1,677,007

1. H. SUMMERS
IND

July 10, 1928.

Filed Dec. 29, 1925

V)

[ <

. i

7 i
c.u.. m N -

His Attorneuy.

Inventor:
fvan H. Summers,

Moo o — o™

by




10

on

T

30

a0t

49

45

50

56

Patented July 10, 1928.

"UNITED STATES

1,677,007
PATENT OFFICE.

IVAN -H,:- SUMMERS, -:OF-‘_LYNN, MASSACHUSETTS,*ASSIGNOR TO GENERAL
B St COMPANY, A CORPORATIONOF NEW YORK. .

ELECTRIC

.. COIL WINDING. . .

B Appliéatiqn. filed Dece'mb,er

My invention relates to coil windings and
riore particularly to the windings of alfer-
nating current dynamo-electric machines.”
" In large alternating current generators in
which”the windings, which are disposed in
the armatiire slots, consist ‘of ‘coils formed
'of conductors -of" considerablé” depth, the
magnetic flux across the slots, due to the cur-
rent'in the conductors; gives rise’to parasitic
oltdges within the conductors which'induce
eddy currents therein. "These currents if of
sufficient magnitudé may’ produce objection-
able heating of the winding. and cause the
material of thé conductor ta be inefficiently
utilized. - oo et T
" In sucha machine, where each armature
slot:is filled With several conductors each of
which is made of insulated strands, and ar-
‘ranged one above the other, the flux due to
-current’cdrried: by the bottom conductor. has
‘a’path partly through the'iton core and part-
1y through the space between the side’ walls
of the'slét: "The.distributidn, of this flux for
‘convenience 'may ‘be regarded as’ uniformh
‘from' the top of the conductor to the mouth
of the'slot: Likewise, the flux'due té currént
¢arried by the second conductor from the
bottom’ also may be regarded ‘as evenly dis-
tributed in the space between the slot walls
from ‘the top of that conductor to the mouth
of 'the slot and similarly for the remaining
cconductors in'the slot. The total flux densi-
ty in the slot,:therefore, is not uniform, but
increases from the top of the bottom conduc-
tor to the mouth of the slot. In'the above,
consideration has been given only to the flux
between the top of a conductor and the
mouth of the slot.” The current in each con-
ductor produces a flux throughout the depth
of the conductor which: flux increases from
the bottom of: the top. of the conductor and
produces a voltage'in the conductor which
increases from the bottom‘of_ the conductor
to the top thereof in'approximately a para-
bolic manner.” The' total voltage in any half
turn of a coil is thus made up of a voltage
due to tlie flux-of that half turn of the coil
plus-the voltige due to the flux from the
otherhalf turns of the coil below the one
i’ question. - This voltage varies in magni-
tude for:éach half turn; being createst for
that half turn at ‘the top of: the slot. The
parasitic or difference ‘in ‘voltage between
strands, induced in the two sides of a ‘ma-
chine wound: coil are opposed to each other
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‘due’to] the fact that the reversing end turn
of ‘the"winding’firi‘véit# one side of the ‘coil
relative to -the other ‘side: "“As a result of
this reversal, the difference of the voltages
induced in the top 4nd the bottom' portions
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of a conductorin’ oné"sidé ‘of “the coil 'is

partly neutralized 'by that in ‘the 'other side
of the coil.: But,"because of the-unequal dis-
tribution “of  flux - throtighoiit the ‘depth ‘of
the’slot; as pointed: ot '‘abbve, theérs still re-
nains'a’ voltége” diffe;
and - the' bottam “hoitions=of ithé' conductor
‘which ' gives'ris¢'t objectichable eddy cur-
rents ‘ thiough " the  conductor” forming’ the
winding, o b e e S
" The' paraboli¢ ‘distribution '6f " voltage iin
the half turns'of ‘4 'coil referred to ‘can 'be
‘resolvedinto 4n’ élementdry paraboli¢, com-
ponent ‘and’ a- linead'’component ‘having 'a
slope of ‘@n ordéi'correspondingts' the fittm*
‘ber. of ‘condluictors in ‘the' slot bslow the one
1n question.”” The afrangement :of strands’in
‘accordante with 'nfy ifivention ‘ddes' notpur-
‘port to completely balande the parabolic éle
-merts; ‘since; even “when’ thosé of ‘opposite
sense aré“balanced, 4 small ‘reidining ‘un-
equal voltage:distribution will remain. ~It is
possible, iowever; to:baldnce the lifiedr ele-
‘ments so.completely-that the remaining'éddy
crrent losses:will:be'reduced to a miegligible
amount. . ~An.object ‘'of my' invention, there:
fore, is the provision of-an: improved' multi-
turn- winding 1in:iwhich the “eddy - current
losses in:-the stranided 'conductors thereof
are reduced’ to -a -relatively low. value.

