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1. SCOPE

1.1 Scope. This standard covers the requirements for the design of
d.c generators and motors (machines) that will miximize the stray magnetic
field emanated by the generators and motors.

.1.1 Application. Tnis standard applies specificaily to the design of
magnet ir minesweoping generators since they generate large output currents an
are used in minesweepers that will pass over magnetic- influence min
quentiv, they must p*oduce as small a stray magneti e

to minimize the danger of detonating a mine under the nmin
ments of this standard also apply to the design of any d.c. mo
for which a small stray magnetic field is an important consideration.
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1.1.2 Llimitations. This standard shall be used in conjunctiorn with the

requirements of technical specifications and standards for a specific d.c.
generator or motor. In the event that any design features of this standard
(see 4.2.1 and 4.2.2) conflict with the requirements of other technical speci-
fications andé standarde for the generator or motor, the design requirements
cf this standard shall apply.

Z. REFERENCED DOCUMENTS

2.1 1Issues of documents. The following documents, of the issue in effect
on date of invitacion for bids or request for proposal, form a part of this
standard to the extent specified herein.

STANDARD

MILITARY

DOD-STD-2133 - Cable Arrangement For Minimum Stray Magnetic
Field (Metric).

DOD-STD-2141 - Definitions and Systems of Units, Magnetic
Silencing (Metric).

(Copies of specifications, standards, drawings, and publications required
bv centractors in connection with specific acquisition functions should be
ohtained from the contracting activity as directed by the contracting officer.)

3. DEFINITIONS

1.7 General

magnetic silencing terms. The meanings of general magnetic
silencing terme usec in this standarcé are in accordance with DOD-STD=2141.

3.1.1 Equalizer connections. Equalizer connections connect lap wound arma-

ture winding parallel circuits that heoretically, are at the same potential.
Thev are not, 'nowevef, ntial due to minor variations in machine

ad UUC TUL Lss 2 Vaiadwal?ild &30 X2 2233%

o ®©
v
D,

n gh brushes and cables connecting brush studs of the
arity. These equali ing currents would generate stray magnetic fields.

—

e differences, 1f not corrected would cause
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3.1.2 Commutating poles (interpoles). Commutating poles are used to improve

comrmutation. They are 1ocated midway between the main field poles and are fre-
quently referred to as interpoles. Some d.c. machines have commutating poles
but no compensating winding; other d.c. machines have commutating poles and a

compensating winding as well. Current in the commutating circuit is present
in the commutating coils and in the connections to the coils. \;he colls them-

selves produce only a small stray magnetic field; hence, the problem involved
in the design of the commutating circuit is to arrange the connections so that
they will) provide only a3 small stray magnetic fileld.)

3.1.3 Compensating (pole-face) windings. Cowmpensating windings are used on
large d.c. machines to compensate armature reaction and improve performance. A
compensating winding consists of conductors embedded in slots in the faces of
the main field poles (hence, the alternative terminology of pole-face winding)
and end connectors. The conductors in the faces of the main field poles are
parallel to the axis of the machine. The end connectors connect the pole-face

he axlis of the machine. It is
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Current loon. A current loop 1s a closed electric conductor. 1t may

4 o
ne or mor2 turns of any size or shape and may be arranged in
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planes and so close together that, to a first approximation, they can
ered to be phvsically coincident in space. More complicated current
an be resolved into a combination of simple current loops.
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3.1.6 Machine. A machine is a generator or motor.

3.1.7 Magnetic minesweep cable. The magnetic minesweep cable is the inter-
connecting cable between the magnetic minesweep generators and the minesweep
ceble terminal box.

3.1.8 Magnetic minesweeping generator. A magnetic minesweeping generator
{e a genrerator which produces the current for the magnetic minesweeping tall.

3.1.9 Minimur magnetic moment. A minimurm magnetic moment has a magnitude

Ciose Lo zZeiU.

3.1.10 Polar leakage field. Polar leakage field is the stray magnetic field
thar is emanated by the field coils alone.

fa ]
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4. GENZRAL REQUIREMENTS

4.1 Cause of stray magnetic field. Stray magnetic fields in a d.c. machine
are caused by current in the field circuit and armature circuit of the machine.

in order to reduce a machine's stray magnetic field, the field circuit design
shzll be ‘= accordance with the requirements of 5.1 and armature civrcuit design
shall be in accordance with the requirements of 5.2.

