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DEFINITIONS
AM - The synbol for athwartship magnetization
Alm - The standard SI synbol for anpere-turn per neter.
Anpere-turn - For shi pboard degaussing coil |oops, the unit of anperes in a

| oop tinmes the number of effective turns in the |oop

Ampere-turns per nmeter, A/m - The SI unit of magnetic field strength
(magneti zing force).

Aut odeg - The acronym for automatic degaussing and refers to shipboard
aut omati ¢ degaussi ng control equi prment.

Background field - The magnetic field existing at a sensor (probe or
det ector) agai nst which degaussi ng procedures are neasured. Earth's field and
nearby nagnetic material are normal background fields. This field is conpensated
by calibration of sensor readings prior to ship's arrival

Bi as - The current required in a depermng solenoid (or X solenoid) to
conmpensate the magnitude of earth's field conmponent aligned with the ship's
| ongi tudi nal axis. See "Perm bias" for another use of the term

™M - The standard synmbol for the termcyclically magnetized condition

Coil effect - The magnetic field produced by current in a shipboard
degaussing coil as neasured at a degaussing facility.

Coil misfit - The magnetic field residual between a ship axial conmponent
magneti zation and the calibrated coil effect which conpensates that conponent as
nmeasured at a degaussing facility.

Cont our - A graphic representation of a ship magnetic field consisting of
i somagnetic lines that outline a sequence of graduated magnetic magnitudes. The
contour normally is used for display of a ship's total field or conponent fields
at a depth used by degaussing facilities.

Cycl e - A termapplied to the top shots beginning a deperm ME and a deperm
R A cycle consists of two shots given in sequence of opposite polarities with
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bot h shots of equal magnetic intensity including the effect of the Earth's field
on the shots. (See cycling.)

Cyclically magnetized condition (CM - A magnetic material is in CMcondition
when, after having been subjected to a sufficient nunmber of identical cycles of
magneti zing force, it follows identical hysteresis or flux-current |oops on
successive cycles which are not symmetrical with respect to the origin of the
axes.

Cycling - A termused in deperming when the X solenoid is cycled nore than
once. Cycling is used to establish SCM to change a ship's VMeither with a Z
| oop energized or followi ng the use of a Z loop, and to establish EVM

Decay - A termwhich is applied to the gradual change in ship permanent
magneti zation either froman abnormal status towards a normal status or froma
"soft" permstatus towards a "hard" permstatus. The termnornally applies to
the change in VM from an abnornmal status towards EVM and to the change in VM
after a magnetic treatment when a ship's nagnetization was left with a certain
amount of soft perm

Degaussi ng - The technology dealing with the nethods and techni ques of
reducing a ship's static magnetic field.

Degaussing calibration - The procedure of adjusting current and anpere turns
of each shi pboard degaussing coil to neutralize the ship conponent nmagnetization
for which each coil is designed.

Deper m ME - A standard procedure authorized for the magnetic treatnment of
deperm ng. The procedure uses a nonitored control of X solenoid applied field
neasured while the solenoid is energi zed; hence, the letters Mfor nonitored, and
E for energized, are used.

DepermR - A deperming procedure consisting of a series of X solenoid shots
of alternating polarity given in a fixed schedul e having a constant decrenment of
speci fi ed nmagni tude between shots. DepermR is an alternate procedure to deperm
ME.
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Deper m ng - The process whereby a ship's permanent |ongitudinal and
athwartship nagnetismis ideally renoved and its vertical pernanent magnetismis
stabilized at a known | evel by exposing the platformto | arge magnetic fields of
alternating polarities and decreasi ng nagnitude.

Deper m ng sol enoi d - A solenoid formed by el ectrical conductors encircling
the ship abeamin turns and spaced along the ship's entire length. Each turn is
placed in a vertical plane perpendicular to the |longitudinal axis. The nunber
of turns is based on anpere-turns per neter required, the current capacity of the
cable within heating linmtations, and the current and voltage capacity of the
facility.

