respect
to the relative magnetic permeabilities of the inserts used in

the test procedure.

TEST METHOD POl

11
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.PERMEABILITY OF TEST MATERIAL LOWER
- THAN THAT OF INSERT .

(MAGNET REMAINS N CONTACT WITH INSERT)

INSE RT
g DIRECTION
MAGNET. OF MOTION

TEST MATERIAL

, ISERT

/ MAGNET

[ TEST MATERIAL

PERMEABILITY OF TEST MATERIAL HIGHER
THAN THAT OF INSERT

(MAGNET REMAINS IN CONTACT WITH TEST

MATERIAL)
INSERT — % | ieection
MAGNET OF MOTION

TEST MATERIAL
SH 12246

FIGURE POl-1. Use of low-mu (go-no-go) permeability indicator.

TEST METHGD POl

12
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TEST METHOD PO2
RELATIVE MAGNETIC PERMEABILITY USING A
MODIFIED FAHY LOW-MU PERMEAMETER

1. Scope. This method is used for determining the relative magnetic
permeability of materials having a permeability not exceeding 4.0 in accor-
dance with standard test method number 1 of ASTM A 342.

2. Apparatus. The basic test apparatus shall consist of a direct current

vinmly and a maddfdad Tahtv 1Avremsy narmaamatar
ulll.l.l-:‘ QLU A HVYELLLOW L Oy LW WG L GO e L e

3. Test specimen. The test specimen shall comsist of straight bars,
rods, wires, or strips of uniform cross section.

4. Procedure. The procedure shall consist of measuring the magnetic flux
dengity in the test specimen for a given magnetizing force, and then calculating
the permeability.

5. Test report. The test report shall include the following information:

(a) Description of the test specimen.

(b) TIdentification of test apparatus used, including manufacturer's
and identification numbers, where appropriate.

{c)} Calculated value of magnetic permeability and t
of the urilized formulas.

tam 2 Imcnnd
HE LUtCliL L

TEST METHOD P02

13
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TEST METHOD PO3

RELATIVE MAGNETIC PERMEABILITY USING A
FAHY LOW-MU PERMEAMETER

1. Scope. This method 1s used for determining the relative magnetic
permeability of materials having a permeability not exceeding 4.0 in accor-
dance with standard test method number 2 of ASTM A 342.

2 Annaratine 'l'h

- £ e e LA AT W )

current power supply and

3. Test specimen. The test specimen gshall consigt of gtraight bars,
rods, wires, or strips of uniform cross.section.

4. Procedure. The procedure shall consist of measuring the magnetic flux
density in the test specimen for a given magnetizing force, and then calculating
the magnetic permeability.

5. Test report. The test report shall include the following information:

{a) Descripticn of the test specimen.
(b) Identification of test apparatus, including manufacturer's

A 4A 2 £4 -4
ana ;.uen.,;.;.;.ca._;an uumbez'a, wh-..n.a apprcpriate-

(c) Calculated value of magnetic permeability and the identification
of the utillized formulas.

TEST METHOD P03
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TEST METHOD P04

RELATIVE MAGNETIC PERMEABILITY BY NULL METHOD

1. Scope. This method is used for determining the relative permeability
of materials having a permeability not exceeding 4.0 in accordance with standard
test method number 3 of ASTM A 342. This method utilizes a permeameter with a

nulling circuit that can provide accurate permeabllity measurements to within
2 percent. '

2. Apparatus. The basic test apparatus shall consist of a direct current
power supply, and a selection of solenoids, coils, and inductors.

Test specimen. The test gpecimen shall consist of straight bars,
£

or gtrips of uniform crosg section.

4. Procedure. The procedure shall consist of measuring the inductance
of an inductor due to the presence of the test specimen, and then calculating
the permeability.

5. Test report. The test report shall imclude the following information:

{a) Description of the test specimen.

(b) Identification of test apparatus, including manufacturer's
and identificatlion numbers, where appropriate.

(c) Calculated value of magnetic permeability and the identification
of the utilized formulas.

TEST METHOD P04
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TEST METHOD PO5
RELATIVE REVERSIBLE MAGNETIC PERMEABILITY

1. Bcope. This method is used for determining the relative reversible
magnetic permeabllity of feebly magnetic materials. An alternating current
(a.c.) 1is applied to a sense coii in which the test specimen is placed. A
direct current {d.c.) is applied to a reference coil surrounding the sense coil.
The voltage drop across the sense coll reflects the coil's inductance. In -
turn, the inductance is proportional to the permeability of the sense coil's
core, which consists of air and the test specimen. Consequently, knowing the
geometry of both the sense coll and core, as well aas the coil's electrical
response, the core's relative reversible permeability at selected frequencles
of the a.c. driving the sense coll can be determined by calculation. This
method ghould result in a permeability measurement with a plus or uinus 2
percent accuracy.

2. Reversible permeability. Reversible permeability is the limit of the
incremental permeability as the change Iin magnetizing force approaches zero.

3.1 Direct current (d.c.) power supply. A source of steady d.c. power with
constant output voltage, V, for the electrical circuit shown in figure PO5-1.
The constant voltage, V, shall be determined from the following equation: .

100 x R, ,
vV = =N Dg + E% volts -

No X T x 20

where:

d.c. resistance of the reference coil in ohms.

number of turns on the reference coil.

mean dlameter of the reference coll in meters.

length-of the reference coil in meters.

3.143. )

OZ
[

o)
[=]
¥ B 0

3.2 Alternating current power eqpply. A source of alternating power of

approximate sine wave voltage form with a frequency of f, hertz (Hz) and a
root mean square (rms) voltage of V4 volts for the electrical circuit shown
in figure PO05-1.

3.3 Sense coil. A multilayered, solenoidal inductance coll which contains
the test specimen. The sense coil length, £;, must be very short relative to
the length of the test specimen in order to achieve good resolution of permea-
bility versus length. The coil diameter, Dj, should be made as small as pos—
sible to maximize the percentage of. coil core area occupied by the test specimen.
An adequate number of turns, Ny, should be used to ensure a reasonable change

in a.c. voltage for the smallest permeability change to be measured.

3.4 Reference coil. A solenoidal inductance coil which provides a d.c.
reference magnetic fleld for conducting the test.

: TEST METHOD PO5
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Typlcal test setup for measurement of relative

reversible magnetic permeability.
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“3.5 Driver resistor. Resistor, Ryq, in series with the sense coil and the .

d.c. power supply. The resistance shall be 1000 times, or greater, than the

iﬁ'pedance ﬁf the Sgnse \..ui“.l.c J.uis ‘l" 11 miﬂimiac current deviations caused oY

changes in the magnitude of the sense coil's impedance.

3.6 Voltmeter. A voltmeter with range scale as required to measure the
a.c. rms voltage drop, Vg, across the sense coil.

4. Test specimen. The test specimen shall consist of a straight bar, rod, .
wire, or strip of uniform cross sectlon. The length shall be not less than ten
times the sense coil's length and not greater than the reference coil's length.

5. Procedure.,

5.1 Apply and maintain the constant voltage V from the d.c. power supply
across the leads to the reference coil.

5.2 Apply'and ﬁaintain the a.c. power supply with rms voltage of Vg volts
and £, Hz to the sense coll and series driver resistor.

5.3 Before Inserting the test specimen in the sense coll, obtain a reading
of Vg from the voltmeter. Calculate the permeability with no test specimen
present in the sense coil from the formula inm section 6. If the test setup has
been properly accomplished, this relative permeability should be that for ailr
(approximately 1.0).

5.4 Insert the test_sﬁecimen'in the sense coil and measure from the volt-
meter and record the a.c. voltage drop Vg acrosg the sense coil.

5.5 Adjust the frequency of the a.c. power supply and repeat 5.4.

5.6 Repeat 5.5 as required to measure the permeability over the selected
frequency range.

5.7 The voltmeter may be supplemented by voltage recording equipment for
future data reduction, or a computer which will continuously output permeability
data based upoa the current value of Vg and the formula in section 6. A swept ,
frequency spectrum analyzer may be used to measure permeability versus frequency
of the a.c. power supply over a continuous range.

6. Calbﬁlation.

6.1 Calculate the rglative reverstblé permeability (u.) as follows:

v2 2!
oV (vix Rd) RZ x (V4 ~ V) m x D% - 4A

‘ W, X Ng'x‘n xf, x Kx (Vg - V,) 2

TEST METHOD PO5
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Ny = number of turns on the sense coil.
Dy = mean diameter of the sense coil in meters.
%4 = length of the sense coil in meters.
Vg = a.c. voltage drop across the inside solencid in rms
volts.
Rq = resistance of the driver resistor in ohms.
R{ = d.c. resistance of the sense coill in ohms.
Vg = amplitude of the a.c. power supply in rms V.
U, = magnetic permeability of free space (4m x 10”7 Henry/meter).
f, = frequency of the sinusoidal a.c. power supply in Hz.
A = cross—sectional area of the test specimen perpendicular

to the sense coll axis in square meters.

