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FORRWORD

1. The testing of materials and equipment in accordance with the require-
ments of this standard will ensure that magnetic characteristicshave been
considered and incorporated into the manu,facture of materials and design of
equipment. This will result in compatibility of materials and operation of
equipment in a complex magnetic environment.
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1. SCOPE

1.1 =. This standard establishes requirement for methods of measuring
and determining the magnetic characteristics (permeability;electrical conducti-
vity; ferrous, stray and eddy current magnetic field atrengtha) of materiala and
equipment.

1.1.1 Application. The requirements of this standard shall be applied for
the acquisition of materials and equipment to be used on nonmagnetic mine warfare
ships and craft, aa specified In the individual material and equipment specifi-
cationa or in the contract.

1.2 Classification. Classification is applicable to the type of magnetic
field source and the teat method for teats established by this standard.

1.2.1 Field sources. Magnetic field sources shall be clasaified as follows:

class 1.

Class 2.

Class 3.

Ferrous magnetic field.

Eddy current ma8netic field.

Stray magnetic field.

1.2.2 Teat methods. Test methods are designated by a series of numbers
in accordance with the following system:

● (a) Electrical conductivity teats are designated by “C--”.
(b) Eddv current magnetic field testa are designated by ‘“EF—”.
(c) Fer;ous magneti~ field tests are deaignate~ by “FF~-”.
(d) Permeability teste are designated by “P—”.
(e) Stray magnetic field testa are designated by “SF--”.

Where:

C = electrical conductivity

EF =

FF =

P=

SF =

eddy current magnetic field

ferrous magnetic field

permeability

stray magnetic field

and ““--”indicates the numerical order of tests from 01 to 99.

1.3 Method of reference. When a specific test method ia required for
measuring a magnetic characteristic of a material or equipment, the teat

I

methods ~ontained herein shall be referenced in the applicable document by

●
specifying thie standard and the test number.
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2. RSFERRNCED DOCUMRNTS

2.1 Issue$ of documents. The following documents, of the issue in effeet
on date of invitation for bide or request for propoeal; form a part of thie
standard to the extent specified herein.

SPECIFICATIONS

MILITARY
MIL-I-17214 - Indicator, Permeability; Low-mu (Go-No-Go).

STANDARDS
,,,

MILITARY
DOD-STD-2141 - Definitions and Syetame of Units, Magnetic

Silencing (Metric).
DOD-STD-2143 - Magnetic Silencing Requirements for the Construc-

tion of Nonmagnetic Shipe and Craft (Metric).
MIL-STD-45662 - Calibration Systems Requirements.

:.

(Copies of apecifications, standards,handbooka, drawings, and publication
required by contractors in connection with ape~ific acquisition functions should
be obtained from the contracting activity or as directed by the contracting
officer.)

2.2 Other publication. 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 ehall apply.

AMRRICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

A 342 - Permeability of Feebly Magnetic Materiala.
B’193 - Reaiativity of Electrical Conductor Material.
B 342 - Electrical Conductivity by Uae of Eddy Currents.

(Application for copies should be addreaeed to the American Society
Testing and Materiala 1916 Race Street; Philadelphia, PA 19103.)

for

(Technical society and technical aeaociation specifications and atanclards
are generally available for reference from libraries. They are alao distributed
among technical groupa and ueing Federal agencies.)

‘3. DEFINITIONS

3.1 General magnetic eilencing terms. The meanings of general magnetic
silencing terms ueed in this etandard are in accordance with DOD-STD-2141.

3.1.1 Teat sample. Test eample is used in thie standard aa an arbitrary
definition of equipment which is to be teated in accordance with teat methods
EF, FF or SF and material which ia to be tested in accordance with teet methods
EF and FF of this standard.

2
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10 3.1.2 Test specimen. Test specimen is used as an arbitrary definition of
material which is 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 ita physical size.

4. GENESAL SSQUIHEMENTS

,4.1 Government furniehed material and equipment. Material and equipment
furnished by the Government to a contractor shall. unless the test data is
furnished by the Government, require testing in a~cordance 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
requirements of DoD-sTD-21f+3.

4.2 Material or equipment teated 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 r.eet
procedures and report shall be submitted for evaluation by the contracting activ-
ity as evidence of meeting equivalent portions of this standard.

4.3 Variations in test methods EF, FF or SF. Proposed variations in teat
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 c&tracting activity for approval in the test plan of 5.1.

4.4. 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 teat procedure
shall be prepared by the contractor (see appendix). The test procedure shall
detail t,hemeans of implementation and application of the test procedures to
be performed to verify compliance with the applicable magnetic requirement
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 numbere and general characteristicsof 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 calculation to show expected

●
accuracy of each.

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

3
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(d)

(e)

(f)

(g)

(h)

(i)

(j)

(k)

Readout and detector functions to be used in measuring equipment,
where applicable. ●
Nomenclature, description, and modes of operation of the test
sample (for SF test methods).
Control settings, monitored points and sequence of operation of
the teet sample (for SF test methods).

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

Detailed step-by-step test procedures and test setups, with
maximum use of photographs, drawings, and diagrams.
Expected overall accuracy of measurements.
Personnel required, both designated Government representatives
and the contractor.

Considerations and regulations regarding the operation of teat
samples teeted (for SF test methode) and measuring equipment
in open areas (for example, FCC or Fki regulations).

5.2 ‘lestconditions. Detail test conditions shall be as specified in
section 6 for each particular type of test. I’naddition, the general test con-
dition 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 affeet measurement integrity. ‘

5.2.2 Excess personnel and equipm&t. The test area shall be kept free of
unnebess’aryequipment and material. Only equipment eseential to the test being
performed shall be in the test area. Unauthorized “personnelshall not be per- ●
mitted in the test area.

5.2.3 -t coils (EF and FF test methods). Test coils, either’a Helmholtz
coil or an equivalent coil array ,acceptabletO“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 environment over the volume occupied
by the test sample, shall not exceed 0.1 percent of ‘theapplied 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). Power supplies for
equipment to be tested (SF test methods) and not supplied as part of the equip-
ment shall have characteristics and tol&ances as specified in ‘theequipment’s
detailed specification.

5;3 Arrangement and operation of equipment to be tested (SF.’testmethods).
Detailed test arrangements and conditions of equipment operation for SF teat
mathods shall be as specified in.eection 6 for e-ac,hparticular type of teat.
In addition, the general arrangement and conditions of operation 1:,5.3.1
through 5.3.5 shall apply.

.

4
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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 aa prescrf.bedin the in-
struction manual, or aa required by the equipment specification,to obtain
optimum design performance.

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

5.3.3 Arrangement and nperating condition. Interconnecting cable aasem-
bliea and supporting atructurea shall simulate actual installation and usage.
Shielded leada shall not be used in the test setup, unless they have been ~De-
cified for uae in the intended installation. Cabies shall be ~hecked again~t
the installation requirements to verify that no extra shielded wires have been
used. Cables and equipment shall be ao arranged that there is no shielding
interposed between the test sample’s cables and the meaauring equipment.

5.3.4 Mounting and groundin~ Test samples shall be mounted and grounded
as when inetalled aboard ship.

5.3.5 Loada. The squipment under tast shall be loaded with the full mech-
anical and electrical load, or equivalent, for which it is designed, This
requirement specifically includee electrical loading of the contacts of mechanisms
which are designed to control electrical loade, 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
lnada used shall simulata the resistance,

●
inductance, and capacitance of the

actual load. Mechanical devices shall also 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 aa prescribed by the respective instruction
msnuala. Thie standard shall take precedence in the event of conflict with
instruction manuals or other such documents issued by industry.

5.4.1 Identification of spurious responses in measuring equipment.
Measurement equipment shall be checked for epurious responses. False data
cauaed by such spurious responsea shall be identified on data sheets.

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

5.5 Test report. A teet report, which details the testing procedures,
facilities, instrumentation,and data recorded, shall be prepared by the con-
tractor (eee appendix). The teat report shall be prepared immediately after the
performance of the tests. A reproducible copy of the teat procedures may be
used .aaa 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 fron other copies or records, refimed, edited, or
typed. After the tests are completed. the test reoort shall be comoleted bv

o incorporating a test summary, ail ~pp&dices, and ~ertifications in’accord&ce
with 5.5.1 and 5.5.2. The test sample or test specimen shall not be accepted
until the final teat report is reviewed by the contracting activity.

5
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be

i of
as

5.5.1 Classification markings. Security classification markings shall
provided in accordance,with.the requirements”of the,.contractingactivity.

5.5.2 Contant. “

5.5.2.1 Title page. The title page ‘shallinclude!a complete identification
the equipment or material used aa the teat”aarnpleor teat specimen, including,
applicable, part numbers, aerial numbers,.ni+ieof manufacturer, name of prime

contractor, Government acquisition agency, contract number”and date.

