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1. This Military Standard iB approved for use by all interested commands of the
Department of the Navy i.nthe technical development plame. design, and acquisition specifi-
cations for new ship acqulsi.tiona,ship modernizations or aonvereions, and equipment for
installation therein and into active fleet ships where applicable, and is available for use
by all Departments and Agencien of the Department of Defense.

2. Beneficial comments (recommendations,additiom, deletionn) and any pertinent data
which may be of use in improving thig dooumsnt should be addremed to: Commander, Naval Ship
Engineering Canter, SEC 6124, Department of the Navy, Washington, DC 20362, by using the
self-addressed Standardization Document Improvement Proposal (DD Form 1426) appearing at the
end of this document or by letter.
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FOREWORO

standard interface requirements
equipment whose performance may.. . ..-. .. .

fort and the
be degraded when

subjected to the shipboard direct current (d.C.) magnetic field environment.

Nature of the interface. Equipment installed on board a Naval ship can expect to
encou~ =g=ic field environment which would not be expected in other circumstances.
This field is generated by the efforts (i.e., degaussing) to counteract the normal magnetic
signature of a metallic Bhip, and may have a degrading effeCt on the Perfomnce of certain
susceptible equipment.

Structure. The technical content first delineates the characteristics in term of the
magnetic fiel~ strength and distribution. The constraints on equipment design and installa-
tion which are necessary to achieve shipboard compatibility with these characteristics are
then established.

Numerical quantities. Numerical quantities etated in this section are expreseed in
nwtric (S1) units.
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1. GENERAL, St.,’E,INTERPACE AND APPLICABILITY

1.1 Generzle P.litiiesand prGceduree established
section an~~h~~eaic standard, i.e., DOD-STD-1399, are
document.

by DOD-STD-1399 are mandatory. !l%im
to be viewed as an integral single

1.2 Scope. This section establiahee interface requirements for shipboard equipment
whose performance mey be degraded when subjected to the ship’s d.c. magnetic field ~0 ensure
compatibility between such equipment and the magnetic field environment.

1.3 Interface. Basic characteristics and constraint categories concerned with this
interface are shown symbolically ! section 3, “Definitione.a,of DOD+TD-1399):on figure 1 (see

INTERFACE

‘/’ ‘
1A

4

WIGNETIC

FIELD gi AFFECTED
EQUIPMENT

ENVIRONMENT
10’ I

(d.c.)

~/ CHARACTERISTICS

Field strength
Field distribution

y-’-j
BASIC CATEGORIES

Y

FIGURS 1. Interfaoe.

CONSTRAINTS

Compatibility
Looation
Structural shielding

The particular interface characteristics and aonatraints pertinent to thim section are
described in 5.2 and 5.3.

1.4 A Iicabi.lity. The criteria of thin section apply to equipment whose performance
may be deg~ed when subjected to the magnetic fields defined herein. Such fields will
normally be experienced in uurface ships and submarines which have a degaussing installation,
and in all ships which are or may be subjected to magnetic treatmnt (see 3.2.2 and 5.3.3).

2.

Not

3.

3.1
magnetic

REFERENCED DOCUMENTS

applicable.

DEFINITIONS

ShL ‘s d.c. ma netic fields.
+ +—

A ship’s d.c. magnetic field is the quantity of
1 nes of=ce exist nq at a location in or on the ship at a given instant of time.

3.1.1 Ma netic field stren th.
.+i=f,e

Magnetic field strenqth is expressed in amperes par
meter (A/m) denqth in cg: system is the oersted (0s) which corresponds

to one line of force per square centimeter (cmz) of area perpendicular to that line of force.
One Oe is approximately equal to 80 A/m.

3.2
reducinq
magnetic

Degaussin~. Oegaussing is the science dealinq with the methods and techniques of
a ship’s normal d.c. magnetic signature so that the possibility of detection by
mines and other magnetic influence detection devices I.sminimized.

1
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3.2.1 De aussin
- “

coil system. A degaussing coil system is a system consisting of
control equipment an one or more coils of electrical cable installed at specific locations
on board ship for the purpose of reducing the ship’s d.c. magnetic siqnature, In operation,
these coils are energized with d.c. so that the magnetic field produced is in opposition to,
and reduces, the magnetic field of the ship. Provision is made to vary the current through
the coils in both magnitude and polarity.

3.2.2 Magnetic treatment. Degaus.singby magnetic treatment is a method of altering,
reducing, or removing the permanent magnetic field of a ship. This is accomplishedby
temporarily rigging coils of electrical cable externally around the ship and about the ship,
including the superstructure where necessary, and energizing the coils with a sequence of
d.c. pulses of predetermined polarities and magnitudes. ‘Dspermingm and “flashing” are
types of treatment.