‘ D t t -1
K= 1+0.45.i+0.64-——+0.84T
t = radial difference between the outermost and innermost coil

layer of the sense coill in meters.
u 3.143.

5. Test report. The test report shall include the following information:

(a)
(b)
(e)
(d)

(e)

Identification of the test specimen.

Kind of material.

Identification of test apparatus, including manufacturer's and
identification numbers, where appropriate.

Calculated value of permeability with no test specimen in the sense
coll. ’

Calculated value of permeability with test specimen in the sense
coll at selected frequencies of the a.c. power supply.

TEST METHOD PO5
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TEST METHOD FF(l1 -

FROM A CLASS 1 SOURCE

¢ ¥FI
MEASURED AT A DISTANCE
ENT TIC ENVIRONMENT

td
=
(=
&)

2
2

1. Scope. A ferrous field (class 1) source is an item on or part of a
ship or craft, which uses a material in its construction that exhibits a rel-
ative magnetic permeability different than 1.0 (the relative permeability of
air). A ferrous field source emanates a ferrous magnetic field which is com-
posed of an induced and permanent magnetic field. The ferrous magnetic field
can be compensated for by a degaussing system if the magnitude and direction
of the field 18 known. This test method is used to determine the magnitude of
the normal component of the ferrous magnetic field at a number of measurement
points that are equidistant from the center of the test sample. This test is
accomplished in an ambient {earth's) field envirpnment. Consequently, if the
earth's field at the test site varles significantly with time during the per-
formance of the test and 1s not automatically compensated for, this method will
lead to less accurate results than those achievable in a controlled magnetic
environment (see test method FF02). However, since a controlled magnetic
environment requires a complicated test coil and control system, this method
provides a rapid and convenient means for measuring the ferrous magnetic field
at a fixed distance from the center of the test. sample. Required information
from the specifications for the test sample for this:test method is the distance
from the center of the test sample at which the ferrous magnetic field is to
be meaSured. .

2. Center of the test:sample.” .Center of .the test sample reférs. to the
geometric center of the sample.. . .- . . .. .. . i . :

3. Apparatus. : ' P v

3.1 Magnetometer. A monoaxial fluxgate magnetometer consisting of a
sensor unit and an electronic unit with a minimum sensitivity of 0.0002 A/m
(flux density is 0.25 nT) and a dynamic range of + 90:A/m (+ 113,uT) shall be
used. The electronic unit shall include as a minimum.a meter to measure the
. field magnitude. A chart recorder may be utilized to facilitate data collection.

v

3.2 Gimbal fixture. A nonferrous gimbal fixture with a circular ring,
shall be used for the mounting of the magnetometer's sensor (see figure’ FFOl—l).
The ring shall have a radius equal to the distance from the center of the test
sample at which the field is to be measured. The magnetometer's sensor shall
be mounted on the.ring in amanner that will allow sensing at the specified
distdnce. The. ring shall lie on a horizontal plane so that it .1s centered
about the center of the test sample within plus or minus 10 cm and can be rotated
in 45 degree increments in the plane of the ring and in the plane perpendicular
to the plane of the ring (see figures FFOl-1 and FF0l-2). Multiple magneto-
meters may be used to decrease the number of rotations required for a full set
of readings.

TEST METHOD FFOlL
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3.3 Mounting structure. A nonferrous mounting structure shall be used
for positioning the test sample within the gimbal fixture.

4. Test sample. Volume of the test sample is limited by the size of the
gimbal fixture and access to the mounting structure within the fixture. Mass
of the test sample i3 limited by the locading limitations of the mounting
structure. The test sample shall be identical in composition to the item to
be installed and shall be oriented with respect to the vertical component of
the earth's magnetic field as it would be in the intended installation.

5. Procedure.

5.1 Prior to measuring the ferrous magnetic field of the test sample,
meagsure the earth's magnetic field with the glmbal fixture and mounting
structure in place as they would be for the ferrous field measurements.
Start with position 1 (see figure FF01-2) for the magnetometer's sensor.
Utilize the position designators in figure FF0l1~-2, record this data and
all subsequent data.

5.1.1 With the magnetometer's gensor in position 1, measure the field
magnitude.

5.1.2 Rotate the ring of the gimbal fixture + 45 degrees in the plane
of the ring (position 2); measure and record the field magnitude.

5.1.3 Repeat 5.1.2 six times (positions 3 through 8).

5.1.4 Rotate the gimbal fixture + 45 degrees in the plane of the fix~
ture and then + 45 degrees in the plane containing the magnetometer's sensor
and the point on the fixture 180 degrees from the sensor,

3.1.5 Measure and record the field magnitude (position 9); repeat 5.1.2
and 5.1.3 with the exception that positions + 90 degrees and + 270 degrees
are eliminated (positicns 10 through 14).

5.1.6 Repeat 5.1.4 and 5.1.5 two times (positions 15 through 26).

5.2 Place the test sample on the mounting structure within the gimbal
fixture and record the position of the test sample with respect to the gimbal
fixture and magnetic north—south and east-west. Measure the ferrous magnetic
field of the test sample at all test points by repeating 5.1.1 through 5.l1.6.

5.3 Remove the test sample from within the gimbal fixture and remeasure
the earth's magnetic field at all test points by repeating 5.l.1 through 5.1.6.
If this final measurement of the earth's field at any point differs from the
initial measurement at that point by more than 1 nT, the test results are not
valid.

TEST METHOD FFOl
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FIGURE FFOl-1. Configuration of ring for gimbal fixture.
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FIGURE FFOl-2. Magnetometer position designators (i).
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with the test sample pregent within the gimbal fixture and the test sample

removed from wi

follows:
where:
Hp
Ha
He
i

thin the gimbal fixture for each position measured as
Ho(1) = Ba(1) = He(i); 1 =1 to 26

= measured magnetic field with the test sample present within
the gimbal fixture.
= measured magnetic field with the test sample removed from
within the gimbal fixture. ' i
= ferrous magnetic field emanating from the test sample.
= position designator of the magnetometer for each of the positions
measured; 1 = 1 to 26.

7. Tesat report. The test report shall include the following information:
e e e B =]

(e)

Identification of the test sample.

Identification of the magnetometer used, including manufacturer's
and identification number.

identification of the gimbal fixture and mounting sitructure for
the test sample.

Position of the test sample with respect to the gimbal structure
and magnetic north—south and east-west.

All recorded and calculated field values.

TEST METHOD FFOl
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TEST METHOD FFO2

FERROUS MAGNETIC FIELD FROM A CLASS 1 SOURCE
MEASURED AT A DISTANCE
IN A CONTROLLED MAGNETIC ENVIRONMENT

1. Scope. A ferrous field (class 1) source is an item on or part of a
ship or craft, which uses a material in its construction that exhibits a rel-
ative magnetic permeability different than 1.0 (the relative permeability of
air). A ferrous field source emanates a fervous magnetic field which is com-
posed of an induced and permanent magnetic field. The ferrous magnetic
field can be compensated for by a degaussing system if the magnitude and di-
rection of the field is known. This test method is used to determine the mag-
nitude of the normal component of the ferrous magnetic field at a number of
measurement points that are equidistant from the center of the test sample.

shdnh 4 ad
This test is accomplished in a controlled magnetic enviromnment which is created

by a test coil system. Consequently, it i1s more accurate than the similar
ambient magnetic field environment test method FFOl. Required information

from the specifications for the test sample for this test method is the distance
from the center of the test sample, at which the ferrous magnetic field is to

be measured,

+2. Center of the test sample. Center of the test sample refers to the
geometric center of the sample.

3. Apparatus.

3.1 Test coil system. The test coll system shall consist of the test coil,
its power supply and control system. The test coil, either a Helmholtz coil or
an equivalent coill array, shall produce applied magnetic fields in the three
orthogonal directions (triaxfal). The magnetic field gradient caused by the
coil's field and any magnetic field distortion from the immediate enviromment
over the volume occupied by the test sample shall not exceed 0.1 percent of the
applied field per meter or 0.0016 A/w (flux density 1is 2 nT) per meter, whichever
is greater. The c¢oil shall generate magnetic fields to a maximum of 43 A/m
(54 uT) with an accuracy of at least 0.05 percent of the applied field or
0.0002 A/m (flux density 1s 0.25 nT), whichever is greater. The power supply
shall supply the current required for adequately long periods without drift or
fluctuation. A storage battery of adequate capacity is a satisfactory power
source. A direct current generator may be used, but may require a voltage
regulator to maintain a constant cutput. An alternating current source with a
rectifier can be used, provided the output is well filtered and the voltage is
regulated and free of excessive switching transients. The power gource should
not be used for any other test or load simultaneous with this test.