4.2 low stray field features in machine design. The low stray field
features of 4.2.1 through 4.2.12 shall be incorporated into the design cf the
machine. These features are described in detail in section 5.

J A T | Coasama dnod oo Ceoonems Aaadaen ~F
“ o Lo i rirauc ucesStiglis fiauuc uUcTdapgii UL
.

requirements:
(a) The frame shall be either of two types, (1) one piece with no
joints, or (2) laminated.
() The weld in the frame shall be at a main pole (see 5 1.
(¢} The frame shall be machined inside and outside, to ins

h.2).

[a} kAl

ure

m

uniform cross section throughout {see S5.1.3.4.3).
(d) The material of the frame shall be magnetically homogeneous

throughout (see 5.1.3.4.4).

(e} The outside of the magnetic wmaterial in the frame shall be a
smooth surface of revolution with its axis coincident with the
axis cf the generator. There shall be no magneric feet or

Al A tha Autadda A€
181 OO0 o€ CUcoauc vl

{f) Current—-carrying leads shal‘ not be taken through the frame.
They shall go through some part of the machine enclosure
which is non-magnetic (see 5.1.3.4.6).

! v _ . _ . - = o - R - - - 1 -am gy P ~n emsembha
4.2.2 Number of field poles. The machine shall have an adegquate number
of field poles in accordance with 5.1.3:1.

4.2.3 Symmetry and uniformity. The following requirements of symmetry
and uniformity shall be applied:

(a) Alr gaps shall be uniform (see 5.1.3.4.7).

{b) 1n machines which have commutating poles, there ghall be =g
many commutating poles as main poles (see 5.1.3.4.8).

(c) Coils of the same rype (such as, shunt field coils and
commutating pole colls) shall be =f the saze size and heve
exactly the same number of turns (see 5.1.3.4.9).

. ~ N T ss . < Y - vysr _ 8 . PR U W - a2 mamladoaan =ball
Lb.l.4& h1r1n§ ATOUund Tne Irame. wWliTlng around ne 1Tame Ol &8 malnliine shnalad

mant tha €ATTAivdens vam{ivsamantas

MCTT L [SE RS LULLU“LIIB L:\{ULLCIUCIL\.OA

(a) Connections to the shunt field coils shall have no net turns
around the shaft and no uncompensated current loops (see 5.1.4).

(b) End connections to the commutating coils and the compensating
winding shall have no net turns around the shaft and no un-
compensated current loops (see 5.2.6.2 and 5.2.7.2).
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nections nt

.2.5 Lap-wound armature. Lap—wound armatures shall have equalizer con-
i

he form of rings of uniform cross section throughout (see 5.2.1.1).

4.2.6 Brush collector rings. Brush collector rings shall meet the fol-

lowing requirements:

(a) The brush collector rings shall be complete rings, concentric
withh the axls of the machine, and of UﬁifOfﬁ cross section
throughout the entire circumference (see 5.2.4).

{b) There shall be either: (1) three brush collector rings equally
spaced in the direction parallel to the axis of the machine,
with the center ring carrving full positive (or negative)
current and each of the two outer rings carrying one-half of
the negative {(or positive) current; or {(2) two concentric
rings, one larger than the cther, mounted in the same plane
perpendicular to the axls of the machine (see 5.2.4.1).

(c) The current take-off points for the brush collector rings shall
be either: (1) in-line with the axis of the machine for
machines with three brush collector rings; or (2) in a plane
passing through the axis of the machine for machines with two
concentric brush rings in the same plane (see 5.2.4.2).

4.2.7 Connections from brush collector rings. Connections from brush

collector rings of a machine and the assocliated circuit shall be arranged with
a central conductor carrving full current and two svmmetrically placed flanking
conductors, each carrying half current, all so arranged as to avold unbalanced

current 1nnn:

(QOP gn-/-".)ﬁ.

