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FOREWORD

1. This standard provides the designer of direct current (d.c.) disconnect
" switch boxes, contactor panels, switchboards, power panels and motor controllers
" with techniques for reducing the stray magnetic field produced by current in

the conductors and devices to a minimum. This can be accomplished by arranging
conductors ‘and devices for these boxes and panels in a suitable manner. The

, techniques can be applied to the design of other control equipment in d.c.

. power circuits when the minimization of the stray magnetic field produced by

~ the equipment is an important consideration.

RETTaEn
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1. SCOPE

1.1 - Scope. This standard covers requirements for the arrangement‘of‘”'“l
conductors. and devices for disconmnect switch boxes and contactor panels used . '
in d.c. circuits that will reduce the stray magnetic field to a minimum.‘f“":'-”

1.1.1 Application. The requirements of this standard are applicable to
disconnect switch boxes, contactor panels), switchboards, power parnels and. motor .
controllers used in d.c. circuits aboard minesweepers and other special instal-'l"*7‘
lations where stray. magnetic fields must be reduced to a minimum. In particular,-~.~
the requirements of this standard apply to disconnect switch bokes and contactor o
panels which may be connected in the magnetic minesweep cable run between the b
magnetic minesweep generator(s) and the minesweep cable terminal box. The o )
‘requirements of this standard may also be applied to the design of other control"~ﬂ y
equipment in d.c. power circuits. - ao

o1.1.2 Limitations. This standard shall be used in conjunction with the L
requirements of all technical specifications and standards for a specific N
disconnect switch box or contactor panel. In the event that any requirement o

-of this standard conflicts with the requirements of _other technical speci-s~ﬂ' '
fications and standards for the box or panel, the conflict shall be brought
to the attention of the Naval Sea Systems Command for . resolution.1v~i- C

2. REFERENCED DOCUMENTS

2.1 Issues of. documents. The following documents, of the issue in
~effect on date of invitation for bids or request for proposal form a part
of this standard to the extent specified herein. o - . .

STANDARDS

MILITARY o ' ' o ' D .
DOD-STD-2133 - Cable Arrangement For Minimum Stray Magnetic S
~ Field (Metric). S
' DOD—STD-2141 - Definitions ‘and Systems of Units, Magnetic R
Silencing. (Metric) o
DOD-STD—2143 - Magnetic Silencing Requirements for the Construc- o
tion of Nonmagnetic Ships and Crafts (Metric)

(Copies of specifications, standards, drawings, and publications required
by contractors in connection with specific acquisition functions should be ob- .
: tained from the contracting activity or as directed by the contracting officer.)'

N DEFINITIONS

3.1 General magnetic silencing teris. The‘meanings of general. magnetic*_,;,f:
silencing terms used in this standard are in accordance with DOD-STD—2141.

3.1.1 Conductors. Conductors, as used in this. standard, refer to busbars‘
and cables used in the power circult of disconnect switch boxes and contactor :

panels.
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3.1.2 Contactor'panel.i;A c0ncactor'panel for use in the circuit of the mag-
netic minesweep cable contains contactors for repeatedly establishing and inter-
rupting the circuit. It usually contains associated devices, such as a discon-
nect switch, an ammeter shunt for metering of current, and an overload relay for -
sensino current overloads. '

3,1.3‘ Current loop. A current loop is a closed electric conductor. It
may have one or more turns of any size or shape and may be arranged in any
'way. A simple current loop is a closed conductor making one turn in a single
plane, ot alternatively, making a number of turns which are in the same plane
or in parallel planes and so close together that to a first approximation they
‘can-be considered to be physically coincident in space. More complicated cur-
':rent 1oops can be resolved into a combination of single current loops.