3.2 Magnetometer. A monocaxial fluxgate magnetometer consisting of a
sensor unit and an electronic unit with a minimum sensitivity of 0.0002 A/m
(flux density is 0.25 aT) and a dynamic range of + 90 A/m (+ 113 uT) shall be
used. The electronic unit shall include as a minimum a meter to measure the
field magnitude. A chart recorder may be utilized to facilitate data collection.

TEST METHOD FF02
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3.3 Gimbal fixture. A nonferrous gimbal fixture, with a circular ring, .
shall be ugsed for the mounting of the mdgnetometer's sensor (see figure FF02-1).
The ring shall have a radius equal to the distance from the center of the test
gsample at which the field is to be measured. The magnetometer's sensor shall
be mounted on the ring in a manner that will allow sensing at the specified
distance. The ring shall lie on a horizontal plane so that it is centered
about the center of the test coll within olus or minus 10 centimeters (cm) and

can be rotated iIn 45 degree increments in the plane of the ring and. in the

-plane perpendicular to the plane of the ring (see figure FFOl1-2), Multiple
magnetometers may be used to decrease .the’ number of rotations required for a
full set of readings. :

3.4 Mounting structure. A nonferrous mounting structure shall be uaed
for positioning the test sample within the test coll and gimbal fixture.

4. Test sample. Volume of the test sample-is limited by the size of the
test coil and gimbal fixture, and access to the .mounting structure within them.
Mass of the test sample is limited by the loading limitations of the mounting
structure. The test sample shall be identical in composition to the item to
be installed and shall be oriented with respect to the horizontal and vertical
components of the test coil ag it would be in its intended installation.

5. Procedure.
5.1 Energize the test coil system such that the alr core volume to be

occupied by the test sample ig~subjected to a vertical magnetic field of 43 A/m ‘

(54 uT) and a horizontal magnetic field of 12 A/m (15 uT). \ 4

542 Place the test sample in position and record the positfon of the test
sample with respect to the test coil. The test sample shall coincide with the
center of the test coil within plus or minus‘10 cm.

5.3 With the magnetometer 8 gensor 1n position 1 (see figure FF02-1),
measure the field magnitude. - . . o

5.4 Rata

- &5 AN L

+a in
-the ring (position

nf rha
e

no o
g c CUIT BLluva

5
L
measure and record

th imbal fix

]

" b
Xtuyre: l L UGELCCD Ll L

n 2); the field magnitude.

5.5‘ARepeat 5.4 six times (positions 3 through 8).

. 5.6 Rotate -the ring of. the gimbal fixture + 45 degrees in the plane of the
ring and then + 45 degrees in the plane containing the magnetometer's sensor
and the point on the ring 180 degrees from the sensor. -
5.7 Measure'and record the field magnitude (position 9); repeat 5.4 and
5.5 with the exception that positions + 90 degrees and + 270 degrees are eliminated
(positions 10 through 14)

5

5.8 Repeat 5.6 and 5.7 two tines (posicions 15 through 26).

- .59 Remove the test sample from within the test coil and repeat 5.3 .

TEST METHOD FFO2
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5.10 Adjust the test coil system so that the air core volume to be .
occupiled by the test sample is subjected to a vertical magnetic field component
of 10 A/m (12.6 uT) and a horizontal magnetic field component of 34 A/m
(42.7 pT)

5.11 Reinsert the test sample from within the test coll and record the
position of the test sample with respect to the test coil.

5.12° Repeat 5.3 through 5 9.
6. Calculations. Calculate the difference between the magnetic fileld with

the test sample present within the test coil and the test sample removed from
within the test coll for each position measured as follows:

Hp (1,3) - Hy (1,1) = He (1,1); 1 =1 to 26, § = 1,2

where: : ‘ :
Hp = measured magnetic field with the test sample present within
the test coil.
Hy = measured magnetic field with the test sample removed from
within the test coil.
Hy = ferrous magnetic field emanating from the test sample.
1 = position designator of the magnetometer for each of the positions

[
n

measured; 1 = 1 to 26.
designator for air core magnetic field condition; j =1 .
corresponds to the fleld of 43 A/m vertical and 12 A/u

horizontal; j = 2 corresponds to the field of 10 A/m vertical

and 34 A/m horizoatal.

7. Test report. The test report shall include the following information:

(a) 1Identification of the test sample.

(b) TIdentification of the test coll system used, including
manufacturer's and identification numbers.

(c) Identification of the gimbal fixture and mounting structure for
the test sample.

(d) Position of the test sample with respect to the test coil.

{e) All recorded and calculated field values.

TEST METHOD FFO2 .
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TEST METHOD FFO3

FERROUS MAGNETIC FIELD FROM A CLASS 1 SOURCE
MEASURED ON A HORIZONTAL PLANE
IN AN AMBIENT MAGNETIC ENVIRONMENT

1. Scope. A ferrous field (class 1) source is an item on or part of a
ship or craft, which uses a material in its constructlon that exhibits a rel-
ative magnetic permeability different than 1.0 {(the relative permeability of
air). A ferrous field source emanates a ferrous magnetic field, which is com—
posed of an induced and permanent magnetic field. The ferrous magnetic
field can he compensated for by a degaussing system 1f the magnitude and
direction of the field is known. In minesweeper applications, the vertical
component of the ferrous magnetic field emanated in a horizontal plane beneath
the surface of the water is usually the most critical component of the ferrous
magnetic field. This test method is used to determine the magnitude of the
vertical component of the ferrous magnetic field on a horizontal plane that
is a distance below the center of the test sample. This method 1is distinguished
from test method FFOl which measures the field at points that are equidistant
from the center of the test sample. This test method, like test method FFQ1,
is accomplished in an ambient (earth's) field enviromment. Consequently, 1if
the earth's field at the test site varles significantly with time during the
performance of the test and 1s not automatically compensated for, this method
will lead to less accurate results than those achievable in a controlled mag-
netic environment (see test method FF04). However, since a controlled magnetic
environment requires a complicated test coil and control system, this method
provides a rapld and convenient means for measuring the ferrous magnetic fileld
on a horizontal plane at a distance below the center of the test sample. Sen-
sors of the magnetometers may be buried in the earth, which could eliminate the
need for special mounting of the test sample. Required information from the
specifications for the test sample for this test method 1s the distance
from the center of the test sample to the horizontal plane at which the ferrous
magnetic field is to be measured. ‘

- 2. Center of the test sample. Center of the test sample refers to the
geometric center of the sample.

3. Apparatus.

3.1 Magnetometers. Monoaxial fluxgate magnetometers consisting of a
sensor unit and an electronic unit with & minimum sensitivity of 0.0002 A/m
(flux density is 0.25 uT) and a dynamic range of + 90 A/m (+ 113 uT) shall be
used for the horizontal array of magnetometers. Each electronic unit shall
include as a minimum a meter to measure the field magnitude, unless automatic
data collection equipment is utilized. The sensors may be mutiplexed into a
limited number of electronic units which automatically record the field measured
by each scanned sensor.

TEST METHOD FFO3
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3.2 Mounting frame for the array of magnetometers' sensors. Unless the
array of magnetometers' sensors are buried in the earth, a nonferrous, rec-
tangular frame for the mounting of the sensors shall be provided (see figure
F¥F03-1). The sensors mounted on the frame shall be located on a horizontal
plane at the specified distance below the center of the test sample. One
sensor shall be located directly below the center of the test sample (center
sensor). The remainder of the sensors im the array shall be located at spa-
cings equal to 0.25 of the vertical distance from the center semsor to the
center of the test sample. The periphery of the array shall be no closer to the
center sensor than twice the vertical distance from the center sensor to the
center of the test sample. Each sensor shall be vertical within 0.5 degree.

3.3 Mounting_structure. A nonferrous mounting structure shall be used
for positioning the test sample with respect to the mounting frame, if required
by the location of the magnetometer array.

4. Test sample. Length and width of the test sample is limited by the
dimensions of the array of sensors. Mass of the test sample is limited by the
loading limitations imposed by the surface on which the sample is located.

The test sample shall be identical in composition to the item to be installed
and shall be oriented with respect to the vertical components of the earth's
magnetic fleld, as it would be in the intended installation.

5. Procedure.

5.1‘ Prior to measuring the ferrous magnetic- field of the test sample,
measure the earth's magnetic field with'the mounting frame for the array of
magnetometer's sengors and mounting structure for the test sample in place
as they would be for the ferrous field measurements.