In connection with the above explanation,
reference ;is ‘made to. the:article entitled,
“Eddy. currernts-in- stator windings” by ‘H.
W. Taylor :in “The Journal of the Institu-
tion, of Electrical Engineers” (London): for
April 1920, wwol. 58. . ... e

My .invention - will be better- understood
from the following description taken in-con-
nection .. withithe accompanying ‘- drawing,
and its scope will be pointed out in-the ap-
pended claims. R AN

In.the accompanying drawing, Fig. 1 rep-
resents.a two-turn stranded-coil according to
my invention; Fig. 2 is a.cross section.-on
line 2—2 of Fig: 1, showing the sides of the
coil in their respective armature slots; and
Figs. 3 and 4 are representations, showing
an arrangement for a three-turn:coil, ‘corre-
sponding respectively with Figs. 1 and :2

for the tbwo-turn cotl,
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In Fig. 1,'T have illustrated a two-turn
form-wound coil 1 which has at each end
thereof the usual reversing end turns 2. In
order to:form the complete armature wind-
ing a plurality of such coils are connected
together in the usual manner, which 1s well-
known in the art. The conductor 3. of
which the coil is formed, camprises four
double strands forming four layers or lami-
nations, the strands being made double to
better: facilitate the edgewise bendiug there-
of. .. The strands are separvatcly insulated
throughout, their length, except, of course,
at’the terminals 4 and 5 where suitable solid
connections- are. made with adjacent coils,
the seyeral strands of the: conductor of each
coil forming so many separate parullel cir-
cuits,...In a: two-turn coil, as shown for ex-
ample by Fig. 1, I give the conductor a twist,
6, of 180°.in each turn of the coil at.the rear
end..or_end opposite . the connection end of
the, coil. , The effect: of this 180° twist will
be, more clearly scenby referring to Fig. 2.
Here the two sides of the coil are shown in
their. respective ‘slots 7 and 8, which are
spaced .apart in. the armature either a full
pole pitch,.or approximately so. according
to whether the winding has a full or a frac-

- tional .pitch..,.Here for.convenience in fol-

lowing the reversals of the conductor due to
the:end. turns 2 and the. twists .6 I have
shown. ; the - conductor having one. double
strand..shaded. : The slots 7 and 8 are four
conductors deep, the four conductor posi-
tions. in the-slat.:heing desigriated as posi-
tians 1,1 2508 amd doirvThertdtal- voltage: in-
duced.aniang particular: strand.of .the con-
ductorn dueto. the cutrent in:all -the other

.. strandsiis a patabolicfunétion of the height

of-the strand-ini the:slot.: -However. the:dif-
ference in.theavoltapesinduced in any-two
stuands, -differirig inuheight -byvia: defimite
nuwnber of stuands: i ailineir function of the
average theightlof the twostrandsconsidered.
Thusyiathile -theivolfage:: distribution across
thd strandg inany@iven cdnductor isnot ex-
ddtly!linear) ¢he differences ‘in ‘voltage be-
tweem thedtopoatrdithe tbottdm strands of the
condeetornis)a linear:fuhétion of ‘the posi-
tion of the conductor in“the-5lat.-"The devia-
tion “ofithevioltage Wistribiition fr'or!l{ it
straightrling funetion '1s very emall, s pie-
viously!stated; and:in the  folléhving 'discuis:
sion*the parasitiéor i voltage dilference’ be:
tween the strands of the condiictor will be
sonsidered -to be st lincat fuitetion "6 f the
height ofthl-cdnduttor iy the slot.' The
linear ‘comporent of “the’' parasitic ' voltage
affedting’ the'dtranded conductér in position
1y ‘being’ at the Bottom ‘o Ith¢ &lot.” will 'be
taken s 0y and; inteighch conductor is af-
fected by the ' flyx' of ‘t:ll'é”c&miict‘dr% ‘below
it.as expliined: fﬁUO\le,"V't“‘é"(X"Ql'x-géﬁ()'liﬁ‘i.;}_q
voltages of the condudthrs’'in' positions 2.