3.1.4 Dipole. A.dipole consists of a north magnetic pole and a south mag-
-netic pole separated by a very small distance. The axis of the dipole 1s
‘along the line between the south and north magnetic poles, with the positive
direction being in the direction internally from the .south pole to the north
"polc. : : : : :

3.1.5. Disconnect switch box. A disconnect switch box for use in the
circuit of the magnetic minesweep cable contains a disconnect switch for
opening or closing the circuit. It usually contains assoclated devices, such
as an ammeter shunt for metering of current and an overload relay for sensing
current overloads.

3.1. 6 Magnetic minesweegrcable. The magnetic minesweep cable is the'inter—
. connecting cable between the magnetic ninesweep generator(s) and the minesweep
cable terminal box. :

3.1.7 Magnetic minesweep generetor; A magnetic minesweep generator is a
generator which produces current for a magnetic minesweeping operation.

3.1.8 Minimum magnetic moment. A minimum magnetic moment has a magnitude
close to zero. ' ' . ‘

_ 3.1.9 Motor controller. Motor controller is a device used to start and
stop a motor. - o

3.1.10 Parallel compensation. Parallel compensation 1s achieved when two
current loops, connected together in parallel, carry the same current and have
" the same size, shape and number of turns and are in the same plane with mirror
image symmetry (see figure 1). A . . : -

3 1'11 Power panel. A power panel is a bulkhead mounted enclosure with
circuit breakers which provides control distribution and protection of selected
portions of the power system. - : :

3.1.12 Switchboard. A switchboard is a free standing enclosure which
provides for control, metering and. protection of the ship service generators
- and control distribution and protection of the power system.
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3.1.13 Three—terminal device. A three-terminal device 1is equipment in
which three terminals, one positive and two negative, or two positive and
one negative, project from the device for connection to a cable run. The
device (that is, disconnect switch boxes and contactor panels) may have .
multiple sets of three terminals for incoming and outgoing cable runs.

3.1.14 Two-terminal device. A two-terminal device is equipment in which
two terminals, .one positive and one negative, project from the device to a-
cable run.

4. GENERAL REQUIREMENTS

4.1 Conductor and device arrangement. Conductors for and the devices 1in
the power circuits for disconnect switch boxes, contactor panels, switchboards,:
_power panels and motor controllers shall be physically arranged and intercon-.
‘nected in a manner that will result in circuits which produce a minimum stray
magnetic field. : :

4.2 Simplicity of conductor and device arrangement. Arrangement'of con—
ductors and devices for the power circuits shall be uncomplicated and straight-
forward and, at the same time, produce a minimum stray magnetic field.

4.3 Arrangement of power circuit for minimum magnetic moment and minimum
‘magnetic moment separation. The size of current loops created by the power
circuits shall be kept as small as possible to minimize the magnetic moments.

of the current loops. The distance between these current loops shall also be
minimized. Conductor and device separation shall be kept to the minimum
required by the electrical creepage and clearance distances of the applicable
specification for the disconnect switch boxes; contactor panels, switchboards,
power panels and motor controllers. : ' '

4.4 Arrangement of power circuit for minimum net magnetic moment. Current
loops created by the power circuits shall be arranged such that the resultant
or net magnetic moment will be minimized. ~

4.4.1 Utilization of parallel compensation in the arrangement of power
circuits. Parallel compensation shall be utilized in the arrangement of power
circults in order to assist in achieving a minimum net magnetic moment. Elec-—
trical resistance of parallel conductors shall be equalized, as required by a .
particular circuit arrangement, so that maximum parallel compensation is

achieved.

4.5 External cable connections to disconnect switch boxes and contactor
' panels. External cable connections shall be made in accordance with DOD-STD-2133.