(a) Deperming: The method of reducing the permanent magnetism of a ship by
energizing coils placed vertically around the ship.

(b) Flashing: The method of altering the permanent magnetism of a ship by
energizing coils placed horizontally around the ship.

3.3 E ui ment.
+ Equipment

, as referred to in this section, comprises those shipbcard
components, equ pmenta, and systems whose performance may be degraded when subjected to a
magnetic field environment as specified herein.

4. REQUIREMENTS

4.1 Requirements. The specific interface requirements and constraints established
herein are mandatory and shall be adhered to by SYSCOMS, Project Managers, contractors,and
all others engaged in any aspect of shipboard design to which these requirementsand
constraints apply including equipment design, production, and installation (see section 4
‘Requirements” of DOD-STD-1399).

5. INTERPACE CHARACTERISTICS AND CONSTRAINTS

5.1 General considerations. The shipboard magnetic field environment Is the summation
of the mag~ines of force existing in or about the ship. l%is field is not uniform and
will vary both in location and time. If this field is of sufficient magnitude in any given
instance, it may have a degrading influence on the performance of equipment installed in or
on the ship. Detailed knowledge of the exact installation location, as well as a forecast
of future changes, would be involved if a determination of equipment suitabilitywere to be
made on other than general environmental expectations. Equipment should be so designed and
built that it will not be adversely affected even in the “worst case” situation which can
normally be expected. This situation will exist when the ship undergoee magnetic treatment
or operates with degaussing coils energized and is of a magnitude of 1600 A/m.

5.2 Interface characteristics. The interfaoe characteristics of the ship’s d.c.
magnetic f~eld environment are described in 5.2.1 and 5.2.2 and may be expected to be present
where the equipment interfaces with the shipboard d.c. magnetic field environment.

Its M&%m ‘o%%$$”is 1600 A/m per second.
The maximum expected steady state field strength is 1600 A/m.

No particular orientation of the
direction of the magnetic field may be assumed.

5.2.2 Field distribution. The magnetic field delineated in 5.2.1 Is not uniform
throughout t~ip, but le tfiatwhich can be expected in those compartments in which de-
gaussing cables are imstalled. This includes approximately 75 peraenk of the compartments
located between the keel and main deck. However, during magnetic treatment of the ship (see
3.2.2), these field values aan be expected over the entire ship. Other facto:s, such as
proximity to degaussing cables or certain motors, generators, or other electrical devices,
may also affect the field distribution (see 5.3).

5.3 Interface constraints. Interface characteristics of the ship’s d.c. magnetic
field environment impose certain constraints on the design and location of shipboard equiP-
ment subjected to this environment. These constraints are describetiin 5.3.1 through 5.3.3.

5.3.1 Compatibility. The design of equipment which will be subjected to the ship’s
magnetic field environment shall be compatible with the interface characteristicsgiven in
5.2.
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5.3.2 Location .tinsiderations.Since the magnetic field is not uniform, consideration
shall be given to :-.’s~agarlesm determining the location of shipboard equipment, The
situationswhich Jiitii*ve considered are discuesed in 5.3.2.1 through 5.3.2.4.

5.3.2.1 Proximit to de auasin cables.
+-M

Field strength in excegs of 1600 A/n may
be expected wlt In an area c oeer t an~ from any degausaing cable.

Local magnetic fields in excess of 1600 A/m can
be ge;&~;; bf%%%%%%?v=;ources such as%

(a) Electrical power cablee.
(b) Generators.
(c) mtorB.
(d) Welding circuits.
(e) Electrical power switchb-cardsand control equipment.

Location of equipment in the Proximity of those sources shall be judiciously aonaidered.

5.3.2.3 Structural diacontinuities. Bulkheads or other steel structural members
(includingewlmnt) mzY act aa a return path for the magnetic flux lines, resulting in a
localized concentration of the magnetic field. If there is a discontinuity (gape,openings,
etc.) in this return path, Lncreased field values maY be experienced in the vicinity of
the discontinuity. When equipmnt is to be installed in the near vicinity of such a dis-
continuity, the possible degrading effect of the enhanued magnetic field environment shall
be taken into account.

or o&;”%!rc&%t~~e%%%% and the equipment may provide some degree of shielding,
Steel decks and bulkheads between degauasing cablea

and thereby reduce the magnetic field which would otherwise exist. !lowever,taking
advantage of this shielding effect would require precise knowledge of the location of the
degaussing sables or other souraes in relation to the location of the equipment, and will
require rigid control over location changes. This shielding effect shall not be utilized to
exempt any equipment from the requirements of this section. However, in aasee where it has
been established that it is not technically feasible for equipment to meet the requirements
of this section, a deviation utilizing structural shielding may be justified (see 7.1).