5. 1.1 Record the position of and the magnetic field measured by each
sensor. i

5.2 Place the test sample in positionihnd record the position of the test
gample with respect to the mounting frame for the array of magnetometers' sen—
sors and magnetic north—south and east—west.

5.3 Record the position ‘of and the magnetic field measured by each
8ensor. :

5.4 Remove the test sample from the test setup and remeasure the earth's
magnetic field at all test points by repeating 5.1.1. If this final measure-
ment of the earth's field at any point differs from the initial measurement
by more than 1 nT, the test results are not valid.

6. Calculations. Calculate the difference between the vértical component
of the magnetic field with the test sample present and the test sample removed
for each position measured as follows:

Hp (1) ~Hz (1) =Hy(1); £ =1 ton
SRR o TEST METHOD FFO3
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FIGURE FF03-1. Configuration of magnetometers' sensors.
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positions measured; 1 =1 to n.
n - = total number of magnetometers,

Test report.

(a) Identification of the test sample.

-(b) Identification of the magnetometers used, Iincluding manufacturer s

and identification number.

(¢) Identification of the mounting frame for the array of the mageto~
sensors and the mounting structure for the test sample.
(d) Position of the test sample with respect to the mounting frame
sensors and magnetic north-south and east-

meters'

of the magnetometers'

west.

{e) All recorded and calculated field values.

32

= measured magnetic field with the test sample present.

= measured magnetic field with the test sample removed.
Hy = ferrous magnetic field emanating from the test sample.

= position designator of the magnetometer for each of the

The test report shall include the following information:
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TEST METHOD FFQ4

TIC FIELD FROM A CLASS 1 SOURCE
ED ON A HORIZONTAL PLANE

IN A CONTROLLED MAGNETIC ENVIRONMENT

i. 'ScoBe. A ferrous field (class 1) source is an item on or part of a
ship or craft, which uses a material in its comstruction that exhibits a rel-
ative magnetic permeablility different than 1.0 (the relative permeability of
air). A ferrous field source emanates a ferrous magnetic field which is com~
posed of an induced and permanent wmagnetic ffeld. The ferrous magnetic field
can be compensated for by a degaussing system if the magnitude and direction
of the field is known. In minesweeper applications, the vertical component of
the ferrous magnetic field emanated Iin a horizontal plane beneath the surface
of the water 1s usually the most critical component of the ferrous magnetic

- - hnd 1 A Am it mvmend o - An ~& [ty e |
field. This test method is used to determine the maglu.l.uuv.: of the vertical

component of the ferrous magnetic field on a horizontal plane that is a distance
below the center of the test sample. This method is distinguished from test
method F¥02, which measures the field at points that are equidistant from the
center of the test sample. This test method, like test method FF02, is accom-—
plished in a controclled magnetic enviromment which is created by a test coil
system. Consequently, it is wore accurate than the similar ambient magnetic
field environment test method FF03, Required information from the specifica-
tions for the test sample for this test method 1s the distance from the center
of the test sample to the horizontal plane at which the ferrous magnetic field
is to be measured.

2. Center of the test sample. Center of the test sample refers to the
geometric center of the sample.

3. Apparatus.

3.1 Test coil system. The test coil system shall consist of the test coll,
its power supply, and control system, The test coll, either a Helmholtz coll or
an equivalent coll array, shall produce applied magnetic fields in the three
orthogonal directions (triaxial). The magnetic field gradient caused by the
coil's field and any magnetic field distortion from the immediate enviromment
over the volume occupled by the test sample shall not exceed 0.1 percent of
the applied field per meter or 0.0016 A/m (flux density is 2 nT) per meter,
whichever is greater. The coil shall generate magnetic fields to a maximum of
43 A/fm (54 uT) with an accuracy of at least 0.05 percent of the applied field
or 0.0002 A/m (flux density 1is 0.25 nT), whichever is greater. The power
supply shall supply the current required for adequately long periods without
drift or fluctuation. A storage battery of adequate capacity is a satisfactory
power source. A direct current generator may be used, but may require a voltage
regulator to maintain a counstant cutput. An alternating current source with a
rectifier can be used, provided the output is well filtered and the voltage is
regulated and free of excessive switching transients. The power source should

not be used for any other test or load simultaneous with this test.

TEST METHOD FFQ4
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3.2 Magnetometers. Monoaxial fluxgate magnetometers consisting of a
sensor unit and an electronic unit with a minimum sensitivity of 0.0002 Alm
(flux density is 0.25 nT) and a dynamic range of + 90 A/m (+ 113 uT) shall be
uged for the horizontal array of magnetometers. Each electronic unit shall
include as a minimum a meter to measure the field magnitude, unless automatic
data collection equipment is utilized. The sensors may be mutiplexed into a
limited number of electronic units, which automatically record the field measured
by each scanned sensor.

3.3 Mounting frame for the array of magnetometers' sensors. A nonfer-
Tous, rectangular frame for the mounting of magnetometets sengors shall be
P‘.EO'\FJ.uuu \uv_u J.J.gux.r.: rruw“;)- The sensors mounted iin the frame shall be located
on a horizontal plane at the specified distance below the center of the test
sample. One sensor shall be located directly below the center of the test
sample (center sensor). The remainder of the sensors in the array shall be
located at spacings equal to 0.25 of the vertical distance from the center
sensor to the center of the test sample. The periphery of the array shall be
no closer to the center sensor than twice the vertical distance from the center
sensor to the center of the test sample. Each sensor shall be vertical within
0.5 degree.

3.4 .Mounting structure. A nonferrous mounting structure shall be used
for positioning the test sample within the test coil and over the mounting
frame for the array of magnetometers' sensors.

4. Test sample. Volume of the test sample is linited by the silze of the
test coil and mounting frame for the array of magnetometers' sensors, and
-access "to the mounting structure within them. Mass of the test sample is
limited by the loading limitations of the mounting structure. The test sample
shall be identical in composition to the item to be installed and shall be
oriented with respect to the vertical components of the test coll as it would
be in its intended installation.

5. Procedure.
5.1 Energlze the test coll system such that the ailr core volume to be

occupled by the test sample is subjected to a vertical magnetic field of 43 A/m
(54 uT) and a horizontal magpetic field of 12 A/m (15 uT). =

3
L

T

L) 'D" ann Fha +a st oamnla 4. aderdan h
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sample with respect to the test coil. The test sample shall coincide with the
center of the test coil within plus or minus 10 cm.

A +ha adrdan AF
LI AL yvua.l.a.vu- Yk
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5.3 Record the. positions and the magnetic field measured by each sensor.
5.4 Remove the test sample from the test coil and repeat 5.3.
5.5 Adjust the test coil systém go that the air core volume to be occu-

pied by the test sample is subjected to a vertical magnetic fleld component of
10 A/m (12.6 UT) and horizontal magnetic field component of 34 A/m (42.7 uT).
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FIGURE FF04-1. Configuration of magnetometers' sensors array.
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5.6 Reilnsert the test sample within the test coil and record the poasition .
of the test sample with respect to the test coil.

5.7 Repeat 5.3 and 5.4,

6. Calculations. Calculate the difference hetween the vertical component
of the magnetic field with the test sample present within the test coil and the
test sample removed from within the test coll for each position measured as
follows: '

Hy, (4,3) - Hy (1,3) =Hy ({,1); 1 =1 tomn, j=1,2

Hp = measured magnetic field with the test sample present.

H, = measured magnetic field with the test sample removed.

Hy = ferrous magnetic field emanating from the test sample.
i1 = position designator of the magnetometer for each of the

positions meagsured; 1 = 1 to n.

n = total number of magnetometers.

J = designator for air core magnetic fleld condition; j =1
corresponds to the field of 43 A/m vertical and 12 A/m
horizontal; j = 2 corresponds to the field of 10 A/m vertical
and 34 A/m horizontal.

7. Test report. The test report shall include the following information:

(a) I1dentification of the test sample. .
(b) Identification of the magnetometers used, including manufacturer's
and identification number.
(c) 1Identification of the mounting frame for the array of magnetometers'
sensors and the mounting structure for the test sample.
£ AN Moandédmacm ~AF +tha Sond nnmaTTa ol bl wacoacnad a Ffhoa amd Aandd
\U.’ CUDLLALULL UL [ SR Y1 - 5% ~1 - 1 5 DGI.II.PJ.B WiLkwll LCDPC\-L LW LI LCDOL LWLl

{(e) All recorded and calculated field values.
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TEST METHOD FF05

EILD FROM A (OT. AQ 1 SnlIRCrR
e . Lo d Nt R

IETIC FIELD FROM A C UR
AUSED BY LINEAR MOTION .
IN AN AMBIENT MAGNETIC ENVIRONMENT

W g
1. Scope. A ferrous field (class 1) source is an item on or part of a
ship or craft, which uses a material in 1its construction that exhibits a rel-
ative magnetic permeability different from 1.0 (the relative permeability of
alr). A ferrous fleld source emanates a ferrous magnetic field which iz com-
posed of an induced and permanent magnetic field. The ferrous magnetic
field can be compensated for by a degaussing system if the magnitude and 4i~-
rection of the field is known. This test method 1s used to determine the mag-
nitude of the vertical component of the ferrous magnetic field at a fixed
distance below the center of the test sample, as the test sample ia moved in
a linear direction over the measured point. This test is accomplished in an
ambient (earth's) magnetic enviromment. Required information from the specifi-
cations for the test sample for this test method is the distance below the
center of the test sample at which the ferrous magnetic field is to be measured.