4,2.8 Double—armature machines. Machines with two armatures on the same

shaft shall be designed in accordance with the principle of mutual compensation;
the two armatures shall be as nearly allke as possible and have thelr connections

that the aputiic LiTiu vl vic 158 1in U}I}J\’DL\.LUII to Lhe

Wa nnn—.n»l €£1a1Ad Af Ane ic 4n Aannngirdnan 4 rtha athary
ULincs

4.2.,9 Angular position of take—off points. The current take-off point

from one brush collector ring shall be at the same polnt where one set of
brushes 1is connected to the ring (see 5.2.4.4).

4.2.10 Number of commutator bars. The number of commutstor bars shall be
equal to an integral multiple of the number of field poles (see 5.2.2).
4.2.11 Brush rigging. Brush rigging shall be designed in a2 manner to

force a well-defined current path between a set of brushes anc the brush
colilector ring. This current path shall be in a plane which passes through the
axis of the machine (see 5.2.3).

4.2,12

brus. collector rings

minimize the
brushes (see

Position of brush collector rings. The axlal distance from the
the commutator risers shall be selected in a manner to
effect of unequal current division between different sets of
5.2.4.3).

(a4
o

&~
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5.1 Field ecircuit design.

.

S.1.1 Applicability. Since minesweeping generators are separately excited
generators, the requirements of S5.1.3.1 through S.1.4 apply speclificslly to the
field circuit of a separectely excited generator. Similar requirements can be
appliec to the design of field circults for self-excited, d.c. shunt motors

5.1.2 Sources

of strav magnetic field. The field circuit consists of

fleld colils and connections to the field coils.

mize the stray magne

.1.3 Minimiz

Design requirements to mini-
etic field produced by the field coils shall be as described
5.1.3.4.10. Design requirements to minimize the stray

£ 4

aé 1

r)

- 1a
Lt A.b

ation of strav magnetic field produced

ipo;ar leakage field).

-
[

never
mplifler exciters,

be used,

o o

th
ield

i1d poles
rators. For all other d.c. machines, twe fleld
four or six poles shall be the minimum. Rotary

such as amplidynes, which have only two magnetic poles,

-

[
g t
D f

shall not be used even though they mav have more physical poles.
$.1.3.2 Orientastion of field poles. TFor minimizstion of the vertical
component of the stray magnetic field, one pair of main field pcles shall be

vertically oriented
between adjacent ma
a six—pole machine.

3

e

1.1

P

Dists=

or oriented so that the vertical equally divides the angle
in field poles. Figure 1 illustrates this orientation for

of the field coile from the cente The

nero
e

distance from the c
be kept as small as
This reguirement is
are usually unneces

enters of
possible, as 18 consistent with conventional machine design.
relative; abnormally long and small diameter machine designs
sary, and abnormally short and large diameter designs shall

be avoided, since they tend to increase the stray magnetic field.
5.1.2.4 Uniformirv and gvmmerrv. The frame and associared field poles
buesl bt made us wnilorz and symzetrizal as poaesible, br incorporating the
requirements of 5.1.3.4.1 through 5.1.3.4.1C into the design of the machine.
5.1.3.4.1 Frame construction. The frame of the machine shall consist of
two parts: the magnetic frame and the nonmagnetic frame support. The magnetic
frame ghall be either of cne plece construction or a radially laminated construct-
1on such that the flux density in the outer 25 percent of the frame thickness
will remain in the linear portion of the d.c. B-H curve of the magnetic material

used throughout the operating range of the machine.

wn
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5.1.3.4.2 Location of weld. The magnetic frame of the machine is usually
made by rolling a steel slab into a ring and welding the ends of the sladb
together. The weld shall be located at the centerline of the top main fileld
pole for vertically oriented poles, and at the center of one of the two highest

main field poles for machines with the vertical equally dividing the angle
between these two highest field poles. The main flux splits at the centerline
of the main pole. Anv lack of magnetic homogencity at the weld will have a
rinimum effect by locating the weld on the centerline of a main field pole.

5.1.3.4.3 Machining. After the frame of the machine has been welded
into a ring and seasoned, it shall be machined inside and outside and on the
ends to ensure uniform cross sectlion throughout If the ting is machined only
on the inside, there will inevitably be differences in the thickness of the
frame, at different points, and loss of symmetry.

5.1.3.4.4 Material. The material of which the frame is made shall be
magnetically homogeneous, to avoild lack of symmetry.