dega~;;;~i=t;;~=~~?;ct tomFetic treaWnt atperiodic intervals. This
Certain surface ships and submarines which do not have

treatment is accomplished at docknidet and does not necessarily require equipment to be
in an operating etatus during such treatment. The eseential requirement is that the equip-
ment operate aatimfactorilywithin equipmenk apecifiaation requirements in the preBence of
a residual field of 400 A/m after exposure to the magnetic treatment. In oertain
circumstances, therefore, it may not be practical or cost-effective to design specialized
equipment to operate in the maximum expected field. In such caees, the need to deviate
from the requirement of 5.3.1 shall be fully justified (see 7.L).

6. PERFORMANCE TESTING

6.1 Requirement. When it is considered neaensary to determinw if an equipment (see
3.3) will meet the criteria of this section, performance tests shall be conducted. Such
shipboard equipment shall be teBted by exposing it to both an ambient steady state magnetic
field having a maximum magnitude of 1600 A/n and a magnetic field having a maximum rate of
change of 1600 A/m par second. The minimum exposure to the steady state field shall be 5
minutes. No particular orientation of the direction of the magnetic field may be assumed.
Equipment ehall be tested in operating condition and the equipment performance evaluated in
the preeence of the test field. Requirements for testing individual equipments shall be
specified in the individual equipment specification.

6.2 Test procedure. A square or circular coil of electrical conductors large enough
to encircl~e equipment shall be provided (see appendix). In lieu of e sinqle coil,
lielmholtzcoils may be used to satisfy the coil requirements. (Note: The criteria contained
in the appendix are not applicable to the Helmholtz coils.) The coil shall contain enough
ampere-turne to develop a magnetic field of 1600 A/m at the center of the coil when the
coil iB energized by a source of power. The coil shall be calibrated for a 1600 A/m field

3
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in air, that is, without the equipment in the field. The source of
of providing a variable (single Polarity) d.c. The equipment under

power shall be capable
test shall be positioned

(a)

(b)

(c)

(d)

at the center of the coil and the test performed as follows~

Increase the current in the coil such that the equirment is sub+ected to a
magnetic field that increamea frotnO to 1600 A/~ at a relatively constant
rate. The mximum applied field shall be no lese than 1600 A/m and the
field shall be increased at a rate between 1600 and 16,000 A/m per second.
Maintain the field at 1600 A/m for 5 minutes, or longer if necessary, to
obtain sufficient operational data from the equipment to verify correct
operation. Decreaee the magnetic field from 1600 to O A/m at a rate between
1600 and 16,000 A/m per second.

Reverse the connections of the coil ‘.othe power source, and repeat the test
procedure stated in (a).
Rotate the coil 90 degrees such that the plane of the coil iB perpendicular
to the plane of the coil aa.described in (a), and repeat the test prccedure
aa etated in (a) and (b). If more convenient, the equipment rather than the
coil may be rotated.

F@tate the coil 90 degrees such that the plane of the coil is perpendicular
to the Plane of the coil as described in both (a) and (c), anirepeat the
test procedure ae stated in (a) and (b). If mre convenient, the-equipment
rather than the coil may be rotated.

7. DEVIATIONS

7.1 Conditions. In achieving the purpose of this seotion, it in recognized that there
must be some flexibiMty of appMcation. During the early design etage of ehipbcard equip-
ment which will be eubjected to the magnetic field environment and whone performancemay be
degraded by this environment, it may become apparent that significant advantages in the
overall design/operation of such equipment can be achieved by deviating from the standard
characterieitics specified herein. In such instance, the provisions of aecticn 6, ‘Devia-
tions’, of DOD-STD-1399 shall be conplied with.

7.1.1 Deviation rocedure. Requeets for deviations shall be submitted to the Naval
Sea Systeme ?20mmandwib tot

(a) PrograwProject Manager.
[b) NAVSEC 6157.

Review activities
0s, EC

User activity%
AS

Preparing activityt
Navy - SH
(Project1990-N032)

---- — .- . .
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APPENDIX

COIL DESIGN PROCEDURE AND CRITERIA

‘0”-=%” The umterial in this appendix is provided for information and
guidance to assist t e designer in complying with the teat requirements of this standard.
It delineates the mathematical approach for determining the minimum diameter of a coil to
generate a magnetic field of 1600 A/m at the center of the coil in air (i.e.,without the
equipment in the field) and a field of some larger predetermined value at the surface of the
equipment nearest the coil.