"2. Center of the test sample. Center of the test gample refers to the
geometric center of the sample.

‘3; Apparatus. LT

3.1 Track. 450 meters of nonferrous, non—electrically conductive track
for the test sample's cart shall be installed in a straight line along magnetic

north-south and magnetic east-west with intersection at their midpoints (225
‘meters).

3.2 Cart. A nonferrous, non-electrically conductive cart shall be provided
for mounting of the test sample so that it can travel along the test track at
constant speeds between 1.0 meters per second {2 knots) and 4.1 meters per second
(8 knots).

3.3 Magnetometer. A monoaxlal fluxgate magnetometer consisting of a sensor
unit and an electronic unit with a minimum gsensitivity of 0.0002 A/m (flux
density 1s 0.25 nT) and a dynamic range of + 90 A/m (+ 113 UT) shall be used.

The electronic unit shall include, as a minimum, a manually controllable field
neutralization gubsystem to null out the earth's field magnitude and a continuous
recording instrument so that the magnitude of the absolute field is continuously
read as the test sample is moved. The magnetometer shall be located at the
Intersection of the two tracks at the specified distance below the test sample
(see figure EF0i-1).

4. Test sample., Volume of the test sample is limited by the size of the
cart. Mass of the test sample is limited by the loading limitatione of the cart
and track. The test sample shall be 1dentical in composition to the item to be

- A B - R
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earth's magnetic field as it would be in its intended installation.
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5. Procedure. .

5.1 With the test sample removed from the test site, measure the earth's
magnetic field at the magnetometer's sensor and null it out with the magneto-
meter ‘s control circuit,

5.2 Mount the test sample on the cart and record its position with respect
to the cart.

5.3 Operate the cart with the test sample on it at a constant speed of 1.0
meters per second along the entire length of the magnetic north—-south track.
Record the magnitude of the field at the sensor on the continuous recording
equipment, as the cart 1s moved along the track.

5.4 Repeat 5.3 at speeds of 2.6 meters per second and 4.1 meters per second.

5.5 Relocate the cart with the test sample on it to the magnetic east-west
track and operate it at a constant gpeed of 2.6 meters per second along the entire
length of the track. Record the magnitude of the field at the sensor on the
-continuous recording equipment as the cart is moved along the track.

5.6 Repeat 5.5 at speeds of 2.6 meters per second and 4.1 meters per second.

5.7 Remove the test sample from the test site and remeasure the earth's
magnetic field at the magnetometer’s seasor. If this final measurement of
the earth's field differs from the initial measurement at that point by more
than 1 nT, the test results are not valid.

6. Test report. The test report shall include the following information:

(a) Identification of the test sample.

(b) Identiffcation of the magnetometer used
and identification number.

(¢) Identification of the track and cart used.

(d) All recorded field values.

TEST METHOD FFO5 .
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FIGURE FFO05-1l. Configuration of test, cart, track and sensor.
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. TEST METHOD EFOI

EDDY CURRENT MAGNETIC FIELD FROM A CLASS 2 SOURCE
o L MEASURED. AT A DISTANCE
. s _ IN A CONTROLLED MAGNETIC ENVIRONMENT

s

q .. Qrnnao An alan
iw DLV HTe ali eicd

11y al
eddy currents when it 1s oscillated in a magnetic field. These eddy currents,
in turn, will create an eddy current magnetic field. Eddy current field (class 2)
gources aboard a ship or craft will emanate eddy current magnetic fields as they
roll and pitch in the earth's magnetic fleld.  Consequently, the magnitude of eddy
current magnetic flelds needs to be. controlled aboard minesweepers that sweep for
magnetic—-influence mines. This test method is used to determine the magnitude of
the normal component of the eddy current magnetic field at a number of measurement
points that are equidistant from the center of the test sample. This test is
accomplished in a controlled magnetic environment which is created by a test coil
system, which is rotated about the test sample of the eddy current field source.

" Alternatively, the test sample could be rotated in the magnetic field created by
the test coll system. Required information from the specifications for the test
sample for this test method is the distance from the center of the test sample of
which the eddy current magnetic field is to be;measured.

ductive .material will generate within itgelf

2, Center of the test sample. Center of the test sample refers: to the
geometric center of the sample.

3.1 Test coll system. The test coll system .shall consist of the test coil,
its power supply and control system. The test coil, efther.a Helmholtz coll or
an equivalent coil array, shall produce applied magnetic ‘fields 1n the three
orthogonal directions (triaxial). The magnetic field gradient caused by the
coil’'s field and any magnetic field distortion from the immediate enviromment
over the volume occupiled by the test sample shall not exceed 0.1 percent of the
applied field per meter or 0.0016 A/m (flux density is 2 nT) per meter, whichever
is greater. The coil shall generate magnetic fields to a maximum of 43 A/m
(54 uT) with an accuracy of at least 0.05 percent of the applied field or
0.0002 A/m (flux density is 0.25 nT), whichever 1is greater. The power supply
ghall supply the current required for adequately long periods, without drift
:*\6r fluctuation. A storage battery of adequate capacity 1s a satisfactory
power source. A direct current generator may be used, but may require a voltage
regulator to maintain a constant output. ‘An alternating current source with a
rectifier can be used, provided the output is well filtered and the voltage is
regulated and free of excessive switching transients. The power source should
not be used for any other test or load simultaneonsly with this test.

3. 2 Roll mounting fixture for test coil. The test coil shall be mounted
on a roll mounting fixture which shall roll the test coll at a rate of 5 to 7
cycles per minute in one plane to angles of 45 degrees on either side of the
vertical in increments of 15 degrees. The magnitude of the vertical and hori-
zontal components of the magnetic field occupiled by the air core volume specified
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in the test procedures shall rotate as the test coll rotates and shall be
maintained at the same values and tolerances throughout the rotation.

3.3 Magnetometer. A monoaxial fluxgate magnetometer consisting of a
sensor unit and an electronic unit with a winimum sensitivity of 0.0002 A/m
(flux density is 0.25 nT) and a dynamic range of + 90 A/m (+ 113 uT) shall be

used. The electronic unit shall include a continuous reading instrument to
meagura tha fiald maonituda aag tha teat coll rotateg r]'\rnnah i+a roll anela_

=4 [ LR L= 1 Ly i A e LA - T TRy =

3.4 Gimbal fixture. A nonferrous, non-electrically conductive gimbal
fixture, with a circular ring, shall be used for the mounting of the magneto-
meters' sensor (see figure EFQ0l-1). The ring shall have a radius equal to the

-distance from the center of the tast sample at which the field is to be measured.

The magnetometer's sensor shall be mounted on the ring in a manmner that will
allow sensing at the specified distance. The ring shall lie on a horizontal
plane so that it 1s centered about the center of the test coil within plus or
minus 10 cm and can be rotated in 45 degree increments in the plane of the

ring and in the plane perpendicular to the plane of the ring (see figure EF0l1-l).
Multiple magnetometers may be used to decrese the number of rotations required
for a full set of readings.

3.5 Mounting structure. A nonferrous, non-electrically conductive
mounting structure shall be used for positioning the test sample within the
test colil and gimbal fixture.

4., Test samgle. Volume of the test sample 1s limited by the size of the

e amPA a3 adebanT mbpankama  nampag " .
test coll and gimbal structure, access to the mounting structure within them,

and clearance distances for the roll of the test coil. Mass of the test sample
is limited by the loading limitations of the mounting structure. The test
sample shall be identical in composition to the item to be installed and shall
be oriented with respect to the horizontal and vertical components of the test
coil, as it would be in its intended installation.

5. Procedure.

5.1 Energize the test coll system such that the air core volume to be
occupied by the test sample is subjected to a vertical magnetic field of 43 A/m
(54 uT) and a horizontal magnetic field of 12 A/m (15 yuT).