5.5.2.2 Results of tests; summations and.aialyaea. The report shall include
a summary, which shall give a brief resume of the teat results. The resume shall
contain a statement certifying that the equipmeritused aa the teat”sample or teat
specimen meets or does not meet the requirements of the applicable equipment or
material specification,’the contract or purchaae order, or DOD-STD-2143, and
that the teata were conducted in accordance with accepted teat procedures. If
the equipment or material faila, the resume shall contain a list of all points
where the test sample.or teat specimen does not meet the requirements of the

applicable equiPment or ~terial spec$fication, the contract or purchaae order,
or DOD-STD-2143. Any adjustments, repaira, fuse replacements, failurea, or
unusual phenomenon encountered during the teat shall also be described, or a
positive statement, to the affect that no adjustments, fuse blowing, or failures
occurred during tests, shall be included. Space shall be provided for the
signature of the teat 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 detaila of what
●

waa tested, how it waa tested”,,whatresults were obtained and what results
should have been obtained, recorded in a manner such that ‘infoneation can be
reviewed without searching through the report to correlate.data with procedures.
The main body of the report shall include, aa a minimum, the information speci-
fied in section 6 for each particular type of.teat, and the following information:

(a)
(b)
(c)
(d)

(e)
(f)

(8)

(h)
(i)

Nomenclature of meaauring equipment.
Serial numbers of measuring,equipment.
Date,of last calibration of measuring equipment.
Deacriptiona of procedures used (includingmethods of loading
and operating and control settingsfor teat sample for SF test
methode).
Meaeured line voltagea to test a~ple for SF teat methods.
Photographa or diagrams of the test setup and test specimen or
teat sample with identification. ,-
Sample calculations.showing how equivalent meter reading was cal-
culated.
Description and size of test facilities.
Ambie’ntmagnetic profile of test site’and ambient
each detector function energized.(for EF, FF and
only). ,.‘ ,..,

levels with
SF teat methods

●
6
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(j) Methods and criteria for monitoring for degradation of performance
of test samplea for SF test methods.

(k) Explanation of special terms and abbreviationa used in the report.
(1) Settings of control functions for test samples during the teata for

SF teat methods.

5.5.2.4 Appendices. Appendices shall be included as required to incorporate
data which are of a form and content not feasible to include in the body of the
report. Oacillograms are examplea of data which are not feasible to include in .
the body of the report. Appendices shall also be used to incorporate.teat reporte
submitted by other testing activities that perform some of the teats. 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. ‘l%issection containe the measurement pro-
cedures to be used in determining compliance with the individual material or
equipment apecifications, the contract or purchaae order, or IXID-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.

I

TABLE 1. Index of teat measurement methods.

Test method nn.

Col

C02

PO]

P02

“ P03

P04
,.

P05

FFO1

Test method title

Percent IACS electrical conductivity by electrical
resistivity measurement

Percent IACS electrical conductivity by eddy current
measurement

Relative magnetic permeability
permeability indicator

Relative magnetic permeability
Fahy low-mu permeameter

Relative magnetic permeability
permeameter

Relative magnetic permeability

with go-no-go

using a modified

usins a Fahy lnw-mu

by null nmthnd.

Relative reversible magnetic permeability

Ferrous magnetic field from a clasa 1 snurce measured
at a distance in an ambient magnetic environment

7
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TASLE 1. Index of test measurement methods. - Continued

Test method no.

FF02

FF03

FF04

FF05

EFO1

EF02

EF03

SFO1

SF02

Test method title

Ferrous magnetic field from a class 1 source mea-
sured at a distance in a controlled magnetic
environment

Ferroue magnetic field
cured on a horizontal
environment

Ferruu.emagnetic field
sured on a horizontal
environment

Ferrons magnetic field
by linear motion in a

from a class 1 source mea-
plane in an ambient magnetic

from a claas 1 source mea-
plane in a controlled magnetic

from a class 1 source cauaed
ambient magnetic environment

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

Eddy current magnetic field from a class 2 source
measured on a horizontal plane in a controlled
magnetic environment

Eddy current magnetic field from a class 2 source
caueed by vacillatory motion in an ambient mag-
netic field

Stray magnetic field from a claas 3 source
measured at a distance in an ambient magnetic
environment

Stray magnetic field from a clase 3 source
measured on a horizontal plane in an ambient
magnetic environment

Preparing activity:
Navy - SH
(Prnject 1905-NO1O)

8.

. . . . .,
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TEST NETHOD CO1

PERCENT IACS ELECTRICAL CONDUCTIVITY
BY ELECTRICAL KESISTIVITY MEASUREMENT

1. Ss2.E” This method is used for determining the electrical conductivity
of electrically conductive material in accordance with the standard test method
of ASTN B 193. Percent IACS conductivity is determined by measuring the re-
siativity of the material in accordance with ASTM B 193 and then converting
the reaistivity 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 baaia. This method provides accuracy of plus or minus 0.30 percent on
teat specimens having a reaiatance of 0.00001 ohm.

2. Apparatus. The basic teat apparatua shall consist of a Kelvin-type
double bridge, a potentiometer,a Wbeatstone bridge, or a Hoopea conductivity
bridge as appropriate.

3. Teat specimen. The teat specimen shall be in tha form of a wire,
strip, rod, bar, or tube, or ahape.

4. Procedure. The procedure of the test shall consist of meaauring the
electrical reeiativity of the test specimen and converting the measured results

●
to electrical conductivity.

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

I

I

TEST METROD CO1

9
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‘TESTMRTHOD C02

PERCENT IACS ELECTRICAL,CONDUCTIVITY
BY EDDY CURRENT MEASUREMENT

1. &!3!E” Thie method is used for determining the electrical conductivity
of nonmagnetic metals and alloys in accordance with the standard test method
of ASTM B 342. Percent IACS conductivity is determi.pedby 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 fo~ deter-
mining the conductivity of materials, but,it ie less ac~urate than teat method
CO1 described he,rein. The value obtained can be .significantly affected by the
flatness and smoothneee of the surface and the nonuniformiti.eswithin the
material being measured.

2. Apparatua. The,baafc test apparatus consists of a coil in a detector
tip.

3. Test specimen. The teat specimen shall have a,flat surface. The
degree of flatness and smoothness can affect the teat results significantly.

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

5. Test report. The test report shall include the follo’wi~”information:

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

(f)

(g)

Description of test epecimen.
Test temperature.
Thickness of test specimen.
Location of test areas on specimen.
Identification of measuring instruments, including menufacturer’a
serial numbers.

Warm-up adjustments of meaeurfng instrument.
Electrical conductivity and how it was obtained from the measure-
ments (by calculation ,ordirectly; if by calculation, identify
calculation).

TEST METROD C02

I

o
10
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TEST METHOD PO1

RELATIVE MAGNETIC PERMEABILITY WITH
OO-NO-GO PERMEABILITY IWDICATOR

1. =.. This method is 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 ia ac~ompiished by using permeabilit~ inserts or stan-
dards that have known relative magnetic permeabilitieawith a permeability in-
dicator. The test ia a convenient and rapid method of identifying suspect
.XUterial WIth a limited degree of accuracy.

2. Apparatua. Test apparatus shall be a low-mu (go-no-go) permeabilityy
indicator in accordance with MIL-I-17214 and associated permeability inaerte
of 1.2, 1.6, 2.0 and 2.5 relative magnetic permeability (see figure PO1-l).
The tip of the i.ndicator~smagnet shall be free of any adhering particles.

3. Test specimen. The test specimen may
irregular-shapedobject. The test area of the
frem-oxide scale.

4. Procedure. Refer to figure PO1-1.

be a plate, sheet, bar, rod or
specimen shall be clean and free

4.1 Select a permeability insert and place it into tha seat of the per-

● meability indicatnr.

4.2 while holding the end of the indicator opposite the insert and magnet
in one hand, place the projecting end of the indicator’e magnet in contact with
tbe teat area of the specimen.

4.3 Move tbe indicator in a direction
test area of tbe specimen.

4.4. If the indicator’e magnet breaks

normal to the contact surface of the

contact with the insert, the test
specimen haa a higher relative mcgnetic 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 Repeat 4.1 through 4.4 with other appropriate permeability inserte so
that the relative magnatic permeability of the test specimen can be bracketed
between that of two inserts or be established as higher than 2.5 or lower than 1.2.

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

(a)
(b)
(c)
(d)

Identification of test epecimen.
Kind of material.
Serial number of the permeability indicator.
Relative magnetic permeability of the test specimen with respect
to the relative magnetic penneabilitieaof the inserts used in
the teat procedure.

TEST MSTHOD PO1
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FIGURE POI-1. Use of low-mu (go-no-go) permeability indicator.
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TEST MSTHOD F02

SELATIVE MAGNETIC PESMIL4.SILITYUSING A
MODIFIED FAHY LOW-MU FESMEAMETER

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

2. Apparatue. The basic teat apparatus ehall conaiet of a direct curreut
powar supply and a modified Fahy low-mu permeameter.

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

4. Procedure. The procedure ehall conaiet of maasuring the magnetic flux
density in the teat specimen for a given magnetizing force, and then calculating
the permeability.