Det ect or - The sensing unit, probe, or sensor used with a magnetic field
measuri ng system

Domai ns, ferromagnetic - Magneti zed regions, either macroscopic or
m croscopic in size, within ferromagnetic materials. Each domain, per se, is
magnetized to intrinsic saturation at all tines, and this saturation induction
is unidirectional within the domain.

Earth's magnetic equator - The |l ocus circunscribing the Earth where the
vertical conponent, Z, of the Earth's magnetic field is zero and the angle of dip
of the Earth's nagnetic field is zero.

Earth's north magnetic pole - The location of the Earth's north magnetic
poles is near the Earth's geographic south pole. Location is very near |atitude
65° 30'S and | ongi tude 139° 30E (year 1980).

Earth's south nagnetic pole - The location of the Earth's south nagnetic pole
is near the Earth's geographic north pole. Location is very near |latitude 78°
12'N and | ongi tude 102° 54'W (year 1980).

Eddy current - The electric current generated in electrically conductive
materials when either the materials have rotational notion within a stationary
anbient field or the anmbient field has a rotational notion within stationary
electrically conductive materials.

Eddy current field - The magnetic field fromeddy currents in electrically
conductive material s.
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Ef fective turns - The al gebraic sum of plus and mnus anpere turns in the
ener gi zed conductors of a ship degaussing coil |oop divided by the total current
in the | oop.
El ectromagnetic field - The magnetic field fromelectric current, generally

applicable to electric current in the effective turns of a circuit forned into
a loop. The termis used in degaussing to refer to shipboard degaussing coils
and facility magnetic treatments or magnetic treatnment | oops.

El ectromagnetic polarity - The direction of field fromelectric current in
a conductor or electric circuit |oop

El ectromagnetic roll (EWMR - The notion of magnetic fields acting upon a ship
and due to alternating el ectromagnetic fields in facility Y and Z | oops when the
Y and Z loop fields are made to sinulate the alternations of the Earth's nagnetic
field upon a ship when the ship is rolling.

Equili brium vertical magnetization (EVM - A magnetic condition of ship
vertical conponent nagnetization wherein the vertical permanent magnetization is
in equilibriumwith the Earth's Z conponent.

Ferrous field - The magnetic field, induced or permanent, associated with
iron and steel materials. In degaussing, ferrous fields include all static
magnetic fields associated with magnetic material s.

Fl ash Depermng - A magnetic treatnent of a ship, particularly |anding craft
and subnmarines, which alters the ship's PVYMaccording to a specified procedure
which results in a value required for conpensation of a specified value of |VM
Along with alteration of the PYM a normal depernming is performed. The flash
deperming procedure is applied to ships w thout degaussing coil conpensation and
as specified by U S Navy criteria.

Fl ux density, magnetic - The strength of a nmagnetic field, expressed in flux
lines per unit area. (See also magnetic induction.)

Gamma - The cgs unit of a magnetic flux density equal to 10° gauss. One
ganma equal s the SI unit of one nanotesla.
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Gauss - The unit of nmagnetic induction in the cgs el ectromagnetic system
The gauss is equal to one maxwell per square centineter or 10* tesla.

Intrinsic induction - The vector difference between the magnetic induction
in a mgnetic material and the nagnetic induction that would exist in a vacuum
under the influence of the sanme magnetizing force.

Magnetic fl ux - The product of the nagnetic induction and the area of a
surface (or cross section) when the nagnetic induction is uniformy distributed
and normal to the plane of the surface. The concept that the magnetic field is
flowing along the lines of force suggests that these lines are therefore "fl ux"
lines, and they are called magnetic fl ux.

Magnetic history - A general term covering a chronol ogical record of
occurrences that affect the nagnetic status of a ship. A ship's magnetic history
begins with its nagnetic status upon conpletion of construction and includes the
magneti c status at significant events throughout the life of the ship

Magnetic hysteresis - The property of a ferromagnetic material exhibited by
the lack of correspondence between the changed induction resulting from
i ncreasi ng magnetizing force and from decreasi ng nmagneti zi ng force.

Magnetic induction (flux density), B - That magnetic vector quantity which
at any point in a magnetic field is neasured either by the nmechanical force
experienced by an element of electric current at that point or by the
el ectronotive force induced in an elementary loop during any change in flux
I inkages with the |oop at that point. (See flux density.)