5.2 7Place the test sample in position, so that it 1s orientated with respect
to the roll plane of the coil as it would be orientated to the athwartship dir-
ection aboard the ship or craft. Record the position of the test sample with
respect to the test coil. The center of the test sample shall coinclide with the
center of the test coll at 0 degrees roll angle within plus or minus 10 cm.

5.3 Place

5.4 Rotate the test coil in its roll plane through an angle of 15 degrees
from one side of the vertical to the other side (starboard orientation plus (+)
degrees and port orientation (-) degrees) at a rate between 5 to 7 cycles (0 to
15 degrees or 0 to ~15 degrees)} per minute.

TEST METHOD EFOl
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5.5 Record the test coll roll angle and rate. Record the position of the
magnetometer's sensor. Measure the maximum field magnitude during the roll from
the continuous recording instrument.

5.6 Repeat 5.4 and 5.5 for 30 degrees and 45 degrees roll angles.

5.7 Rotate the ring of the gimbal fixture + 45 degrees in the plane of the
ring; repeat 5.4 through 5.6 (position 2). .

5.8 Repeat 5.7 six times (positions 3 through 8).

5.9 Rotate the ring of the gimbal fixture + 45 degrees in the plane of the
ring and then + 45 degrees in the plane containing the magnetometer's semsor and
the point on the ring 180 degrees from the sensor.

5.10 Repeat 5.4 through 5.7 with the exception that positioms + 90 degrees
and + 270 degrees are eliminated {positions 9 through 14).

5.11 Repeat 5.9 and 5.10 two times (positions 15 through 26).

5.12 Remove the test sample from within the test coll and repeat 5.4
through 5.11. -

5.13 Reinsert the test sample within the test coil so that it is orientated
with respect to the roll plane of the coil as it would be orientated to the
forward-aft direction aboard the ship or craft. Record the position of the test
sample with respect to the test coil. The center of the test sample shall
coincide with the center of the test coil at O degrees roll angle within + 10 cm.

5.14 Repeat 5.4 through 5.12. Test coil roll plane angles are plus (+)
degrees for forward pitch and minus (-) degrees for aft pitch.

5.15 Adjust the test coil system so that the alr core volume to be occupied
by the test sample is subjected to a vertical magnetic field component of 10 A/m
(12.6 uUT) and a horizontal magnetic field component of 34 A/m (42.7 uT).

5.16 Repeat 5.2 through 5.1l4.
6. Calculations. Calculate the difference between the nagnetic fileld with

the test sample present within the test coil and the test sample removed from
within the test coil for each position measured as follows:

Hy (k,3,k) - Hy (1,3,k) = He (1,3,k); £ =1 to 26, j = 1,2, k = 1,2,3.

whera:
Hp = measured magnetic field with the test sample pregent within
the test coll.
Hy = measured magnetic field with the test sample removed from
within the test coil.
eddy current magnetic field emanating from the test sample.

=]
(nd
I
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i = position designator of the magnetometer for each of the
positions measured; 1 = 1 to 26.

j = designator for air core magnetic fleld condition; j'= 1
corresponds to the field of 43 A/m vertical and 12 A/m
horizontal; j = 2 corresponds to the field of 10 A/a
vertical and 34 A/m horizontal.

k.= degignator for test coil, roll angle; k = 1 corresponds to
a roll angle of 15 degrees; k = 2 correaponds to a roll
angle of 45 degrees.

Test report. The test repoft shall include the following information:

(a)
(b)

(o) -
(d)

(e)

Identification of the test sample.

Identification of the test coll system used, including manufac-
turexr's and identification numbers.

Identification of the roll mounting fixture, gimbal fixture and
mounting structure for the test sample.

Position of the test sample with respect to the teat coil at O
degrees roll. '

All recorded and calculated field values.

TEST METHOD EFO1
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TEST METHOD EF02

EDDY CURRENT MAGNETIC FIELD FROM A CLASS 2 SOURCE
MEASURED ON A HORIZONTAL PLANE
IN A CONTROLLED MAGNETIC ENVIRONMENT

1. Scope. An electrically conductive material will generate within itself
eddy currents when it is moved in a magnetic field. These eddy currents,
in turn, will create an eddy current magnetic field. Eddy current field (class 2)
sources aboard a ship or craft will emanate eddy current magnetic flelds as they
roll and pitch in the earth's magnetic field. Consequently, the magnitude of eddy
current magnetic fields needs to be controlled aboard minegweepers that gyesp for
magnetic—-influence mines. The vertical component of the eddy current magnetic
field emanated in a horizontal plane beneath the surface of the water is usually
the most critical component of the eddy current megnetic field. This test
method is used to determine the magnitude of the vertlcal component of the eddy
current magnetic field on a horizontal plane that is a distance below the center
of the test sample. This method is distinguished from test method EF0l which
measures the field at points that are equidistant from the center of the test
sample. This test method, like test method EF0l, is accomplished in a controlled
magnetic environment which is created by a test coil system, which is rotated
about the test sample of the eddy current field source. Alternatively, the
test sample could be rotated in the magnetic field created by the test coil
system, Required information from the specifications for the test sample for
this test method is the distance from the center of the test sample to the hori-
zontal plane at which the eddy current magnetic field is to be measured.

2. Center of the test sample. Center of the test sample refers to the
geometric center of the sample.

3.1 Test coil system. The test coil system shall consist of the test coil,
its power supply and control system. The test coll, either a Helmholtz coil or
an equivalent coil array, shall produce applied magnetic fields in the three
orthogonal directions (triaxial). The magnetic field gradient caused by the
coil's field and any magnetic field distortion from the immediate environment
over the volume occupied by the test sample shall not exceed 0.1 percent of
the applied field per meter or 0.0016 A/m (flux density is 2 nT) per meter,
whichever is greater. The coil shall generate magnetic fields to a maximum of
43 A/m (54 UT) with an accuracy of at least 0.05 percent of the applied field
or 0.0002 A/m (flux density is 0.25 nT), whichever 18 greater. The power
supply shall supply the current required for adequately long periods without
drift or fluctuation. A storage battery of adequate capacity 1s a satisfactory
power source. A direct current generator may be used, but may require a veltage
regulator to maintain a constant output. An alternating current source with a
rectifier can be used, provided the output is well filtered and the voltage 1s
regulated and free of excessive switching transients. The power source should
not be used for any other test or load simultaneously with this test.

TEST METHOD EF(02

45




Downloaded from http://www.everyspec.com

DOD-STD-2142(SH)
1 June 1983

3.2 Roll mounting fixture for test coil. The test coll shall be mounted
on a roll mounting fixture which shall roll the test coll at & rate of 5 to 7

r-vr"‘lnn per minute in one n'lnnn to nna1nn of 45 Jnor‘naa on either gide of the

vertical in increments of 15 degrees. The magnitude of the vertical and hori-
zontal components of the magnetic field occupled by the air core volume specified
in the test procedures shall rotate as the test coil rotates and shall be
malntained at the same values and tolerances throughout the rotation.

3.3 Magnetometers. Monoaxial fluxgate magnetometers consisting of a
sensor unit and an electronic unit with a minimum sensitivity of 0.0002 A/m
(flux density is 0.25 nT) and a dynamlc range of + 90 A/m (+ 113 UT) shall be
uged for the horizontal array of magnetometera. Each electronic unit shall
include ag a minimum a continuous reading instrument to measure the field
magnitude, as the test coll rotates through 1ts roll angle.

3.4 Mounting frame for the array of ma gnetometers' sensors. A nonferroue,
non-electrically conductive rectangular frame for the mounting of magnetometers'
.sengors shall be provided {see figure EF02-1). The sensors mounted on the
frame shall be located on a horizontal plane at the specified distance below
the center of the test sample. One sensor shall be located directly below the
center of the test sample (center sensor). The remainder of the sensors in
the array shall be located at spacings equal to 0.25 of the vertical distance
from the center sensor to the center of the test sample. The periphery of the
array shall be no closer to the center sensor than twice the vertical distance
from the center sensor to the center of the test sample. FEach sengor shall be
vertical within 0.5 degree.

3.5 Mounting structure. A nonferrous, non-electrically conductive
mounting structure shall be used for positioning the test gample within the
test coil and over the mounting frame for the array of magnetometer's sensors.

4. Test sample. Volume of the test sample is limited by the size of the
test coil and mounting frame for the array of magnetometer's sensors, access
to the mounting structure within them, and clearance distances for the roll of
the test core. Mass of the test sample 1s limited by the loading limitations
of the mounting structure. The test sample shall be identical in composition
to the item to be installed and shall be oriented with respect to the horizontal
and vertical components of the test coil, as it would be In its intended instal~-
lation.

5. Procedure.

5.1 Energize the test coil system such that the air core volume to be
“occupied by the test sample is subjected to a vertical magnetic field of 43
A/m (54 uT) and a horizontal magnetic field of 12 A/m (15 pT).