5.1.3.4.5 Outside of frams. The outside of the frame shall be as
magnetically smeooth and symmetrical as possible. Feet and other major
projections shall be welded to the frame support in such a manner as not to

affect the symmetry of the magnetic frame. Pole bolt heads shall be recessed,
and, preferably, shall be slotted round heads which almost completely fill the
holes in the frame to recess the heads.

5.1.3.4.6 No leads through frame. No current—carrying leads shall pass
through the magnetic frame or other magnetic parts of the machine. These

penetrations inevitably introduce a lack of gymmetry. The effects of this lack
of symmetry will be less 1f the leads go through nonmagnetic parts of the
enclosure.

c 1 2 A Ad ~ A ~- - -y
JeledeSer aLvT gaps- ALY gaps shall be as near 1}' equal as yusgiblea

5.1.3.4.8 MNumber of commutating poles. Machines shall have as many
commutating poles as main poles,

1.3.4.9 coils of the same kind (such as shunt field coils,
series fleld colls, aﬂd commutating field coils) shall be of the same slze and
shape and shall have the same number of turns.
8.1.3.4.10 Equelizer connections. Equalizer connections shall be used on

the armature of lap=-wound machines, in accordance with 5.2.1.1, to compensate
for nonuniformities such as those f0und in air gaps ané field coils which are
not vi exaclliy equdl magneiic moment because of wasulacturippg telerances.

S.1.4 Minimizstion of strav magnetic fleld produced by the connections to
the field coils. The preferred and non-preferred methods of making coanections
to the field coils are illustrated on figure 2. The preferred method of making
connections shall be used (see figure 2A). The shunt field connections shall all
be at the same end of the machine and shall be as close together as possible.

5.2 Armature citcult design. Design reguiremants to minimize the stray
magnetic field produced by the armature circuit of the machine ghall be con-
sidered for the following parts of the armature clrcuit:
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(a) The arnmature windings (see 5.2.1).
(b) The commutator bars (see 5.2.2).
(c) The brush rigging (see 5.2.3).
(d) The brush collector rings (see 5.2.4).
{e&) The connections from the brush collector rings to the commutating
winding, the compensating winding and the machine's terminals
to an external circult (see 5.2.5)
Tne commutating winding (see 5.2.6)
i
/

() .
(g) The compensating winding (see 5.2.7).
5.2.1 Armature windings. Armature windings shall be lap-wound with
equalizer connections or wave—wound.

$.2.1.1 Lap-wound armature. Lap-wound armatures shall have equalizer
connections (armature cross connections) in the form of complete rings of
uriform cross section, which are concentric with the shaft of the machine and
are connected to all points on the armature winding, to compensate for field
poles of unegual strength and unegual brush resistance, connected to gll points
of equal potential on the armature winding. Minimizing the stray magnetic
field produced by the field circuit shall not depend primarily upon the desigrn
of the equalizer connections; the uniformity and svmmetry requirements of

-

5.1.3.4 shall pe adhered to in the design of the field circulr,

5.2.2 Number of commutator bars. The number of commut
be cjual ¢ an integrea. multiple of the number of field pcle

ator bars shall
S.

3.2.% Brusht rigging. The brush rigging shall be designed in a manner to
force a well-defined current path between 2 set of brushes and the brush col-
lector ring. The outward current path shall be radially outward through a
brush, then along a conductor parallel to the commutator bars until it comes

to tne plane of a brush collector ring, and then radially outward to the brush

5.2.4 Brush collector rings. Each brush collecter ring shall be a com-
plete ring, concentric with the axis of the machine, and of uniform cross
section throughout the whole circumference so that unequal brush currents will
no: create non-zero net magnetic moments in the collector ring part of the
armature circult.

§S.2.4.1 Arrangement of brush collector rings. In order to create equal
and oppositec current loops in the circuit of the brush collector rings, one
af rhe tgr §ollnwing brush collector ring arrangements shall be used:

4

(a: inree=prusi; coliecict liugs, eguaily spaced 1n the diresticn
parallel to the axls of the machine, with the center ring
carrying the full positive {or mnegative) curreat and esch

of the two outer rings carrying one-half of the full negative
(or positive) current. For maximum current loop cancellation,
this arrangement requires the currents in the outer brush
collector rings to be equal.