4.6 Matérial. Material used in the construction of disconnmect switéh—»”
boxes, contactor panels, switchboards, power panels and motor controllers
shall conform to the material requiremeénts of DOD-STD-2143.
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5. DETAILED REQUIREMENTS Lt

5 1 Basic conductor arrangement. The basic arrangement of conductors in
*disconnect switch boxes:;, contactor panels, switchboards, power- panels - and motor
' controllers shall -be 'a central conductor. carrying . two unlts of current in one -
. .direction. sandwiched between two- symmetrically placed conductors each carrying.
one, unit of current. in the opposite direction, as ‘11lustrated on. figure 2., The
basic conductor arrangement is compatible with the three-terminal arrangements

. for- magnetic minesweep quad ‘cablé runs in accordance with:DOD- -STD-2133.-
ﬂﬁffConsequently, disconnect switch boxes and contactor panels with this basic
"iconductor arrangement are, three—terminal devices.~;. -

v 5.2 Conductor bends. Conductor bends can be one of ‘two types.l (a)vthe
--conductors lie in different: planes on each side of" ‘the bend or (b) the conductors
lie in thc same" plane on each side of the bend.. :

. _'x'S._.l Conductors lying in different planes on each side of the bend. .
. Bending of ‘conductors shall -be accomplished as illustrated on figure 3 when the
;'ﬁconductors lie in different planes onr each side of the bend. ' This: arrangement
"'awill result in zero: net magnetic moment of current when the currents in the

D two outside conductors are equal.‘

L 5.2, 2 Conductors lying in the same plane on each side of the bend. - Bending'
" of conductors shall be accomplished as illustrated on figure 4 when the conduc-
itors lie in the same plane on ‘each side of the bend. -This arrangement will.

© . resultin zero net magnetic moment- of current when the currents in the two’

"outside conductors are equal. This arrangement is difficult to dccomplish
hﬁl:in practice. Consequently, the -preferred power circuit arrangements for dis-
‘ ‘connect switch. boxes and contactor panels (see 5.4.2) utilizes conductor bends
"lying in different planes on each side of the bend. :

5.3 Devices in power- circuits.' Devices ‘in power circuits are usually
”;series connected -devices, such as ammeter “shunts‘and overload relays. These
:devices are ‘two-terminal devices and can be’ connected directly into the circuit

'1jfor first converted to a three—terminal device :and then connected into the .circuit.

B -5, 3 1 Direct connection of devices into the circuit.. Direct‘connection‘
L of; devices into-the. circuit shall .be accomplished by inserting the device .into-.
lpthe circult of ‘the central conductor on figure 2. The two outer: conductors
fshall be spread symmetrically around each side of the device.

5 3 2 Conversion to a three—terminal device. If a two-terminal device
;is placed -in a three-terminal box, it shall be connected into the circuit as
”?;illustrated on. figure 5. : : :

. 5. 4 Power c¢ircuit arrangements. Power circuit arrangements shall be of
' the folded or - crisscross ‘type.. The straight through type of arrangement shall

o not be used.

. 5. 4 l Straight—through arrangement. The straight through arrangement, as

g illustrated on figure 6 for a disconnect. switch box,. shall not be used since the
- creation of a low stray magnetic field with this design is very dependent upon
””fequal current division between the two outer conductors.
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5.4.2 Folded arraqgement. The folded arrangement, as 1llustrated on fig-
ure 7 for disconnect switch boxes and figure 8 for contactor panels, shall be
the preferred arrangement. This arrangement shall be used in all cases except
where special circumstances make it indispensable or highly advantageous to have
a disconnect switch box or contactor panel with incoming and outgoing terminals

at opposite ends of the box or panel. The folded arrangement inherently requires o

the incoming and outgoing terminals to be at the same end of the box or panel..
Actual separation of conductors shall be the minimum required to meet the appli-
cable electrical creepage and clearance distances specified for the disconnect

switch box.

Preparing ectivity?
Navy -~ SH . '
(Project 6110-N239)
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1 unit of current

-
Area A . - 3,‘ ‘
2 units of current. ‘ _

Area B

1 unit of current
-t

SH 12228 -

—— e o — — — — —] — o — — — e

" Area A = Area.B'

FIGURE 1. lParalleI-coqpenéation. '
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1 unit of current

{ — -

——— T

22 nnits'of_current

.D'i'sta'nce-X S S
equals A

DlthﬂCe Y R

1 unit of current

—{

',JHNQTE? In all figures, quantity of arrows indicates
SRR 'relative magnitude ‘of current._ The direction
' of the_arrows indicates direction of current.

