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To allwhom it may concern.;

Be. it known' that we, Hexry Wrirram
TaYLOR, a subject of the King of Great Brit-
ain, residing at  Bilton, Encrland Frep-
Extc HoRTON CroueH, re51d1ng at Hillmor-
ton; England, and Fraxs Prroy WHITAKER,
1es1d1ng at Ruobx England, subjects of the
King. of Great Brltam, have invented cer-

tain-new and useful Improvements in Dyna-

mo-Electric Machines, of which the follow-
ing is a: specification.

Our invention relates to dynamo- electric
machines and more particularly: to the wind-
ings. of alternating-current machines.

~In large alternatmcr current generators in
which the Wlndlngs dlsposed in the arma-
ture slots, consist of conductors of consider-
able depth, the magnetic flux across the slot
arising from the current in the conductors
gives rise to a parasitic voltage within the
conductors which is liable to.cause local or

~‘unbalanced currents, thereby producing un-
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due heating of the conductors and causing
the copper in the armature to be 1nefﬁ01ently
utilized.

Tt has hitherto been proposed to limit the
current which will flow as .a result of these
parasitic voltages, first of all by dividing
the conductors into a number of separate
multiple bars or laminations, and secondly
by continuing this lamination of the com-
plete conductor through the complete- coil,
and. so connecmng the ends that the order
of the bars in the conductors of the upper
portion of the coil is the reverse of the order
of the bars in the conductors in the bottom
portion of the coil.” It is found, however,
that on large machines with very deep con-
ductors, the local currents which flow even
when these provisions are made are still ex-
cessive and impose limitations on the design
of the machines. -

It hags also hitherto been proposed to Jimit
the current which will flow as a result of
parasitic voltage first of all by dividing the
conductor into a number of separate multi-
ple bars or laminations, secondly by con-
tinuing this lamination of the complete con-
ductor throughout the winding, and in ad-
dition thlrdly by transferring the top lami-
nation of the conductor to the bottom at the

end of each coil, the number of laminations:

ha.vmg been prevmusly chosen to correspond
say: to- the number of coils: per pole- per

1919, "Serial No. 303,101.

phase or the number of coils per phase. It
1s found, however, that with large machines
with fractional pltch or chorded windings,
Iocal currents will flow even when these pro-
visions ‘are made and these impose limita-
tions on the design of the machine.

The magnetic flux which extends thr ough‘
the body of the bottom conductor of a slot
at any instant depends only upon the cur-
rent being carried in this conductor and in-
creases gladually from zero at the bottom
of the conductor. ' The flux extending
through any other conductor ‘nearer the
mouth of the slot depends not only upon the
current which' that conductor is calrym
but also upon the amount of current in the
conductors below the one in question. The
flux passing across such conductor there-
fore may be considered to be partly variable

depending upon the current in the conductor

and partly constant dependm upon - the
total current in the number of conductors
below the conductor. in question. ~The flux
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here mentioned as extendm(r through the

~body of 'a conductor is that which tpon the

rise and fall of current cuts the bottom of
the conductor but not the top.

According to the present invention there-
fore, we arrange’ to continuously - insulate

‘separate ‘bars of which ‘the conductor con-

sists,. throughout a.coil, or throughout the
complete Wlndlno as the case re qmres, and
to connect these separate bars at the ends

of the half turns or at the ends of the coils,"

so that the amount of constant flux linking
the conductor in one or more half turns is
exactly opposed by the amount of constant
flux linking the conductor in another or in
the rest of the half turns. ‘

' In the accompanying drawings, Figs. 1, 2
and 3 diagrammatically 111ustrate forms of
our 1nvent10n

In carrying our mventlon into effect ac-
cording - to- the modification illustrated in
Fig. 1 in which we have shown two slots
containing the conductors of a 2-turn coil
of a 2- Lwe1 winding, we connect the ends of
the various multiple bars so that the para-

sitic voltages -generated  between the bars

of-conductors 17 and 4’ are cumulative and
are in opposition to the cumulative parasitic
voltages generated between the bars in con-
ductors 2’ and 8’. By cumulative voltages

are meant those tending to produce currents
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Loy in one cond Uctm i the
as those flowing in the same
enductor. The voliages are
sition Wne:v these currents Lend to
ough any bai in opposite directions.
L,om! xhut »hﬂ UWo SJO”‘ 111U°~

M(mwl 'he armature a full pole

p;z(h i )mL or nearly a pole puch qpiut ac-

10 cording fo homﬂr the winding has a full
fbuw pitch.  The Jamina @ of the

or 17 1s shown at the bottom of the

2tor and 1t will be seen that ¢ 1s also

on il hm ;S ‘e of conductor 47, that is

15 the side neavesh the bottom of the slot,
wihereas it is ¢n the upper sides of condue-

tors ¥ and 8. Tt will b" seen that the con-

stant fhux and therefore pamsitic voltage
arising therefrom in conductor 17 is zero
20 owing to d},e faet that theve are no conduc-

tors below :: while the constant flux in con-

ductor 47 to ~which conductor 17 1s cumu-
letively connected is 8 as ‘Le?e ave three
conductors beneath it, two of these however
belonging another (oil qn the other
e th stant flux in conductor 27 is'1