nated;an
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3, and 4 will: have values proportional re-
spectively to 1, 2and 3. "For the same rea-
son that the parasitic voltage induced in the
conductor in position 2 s gréater than that
induced in the.conductor in position 1. the
top strand of each conductor is subjected to
a greater parasitic voltage than the bottom
strand thereof. Because of the fact that the
flux ‘increases 'in density from the bottom
of the slot to its mouth, as already explained,
the reversal of the conductor due:to,its pass-
ing around the usual reversing end turn is
not alone sufficient to equalize. in the. two

-

sides of the coil .the voltage difference. pro- -
Y 80

duced in.the top,and: thé bottom.strands, of
the conductor.. I therefore.give the conduc-
tor the 180° twist, 6, in each turn:pf the.coil.

Referring to Fig. 2,.we shall. call the di-
rection of the parasitic voltage ‘induced.in
the shaded and .other. strands;.of . the- ¢on-
ductor: positive, when the:shaded strand is.at
the top, and when, the shaded portion is.at
the bottomn of the conductor,: ave, shall .call
the direction of this parasitic or difference in
voltage negative. - Starting , with,: the . con-
ductor in the-bottom slot 7.and adding: up
the difference in-voltages induced in:the: top

and bottom strands, of the half turns of a

single. coil, we have plus 0,:plus.3, minus;1,
and.minus 2 which equals 0., It wallthus.be
seen that by my arrangement,X have-elimi-
y tendency toward.circulating’ cur-
xents in the coil due to the linear.components
of induced parasitic _vd_lt_a'ge_. and ~that: the

¢nqs,, therefore, may: be isplidly clipped. to-
gether  witheut the mgnal, cesnlting,disad-

vntages. of excessive, heating, due tocaddy

;ql.u‘r.cn't.lJOS%S'HWV."?‘h.! aneg ol ot hatod g

g0 Fags. 3 and 41, havg shown an.amrange-
qent, for, a, thiea-tyrpicoil. 1 Theyqoil.10tin
this, casce gs shawn, taving.the nsualiseversiag
end tprns, 12, The condyctor. 113, oft which
the coll is formegly comprises, as.before, four

double strands, each, insulated.and forming .::

four layers ov, laminations! sLhesrious

strands. comprising the ';;onquctori ara-solidly

t;ou,,ngc(c,d,,;ogp,t};cx‘. pripandllel at: theter-
minals 14 andidd,, . In this case. | have shown
the conductar havingibut.a single twist. 46 lo-
cated, at, the front or gonnection endiof the
coi]; substantially atwhole.furn distant«from
vt.Cl'lllinal<\ L4 1o o ted adt ot s
..The, sidesqof: the cail are.shatvn,in Fig. 4

oecupying slats 17 w18 finst -as in, Figh2.