I

5. Test report. The test report ehall include che following information:

(a) Description of the test specimen.
(b) Identification of teet apparatus used, including manufacturer‘a

●
and identificationnumbers,

(c) Calculated value of magnetic
of the utilized formulae.

where appropriate.
permeability and the identification

TEST MSTSOD F02
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TEST.METHOD P03

RELATIVE MAGNETIC PERMEABILITY‘USINGA
FART LOW-NJ PERMSAMETER

This method is ueed ,fordetermining the relative magnetic
materials having a permeability not exceeding 4.0 in accor-

dance with etandard test method number 2 of ASTM A 342.

2. Apparatua. The basic test apparatus shall consist of.a direct
current power supply and a Fahy 10W+U p@rmeameter.

3. Test spacimen. The test specimen shall consiet of etrafght bars,
rods, wires, or etrips of uniform cross.section.

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

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

(a) Description of the teet specimen.
(b) Identification of test apparatus,,including manufacturer’s

and identific’ationnumbers, where appropriate.
(c) Calculated value of magnetic permeability and the identification

●
of the utilized formulaa.

; :.

!.

li

TEST METHOD P03
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TEST MJITHODP04

●

BSLATIVE MAGNETIC PEBMSABILITY BY NULL MBTHOD

i. a. ‘l%ismethod is used for determining the relative permeability
of materials having a permeability not exceeding 4.0 in accordance with standard
teat method number 3 of ASTM A 342. This method utilizes a permeameter with a
nulling circuit that can provide accurate permeability measurements to within
2 percent.

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

3. Test specimen. The test specimen shall consist of straight bars,
rods, wires, or etrips of uniform cross 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 include the follcwing information:

(a) Description of the test specimen.
(b) Identification of test apparatus, including manufacturer’s

and identificationnumbers, where appropriate.
(c) Calculated value of magnetic permeability and the identification

of the utilized formulas.

TEsT mTHOD po4
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TEST M3THOD PO5

RRLATIVE REVERSIBLE MAGNSTIC PERMEABILITY

1. &Es” This method is used for determining the relative reversible
magnetic permeability of feebly magnetic materials. An alternating current
(a.c.) is applied to a sense coi~.in which the test specimen ia placed. A
direct current (d.C.) is applied to a reference coil surrounding the aenae coil.
The voltage drop acrosa the sense coil reflects the coil!s inductance. In
turn, the inductance ia proportional to the permeability of tbe sense coil’s
core, which consists of air and the test specimen. Consequently, knowing the
geometry of both the sense coil and core, as well as the coil’s electrical
response, the core1s relative reversible permeability at selected frequencies
of the a.C. driving the eense coil can be determined by calculation. This
method should res’ultin a permeability measurement with a plus or minus 2
percent accuracy.

2. Reversible permeability. Reversible permeability is the limit of the
Incremental permeability as the change in magnetizing force approaches zero.

3. Apparatus.

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 P05-1.
The constant voltage, V, shall be determined from the following equation:

100 x R.
v= “ W volts

Nox ITxf.o

where:

~ = d.C. resistance of the reference coil in ohms.
No = number of turns on the reference coil.
Do = mean diameter of the reference coil in maters.
!20= length Of the reference coil in maters.
T = 3.143.

3.2 Alternating current power supply. A source of alternating power of
aPPrOxi~te sine wave voltage form with a frequency of f. hertz (Hz) and a
root mean squara (ruts)voltage of Vd volts for tbe electrical circuit ehown
in figure P05-1.

3.3 Sense coil. A multilayered, solenoidal inductance coil which contains
the test specimen. The sense coil length, ii, 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, Di, 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, Ni, sho@d be used to ensure a reasonable change
in a.c. voltage for tbe smallest permeability change to be measured.

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

TEST METHOD P05
16
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—
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FIGURS P05-1. VP ical test setup for measurement of relative
reversible msgnetic permeability.
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3.5 Driver resistor.” Resistor, Rd, in series with the sense coil and the
d.c. power supply.

●
The resistance shall be 1000 times, or greater, than the

impedance of the sense coil. lhis will minimize current deviationa cauaed by
changea in the magnitude of the eense coilts impedance.

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

4. Teat specimen. The test specimen shall consiet of a straight bar, rod, .
wire, or strip of uniform cross sectiori. The length shall be riotless than ten
times the sense coil’s length and not greater than the reference coil1a length.

5. Procedure.

5.1 APply and maintain the constant
acrnsa the leads to the reference coil.

voltage V from the d.c. power supply

‘‘5.2 APply “andmaintain the a.c. power supply with rms voltage of Vd volts
and f~ Hz,to the sense coil and series driver reeietor.

5.3 Before inserting the teat specimen in the senee coil, nbtain a reading
of V~ from the voltmeter. Calculate the permeability with no test specimen
present’in the sense coil from the formula in section 6. If the test setup has
been properlyaccomplished, this relative permeability should be that for air

“ 5.4
meter and

5.5

5.6’
frequency

5.7

(8ppi&ii&teiy 1.o)~
,-

Insert the test.epecimen in the sense coil and meaaure from the volt- ●
record the a.c..,voltage drop V~ acrosa the sense coil..,

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

Repeat 5.5 as required to tiasure the permeability over the selected
range.

The voltmeter may be supplemented by voltage recording equipment for
future data reduction, or a computer which will continuously output permeability
data baeed upon the current value of V~ and the formula in section 6. A swept
frequency spectrum arialyzermay be used to measure permeability versus frequency

,

of the a.c. power supply over a centinuous range.

6.’ Calculation.

6.1 Calculate the relative reversible permeability (Pr) as follewe:

LJr= “1
2xA ‘[ ~~

Li+g x’R~) - R! X (Vd - Vs)2
1

ITXD: .4A

uox N; ’xTrx”fox Kx(Vd - V~) 2 1
TEST ME’2HoDPO5 ●

L.— 1

18

Downloaded from http://www.everyspec.com



‘o where:
N{ = number of

DOO-STD-2142(SH)
1 June 1983

turns on the sense coil.
D~ - mean diameter of the sense coil in meters.
9.I = length of the sense coil in meters.
Vs - a.c. voltage drop across the inside solenoid in rms

volts.
&j = resistance of the driver resistor in ohms.
Ri = d.c. resistance of the sense coil in ohms.
Vd - amplitude of the a.c. power supply in rms V.
P. = magnetic permeability of free apace (411x 10-7 Henry/meter).
f~ = frequency of the sinusoidal a.c. power eupply in Hz.
A = cross-sectional area of the teat specimen perpendicular

to the sense coil axis in square meters.

K = [ 1 + 0.45 (~) + 0.64 (~) + 0.84 (~)]-]
i

t - radial difference between tbe outermost and innermost coil
layer of the sense coil in meters.

‘n= 3.143.

●

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

(a) Identification of the test specimen.
(b) Kind of material.
(c) Identificacion of test apparatus, including msnufacturer’s and

identificatinn numbers, where appropriate.
(d) Calculated value of permeability with no test specimen in the sense

coil.
(e) Calculated value of permeabilitywith test specimen in the sanse

coil at selected frequencies of the a.c. power supply.

I

I

TEST METKOD P05
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TEST METHOD FFO1

FERROUS MAGNETIC FIELD FROM A CLASS 1 SOURCE
MEASURED AT A DISTANCE

IN AN AMEIENT MAGNETIC ENVIRONMENT

1. =“ A ferrous field (class 1) source is an item on or part of a
ship or craft, which usea 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 ia com-
posed of an induced and permanent magnetic field. The ferrous magnetic field
can be compensated for by a degauesing system if the.magnitude and direction ;
of the field ia known. This teat method is used to determine the magnitude of
the normal cnmponent 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 envirtinment.Consequently, if the
earth!a field at the test site varies significantlywith time during the per-
formance of the test and ia not automatically compensated for, this method will
lead to lese 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 apeclfications for the test sample for this test method is the distance
from the center of the test sample at which th,eferrous 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 Magnetometer. A monoaxial fluxgate magnetometer consisti~ 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”aa a minimum.a meter to meisure the
field magnitude. A chart recorder may be utilized to?facilitate data collection.

.!. ..~.
3.2 Gimbal fixture. A nonferrous gimbal fixture, with a circular ring,

shall be used for the mounting of the“magnetometer’ssensor (see figure ‘FFO1-1).
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 amianner that :willallow sensing at the’specified
distance. The.ring shall lie on a horizontal plane so thatit .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 FFO1-1 and FFO1-2). Multiple magneto-
meter may be used to decrease the number of rotations required for a full set
of readings.

TEST METHOD FFO1
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‘o 3.3 Mounting structure. A nonferrous mounting structure shall be used
for positioning the teat sample within the gimbal fixture.

4. Test sample. Volume of the test sample is limited by the size of the
gimbal fixture and accees to the mounting structure within the fixture. Maaa
of the test sample ia limited by the loading limitations of the mounting
structure. ‘l’hetest 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 aa it would be in the intended installation.

5. Procedure.

5.1 Prior to meaauring the ferrous magnetic field of the test sample,
measure the earth!s magnetic field with the gimbal fixture and mounting
structure in place aa they would be for the ferroue field measurements.
Start with position 1 (ace figure FFO1-2) for the magnetometer!s sensor.
Utilize the position designatora in figure FFO1-2, record this data and
all subsequent data.