©sH12229°

"*IiﬂEiCﬂRﬁfZ§7;Bésfbiérranéement of conductors in disconnect = =
SR " switch boxes and contactor panels.
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. Angle of the bend (angle A)
is the same for -all three
‘conductors. : -

If the currents in the two
‘outer conductors are equal
‘and if Area A = Area B and
Area C = Area D, then-zero
. net magnetic moment of cur-
v h rént:will‘ré591t§“‘~<-“4~ -

B. Resulting current Iddﬁéff: :

"SH 12230

FIGURE 3. Bend for cdnductbrs'lyggg;in different
' - planes on each side of the bend. -
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If the currents in the two outer
.conductors are equal and if

Area A = Area B, then there ‘is
zero net magnetic moment of
current. :

SH 12231

" FIGURE 4. Bend for conductors lying in the same piane'
N on each side of the bend.
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.Three term1na1 dev1ce box -
)i/——————'Through conductor, (e,gﬂ;busrbar)

A
MR three termlnal box

Current 1oop A

(current 1oop B) N

Current 1oop C =
- (current 1oop D)

:50”f'

| Emmss—

Circu1t for a two- terminal device in a

o ~Current 1oop'E =

T

L -

(current 1oop F)

Current 1oop G =

-

\xh———Twortermina1'device |

current 1oop H) Current ]oop 1

',-(current loop. J)

A_}NV

‘:yV" I

l=lp|

i~

o11o
. mYrm

©CABLE "RUN'" CONNECTION . = BOX

‘fﬁ,ﬁidnkt[s.

CONNECTION =

PR fResulting1QUrrentciobps for circuit.in A.

' CABLE RUN

Conversion of a two—terminal device to a three-terminal

device and resulting current loops.~

‘101;
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o * T «—TERMINALS

\— SWITCH "CONTACTS

OVERLOAD RELAY

.‘A. Circuit for disconnect -switch box with a straight--
through conductor arrangement.

' 'Zero net magnetic moment
. is not achieved unless
“the current in the two
“outer loops are

exactly equal to

each other.

= Area B

B. Resulting current loops fof-éircuit in A.

SH 12233

FIGURE 6. Straight-through arrangement (not to be used)
for a disconnect- switch box.

1
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SWITCH CONTACTS
. .OVERLOAD RELAY .

.A. Circuit for disconnect switch box with a '
folded arrangement .

Net magnetic moment for 100ps _
A, B, C and D is equal to zero -
regardless of equal current
division between the two outer
conductors. Loops E and F will

Arei'A Area'Bv=
'VA:éa C = Area D

cAreéiE'

E,Afea;FA-- ‘not be balanced in the case of
e unequal current division; con-
sequently, -loops E and F shall
be as made as small ag possible. .
B. Resultingrcurreﬁt‘loops for:circuiflin‘ﬁ, L
SH 12234

FIGURE‘7} Folded arrangement for andisconnect s#itchuboxw-'

12
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i‘\\—44*SWITCH_CQNIACTSH;f

——— QVERLOAD RELAY

© SHUNT ——

" ¢|«—— CONTACTORS

Hmbiféﬁif“fdrﬁcqhtactor.panel with
" 'a folded arrangement. . -

. Net magnetic moment for loops
A, B, C and D is equal to zero. -
,:fregardless of equal current

“division between the two outer
. . conductors; similarly for current -
" loops E, F and G. Loops H.and I
S will not be balanced in the case - .
4. 0of unequal current division; con- .-
sequently loops H and I shall be
'made as. small as possible.