Magnetic perneability - Permeability is a general term used to express
rel ati onshi ps between magnetic induction, B, and magnetizing force, H, under
various conditions of nagnetic excitation. These relationships are either (1)
absol ute perneability, which, in general, is the quotient of a change in nmagnetic
i nduction divided by the corresponding change in magnetizing force or (2)
relative perneability, which is the ratio of the absolute perneability to the
magneti ¢ const ant.

Magnetic retentivity - That property of a nagnetic material which is neasured
by its maxi mum val ue of the residual induction
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Magneti c saturation - The total nmagnetization produced in a ferromagnetic
material, at which point the increnmental perneability has progressively decreased
to approach unity.

Magneti c treat nent - A depermi ng, flash deperning, and any simlar nethod of
altering a ship's permanent nagnetization

Magneti zing force (magnetic field strength), H - That magnetic vector
gquantity at a point in a magnetic field which neasures the ability of electric
currents or nagnetized bodies to produce magnetic induction at the given point.

Magnet onet er - An instrunent for neasuring a magnetic field. It is
di stingui shed froma fluxmeter by its ability to nmeasure static nagnetic fields.

Magnet oneter garden - The underwater installation of magnetoneter detectors
(sensors or probes) installed at facilities for nmeasurenment of magnetic fields
or nmoored ships. Magnetoneter gardens are installed for deperning facilities,
el ectromagnetic roll facilities, and stray field facilities.

M crotesla - The SI unit of flux density nearest to the common cgs unit of
mlligauss. One microtesla is 10° tesla and equals 10 mlli gauss.

M | 1igauss - The cgs unit of flux density commonly used for nmagnetic
neasurenents of steel hull ships. The SI neasurenment equal to one nilligauss is

0.1 mcrotesla.

Nanotesla - The SI unit of flux density equal to the common cgs unit ganmma.
One nanotesla is 10° tesla and equals 10° gauss.

Perm - An abbreviation of permanent magnetization. The termnmay be used in
magnetic treatnments to indicate the action of creating permanent nagnetization
as distinguished from"deperm ng."

Per m bi as - Atermapplied to a shipboard degaussing control. It refers to
the portion of a total current in a degaussing coil which conpensates pernanent
magneti zati on. The degaussing control is designed to maintain a constant perm
bi as setting while current for induced magnetization is changing autonmatically.
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Pr obe - A term synonynous with "sensor" and "detector." The term probe is
nore often used, however, for the sensing unit of a portable nmagnetoneter.

Pul sing - Atermused in magnetic mnesweeping to refer to the current flow
in the mnesweeping tails. The comon ternms are "forward pulse," "reverse
pul se," and "pul se patterns" such as square wave and sine wave current cycl es.

M nesweepers operating in groups of two or nore nust synchronize their pulsing.
Measurements of magnetic fields from magnetic m nesweepi ng generators are made
by pul sing current fromthe generators.

Quad - A termused to indicate the arrangement of four single conductor
cables with two plus polarity cables and two minus polarity cables. The two
cables of like polarity are placed in an X relationship so as to neutralize the
el ectromagnetic fields fromthe cables to the maxi mum extent possible. The field
froma "quadded" cable is essentially zero at a distance critical to m nesweeper
safety.

Rangi ng - A term applicable to neasurenment of a ship's nagnetic field at a
degaussing range facility. The neasurement by ranging is distinguished from
measurenents at facilities for nmoored ships by the method of continuous
measurenment while the ship is underway and crossing a single row of sensors
spaced perpendicularly to the ship's course.

Rol | effect - A term applicable to the behavior of a ship's vertical and
at hwart shi p conponent magnetic fields when a ship rolls in the Earth's magnetic
field. The sane roll effect can be sinmulated at an el ectromagnetic rol
facility.

Sensor - The sensing device of an influence nine. Also, the "detector" or

“probe" used with a nagnetic neasurenent systemto respond to magnetic fields at
t he point of measurenent.