20”-fo-’a” In a non&gnetic medium, the magnetic field intensity d?lpro-
duced at a PO nt y~ment of a conductor dt in meters (m) through which there la a
current of I amperea is:

~=Isin9dl
A/rfI(Equation 1)

4rr2

where r ia the distance, in m, between the element dt and the point, and o is the angle
between the directions of dt and r (see figure 2).

SH 11315

FIGURE 2. Ampere’s formula.

Coil desi . The magnetic field intensity, in air, produoed at a point bya
close~O&=r~canbe derivedus ingampere*afo rm.la. Thederivation forapdnt
inside the soil and in the plane of the coil is as follows (see figure 3):

A- point at center of coil.
B- tangent point on circmferenae.
c - point in plane of coil and inside coil.
R- mean radius af coil.

5
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e

coll-

.>11II’ll:,

FIGURE 3. coil design.

Solving for r ae a function of $ [from
the law of cosines for triangle ABC):

R2 = r2 + az - 2ar COS(180 - 9)

x2=r2+a2+2arcos fl
O-r* + (2a cos @)r+ (a2- R2)

I

r=-2aco60~ 4a2 COS2 $ - 4(a2 - R2)

2

r - -a COS V+ 4R2-abin2/ (Ewationz).

Solving for Q af3a function of @ (from the la,wof sines for triangle ABC):

sin (180 - @) j sin-”(90–- e)”
R a

Si:fl= CO: e

cos e = ~ sin 0

-41- 2e’=fSin@sin

2 2 2g
Bin e=l-–

R2
sin

6
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1

And dt = r dfd,(see figure for validity of approximation), (Equation

Substituting equations 3 and 4 into equation 1:

7
1 17R2-a2sin2@rd@

~“”p; J

I ~R2 -,2 S,$ 2 d~
’11= m r

DOO-STO-1399(NAvY)
SECTION 070 - part
f+J,r)~~~I~

26 Febrl,~ry1979

4)

Now substituting r from equation 2 givear

~---fz?
dH=l%

iR2-a2sin2 f11-acosgl ‘g

Rationalizing the denominator gives:

“=> T I+acOs@-qR2-a2sin2 ‘a2cos2 dg
1[

1

4TR . 1
,. :[~ d,+,_;il*::’;< :0!3 : d,

Jo

Integrating the second term using the aubstitutiont
lhI~tS frOJII ~ tO OJ the term UOeS tO 0.

+ iS2fv COJ32f%df!l
)1

a sin @ = u, a cos f%dfl= du, with the

)1
x

+1~sin 2gJ
0

T

21

[
*+ a2n— (d +*sin 2fif)

4wR 2(R2 2
-a) 1m

[

21=+ a2 ~

4KR 2(R2 - az) 1
[

2wI 2R2 - 2a2 + a2

4wR 2(R2 - a2) 1
22$51

For a coil with N turns:

The maqnetic field intensity at the center of the coil (a = O) is:

Hm~=~A/m (Equation 6)
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40. Maximum field. Determine the point on the surface of the equipment neareat the
coil (point of max=field). Equipment dimensions are %, w, and h, where t > w > h (ace
figure 4). Let “a” equal the longest distance from the center of the equipment to a point
on the surface of the equipment in the plane of the coil:

a=-+(w/2)2( (*uation7)

w

~h
J

SH 11317

FIGURE 4. Equipment dimensLon8.

Equations 5, 6, and 7 can be used to determine the minimum diameter of a coil for performance
teeting. The procedure Is illustrated by the following example;

Given: Equipment dimensions are 1.4 x 0,9 x 0.7 m and the coil is to
produce a field of 1600 A/m at the center and leas than some larger.
predetermined value (4000 A/m in this example) at the surface of the
equipment nearest the coil.

Step 1 - Calculate “a” using equation 7Z

a.~~

= 0.83 m

Step 2 - Determine NI from equation 6 when H = 1600 A/m at the coil center;

NI-2RN=3200R

Step 3 - Determine minimum R for coil by substituting NI and “a” into
5:

[

3200R 2R2 - (0.83)2
4000 ‘r ~2 - ~oe83)

J

4000 =

Solving for R gives:

R=

D=

[22R2 - 0.6925

R - 0.6925 1

0.94 m

2R = 1.BB m

The coil diameter must be greater than 1.88 m to produce a field of 1600 A/m at
and less than 4000 A/m at the distance of 0.83 m from the center. Naximum coil
limited by available power or materials (cost).

8

equation

the center
diameter is
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50. Detail design of a coil is beyond the scow of this appendix since actual coil
zsign parameters are dependent on equipment size and available power, Voltagee current)
Sterialst space, etc.

9
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