5.2 Place the test sample In position, so that it is orientated with
respect to the roll plane of the coll as it would be orientated te the athwart-
ship direction aboard the ship or craft. Record the position of the test
sample with respect to the teat coll and the array of magnetometers' sensors.
The center of the test sample shall coincide with the center of the test coil

at O degrees roll within plus or minus 10 cm.
TEST METHOD EFQ2
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.3+3 Rotate the test coil in its roll plane through an angle of 15 degrees
from one side of the vertical to the other side (starboard orientation plus (+)
degrees and port orientation (-) degrees) at a rate between 5 to 7 cycles (0 to
+15 degrees or 0 .to -15 degrees) per minute.

~ 3+4  Record the test coil roll angle and rate. Measure the maximum field
“pagnitude‘during the roll from the continuous reading .instrument.

3.3 Repeat 5.3 and 5.4 for 30Jdggrees and 45 degrees roll angles.

5.6 Remove the test sample from within the test coil and repeat 5.3
through 5.5.

5.7 Reinsert the test sample within the coll, so that it is oriented with
respect to the roll plane of the coil as it would be oriented to the forward-
aft direction aboard the ship or craft. Record the position of the test sample
with respect to the test coll. The center of the test sample shall coincide with

[ - el o e o o

the center of the cest C{)l.L at G aegrees ro.u. ang.l.e within p.LUS or minus 10 cm.

5.8 Repeat 5.3 through 5.6. Test coll roll plane angles are plus (+)
degrees for forward pitch and minus (-) degrees for aft pitch.

5.9 Adjust the test coll system so that the air core volume to be occupled
by the test sample 1s subjected to a vertical magnetic field component of 10 A/m
(12.6 uT) and a horlzontal magnetic field component of 34 A/m (42.7 UT).

5.10 Repeat 5.2 through 5.8.

6. Calculations. Calculate the difference between the vertical component
of the magnetic fileld with the test sample present within the test coil and the
test sample removed from within the test coll for each position measured for the
three test coil roll angles, as follows:

Hp (1,3,k) = Hy (1,3,k) = Hy (4,4,k); 1 =1tom, 3=1,2,k=1,2,3

where: )

= measured magnetic field with the test sample preseat.

= meagured magnetic field with the test sample removed.

= eddy current magnetic field emanating from the test sample.

= position designator of the magnetometer for each of the positions

mezsured; 1 = 1 to n. .

total number of magnetometers in the array.

designator for air core magnetic field condition; j =1

corresponds to the field of 43 A/m vertical and 12 A/m

horizontal; j = 2 corresponds to the field of 10 A/m vertical

and 34 A/m horizontal.

k = designator for test coil, roll angle; k¥ = 1 corresponds to a roll
angle of 15 degrees; k = 2 corresponds to a roll angle of 45
degrees.

- é‘ﬁ mm,dm:

=}
3

.
1
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7. Test report. The test report shall include the following informationt

(a)
(b)

(c)

(d)
(e)

Identification of the test sample.

Identification of the magnetometers used, including manufacturer's
and identification number.

Identification of the roll mounting fixture, mounting frame for
the array of magnetometers' sensors and the mounting structure

. for the test sample.

Position of the test sample with respect to the test coil at €
degree roll angle.
All recorded and calculated fleld values.

TEST METHOD EFO2
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a

o { TEST METHOD EF03

EDDY: CURRENT- MAGNETIC FIELD FROM A CLASS 2 SOURCE
CAUSED 'BY - OSCILLATORY MOTION
IN AN AMBIENT MAGNETIC_ENVIRONMENT

1, Scoge. An electrically conductive material will generate within itself
eddy currents when it is moved in a magnetic field. These eddy currents, in
turn, will create an eddy current magnetic fleld. Eddy current magnetic field
(class 2) sources aboard a ship or craft will emanate eddy current magnetie
fields as they roll and pitch in the earth's magnetic field. Consequently, the
magnitude of eddy current magnetic fields needs to be controlled aboard minesweepers
that sweep for magnetic—influence mines. This test method ig used to determine
the magnitude of the vertical component of the eddy current magnetic field at
a fized distance below the center of the test sample, as the test sample is
moved in an oscillatory manner over- the measured point. This test is accomplished
in an ambient (earth’s) magnetic enviromment. -Required information from the
Specifications for the test sample for this test method is the distance below
the center of the test’ aample at which’ the eddy current magnetic field is to
be measured. -

2. Center of the test sample. Center of the test sample refers to the
geometric center of the sample. ~

3 . A‘EEaratuS .

3.1 Pendulum support’ struycture. A pendulum support structure shall be
constructed of wooden poles, binding cable and test sample support cable (sece
figure EFQ3~1). The height and breadth of the structure shall allow a 45 de-
gree movement from the vertical of the test sample.support cable with the test
sample attached in the vertichl and lateral oscillatory directions,

!

3.2 Magnetometer. A monoaxial fluxgate magnetometer consisting of a
sensor unit and an electronic unit with a. minimum sensitivity of 0,0002 A/m
(0 :25) and a dynamic-range of + 90 A/m (+-113 uT) shall be used. The elec-
tronic unit shall include, as a minimum, a manually céntrollable field neutra-

-lization subsystem to null out the earth's field magnitude and a continuoug

récording instrument so that the magnitude of the absolute field is continuously
read ag the test sample 1s moved. The magnetometer shall be located directly
below the center of the test sample when the test sample support cable 1s at

0 degree with the vertical at the distance specified (see figure EF02-1).

4. Test sample. Volume:of the test sample 1is limited by the dimensions
of the pendulum support structure. Mass of the test sample is limited by the
loading limitations on the ,pendulum support structure. The test sample shall
be identical in composition to the item to be installed and shall be oriented
with respect to the vertical component of the earth's magnetic field, as it
would be in the intended installation.

S I . .. TEST METHOD EF03
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5. Procedure.

5.1 With the tesf sﬁmple removed from the test site, measure the earth's
magnetic field at the magnetometer 8 sensor and null it out with the magneto-
meter's control circuit.

5.2 Mount the test sample on the pendulum support structure and record
its position with respect to the structure.

5.3 Raise the test sample in the vertical direction so that the test sample
support cable 1is at an angle of 15 degrees with the vertical. Release the test
sample and record the magnitude of the fleld at the sensor on the continuous
recording equipment, as the test sample oacillatea in the vertical direction.

5.4 Repeat 5.3 for §O‘degrees and 60 degrees.:

5.5 Raise the test sample in the lateral direction so that the test sample
support cable is at an angle of 15 degrees with the vertical. Release the
test sample and record the magnitude of the field at the sensor on the continuous
recording equipment, as the test sample oscillates in the lateral direction.

5.7 Remove the teat sample from the pendulum support structure and remeasute
the earth’'s magnetic field at the magnetometer's sensor. If this final measure-
ment of the earth's field differs from the initial measurement at that point by
more than 1 nT, the test results are not valid.

6. Test report. The test report shall include the following information:

{a) Identification of the test gample.
(b) Identification of the magnetometer used including manufacturer's
' and identification number.
(¢) TIdentification of the pendulum support structure for the test sample.
{(d) Position of the test sample with respect to the pendulum support
structure.
() All recorded field values.

TEST METHOD EF03
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TEST METHOD SFO1

' STRAY MAGNETIC FIELD FROM A CLASS 3 SOURCE |
_ ] MEASURED AT A DISTANCE
IN AN AMBIENT MAGNETIC ENVIRONMENT

1. Scope. Minesweeners are carefullv built of nonmaenetic materials where-
ever possible. When magnetic materiale are necessary, their magnetic field is
accurately compensated for by a degaussing system. However, the stray magnetic
field caused by direct current carrying conductors of ship machinery, such as
those found in the generstors which produce the large currents for the mine-
sweeping cablesd, cannot be compensated for by the usual degaussing techniques,
since they are not constant nor as predictable a source of magnetic flelds as
the sources which consist primarily of magnetic materials. The stray magnetic
field caused by these stray magnetic field (class 3) sources must be measured,
to ensure that they are minimized in accordance with their specifications.

This test method is used to determine the magnitude of the normal component of
the stray magnetic field at a number of measurement points that are equidistant
from the center of the test sample. This test is accomplished in an ambient
{earth's) fleld environment. Consequently, variations in the earth's fleld at
the test site must be automatically compensated for so that accurate results
can be achieved. Required information from the specificarions for ‘the test
sample for this test method is the distance from the center of fthe test sample
at which the stray magnetic field is to be measured. B

* T, it - 'Ra
P P,
J. il

o P

2. Center of the test é“j}le. ., Ce
geometric center of the test sample.
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" 3. Apparatus.