Lhejslots i this.gase, howeverjiave shown of
sufficient, depth; to yeceive six.canduetors.in-
stead o) foun, . The. six conductor positions
aye designated by numbers-k+ta 6 lintlusive,
and, givan voltage.values as1befaré.-»Spart-
ipg with. the conductor in the hottom.pf slot
Lerand pdding gy theplinear woltages cifr-
dueed, in.the half; turns-ofi ithe.single oeil,
we hipve minus Q,-plus, . plugdy inus 4y plus

case the resultant has not Leen reduced to 0
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but the value has been so far reduced that
1t has little effect. Without the twist I have
put in the coil, this resultant would have
been 9, so that by my insertion 1 have re-
duced the linear voltage to 1/9, and the
losses therefore to 1/81, in this case. TFor
coils having a greater number of turns, a
similar arrangement may me made use of,
wherein the conductor is twisted one or more
times in its several turns at the ends of the
coil. In case it is net thought best to scek
perfect immunity from eddy currents, but
merely to reduce them by a large percentage,
I prefer to place but a single twist in one
coll turn at the connection end of a multi-
turn coil as illustrated in Fig. 8. It is evi-
dent from a study of the usual form coil
winding that the most convenient place to
make this twist is at this point, for by plac-
ing it there only one turn need be unwound,
twisted and rewound; and furthermore, the
twist is in the top of the coil, where it will

least interfere with the binding bands that "

resist short circuit stresses. The reduction
by this single twist is not great cnough to
be satisfactory in two turn coils, and so in
this case, at least, it is desirable to introduce
two twists as shown in Fig. 1. For six-,
seven- and eight-turn coils, the percentage of
reduction of losses is not very great, but in
those cases the circulating current loss is so

" small, due to the relatively large number of
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turns in the coil, that it is not necessary in
these cases to obtain any greater reduction.

With the twist only in the top conductor
on the connection end of the coil, the cir-
culating current loss, due to the linear para-
sitic or voltage difference between the
strands in coils with different numbers of
turns, will be reduced in the following pro-
portions:

Number of units of  Ratia of i
parasitic voltage. circulating |
Number | current loss,
of turns in twisted
Imooll: | giandard | Twisted SOH toloss |
coil cuil in stand-
. . < ard coil.
i
2 4 2 L2580 i
3 g 1 0
4 16 2 016 H
5 25 7 .08 |
6 a6 14 AT TR
7 49 3 i .221 i
8 64 34 ¢ . 281

In cases where the space available on the
connection end is limited, it may be prefer-
able to place the twist at the back end of
the coil at the end of the bottom condue-
tor on the top coil side. This position of

3

the twist gives less reduction of loss than
the twist in the connection end above men-
tioned, but occurs in a place where there is
more space available.

60

In the figures of the drawing the conduc- -

tor terminals 4 and 14 are shown in the bot-
toms of the slots. Evidently, it will be
cqually possible to have them enter the tops
of the slots. This is not ordinarily done,
however. as it brings the terminals to the
air gap side of the winding where the avail-
able space is very limited, unless the coil is
fanned out at a considerable angle. How-
ever, where this fanning out is not objec-
tionable, this conductor may be placed in
the top of the slot, and consequently, the
desired point of twist will then be trans-
ferred to the back end of the coil at the end
of the first half turn, instead of being on
the connection end, a whole turn distant
from the terminal.

What I claim as new and desire to secure
by Letters Patent of the United States, is:—

1. A multi-turn coil having reversing end
turns and comprising a conductor formed of
a plurality of insulated strands, the conduc-
tor having a twist of 180° in one of the
end turns of the coil.

2. An armature coil having reversing end
turns and comprising a plurality of turns of
a conductor formed of insulated strands,
the conductor being twisted in one of the
end turns of the coil to maintain the order
of the strands in the two sides of that turn
of the coil unreversed.

3. A multi-turn coil for a dynamo-elec-
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tric machine having reversing end turns and *95

comprising a conductor formed of a plural-
ity of insulated strands, the conductor of
the coil having a twist of substantially 180°
in the upper turn at one end of the coil.

4. A form: wound armature coil having
reversing end turns and comprising a plu-
rality of turns of conductor formed of sep-
arate insulated strands, the conductor being
twisted in an end turn at the connection end
of the coil to maintain unreversed the order
of the strands of the conductor in passing
around said end turn.

5. A form wound armature coil compris-
ing a plurality of turns of a conductor
formed of insulated strands, the upper turn
of the coil at its connection end having a
twist of substantially 180°,

In witness whereof, I have hereunto set
my hand this 10th day of December, 1925.

IVAN H. SUMMERS.
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