Sensor tube - The pipe or tube installed at a degaussing facility for housing
a sensor, detector, or probe of a magnetic mneasuring system The tube is
nonmagnetic and is nornally installed vertically into the Earth at the sea bottom
of a waterway for a range or the sea bottom at degaussing facilities used for
noored ship nmeasurenents.

10
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Shot - A termwhich applies to current applications of a deperning sol enoid
during a deperm ng series.
Si gnature - A termused in magnetic silencing to refer to the status of

magnetic/electric effects existing at distances critical to ship or submarine
safety. Only the term magnetic is used at degaussing facilities, and the term
generally refers to the graphic display of ship magnetic fields as neasured at
normal depths and usually refers to profile displays as distinguished from
contour displays. Onboard m nesweepers, the termrefers to the ship's maxi num
magnetic field existing at a specified depth and is used with reference to
responsibilities and procedures for maintaining | ow magnetic fields from various
sour ces.

Symretrically cyclically magnetized (SCM condition - A magnetic material is
in a SCM condi tion when, under the influence of a nagnetizing force that varies
cyclically between two equal positive and negative limts, its successive

hysteresis | oops or flux-current |oops are both identical and symetrical with
respect to the origin of the axes.

Tesl a - The unit of magnetic induction equal to 1 weber per square neter.

Tri axi al magnet oret er - A magnet onmet er systemthat neasures magnetic fields
froma detector with three sensing el enents whose axes are nmutual | y perpendi cul ar
to each other. Each axis nmay be used for axial nmeasurenents or all three may be
used for measurenent of a total field.

Weber - The unit of magnetic flux whose decrease to zero, when linked with
a single turn, induces in the turn a voltage whose tine integral is one volt-
second. One weber equals 10® maxwells. (See magnetic flux.)

X- noni t or - Atermapplicable to an X oriented nonitor used during a deperm
ME treatnent. The nmonitor is a detector placed horizontally at a suitable
di stance away fromthe ship and aligned with the ship's |ongitudinal axis.

X-solenoid - Atermfrequently used for a ship deperm ng sol enoid, since the
axi s of the solenoid corresponds to the ship's |ongitudinal axis.

Y loop - Aloop in a vertical plane with its axial alignnent in a direction
corresponding to a ship's athwartship axis, or with its axial alignnent in a

11
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direction perpendicular to the Earth's horizontal nagnetic field. A Y |oop may
be in a plane other than vertical, but it is used to establish a magnetic field
in a ship's athwartship axis; therefore, loops at a roll facility that are placed
in horizontal planes on either side of a ship and designed to create an
athwartship field through the ship are called Y | oops.

Z loop - Aloop in a horizontal plane with its axial alignnent in a direction
that corresponds to the Earth's vertical magnetic field (Z). The npst comon
uses of a Z loop are at magnetic treatnent facilities perfornming flash deperm ng
and at an EMR facility.

Z- noni t or - Atermapplicable to a Z oriented nmonitor used during a deperm ng
ME treatment. The nonitor is a vertical detector at a position suitable to
neasure X solenoid fields during the deperm ME treatment. Usually, detectors in
the keel row of the magnetoneter garden are sel ected.

12
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M coil chart setting calculation

Mg = M + M (Z, - Zj

. 110
wher e:
Mg = M setting for chart zone of range site
Mk = M best setting at range site
VB = M step in anperes
Z, = val ue in gauss for chart zone of range site
Zy = val ue in gauss for range site
.110 - val ue in gauss between zones
M step cal cul ation
M5 = .110 nb
NM
wher e:
VB = M step in anperes
.110 = val ue in gauss between zones
m = statistical constant for a class of ship
(uncl assified table of values provided
by Rangi ng Techni cal Manual)
b = maxi mum beam of the ship in neters
NM = effective nunmber of turns of Mcoil at

m dshi ps
FP-QP coil chart settings

Pee = Pam * (Mot AM (Zger Z7 + Pay
M

wher e:
Pres = FP-QP current setting in the elected region
Pam = FP-QP current value for VM conpensation at
t he range
Mk = best M setting at range
Zees = value of Z in gauss for the regions:

13
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Nort hern Regi on . 440 gauss
M ddl e Regi on = . 055 gauss