5.1.1
magnitude.

1 5.1.2

I of the ring

10 5.1.3

5.1.4

With the magnetometer’a aenaor in position L, meaaure the field

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

Repeat 5.1.2 aix times (poeitions 3 through S).

Rotate the gimbal fixture + 45 degrees in the ulane of the fix-
ture and then + 45 degreea in the plane containing the magnetometerfs sensor
and the point on the fixture 180 degrees from the sensor.

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

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

5.2 Place the teat sample on the mounting etructure within the gimbal
fixture and record the position of the test sample with respect to the gimbal
fixture and magnetic north-south and eaat-weat. Measure the ferrous magnetic
field of the test sample at all test points by repeating 5.1.1 through 5.1.6.

5.3 Ramove the test sample from within the gimbal fixture and remeasure
the earthta magnetic field at all teat points by repeating 5.1.1 through 5.1.6.
If this final measurement of the earth’e field at any point differs from the
initial measurement at that point by’more than 1 nT, the teat reaulte are not
valid.

TEST FS3THODFFO1
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FIGORE FFO1-1.

. . . . .

Configuration of ring for gimbal fixture.
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6. Calculations. Calculate the difference between the magnetic field
with the teet sample present within the gimbal fixture and the teet semple
removed from within the gimbal fixture for each position measured as
follows:

y(i) - Ha(i) = Ht(i); i - 1 to 26

where:
Hp = measured magnetic field with the test sample present within

the gimbal fixture.
Ha = meaaured magnetic field with the teat sample removed from

within the gimbal fixture.
Ht = ferrous magnetic field emanating from the test sample.
i =.position designator of the magnetometer for each of the positions

measured; i = 1 to 26.

i’. Test report. The test report shall include the follewfng information:

(a) Identification of the teat sample.
(b) Identification of the magnetometer used, including menufacturer’s

snd identificationnumber.
(c) Identification of the gimbal fixture and mounting structure for

the teat sample. .
(d) Position of the teat sample with respect to the gimbal structure

and magnetic north-south and eaat-west.
(e) All recorded and calculated field values. ●

,.,

24
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TEST MRTHOD FF02

FERROUS NAGNETIC FIELD FROM A CLASS 1 SOURCE
MEASURED AT A DISTANCE

IN A CONTROLLED NAGNETIC ENVIRONMENT

1. YE2!2” A ferrous field (class 1) source is an item on or part of a
ship or craft, which uses a msterial in its construction that exhibits a rel-
ative magnetic permeability different than 1.0 (the relative permeability of
air). A ferrous field source emsnates a ferrous magnetic field which is com-
posed of an induced and permanent msgnetic field. The ferrous magnetic
field can be compensated for by a degaussing system if the msgnitude and di-
rection of the field is known. This test method is used to determine the mag-
nitude of the normxl 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 a controlled magnetic environment which is crested
by a test coil system. Consequently, it is more accurate than the similar
ambient magnetic field environment test method FFO1. Required information
from tha specifications for the test sample for this test method is the distance
from the center of the test sample, at which the ferrous msgnetic field is to
be measured,

2. Center of the test ssmple. Center of the test

●
geometric center of the sample.

3. Apparatus.

3.1 Test coil system. The test coil system shall
its power supply and control system. The test coil, either a Helmholtz coil or

sample refera to the

consist of the test coil,

an equivalent coil array, shall produce applied magnetic fields in the three
orthogonal directions (triaxial). The magnetic field gradient caused by the
coil!a 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 ie 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 is greater. The power SUPPIY
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 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 simultaneouswith this test.

3.2 Nsgnetometer. 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 msy be utilized to facilitate data collection.

TEST FU3THODFF02
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3.3 Gimbal fixture. A nonferr?usgimbal fixture, with a circular ring,
shall be used for the mounting of the magnetometer’s sensor (see figure FF02-1).
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 shsll
be mounted on the ring in a manner that will anew sensing at the specified
distance. The ring shall lie on a horizontal plane so that it is centered
about the cedter of the test coil within plus .ar.minus 10 centimeters (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 (eee figure FFO1-2). Multiple
magnetometers may be used to decrease .tbe’number,of rotations required for a
full set of readinge.

3.4 Mounting structure. A nonferrous mounting structure shall be used
for positioning the teet sample within the test coil and gimbal fixture.

4. Test sample. Volume of the test sample.is limited by the size of the
test coil and gimbal fixture, and accese to the mounting structure within thsm.
Msss of the test sample ie limited by the loading limitations of the mounting
structure. Tbe 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 tbe teet coil as it would be in its intended installation.

5.” Procedure. !,,

5.1 Energize “thet+et coil system such “thatthe air core volume to be
oc$,upiedby.the test’sample ise’ubjected to a vertical magnetic field of 43 A/m
(54 PT) and a horizontal magnetic field of 12 A/m (15 ~T).

5.2 Place the test sample in position and ‘recordthe position of the test
sample with respect to the test coil. The test esmple“shallcoincide with the
center of the teet coil within plus or minus 10 &m.

5.3 “With the magnetometer’s sensor in position 1 (see figure FF02-1),
measure the field magnitude. ,,! .

5.4 Rotate the ring of the gimbal fixture+ 45.degqees in the plane of
the,ring (poeitfon 2); meesureand recofd the field magnitude.

5.5’“Repeat 5.4 six times (positions 3 through 8).

5.6 Rotate.the ring of:the gimbal fixtire +’45 degreee in the plane of the
ring and then + 45 degrees in the plane containing the msgnetometer.’ssensor
and the point on the ring 180 degrees from the seneor..,

. . .. .. ,1
5.7 f4sasure‘“andrecord the .field magnitude (pesition 9); repeat 5.4 and

5.5 with the exception that positions + 90 degrees and + 270 degrees are elimf.nat
(Poeitions 10 threugh 14).

. ..

5.8 Repeat 5.6 and 5.7 two time’s(poe~tions 15 through 26).

5.9 Remove the test sample,from within the test coil and ,repeat 5.3
threugh 5.8. .

ed

,,
TEST METHOD FF02
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5.10 Adjust the test coil system so that the air core volume to be
occupied by the teat sample ia subjected to a vertical magnetic field component ●
of 10 A/m (12.6 VT) and a horizontal magnetic field component of 34 Aim
(42.7 PT).

5.11 Reinsert the test sample from within th,e.test coil and record the
position of the teat sample with respect to the test coil.

.,,

5.12 Repeat 5.3 through 5.9.

6: Calculations. Calculate the difference between the magnetic field with
the test sample present within the test coil,and the test sample removed frnm
within the teat coil for each position measured aa follows:

HP (i, j) - Ha (i,,j) = Ht (i,j); i = I tO 26, j - 1,2

where:
Hp =

Ha =

Ht =
i=

j=

meaaured magnetic field with the test aemple present within
the teat coil.

measured magnetic field with the test sample removed from
within the test coil.
ferrous magnetic field emanating from the test sample.
position designator of the magnetometer for each of the positions
meaaured; i = 1 to 26.
designator for air core magnetic field condition; j = 1
corresponds to the field of 43 A/m vertical and 1.2A/m ●
horizontal; j = 2 corresponds to the field of 10 A/m vertical
and 34 A/m horizontal.

7. Test report. The test ,reportehali include the follcwing information:

(a) Identification of the test sample.
(b) Identification of the test coil system used, including

manufacturer’s and identificationnumbers.

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

(d) Position of the test sample
(e) All recorded and calculated

with respect to
field valuea.

the teat coil.
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TEST METHOD FF03

FERROUS MAGNETIC FIELD FROM A CLASS 1 SOURCE
MEASURED ON A HORIZONTAL PLANE

IN AN AMBIENT MAGNETIC ENVIRONMENT

1“ SsQFs’ 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 ferroua msgnetfc field, which is com-
posed of an induced and permanent magnetic field. The ferrous magnetic
field can be compensated for by a degaussing ayatem if the msgnitude and
direction of the fiald ia known. In minesweeper application, 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 teat method ia used to determine the magnitude of the
vertical component of the ferrous magnetic field on a horizontal plane that
ia a distance below the center of the test sample. This method is distinguished
from test method FFO1 which measurea the field at points that are equidistant
from the center of the test sample. This test method, like test method FFO1,
is accomplished in an smbient (earth’s) field environment. Consequently, if
the earth’s field at the test site varies significantlywith time during the
performance of the test and is not automatically compensated for, this method
will lead to less accurate results than those achievable in a controlled mag-

● netic environment (ace test method FF04). However, since a controlled magnetic
environment requires a complicated test coil and control eyetem, this method
provides a rapid and convenient meana for measuring the ferrous magnetic field
on a horizontal plane at a distance below the center of the test sample. Sen-
sors of the msgnetometera may be buried in the earth, which could eliminate the
need for spatial mounting of the test sample. Required information from the
specifications for the test ssmple for this test method is the distance
from the center of the test sample to the horizontal plane at which the ferrous
~gnetic field is to be measured.