(b) Two concentric brush collector rings, one slightly larger
than the other, in the same plane perpendicular to the
axis of the machine.
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For the three-brush collector ring arrangement of 5.2.4.1, current take-off
points for the rings shall be in-line with the axis of the machine. For the
concentric brush collector ring arrangement of 5.2.4.1, current take-off points

for the rings shall be Iin & plane passing through the axis of the machine.

4.3 Position of brush collector rings. The axial distance from the
brush ccllector rings to the commutator rigsers shall be selected in a manner
tc minimize the effect of unequal current division between different sets of

brushes. For the three-brush collector ring arrangement of 5.2.4.1, this
distance shall be accomplished by designing the machine so that:

Tx (Ly =Lg) =2 xr x (W+35),
where T is the radial distance from the center of the current in the commutator
bar to the center in the axial conductor which collects current from the
brushes; W 1s the axial distance between the midpoint of the commutator risers
and the midpoint of the brush collector ring closest to the commutator risers;
S is the axial distance between the midpoints of two adjacent brush collector
rings; r ls the radius of the commutator; and L; and L, are the distances from
the two ends of the brush set (or commutator, when the brush set is mounted
syumetrically with respect to the commutator) to the ceater brush collector
ring (see figure 3A). For the two concentric brush collector ring arrangement
of 5.2.4.1, this distance shall be accomplished by designing the machine so that

Tx(Ly - Lp) =2 xrxVW

where all variables are defined as above, except that L; and Lo are the distances
from the two ends of the brush set (or commutator, when the brush set is mounted
symmetrically with respect to the commutator) to the two concentric collector
rings (see figure 3B).

5.2.4.4 Angular position of current take—off points. One current take-off
polat shall be at the same point where a brush set is connected to a brush
collector ring (or rings). This point shall put the other current take—off
point midway between the points of connection of two adjacent brush sets to the
other brush collector ring (or rings). The current take-off points shall be

w4 -1 ' PR Y 11 - vi
as “*b“ up on {ihie DrusSn ToLiecltor ings as poss

5.2.5 Connections from the brush collector rings. Connections from the
brush collector rings to the commutating winding, the compensating winding (1f
used), and the machine's terminals tc¢ arn external circui: shall be made in
accordance with 5.2.5.1 through 5.2.5.3.

5.2.5.1 Conductor arrangement. Three conductors shall be used for con-
nection to the brush collector rings. A central conductor shall carry total
arc-ture current in one direction and the two outer conductors, which shall be
symmetrically arranged on opposite sides of the central conductor, shall each
carry one-half of the total current in the other direction. The conductors
shall be kept as close together as possible, while taking into consideration

the requirement for insulation between them. This will keep all current loops

small and minimize the disturbance caused by departures from exact equality of

current division between outer conductors. For each particular machine, details
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such as the physical arrangement of the different parts and the space available
shall be considered for detailed conductor arrangement. Typical arrangements
for machines with three-brush collector rings and two concentric brush collector
rings, respectively are described inm 5.2.5.1.1 and 5.2.5.1.2.

5.2.5.1.1 7Tvpical conductor arrangement for machines with three-brush
collector rings. Figure Z {llustrates typical connections for a three-brush
collector ring machine. The corresponding current loops are also shown. For
~

every current loop, there is in the same plane a closely adjacent loop of the
same magnetic moment but opposite polarity; consequently, the total stray
magnetic field will be small.

5.2.5.1.2 Tvpical conductor arrangement for machines with two concentric
brush collector rings. Figure 5 1llustrates typical connections for a two
concentric brush collector ring machine. This arrangement can be readily
adapted for usec on a machine with three-brush collector rings.

S.2.5.2 Terminals to an external circuit. A machine shall have one of
the followiny arrangements for its terminal (input for generator; output for
motor) to an external circuit:

(

o

) TFour terminals arranged at the corners of a square with plus
tercinals at the ends of one diagonal and minus terminals at
the ends of the other diagonal.
{b) Three terminals equally spaced along a line with & plus (or minus)
terminal at the center and two minus (or plus) terminals on the
outside.

5.2.5.2.1 External cable connections to the machine terminals. With the
four-terminal arrangement of 5.2.5.2, each cable in a quadded cable run shall
be connected to one of the four terminals in accordance with DOD-STD-2133.
With a three-terminal arrangement, two diagonally opposite cables in a quadded
cable run shall be connected to the center terminal and the other two cables
shall be connected to the outside terminals in accordance with DOD-STD-2123.