Sout hern Regi on = -. 330 gauss
Zy = value of Z in gauss at the range site
AM = M step in anmperes per gauss
. 110
Poiu = FP- QP current value for PLM conpensation
chart settings
Iz = s X H
H Cos2
wher e:
| = FI-Q current for H, value in gauss of the
sel ected zone
I & = FI-Q current for full conpensation of H
cos2 at the range
H cos2 = component of H in gauss on the range
course angle 2
H, = value in gauss of Hin the selected zone

Settings for Degaussing Chart No. 1

M coil settings

For nmul a:

M Setting = M (zone.00) + M (Local 2)
(.1100

FP-QP (or P) setting
Formula: (for Chart P settings dependent on Mcoil settings)

Facility Best P Setting

= Chart Region P setting (Facility Msettinqg)
(Region M setting)

14
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Local coil settings for Degaussing Chart

1. FI-Q (or 1) coil settings

For nmul a:

FI-Q Zone H Chart Setting

FI-Q Zone H Course Setting

No. 2-S

I J (Local

H Zone)

(. 4000

= 1J (Local H Zone) cos (course magnetic

(. 400G headi ng °)
2. A Coil Setting
For mul as:
Al Zone H Setting = AJ (Local H Zone)
(.400)

Al Zone H Course Setting

= AJ (Local H Zone) sin (course nmagnetic

(. 400)

Al Facility Best Setting

headi ng °)

= AJ (Facility H) sin (course magnetic

(. 400)

M Setting for Z Zone of Range Site

headi ng °)

M = (Z,_- Zg x M5 + M

. 110
wher e:
Z, = chart Z zone value in gauss for range site
Zy = Z value in gauss at range site
VS = M st ep
.110 = gauss per chart zone step
Mk = best Msetting for range site
M = chart Msetting for range Z zone

15
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The formula for calculating variable FP-QP coil settings is:

wher e:

DG Cal cul ati ons

PCR PPLM + PVNR .(_NIQZ,)—
(M)
Px = FP-QP setting for selected chart region
Poiw = FP-QP setting for ship's PLM
Pur = FP-QP setting for ship's VMat range site
Mk = M setting for selected Region Z
Mk = best Msetting for the range site
- Max Fld mg)¥?
ba = D (MexfdaC

Maxi mum Anperes (X Sol enoi d Cabl e)

Tr = .505 (_1 )% x 10 x t

= 85

( M)?

T, (limt of tenperature rise, degrees Celsius)

= ambi ent tenperature (Degrees Cel sius)
= shot duration time in seconds
= area of copper conductor in meters?

= current

i n amperes

X- Sol enoi d Cabl e Resi st ance

R

R

R
K

R, (1 + Kk, (t, - t,)) ohnms/1000" at 85 °C

cabl e resistance at 85 °C

cabl e resistance at 20 °C

tenperature coefficient of resistance (97%
conductivity) at t, tenperature

85°

20°

16
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ME depernming to foll ow ng:

Bo = Be+(l'G)Bs+Bv+an+Bz+Ba+By

B, = Earth's Hfield at facility

B = Sol enoid bias current effect

G = Normal |y 0.75. See Reference No. 9 for calculation of G

B, = Ship's VM effect. Derived from M coil effect to
conpensate ship's VM

B, = M sfit factor

B, = Z loop effect for Z | oop current during treatnent

B, = Ship's AMeffect. Derive fromA coil effect set for AM
conpensati on

B, = Y loop effect for Y | oop current during treatnent

EMR

Forrmul as for continuous roll val ues

1. z = Z cos2 - H sin2

4 = Earth's vertical field conponent

H = Earth's horizontal field conmponent in ship's

athwartship axis at 2 = 0°

VA = value of Earth's field in ship's vertical axis
2. H = H cos2 + Z sin2

H = value of Earth's field in ship's athwartship

axi s

17
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I nt roducti on to Course.