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

3. Apparatus.

3.1 Magnetometers. Monoaxial fluxgate msgnatometars 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

I used for the horizontal array of magnetometer. Each electronic unit shall
include as a minimum a meter to meaaure the field msgnitude, unless automatic
data collection equipment ia utilized. The sensors may be multiplexedinto a

I limited number of electronic units which automatically record the field measured
by each scanned sensor.

TEST MXTHOD FF03
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3.2 Mounting frame for the array of magnetometers’ sensors. Unless the
array of magnetometers’ censors are buried in the earth, e nonferrous, rec-
tangular frame for the mounting of the censors shall be provided (eee figure
FF03-1). 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
seneor shall be located directly below the center of the test asmple (center
aeneor). The remainder,ofthe sensors in the array shall be located at spa-
cinge equal to 0.25 of the vertical dietance from the center eeneor to the
center of the test sample. The periphery of the array ehall be no closer to the
center seneor than twice the vertical dietance from the center”seneor to the
center of the teat sample. Each censor shall b.evertical within 0.5 degree.

3.3 Mounting structure. A nonferrous mounting stricture shall be used
for positioning the teet eample with respect to the mounting frame, if required
by the location of the magnetometer array;

4. Test sample. Length and width of the test eample ie limited by the
dimensions of the array of sensore. Maes of tiie’teet sample is limited by the
loading limitations imuosed bv the surface on which the samule is located.
The te~t sampla ehall ~e iden~ical in
and shall be oriented with respect to
magnetic field, aa it would be in the

5. Procedure.

composition to the item
the vertical components
intended installation.

to be instailed
of the earth!a

5.1’ Prior to mcaeuring the ferroua magnetic-f+eld of the test sample,
meaaure the earth!s magnetic field with the mounting frame for the array of
mw=tomet=r’ E =nac-s and mount~% Stmcture fOr the ceet sample in place
aa they would be for tha ferrous field measurements.

5.1.1 Record the position of and the magnetic field measured by each
sensor. ,.,..,. , ,“

,,,

5.2 Place the teat sample in position!‘andrecord’the position of the test
sample with respect to the mounting frame for the array of magnetometers’ sen-
sors and magnetic north-south and east-west.

,-

5.3 R&cord’’theposition“of and the magtieticfield measurad by each
sensor. .,

5.4 Remove the teet 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’a field at any point differs from the initial measurement
by more than 1 nT, the test resulte are not valid.

6. Calculations. Calculate the difference:between the vertical component
of the maenetic field with the teat samule Dresent and the test samule removed
for each ~oaition meaeured aa follows: ‘

Hp (i) - Ha (i)= Kv”(i);

.,<.,,

iel ton
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FIGDRE FF03-1. Configuration of magnetometerst sensors.
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where:
~ = measured magnetic field with the test semple present.
Ha = measured magnetic field with the teet sample removed.
Hv = ferroue magnetic field emanating from the test sample.
i - peaition designator of the magnetometer for each of the

-positions me~sured; i =‘1 to-n.

,n = totel number of magnetometers.

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

(a) Identification of the test S~Dle.
(bi Identification of the magnetom~ters used, including manufacturer’s

and identificationnumber.
(c) Identification of the mounting frame for the array of the magnet-

ometers* eeneors and the mounting structure for the test eample.
(d) Position of the test eample with reepect to the mounting frame

of the magnetometers1 seneors and magnetic north-south and east-
Wast.

(e) All recorded and calculated field valuee.

!: !Ii}””
,:

,. “,~. ,:
!.-
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TEST MSTHOD FF04

●

I
I

I

●

FERROUS MAGNRTIC FIELD FROM A CLASS 1 SOURCE
MEASURED ON A HORIZONTAL PLANE

IN A CONTROLLED MAGNRTIC ENVIRONMENT

1“ ‘SssE!z”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 degauseing systernif 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 is distinguished from test
method FF02, 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 controlled magnetic environment which is created by a test coil
system. Consequently, it is more accurate than the similar ambient magnetic
field environment test method FF03. Required information from the specifics-.
tione for the test sample for this test method ie 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 coil,
ite power supply, and control system. The test coil, 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’a 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 la 2 nT) per meter,
whichever ia greater. The coil shall generate magnetic fields to a maximum of
43 A/m (54 vT) with an accuracy of at least 0.05 percent of the applied field
or O.0002 A/m (flux density is O.25 nT), whichever ia greater. The power
supply shall supply the current required for adequately long perioda 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 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 simultaneouswith this test.

TEST MSTHOD FF04
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3.2 Magnetometers. Monoaxial fluxgate magnetometers consisting of a
sensor unit and an electronic unit with a minimum aenaitivity of 0.0002 A/m
(flux density is 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 aa a minimum a meter to measure the field magnitude, unlees automatic
data collection equipment is utilized. The sensors may be multiplexedinto a
limited number of electronic units, which automatically record the field measured
by each scanned aenaor.

3.3 Mounting frame for the array of magnetometers’ aensora. A nonfer-
rous, rectangular frame for the mounting 6f magnetometers* sensors shall be
provided (see figure FF04-1). The sensors mounted “inthe 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
aenaor to the”center of the test sample. The periphery of the array shall be
no closer to the canter sensor than twice the vertical distance from the center
sensor to the center of the teat sample. Each censor shall be vertical within
O.5 degrae.

3.4 Mnunting 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 limited by the size of the
test coil and mounting frame for the array of magnetometers’ sensors,,and ●
access to the mounting structure within them. Maaa of the test sample Is
limited.by.the loading limitations of the mounting structure. The test sample
shall be identical in composition to”’theitem to be installed and shall be
oriented with respect to the vertical components of the test coil as it would
be in its Intended installation.

5. Procedure.

5.1 Energize the test coil system such that the air core volume to be
occupied by tha test sample is subjected to a verti.$almagnetic field of 43 A/m -
(54 vT) and a horizontal magnetic field of 12 A/m (15 pT). ~~”

5.2 Place the test sample in position and record t,he,positinn of the test
sample with respect to the test coil. The test aspple shall coincide with the
cent’erof the test coil within plus or minus 10 cm.

5.3 Record the.positions and tbe magnetic field measured by each sensor.

5.4 Remove the test sample from the test coil and repeat 5.3.

5.5 Adjust the’teat coil system so that the air core volume to be occu-
pied by the test sample is subjected to a vertical magnetic field component of
10 A/m (12.6pT) and horizontal magnetic field‘ccmiponentof 34 A/m (42.7 uT).

TEST METHOD FF04
●

34

— *

Downloaded from http://www.everyspec.com



DOD-STD-2142(SH)
1 June 1983

FRONT VIEW

TEST,SAMPLE

L

WU&3WJ NOT

\-rEsl- ~L

● TOP VIEW

CENTE

MOUNTINGFRAME FOR THE
ARRAY OF MAGNETOMETERS
SENSORS

SH 12252

●
FIGDRE FF04-1. Configuration of magnetometers1 sensors array.
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of the test sample
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the test sample within the test coil and record the position
with respect to the test coil. ●

5.7 Repeat 5.3 and 5.4.

6. Calculations. Calculate the difference between 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 coil for each position measured as
follows:

~ (i)j) - Ha (i,j) = Hv (i,j); i = 1 to n, j = 1,2

where:
Hp =
Ha =

%“
i=

n=

j=

measured magnetic field with the test sample present.
measured magnetic field with the test sample removed.
ferrous magnetic field emanating from the test sample.
position designator of the magnetometer for each of the
positions measured; i .=1 to n.
total number of magnetometers.
designator for air core magnetic field condition; j = 1
corresponds to the field of 43 L/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) Identification of the test sample.
(b) Identification of the magnetometers used, including manufacturer’s ●

and identification number.
(c) Identification of the mounting frame for the array of magnetometers’

sensors and the 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.

-.. ,
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TEST METHOD FF05

,,>,,

FERROUS MAGNETIC FIELD FROM A CLASS 1 SOURCE
CAUSED BY LINEAR MOTION

IN AN AMBIENT MAGNETIC ENVIRONMENT,.. ,..
, ,:

1“ SES?&”A ferrous field (clasa 1) source ia an item on or part of i
ship or craft,,which uses a material in its construction that exhibits a rel-
ative magnetic permeability different from 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.

I
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 vertical component of the ferrous magnetic field at a fixed
distance below the center of the teat sample, as the test sample is moved in

I a linear direction over the measured voint. Thie test ia accomplished in an
ambient (earth’s) magnetic environment. Required information f~om the specifi-
cations for the test sample for this teat method is the distance below the
center of the test sample at @ich the ferrous magnetic field is to be measured.

. .
2. Center of the test sample. Center of the teat sample refers to the

geometric center of tha sample.

●
“3. Apparatus.

3.1 Track. 450 meteTs of nonferrous, non-electrically conductive track
for the test sample’s cart shall be installed in a straight line along magnetic
,porth-southand magnetic east-west with intersection at their midpoints (225
meters).

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

3.3 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 pT) shall be used.
The electronic unit shall include, ae a minimum, a manually controllable field
neutralization subsystem to null out the earth!s field magnitude and a continuous
recording instrument so that the magnitude of the absolute field ie continuously
read as the teat sample ia moved. The magnetometer shall be located at the
intersection of the two tracks at the specified distance below the test sample
(ace figure EFO1-1).