5.2.5.3 Criteria for conductor arrangement design. The conductor arrange-=

ment design shall satisfy the fcllowing criteria:

(2) Current loops are individually as small as they can be made, while
taking into account the physical dimensions of the conductors

and the necessity of spacing to provide room for insulation.
For each current loop, there is in the same plane an immediately
ad jacen: loop, as close as possible, of the same magneti

nmoment but opposite polarity.
(c) Parallel circuits are and will remain of equal resistance, to

ensure equal division of current between the circuits.

Pl
o
N

24
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5.2.6 Commutating winding.

5.2.6.1 Number of commutating poles (interpoles). When the machine design

requires commutating poles, there shall be as many commutating poles as main
poles. This is the usual construction for large machines. When this require-
ment is satisfied, the commutating poles will produce a stray magnetic field of
essentially the same pattern and magnitude, but with opposite polarity as the
main field poles. The net result 1s a small stray magnetic field.

5.2.6.2 Arrangement of connections feor commutating poles. Connections
to commutating poles shall be made as 1llustrated on figure 6. Connections
shall be made at the same end of the machine and as close together as possible,.

With the connection arranged in this manner, current loops are formed in
pairs. The two current loops in a pair have a magnetic field of the same
magnitude but opposite polarity; the net magnetic moment for the loops will
be near zero.

5.2.7 Compensating (pole~face) winding

5.2.7.1 Arrangement of compensating winding. The design of the arrange-
ment for compensating windings shall be accomplished as follows:

Forrnd

(a) The preferred arrangement shall have the compensating windings
in an even number of slots per pole-face. A single seriee compen-
sating winding which carries full armature current can be used in

this case. Figure 7 1llustrates a compensating winding for a six-

pole machine w four slots per pole-face.

an odd number of slots must be used, this can be done provided
he oumber of poles 1s an integral multiple of four. Two parallel

windings are used in this case, each carrying one-half of the total
armature current. Figure 8 illustrates a parallel circuit compen-
sating winding for an eight-pole machine with three slots per pole-
face.

The combination of an odd number of slots per pole~face and a number
of poles which is not an integral multiple of four shall not be used
in d.c. machines.

S

1

~~
y

roen

—
N
—r

5.2.7.2 Arrangement of end connections to compensating windings. End

connections to compensating windings shall be arranged so that the current
loops in the planes of the end connectors at the two ends of the machine will

Sum up ¢

Preparing activity:

—
o
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FIGURE 1. Orientations of main field poles for minimization of the vertical
component of the stray magnetic field.
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FIGURE 2. Preferred and non-preferred methods of making connections
to the field coils.
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FIGURE 3. Position of brush collector rings.
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TERMINALS TO AN EXTERNAL CIRCUIT;

\
.

A(//i/;Vf;: V:,//, NOTE: Number in loop indicates
~

relative magnitude of
| current in each loop.

B. Resulting current loops for the connections in A.

SH 12241

FIGURE 4. Typical connections and resulting current loops for machines
“with three-brush collector rings.
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FIGURE &. Tvpical connections for generators with two concentric
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NOTE: The commutating circuit is shown
completely closed on itself. Tt
is tied to the rest of the arma-
ture circuic by cutting one of
the connections between coils
and connecting to the brush col-
lector rings and terminals at
points indicated on figures « anc 3.
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shown; the main poles are omitted
since they are not connected in

the commutating circuit.
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MPENSATING WINDING

aINT O e

NOTE: The compensating circuit is shown completely
closed on itself. It is tied to the rest of
the armature circuit by cutting one of the

connections between poles and connecting to
the brush collector rings and terminals at
points indicated on figures 4 and 5
H 12244
FICURE 7. Compensating winding for a six-pole machine with
four slots per pole—face
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\ CONDUCTOR
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NOTL: The two parallel parts of the compensating circult
are shown completely closed on itself. 1t is tied
to the rest of the armature cirecuit by cutting
one of the connections between poles for each of
the parallel parts and connecting to the brush

collector rings and terminals at points indicated
on figures 4 and 5.
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FIGURE 8. Parallel circuit compensating gip_d;l_ng fo
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