M

Area A
Area

:U" <" '

Area E
- Area H .

o sH 12235 -

:.~FIGURE 8;',Fdidediarfaﬁggﬁent~fbr acontactor panel.
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APPENDIX'
COﬁPARlSONjOF EFFECTIvéNEss OF FOLDED AND
'CRISSCRQSSIARRANGEMENTS FOR DISCONNECT SWITCH BOXES
10. GEnERnL
‘lO 1 §SEEE°- Thig appendix illustrates the comparative effectiveness of fol—
ded and crisscross arrangements for disconnect switch boxes. : ‘
| 20; REFERENCED DOCUMENTS |
" Not appliCable.'
30. DEFINITIONS
' Not apnlicable{l
 40. GENERAL REQUIREMENTS
‘Not applicable.

50. DETAILED REQUIREMENTS

_ 50.1 Compared arrangements. Figure 9 illustrates the folded and criss-
cross arrangements that are compared to. the stray magnetic field they create.
The dimensions are arbitrarily chosen. 1In all cases, the total current is
taken to be 1000 amperes (A). The current loops are shown as rectangular in’
shape {(or very nearly rectangular) and the areas are figured as if they were
rectangular. In the crisscross arrangement, the four current loops in theé
crisscross (100ps E to H on figure 10) have been omitted since these can be
made SO - small in area that their magnetic field should be negligible.

50.2 Comparison for eqpal current division  between outer conductors. .For
current equally divided between the two outer conductors (that is, each outer
conductor carries 500 A while the center conductor carries 1,000 A), the maximum
values of the vertical component of the magnetic fileld in a: plane 6 meters
- below the centers of the two arrangements are ‘as indicated in table I.

TABLE I. Eqnal division of current (500 amperes in each
outer conductor).

Arrangement type L Flux density, nanotesla .(nT)
. Folded ' : ' : 60‘
Crisscross = o © 1220

14
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50.3 Comparison for unequal current division'between outer conductors.
For current unequally divided between the two outer conductors (that is, omne
outer conductor carries 600 A and the other 400 A while the center conductor
_carries 1,000 A), the maximum values of the vertical component of the magnetic
field in a plane 6 meters below the. centers of the two arrangements are as

indicated in table II.

TABLE II. Unequal division of current (600 amperes ih.one outer conductor
and 400 amperes in the other outer conductor).

Afradgement_type  Flux density (nT)
Folded : © 700
. Crisscross . ' v ' 1300

- 50.4 Comparison for zero current in one outer conductor and 1,000 A in
the other outer .conductor. For the extreme case of current inequality which
.would arise if an open circuilt developed so that one of the two outer con-
ductors carries 1,000 A and the other carries none, the maximum values of the
,'vertical component of the magnetic field in a plane 6 meters below the centers of
- the two arrangements are as indicated in table III.

" TABLE III., Zero current in one outer conductor and 1,000 amperes
' in the other outer conductor.

' Arrangement type ' 'l. 'Elux'dgnsity (nT)
Folded -~ - . 3000 ’
Crisscross : - 4000

, J, 50.5 Conclusions. It is apparent from tables I, II, and III that the
' stray magnetic field of the folded arrangement, which is the preferred ar-
rangement; has the smaller stray magnetic fileld for all conditions. :

15
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- OVERLOAD RELAY

A. Partial circuit for disconnect switch box
with a crisscross conductor arrangement. -

Area A

= Area B.= A:ea‘C ="
Area D . : s W
Area E = Area F -
‘Area G Area H g ANet magnétic:moment forACurréht‘f'

 loops A, B, C and D is equal to
zero regardless of equal current
division between the two outer
conductors. This is not true for
current loops E and F, and G and
H; the area of these loops shall
be made very small.

B. Resulting‘current loops for circuit in A.

SH 12237

FIGURE 10. Crisscross arrangement fof.a-discoﬂnettipﬁ}Fch,Boxéi;é;;;“;;éh‘mf”

2 {
A :
N

o mdam !

17
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