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 limitations of the cart
and track. The test sample shall be identical in composition to the item to be
installed and shall be oriented with resoect to the vertical comnonent of the

●
earth!s magnetic field as it would be in its intended installation.

TEST METHOD FF05
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5. Procedure.

5.1 With the test sample ramoved from the
magnetic field at the magnetometer’a sensor and
meter’s control circuit,

5.2 Mount the teat sample on tfiecart and
to the cart.

5.3 Ouerate the cart with the test sanmle

test site, measure the earth’s
null it out with the magneto-

record its position with respect

on it at a constant aDeed 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, aa the cart ia moved along the track.

5.4 Repeat 5.3 at speeds of 2.6 meters per second and 4.1 matera 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 speed 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 teet ssmple from the test site and remeasure the earth’s
magnetic field at the magnetometer‘a eenaor. If this final measurement of
the earth!s field differs from the initial measurement at that point by more
than 1 nT, the teat results are not valid.

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

(a) Identification of the test sample.
(b) Identification of the magnetometer used, including manufacturer’s

and identificationnumber.
(c) Identification of the track and cart used.
(d) All recorded field values.

TEST METROD FF05
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FIGURE FF05-1. Configuration of teat, cart, track and sensor.
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TEST NETHOD EFO1
,,

EDDY CURRENT MAGNETIC FIELD FROM A CLASS 2 SOURCE
MEASURED.AT A .DISTANCE.,.

IN A CONTROLLED MAGNETIC ENVIRONMSN’C

?,

1: =. An electrically conductivematerial will generate withfn itself
eddy currents when it is oscillated 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 fields as they
roll and pitch in the earth!s magnetic field. Consequently, the mxgnitude of eddy
current magnetic fields needs to be.controlled aboard minesweepers that sweep for
msgnetic-influence mines. This test method is used to determine the magnitude of
the normal component of the eddy current magnatic 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
systsm, which is rotated shout the test sxmple of the eddy current field source.
Alte’r%atively,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 of
which the eddy “currentmagnetic’field is to be measured.

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

r, 3. Apparatus. ,, ,’.- ,,,
.,. :,

3.1 Test coil system. The test coil.systemshall coneist of the test coil,
its power supply and control system. The test coil, 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
coilrs field and any magnetic field distortion from the immediate environment
over tbe volume occupied by the test sxmple shall not exceed 0.1 percent of the

applied field per meter or O.0016 A/m (flux density is 2 nT) per meter, whichever
is greater. The coil shall generate magnetic fielde 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 is greater. The power supply
shall supply the current required for adequately long periods, without drift

‘ ,or fluctuation. A storaga battery of adequate capacity is a satisfactory
power source.’ A direc,tcurrent generator,may he 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 simultaneouslywith 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 coil at a rate of 5 to 7
cycles per minute in one plane to angles of 4.5degrees on either side of the
vertical in increments of 15 degrees. The mxgnitude of the vertical and hori-
zontal components of the magnetic field occupied by the air core volume specified

●
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o in the teet procedures shall rotate ae the teet coil rotates and shall be
maintained at the same values and tolerance throughout the rotation.

3.3 Magnetometer. A menosxial fluxgate msgnetometer consistfug nf a
sensor unit and an electronic unit with a minimum sensitivityy of 0.0002 A/m
(flux density is 0.25 nT) and a dynamic raue of ~ 90 A/m (~ 113 MT) shall be
used. The elactronic unit shall include a continuous reading instrument to
measure tha field magnitude ae the teet coil rotates through its roll angle.

3.4 Gimbal fixture. A nonferroua, non-electricallyconductive gimbal
fixture, with a circular ring, shall be used for the mounting of the magneto-
meters’ $eneor (see figure EFO1-1). The ring shall have a radius equal to the

-.
distance from the center of the test esmple at which the field is to be measured.
The magnetometer’e sensor shall be mounted on the ring in a manner that will
anew sensing at the specified distance. The ring shall lie on a horizontal
plane ao that it is centered about the center of the test coil within plue 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 EFO1-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-electricallyconductive
mounting structure shall be used for positioning the test sample within the
test coil and gimbal fixture.

lo 4. Test esmple. Volume of the test sample ie limited by the size of tbe
teet coil and gimbal structure, access to the mounting etructure within them,
and clearance distances for the roll of tbe test coil. Msee of the test sample
is limited bv the loadirm limitations of the mounting structure. The test
esmple ehall be identical in composition to the item-to
be oriented with respect to the horizontal and vertical
COil, as it would be in its intended installation.

5. Procedure.

be inetalled and shall
components of the teet

5.1 Energize the test coil syetsm such that the air core volume to be
occupied by the teet eample ie subjected to a vertical magnetic field of 43 A/m
(54 uT) and a horizontal magnetic field of 12 A/m (15 uT).

5.2 Place the test esmple in poeition, eo that it is orientated with respect
to the roll plane of the coil ae it would be orientated to the athwartship dir-
ection aboard the chip or craft. Record the poeition of the test esmple with
reepect to the test coil. The center of the teet sample ehall coincide with the
center of the test coil at O degrees roll angle within plue or minus 10 cm.

5.3 Place the magnetometer’s censor in poeition 2 (aee figure EFO1-1).

5.4 Rotate the test coil in ita roll plane through an angle of 15 degrees
from one side of the vertical to the other side (starboard orientation plus (+)
degreae and port orientation (-) degreee) at a rate between 5 to 7 cycles (O to

●
15-degrees or O to -15 degrees) per minute.
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● 5.5 Record the test coil 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

5.7 Rotate
ring; repeat 5.4

5.8 Repeat

5.9 Rotate

5.4 and 5.5 for 30 degreea and 45 degreea roll angles.

the ring of the gimbal fixture + 45 degreea in the plane of the
through 5.6 (position 2).

5.7 aix times (poaitione 3 through 8).

the ring of the gimbal fixture + 45 degrees in the plane of the
ring and then + 45 degrees in tha plane containing the magnetometer~a censor and
the-point on the ring

5.10 Repeat 5.4
and + 270 degreee are

5.11 Repeat 5.9

5.12 Remove the
through 5.11.

180 degrees from the aenaor.

through 5.7 with the exception that poaitiona + 90 degreea
eliminated (poaitiona 9 through 14).

and 5.10 two times (positions L5 through 26).

test sample from within the teet coil and repeat 5.4

5.13 Reinsert the teat sample within the teat coil so that it ie orientated
with respect to the roll plane of the coil as it would be orientated to the
forward-aft direction aboard the ahip or craft. Record the poeition of the teat
sample with respect to the teat coil. The center of the test sample shall
coincide with the center of the teat coil at O degreea roll angle within ~ 10 cm.

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

5.15 Adjust the teat coil ayatem ao that the air core volume to be occupied
by the teat sample ia 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 u’l!).

5.16 Repeat 5.2 through 5.14.

6. Calculations. Calculate the difference between the magnetic field with
tha teat sample present within the teat coil and the test sample removed from
within the teat coil for each position meaaured as follows:

Hp (k,jsk) - Ha (i,j,k) = Ht (isjsk); i = 1 to 26,

where:
Hp = meaaured magnetic field with the teat

tbe teat coil.
Ha = maaaured magnetic field with the teat

within the test coil.
Ht = eddy current magnetic field emanating

j E 1,2, k = 1,2,3.

sample present within

eample removed from

from the test sample.

TSST METHOD EFO1
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i = pesition designator of the magnetometer for each of the.-“
positions measured; i = 1 to 26.

j = 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,- “designatorfor teet coil, roll angle; k = 1 correeponde to
a roll angle of 15 degrees; k = 2 correeponda to a roll
angle of 45 degrees.

7. Teat report. The test report ehall include the following information:

(a) Identification of the test eamp16.
(b) Identification of tha teat coil system ueed, including manufac-

turer’sand identification numbers.
(c) Identification of the roll mounting fixture, gimbal fixture and....

mounting structure for the test semple”.
(d) Position of the test sample with respect to the test coil at O

degrees roll.
(e) Ail.recorded and calculated field valuee.

TEST h!E1’HODEFO1
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TEST METHOD EP02

I

EDDY CURRENT MAGNETIC FIELD FROM A CLASS 2 SOURCE
NEASURED ON A HORIZONTAL PLANE

IN A CONTROLLED MAGNETIC ENVIRONMENT

1. =. 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 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
~gnetic-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 magnetic field. l%is teat
method is used to determine the magnitude of the vertical component of the eddy
current magnetic field on a horizontal plane that is a distance below the center
of the teat sample. This method is distinguished from test method EFO1 which
mcaaures the’field at points that are equidistant from the center of the test
sample. This test method, like test method EFO1, 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
teat 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 meaaured.

2. Center of the teat sample. Center of the test sxmple refera to the
geometric center of the sample.

3. Apparatus.

I 3.1 Test coil system. The test coil system shall consist of the test coil,
its power supply and control system. The test coil, 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
coilta 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 ia 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 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 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 simultaneouslywith this test.