Purpose, listing of SSWBs, general procedures, description of
format, role of instructors, safety precautions.
I ntroduction to Magnetic Silencing.
a. Basic Information
M nes, inpact of mnes, units of neasurenents.
b. Fundanmental s of Magnetism
Theory, properties, mat eri al s, characteristics,
el ectromagneti sm analysis, Earth's field.
Basi cs of Magnetic Silencing.
a. Magnetics of Ships
Magneti c environnment, magnetizations, neasurenents.
b. Magnetic Sil encing Techni ques
Conpensati on, degaussing coils, magnetic treatnents, signature

control of minesweepers.

c. Magneti ¢ Measurenents of Ships

Background, basis of neasurenents, measurenent equipnent.

Facilities.

a. Ceneral Site Requirenments

Headi ngs, access, nagnetic survey.

b. Rangi ng Facilities

18
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Criteria, under wat er equi prent , installations, ship
posi ti oni ng.

cC. Treatnent Facilities

Requi renents, installations, equipnent.

d. Stray Field Facility

e. EMR Facilities

| nstrunent ati on.

a. Measur enent Sensors

Theory, connections, installations.

b. Range Control System

Component s, operati on.

c. Treatnent Control System

Component s, operati on.

d. Stray Field System

Component s, operati on.

e. El ectronagnetic Roll System

Component s, operati on.

f. Special Installation

Of-field nmeasurements, nonitors.

Shi pboard Degaussing Installations: Coils, Loops.

19
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a. Basics of Installation

Conpensati on, coi

b. St eel Hull Ships

s, loops, design, msfit.

Coils, loops, location, misfit, calibration

c. Wood Hul | _Shi ps

Coils, loops, location, misfit, calibration

Shi pboard Degaussing | ns

a. Control Systens

tallations: Controls, Conpass.

Manual , headi ng control, magnetoneter control

b. Magnet i c_Conpasses

Treat nent effect,

Steel Hull Ship Ranging:

a. Magneti cs of Ships

Components, type s

b. Degaussi ng Conpens

conpensating coils.

Magneti cs, Conpensation.

teel, cruise effect, overhaul

ation

| nduced/ per manent

Steel Hull Ship Ranging:

Characteristics, scaling,

conpensati on, heading, |atitude.

Magneti c Signature Anal ysis.

si de traces, nean ordi nates,

coil effects, conputations.

Steel Hull Ship Ranging:

headi ng dat a,

Magnetic Calibration Standards.

20
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COURSE OUTLINE

Definitions, class values, fornulas, calibrations.

Magnetic Treatnments: Magnetics.

Magnetic properties, steels, theory.

Magnetic Treatnments: Deperm ng.

Principles, facility preparations, data, safety precautions.
Magnetic Treatnments: Flash Deperm ng.

Principles, preparations, data, safety precautions.

M nesweeper Rangi ng: Magnetics and Shi pboard Conpensati on

Wbod hull characteristics, coils/loop effects, ferrous materials,
conductive materials, conpensation, automatic conpensation, phase
| ag.

M nesweeper Rangi ng: Rangi ng Procedures.

Check ranging, calibrations, loop effects, coil setting, materia
control, signature analysis.

M nesweeper Measurenments: Stray Field, Eddy Current Fields.

a. Stray Fields

Causes, m nesweeping generators, ship service equi pment, dc
Wi ring/cabling, nethod of neasurenents.

b. Eddy Current Fields

Causes, nm nesweepi ng  gener at or fl ywheel , met hods  of
correction, shipboard inspections, method of nmeasurenents.

M nesweeper Rangi ng: Magnetic Materials
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Permeability, ferrous itemnms, authorized/ excess material, magnetic
orientation, magneti c i nspecti ons, records, i nportance  of
nmeasurenments to m nesweeper safety, shipboard control of ferrous
mat eri al s.

Degaussi ng Fornms, Records, and Reporting Procedures.

a. Degaussi ng I nstructions for M nesweepers
Degaussi ng fol der instructions, records, lists, charts.
b. Degaussing Instructions for Ships other than M nesweepers

Degaussing folder forns and instructions, charts, |ogs.

cC. Degaussing Activity Reports and Records

Facility 1logs, watch |list recomrendations, degaussi ng
sunmmari es, range records, treatnment report, instructions for
preparation of | ogs.

Ref erences, Definitions, Formulas, and Course Qutli ne.
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