3.1 Magnetometer. A monoaxial fluxgate pagnetometer consisting of a
sensor unit and an electronic unit with a minimum sensitivity of. 0.0002 A/m
(flux density 1s 0.25 nT) and a dynamic range of + 90 A/m (+ 113 uT) shall be
used. The electronic unit shall include as a minimum an automatically control-
lable field neutralization subsystem to null out the earth's field magnitude
and a meter to measure the absolute field magnitude. A chart recorder may be
utilized to facilitate data collection. o '

3.2 Gimbal fixture. A nonferrous gimbal fixture, with a circular ring,
gshall be used for the mounting of the magnetometers' sensor (see figure SFO1-1).
The ring shall have a radius equal to the distance from the center of the test
sample at which the field is to be measured. The magnetometer's sensor shall
be mounted on the ring in a manner that will allow sensing at the specified
distance. The ring shall lie on a horizontal plane so that it is centered
about the center of the test sample within plus or minus 10 cm and can be rotated
in 45 degree increments in the plane of the ring and in the plane perpendicular
to the plane of the ring (see figures SFOl-l and SPO1-2). Multiple magnetometers
may be used to decrease the number of rotations required for a full set of
readings.

TEST METHOD SFOl
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3.3 Mounting structure. A nonferrous mounting structure shall be used .
for positioning the test sample within the gimbal fixture.

3.4 Power suppliegs. Electrical power supblies shall be provided as required
to operate: the teést sample over 1its full operating range.

3.5 Loads. Mechanical and electrical loads shall be provided as required
to operate the test sample over its full operating range.

4.. Test sample. Volume of the test sample is limited by the size of the
gimbal fixture and access to the mounting structure within the fixture. Mass
of the test sample 1s limited by the loading limitations of the mounting struc-
ture. The test sample shall be identical to the equipment to be installed and
shall be oriented with respect to the vertical component of the earth's magnetic
field, as it would be in its intended installation. The test sample ghall
operate over its full operating range, including overload conditions.

5. Procedure.

5.1 Place the test sample in position and record the position of the test
sample with respect to the gimbal fixture.

5.2 Connect all power aad control c¢ircuits as they would be connected in
the actual installation. .

5.3 Energize all power and control circuits to rated output and as
further specified in the test plan approved by the contracting activity.

5.4 Place the magnetometer's sensor In position 1 (see figure SF01-2);
measure and record the field magnitudé.

5.5 Rotate the ring of the gimbal fixture + 45 &egrees in the plane of the
ring; measure and record the field magnitude (posttion 2).

5.6 Repeat 5.5 six times (positions 3 through 8).

5.7 Rotate the ring of the gimbal fixture + 45, degrees in the plane of the
ring and then + 45 degrees in the plane containing the magnetometer's sensor and
the point on the ring 180 degrees from the sensor.

5.8 Measure and record the field magnitude (position 9). Repeat 5.5 and
5.6 with the exception that positions 4+ 90 degrees and + 270 degrees are elimi~
nated {positions 10 through 14).

5.9 Repeat 5.7 and 5.8 two times (positions 15 through 26).

5.10 Conduct addtional test cycles consisting of 5.3 through 5.9 in accor-
dance with the requirements of the contracting activity.

TEST METHOD SFO1
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. FIGURE SFOl-1. Configuration of ring for gimbal fixture.
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‘ . 6. Test report. The test report shall include the following information:
|
|
|

{a) Identification of the test sample.
(b) Identification of the magnetometer used, including manufacturer's
. and identification number.

{c) 1Identification of the gimbal fixture and mounting structure
for the test sample.

{d) Identification of power supplies and loads used with the test
sample.

(e) All recorded field values and the operating conditions of the
test sample when they were recorded.

. TEST METHOD SFO1
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TEST METHOD SFO02

STRAY MAGNETIC FIELD FROM A CLASS 3 SOURCE
MEASURED ON A HORIZONTAL PLANE.
IN AN AMBIENT MAGNETIC ENVIRONMENT

1. Scope. Minesweepers are carefully built of nonmagnetic. materials where-
ever possible. When magnetic materials are necessary, thelir magnetic fleld is
accurately compensated for by a degaussaing system. However, the stray magnetic
field caused by direct current carrying conductors of ship machinery, such as
those found in the generators which produce the‘large currents for the mine-
sweeping uuu;cu, caninot be campeﬁsateu for Dy the usual degaussing techniques,
since they are not constant nor as predictable a source of magnetic fields as
the sources which consist primarily of magnetic materials., The stray magnetic
field caused by these stray magnetic field (class 3) sources nmust be measured,
to ensure that they are minimized in accordance with their specifications. 1In
minesweeper applications, the vertical component of the stray magnetic field
emanated in a horizontal plane beneath the surface of the water is usually the
most critical component of the stray magnetic field. This test method 1s used
to determine the magnitude of the vertical component of the stray magnetic
field on a horizontal plane that is a distance below the center of the sample,
This method 18 distinguished from test method SFG1l, which measures the fleld
at points that are equidistant from the center of the test sample. This test
method, like test method SFOl, 1s accomplished in an ambient (earth's) field
enviromment. Consequently, variations in the earth's field at the test site
must be automatically compensated for so that accurate results can be achieved.
Required information from the specifications, for the test sample for this
test method, is the distance from the center of the test sample to the horizontal
plane at which the stray magnetic fleld is to be measured.

2. Center of the test sample. Center of the test sample refers to the
geometric center of the test sample.

3. Apparatus.

3.1 Magnetomecers. Monoaxial fluxgate magnetometers conslsting of a
geunsor unit and an electronic unit with a minimum sensitivity of 0.0002 A/m
(flux demsity 1s 0.25 nT) and a dynamic range of + 90 A/m (+ 113 uT) shall be
used for the horizontal array of magnetometers. Each electronic unit shall

include, as a minimum, an automatically controllable field neutralization

aubsystem to null out the earth's field magnitude and a meter to measure the
absolute field magnitude. 1If an automatic data collection system is used, the
gsensors may be multiplexed into a limited number of electronic units which
automatically record the field measured by each sensor.

3.2 Mounting frame for the array of magnetometers. A nonferrous, rec-
tangular frame for the mounting of the magnetometera' sensors shall be pro-
vided {see figure SF0Z-1). The sensors mounted on. the frame shall be located
on a horizontal plane at the specified distance below the center of the test
sample. One sensor shall be located directly below the center of the test sample

TEST METHOD SFO2

58




Downloaded from http://www.everyspec.com

DOD—STD-2142(SH)
1 June 1983

{center sensor). The remainder of the sensors in the array shall be located at
spacings equal to 0.25 of the vertical distance from the center sensor to the
center of the test sample. The periphery of the array shall be no closer to

the center sensor than twice the vertical distance from the center sensor to the
center of the test sample. Each sensor shall be vertical within 0.5 degree.

3.3 Mounting structure. A nonferrous mounting structure shall be used for
positioning the test sample with respect to the mounting frame.

3.4 Power supplies. Electrical power supplies shall be provided as required,
to operate the test sample over its full operating range.

3.5 Loads.  Mechanical and electrical loads shall be provided as required,
to operate the test sample over its full operating range.

TEST METHOD SFO2
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FIGURE SF02~1. Configuration of mounting frame for sensors.
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APPENDIX

10.7 DATA ¥~

10.1 Data, reqpirements., When this standard 1a used in a contract which
incorporates a DD Form 1423 and invokes the provisions of 7-104.9(n) of the
Defense Acquisition Regulation (DAR), the data requirements identified below
will be developed ag gpeclfied by an approved Data Item Description (DD Form
1664) and delivered in accordance with the approved Contract Data Requirements
List (DD Form 1423) incorporated into the contract. When the provisions of
DAR~7-104.9(n) are not invoked, the data specified below will be delivered by
the contractor in accordance with the contract requirements. Deliverable data
required by this standard is cited in the following paragraphs:

Paragraph no. Data recguirement title Applicable DID no. Option
5.1 Procedures, test UDI~T-23732 -
5.5 Reports, test DI~-T-2072 10.1.b

(Copies of data item descriptions required by the contractors in connection
with specific acquisition functions should be obtained from the contracting
activity or as directed by the contracting officer.)

10.1.1 The data requirements of 10.1 and any task in the standard required
to be performed to meet a data requirement may be waived by the contracting/
acquisition activity upon certification by the offeror that identical data were
submitted by the offeror and accepted by the Govermment under a previous contract
for identical item acquired to this standard. This does not apply to specific

- 1A e ed 1
data ‘-Fhiuh may he a-eq'd* rad for each \.aUl.l.I..l.Gt-I-’ rega;dlcan of whether an identicsl

item has been supplied previously (for example, test reports).
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