—
TEST METHOD EF02
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3.2 Roll mounting fixture for test coil. The test coil shall be mounted
on a roll mounting fixture which shall roll the test coil 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 occupied by the air core volume specified
in the test procedures shall rotate aa the test coil rotates and shall be
maintained at the same valuea and tolerances throughout the rotation.

3.3 Magnetometers. Monoaxlal fluxgate magnetometer consisting of a
sensor unit and an electronic unit with a minimum aensitivfty of 0.0002 A/m
(flux density is 0.25 nT) and a dynamic range of ~90 A/m (~ 113 PT) shall be
used for the horizontal array of magnetometers. Each electronic unit shall
include as a minimum a continuous reading instrument to measure the field
msgnitude, aa the test coil rotatea through its roll angle.

3.4 Mounting frame for the array of magnetometer’ sensors, A nonferrous,
non-electricallyconductive rectangular frsme for the mounting of magnetometers’
sensors shall be provided (ace figure EF02-1). The aensora mounted on the
frame shall be located on a horizontal plane at the specified distance below
the center of the test sample. One senaor,ahall be located directly below the
center of the test sample (center sensor). The remainder of the sansors in
the array shall be located at spacinga equal to 0.25 of the vertical distance
from the center sensor to the center of the test assmle. The oeriuhery of the. . .
array ehall be no closer to the center sensor than twice the vertical distance
from the canter sensor to the center,nf the test ssmple. Each aenaor 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 ssmple within the
test coil and over the mounting frame for the array of magnetometers censors.

4. Teat sample. Vnlume of the test sample.is limited by the size of the
test coil and mounting frame for the array of magnetometers aenaora, acceaa
to the mounting structure within them, and clearance distances for the roll of
the test core. Mass of the test sample is limited by the loading limitation
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
lation.

, as it would be in its intended instal-

5. Procedure.

5.1 Energize the test coil system such that the air core volume to be
‘occupiedby th~ test sample is sub<ected “toa vertical magnetic field of 43
A/m (54 uT) and a horizontal magnetic field of 12 A/m (15 uT).

5.2 Place the test sample in poeition, so that it is orientated with
respect to the roll plane of the coil as it would be orientated to the athwart-
ahip direction aboard the ship or craft. Record the position of the test
sample with respect to the test coil 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 sinus 10 cm.

TEST MsTHOD EF02
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FIGURS EF02-1. Configuration of mounting frame for sensors.
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5,.2 Rotate,,the,teet COil in its roll plane through an angle of 15 degreee
from ontiside of the vertical to the other side (starboard orientation”plus (+) ●
degrees and port orientation (-) degrees) at a rate between 5 to 7 cycles (O to
+j5 degrees or O ,to,,-15 degrees) per ,rninute.,..

5..4,Re.cordthe test coil roll angle and rste.., %asure the mxximum field
,,magq$tude,during ,the.roll from tbe continuous beading,,instrument.

,5.5 ,Repeat.5.3and 5.4,for 30,.d,egreesand 45 degrees roll angles.

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

5.? Reinsert the test sample within the coil, eo 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’eample
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 plus or minus 10 cm.

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

5.9 Adjust the test coil system so that the air core volume to be occupied
by the test sample is subjected to a vertical magnetic field component of 10 A/m
(12.6,uT) and ahorizontal 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 field with the test sample present within the test coil and the
test sample removed from within the test coil for each position measured for the
three test coil roll anglee, as follows:

Hp (i,j>k) - Ha (i,j,k) = Hv (i,j,k); “i=’1,to n, j = 1, 2, k = 1, 2, 3

where:
Hp =
Ha =

%“
i=

n=

j=

k=

meaeured magnetic field with the test sample present.
measured magnetic field with the test eample removed.
eddy current magnetic field emanating from the test eample.
position designator of the tignetorneterfor each of the positions
measured; i = 1 to n.
total number of magnetometers in the array.
designator for air core.magneticfield condition; j = 1
corresponds to the field of 43 A/m vertical and 12 A/m
horizontal; j = 2 corresponds to tbe field of 10 A/m vertical
and 34 A/m horizontal.
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.

TEST METHOD EF02
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● 7. Test report. l’hetest report shall include the following information:

I (a) Identificationof the test sample.
(b) Identificationof the magnetometers used, including manufacturer’s

end identificationnumber.
(c) Identification of the roll mounting fixture, mounting frame for

the array of magnetometers eensore and the mounting structure
for the test eemple.

(d) Position of the teet sample with respect to the test coil at O,-
degree roll angle.

(e) All recorded and calculated field valuee.

●
I

I

.
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.... TEST METHOD EF03

...+

EDDY::CU’iREiT.mGNETI,C FIELD FROM A CLASS 2
>, CJWSED’BYOSCILLATORY MOTION

IN AN MRIENT MAGNETIC_ENVIRONMENT
.,;
, ,,

1“ ‘AYs”&’electrically cOnd~~tive ~terial will generate within itself

eddy currents when it is moved in & magnetic field. These eddy currents, in
turu, will create an eddy current magnetic field,..Eddy current magnetic”field
(class 2) sources aboard a ship or craft will emanate eddy current magnetic
fielda as they roll and pitch in the earth’a magnetic field. Consequently, the
~gnitude Of @ddy current magnetic fields needs to be controlled aboard mineaweepera
that sweep for magnetic-influencemines. This teat method is used to determine
the magnitude of the vertical component of the eddy current magnetic field at
a fixed distance below the center of the test sample, aa the test asmple ie
moved h an oscillatory manner over.the measured point. This teat is accomplished
in an ambient (earth$s) magnetic environment. ~Required information from the
specifications for the test Sample for this test’method ia the distance below
the center of the teat’sample at which’the eddy current magnetic field ia to
be meaaured.

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

3. Apparatue.

3.1 Pendulum support:structure. A.pendulum support atrncture shall be
constructed of wooden poles, binding cable aridtest sample support cable (see
figure EF03-I). The haight a,ndbreadth of the structure shall allow a 45 de-
gree movemant from the vertical of the teat asmple~support cable with the teat
sample att’achedin the vartic’aland lateral oscillatory directions.

3.2 Magnetometer. A rnonoaxialfluxgate’magnetdme~er consi?ti~ of a
aenaor unit and an electronic u’riitwith a.miritiurnsensitivity of 0.0002 A/m
(0.’25) and a dynemicrange of.~ 90 A/m (~,113,PT) shall be used. The elec-
tronic unit shall include, as a minimum, a manually controllable field neutra-
llzation subsystem to null out tliiearth’E field magnitude and a centinuou$
recording instrument so that the magnitude of the absolute field ia continuously
read aa the teat sample ia moved. Tha magnetometer shall be located directly
below the center of the test sample when the test sample support cable is at
O degree with the vertical at the distance apacified (ace figure EF02-1).

4. Test sample. Volume;of the test sample ia limited by the dimensions
of the pendulum support structure. Mass of the test sample is limited by the
loading limitations nn the ,pendulumsupport structure. The test sample shell
be identical in composition to the item .tobe 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.

,,,.”.,, TEST NETHOD EF03,.

o

,., .,

50

I

Downloaded from http://www.everyspec.com



DOD-STD-2142(SH)
1 June 1983

.. .

n

N_

●
SH 12256

FIGUSE EF03-1. COnfiguration of test sample, structure and sensor.
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5. Procedure.
.“

5.1 With the test s&ple “removedfrom the
magnetic field at the magnetometer’e sensoc end
meter’s control circuit.

5.2 Meunt the test sample on the pendulum
{te position with respect to the structure.

5.3 Raiee the test sample in the vertical
support cable is at an angle of 15 degkees with
sample and record the magnitude of the field at

teat site, measure the earth!s
null it out with the magneto-

support str-uctureand record

direction so that the teet sample
the vartical. Releaae the test
the sensor on the continuous

recording equipment; as ~he test sample oscillate. in the vertical direction.

5.4 Repeat 5:3 for 30 ‘degreesand 60 degrees. ~ .,

5.5, Raiae the teat Sample in the lateral”direction ao that the test sample
SUPDOI’tcabla is at an amle of 15 derzreeawith the vertical. Releaaa tha. .
taat sample and record th~ magnitude of the field at’the s,enaoron the continuous
recording equipment,

5.6 Repeat 5.5

as the test emnple 6scillatee in the lateral direction.
,.

for 30 degraes and’60 ‘degreee.

5.7 Remove the test aemple from the pendulum appport atructuie and remeaaure
the earthia magnetic field at the magnetometer*a seusor. If this final measure-
ment of the earth’a field differs from the.initial measurement at that point by
more than I nT, the teat reaulta are not valid.

,,

6. Tast raport. The test report shall include the following information:

(a)
(b)

(c)
(d)

(e)

... ,

Identification of the tast sample.
Idantification of the magnetometer used, including tinufacturer’s
‘,and identification”number.
Identification of the pendulum support‘structurefor the teat sample.
Poeition “of the test aemple with respect to the pendulum support
structure.

All recordad field v“aluea.

,.

,,. .,, . ,, ,.,
,, .,
,,, ,
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TEST FC3THODSFO1

STRAY MAGNETIC,FIELD,FROM A CI@S 3 ,SOURCE ,,.,,. .
,,@S~ED AT A PISTANCE

..

IN M AMSIENT MAGNETIC ENVIRONMENT .; !

. .,
1: =. Minesweepers are carefully‘built”of rionmagriet,ickterials where-,

ever poseible. Nhen magnetic materiali”aie uecessary; their ‘inagnet’ikfield is
accurately .c0mpen9at,edfor by,? degauss:ng sYst~. Howe~er, the stray magnetic
field caueed by dlract ,currpptcarrying conductors Of ship ~,chine~y, such as
those found in the genara”tqiswhich .pro,ducethe large c,uirantsfOr the’mine-

., sweeping cables, &a&not b.:compensated,f-orby the usual degauss:ng techniques.,
since they ara not constant nor aa predictable a eource of magnstic fields as
the sources which consist primarily of magnetic materials. ~he etr+y magnetic
field caueed by these stray magnetic field (class 3) s6urces must be measured,
to ensure that they a~a,minimized in ac,cordtyi$:with their specifications..
l%is test method is us,edto,determine.th’amagnitude.Of the;n?~al ,cOmPOnentOf
the stray magnetic field at,“anumber of,measu~e?ent points that ,are equidistant
from the center of t,heteat sample’. Th,$stest is accomplished iu”an ,smbient
(earth’s) field environment. Consequently,’variations in the earth’e‘field at
the test site must be automatically,compensated for .s,othat acc~ra:? ~epults
can be achieved. Required info’rmationfrom the specificatiohs for the teet
a,~ple for this test.method ,is thp dlstanqe from the ,centerof .:hetest s~ple
at which the e,traymagnetip,field .isk.o.b6m:asursd. . ~: , ;

● 2:
,.+, 1

Center of the test sample.1Center of”the test skple “refersto’th’s
gaometric center of the test sample.

,,.

i.’:”.:” ., :’””’”!’.” “.’: ’’:”.,
3.

,,. ,
Apparatus.

..
,3.1 Magnetometer. A monoaxi.al’fluxgate&gn,e”t0m6terc.Onei~t,iwOf a

,’

sensor unit and an electronic unit with a mifiim:}s$fisitivitYOf.0.0002 A/m
(flux density is 0.25 nT),and a dynamic range of ~ ,90A/m (~ 113 uT) shall be
used,. The electronic’unit shall include aq,a minimum an autO~;icplly control-
lable field”n&t~aliza’tionsubsystem to dull out the earth’s field magnitude
and a meter to measure the abeolute field magnitude.., A chart recorder may be
utilizad to facilitate data collection. ‘“

3.2 Gimbal fixture. A nonferroue gimbal fixture, with a circular ring,
shall be used for the mounting of the magnetometers’ sensor (see figure SFO1-1).
Tbe ring ehall 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
distanca. The ring shall lie on a horizontal plane so that it is centered
about the center of the test eample within plue or minue 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
may be used to decreaee the number of
readings.

o

SFO1-1 and SFO1-2). Mdtiple magnetometer
rotations required for a full set of

TSST METHOD SFO1
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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 supplies. Electricalpower supplies shall be provided as required
to “op&ate.the test sample over its full operating range.

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

4.. Test sample. Volume of the teat sample is limited by the size of the
gimbal fixture and’access to the mountipg structure within the fixture. Mass
of the test sample ia limited by the loading limitations of the mounting struc-
ture. The teat sample shall be ideriticalto 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 inetallatiom. The test sample shall
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

I sample with respect to the gimbal fixture.

I
5.2 Connect all power and control circuits ,asthey weuld 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 aensoi in position 1 (see figure SFO1-2);
measure and record the field magnitude.

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

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

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

5.8 Measure and record the field magnitude (pesition 9). Repeat 5.5 and
5.6 with the exception that positions + 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 requirement of the contracting activity.

TEST MRTROD SFO1
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FIGORE SFOI-1. Configuration of ring for gimbal fixture.
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FIGORE SFO1-2. Magnetometer position designators (i).
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6. Test report. The test report shall include the following information:

(a) Identification of the test sample.
(b) Identificationof.the magnetometer used, including manufacturer’s

and identificationnumber.
(c) Identification of the gimbal fixture and mounting structure

for the teet 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 semple when they were recorded.

..

.,
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TEST METHOD SF02

!.

STRAY MAGNRTIC FIELD FROM A CLASS 3 SOURCE
MRASURED ON A HORIZONTAL PI@E

IN AN AMRIENT MAGNETIC ENVT.RONNRNT :
,.

1. =. Minesweepers are carefully built of nonmagnetic.materials where-
ever possible. Nhen magnetic msterials are necessary, theirmagnetic field is
accurately compensated for by a degauseing system. Hewever, the strey magnetic
field caused by direct current carrying conductors of ship .mschinery,such as
those found in the generatore which produce the,large currents for the mine-
sweeping cablee, cannot be cnmpenaated for by the usual degauasing techniques,
since they are not constant nor as predictable a source of msgnetic fields as
the aourcea which coneiet primarily of magnetic materiala. The atray magnetic
field caused by these atray magnetic field (class 3) aourcea must be meaeured,
to ensure that thay are minimized in accordance with their apecifications. In
minesweeper application, 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. l%is teet method is used

to determine the magnitude of the vertical component of the stray magnetic
field on a horizontal plane that ie a distance below the center of the eample.
This method is distinguished from test method SFO1, which measures the field
at points that are equidistant from the center of the teat sample. This test
method, like teat method SFO1, is accomplished in an ambient (earth’s) field
environment. Consequently, variations in the earth’s field at the test site
must be automatically compensated for ao that accurate results can be achieved.
Required information from the specifications, for the test sample for thie

●
test method, is the dietance from the center of the test sample to the horizontal
plane at which the stray magnetic field ia to be measured.

2. Center of the test sample. Center of the test ssmple refera to the
geometrfc center of the test sample.

3. Apparatue.

3.1 Magnetometers. Monosxial fluxgate magnetometers consisting of a
aens”nrunit and an electronic unit with a minimtuo sensitivity of 0.0002 A/m
(flux density is O.2S nT) and a dynamic.range of A 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
eubaystem to null out the earth’s field,msgnitude and’a meter to measure the
absolute fiald magnitude. If an automatic data collection system is used, the
aensore may be multiplexed into a limited number of electronic units which
automatically record the field measured by each aenaor.

3.2 Mounting freme for the array of magnetometer. A nonferrous, rec-
tangular frame for the mounting of the msgnetometers* sensors shall be pro-
vided (see figure SF02-1). The.sensors mounted on.the frame shall be located
on a horizontal plane at the specified distance below the center of the test
sample. Ona sensor ehall be located directly below the center of the test sample

●
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iO (center sensor). The remainder of the sensors in the array shall be located at
suacinca eaual to 0.25 of the vertical distance from the center aenaor to the
c}nter-of ~he teat sample. The periphery of the array shall be no closer to
the center aenaor than twice the vertical distance from the center sensor to the
centar of tha teat sample. Each aenaor shall be vartical within 0.5 degrea.

3.3 Mounting atructure. A nonferroua mounting structure ehall ba used for
positioning the teat esmple with respect to the mounting frame.

3.4 Power supplias. Electrical power .suppliaashall be provided as raquired,
to operate the test sample over ita full operating range.

3.5 Loada. Mechanical and electrical loada 8hall be provided as raquired,
to operate the test sample over its full operating range.

TSST METHOD SF02●
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FRONT VIEW

SH 12259

FIGOHE SF02-1.

TOP VIEW

q,’, Q’@ “ CENTER SENSOR

●

●

•am’m~

Configuration of mountin8 frame for sensors.
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NPEmIX

DATA REQtiII@4ENTS

lo.”f~DAM ‘~’+; “ ‘. :.

10.1 Data.,requirements.,,When,this standard is used in a contract which
incorporates a DD Form 1423 and ~nvokes the provisions of 7-104.9(n) of the
Defense Acgu$a,it,ion.Regulation (DAR), the data requirements identified below
will be developed as specified by an approved ,DataItem Description (DD Form

1664) and,,deliveredip accordance with the approved Contract Data Requirement
List (DD Form 1423) ificorpora”tedinto the contract. When the provisions of.,
DAR-7-104.9(n) are not invoked, the data specified below will be deliverad by
the contractor in accordance with the contract requirements. Deliverable data
required by this etandard is citad in the following paragrapha:

Paragraph no. Data requirement title Applicable DID no. M

5.1 Procedures, teat UDI-T-23732 —-

5.5 Reports, teat DI-T-2072 10.1.b

(Copies of data item deacriptiona required by the contractors in connection
with specific acquisition functione 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 requiremeritmay be waived by the contracting/
acquisition activity upon certification by the offeror that identical data were
submitted by the offeror and accepted by the Government under a previous contract
for identical item acauired to this standard. l%is doea not aoDlv to suecific

I data
item

... .
which may be required for,each contract;”regardless of whether an identical
haa been supplied previously (for example, test reporta).

. .. .. . .. .
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