PN
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and in Con.lacto; 3" which is cumulatively
connected to 1t is 2 making a total of 3 in
1 ition to the 3 in conrhlcw“s 1" and 47

he effect of thess fluxes in produc-

the laminavions
The invention,
%nmla: v wpphm to coils
umber of turns, so t Lub the parasitic
rrents which flow between the laminations
zy be either completely oliminated or re-
luced to o 110011011,1@ value.
.‘v her“ it is not convenient to make the
ctiong deseribed within the coil itseld,
opm"a’c I(u.m ationg or bars of the con-
duectors may be continued from coil to coil
aud the bars so connected and reversed in
successive coilg, or in successive groups of
coily that the pavasitic voltage wed in
y conducfor in every slot s always
piictically counterbelanced by a similarly
a‘uﬂ’}c: conductor in another slot.
the tipe of winding with multiple bar
conduciors in which the single bars of the

currents ‘*c CVWesn

111“1; be

[

UIre

’81131’

50 ¢o ' oCCupy successive pos;tlous in the
¢ successive s, the parasitic
O entirely iunted when the
cml m t e winding span a complete pole

iWhen, however, the coil spans-

51 portion of a nol(‘ pitch the para-
¢ voltages are not Lonmlniely eliminated
in J*" nsual manner in which this type of
W 1<hnn 1° constructed,

In app! Vmo om' invention to ﬂllS type of
mnd ing there we arrange for the bars
of the wndmior to occupy successive posi-
tions toward the mouth of the slot cn one
pole or group of poles of the machine, and
afier complet ly reversing the ovder of the
bars, we arrange for the bars to occupy suc-
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ce the mouth of
the slot on the pole or group of poles
of the machine. Fig. 2 illugbrates this form
O'Jf our invention and in it we have shown

the method of winding a 2-phase machine
two poles, the winding having a
four-sizths. The winding of only
wge 18 shown, the slots and portmm

ssive positions away from

%
nexs

of slots left empiy are to be oceupied by the
.|

”"le(

phase constructed in a
The uaw of the conduc-
[ hy the numerals 1 to 3,
«\" it m“{‘: be seen that m
slot 1, the bars are ar-

the
o1

fov are
Hyom Lr e
the upper

h o

i" alf of

ranged in sequence, 1 bemg at the top of
the slot. The bz‘zs then complete the turn
by pussing aloAL ¢ bettom of slot 5, when
it will be seen 1‘L they are reversed in
order, bar 1 being now ai the bottom of

the slot s is usual in this
Passing now from coil to coil it will be
ob served that atter being successively trans-
terred over the coils of one pole the lamina-
tlons of the conductor are reversed in order
and are successively transferred in the op-
posite direction over the conductors of the
second po]e
Tt will

is aot Lm

type of winding.

2 apparent that the construction
=ﬂd to a coil with one turn only
me Hminatien of parasitic cur-
tween the bars of the conuucfor 18
in & mulii-fturn coil whenever the
¢ cONL Uc*ors and also the manner
ference reversed in passing
he coils of the second pole, the in-

ransference taking place as in the
end of each coil

i ol

th 'our“h {'
dividua
usual (:onstr%tion at the
We do not limit ourselves, however, in the
choice of the number of separate b(lIS m
which the conducter 1s d‘-‘clud to the number

A4
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turns or glots per phase in any one pole
but we may arrange Tor the number of bars
in the cenductor to be equal to the total
number of coils in series on all the poles
I any one vhase, and by ':n'l(hno the con-

ductu‘m‘ into two groups of bars, we suces-

gively transfer the bars in each group in
one direction in one portion of the winding,
and then reversing the order of the bars m

each group and 2150 1u'orsinp the order ot
the groups, we snceessively ransier the bars
in the ¢ oppogite direction in the other por-

the winding. fig. 3 1ilus ’lff‘tt(ﬂ this

tion of il

form of o invention and in it as in Fio,
2 wwe have shown the me hod of wm(lmﬂ

a 9-phase machine having two poles, the
\a‘.lﬂum_g:, having a pitch of four-sixths. The
conducter in thm case hewever 1s divided
Into six bar corres *onding to the total num-

ber of coils per phase, the individusl bars
of the ('onduc or being des mnated by the

numersis 1 to 6. From the drawing it will
be geen that in ‘dm upper half of slot 1
these barg are arranged in sequence, 1 being
at the top of the slot. The conductor then
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passes through the bottom slot 5 where it

will be seen that it is reversed, bar 1 being
now at the bottom of the slot, as is usual
in this type of winding. In subsequent coils
we then arrange that the individual bars
oteupy’ successive positions in the slots, so
that firstly in the 12 bottom half slots each
bar occupies every position in the slot, and
secondly with regard to the 12 top-half slots,
the order of the hars of each group is re-
versed in the one pole with regard to .the
order of the bars in the same group of the

" other pole, as for instance in the top of the

second coil of the first pole the order of the

top group of bars is 3,1, 2; 6, 4, 5, while

in the top of the second coil on the second
pole the order of the same group of bars
1s reversed and is'5, 4, 6, 2,1, 8, so that what-
ever the phase of the current.in-the bottom

of the second slots on each pole, the ef-

fects upon the winding occupying the top
portions of these slots, 1s eliminated and no
eddy current loss results from this cause.

While we have illustrated and described.

above the best embodiments of 6ur invention
of which we are now aware, it will be under-
stood that these embodiments are illustrative
merely and that our invention is not limited
thereto, but that our invention is set out in
the following claims, ’ o

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

1. A dynamo electric machine having slots
and a plurality of windings located therein,
said windings being formed of conductors

composed of a plurality of insulated lamina-

tions, certain of said slots containing con-
ductors of different windings adapted to
carry currents which differ in phase, there
being for every arrangement of the lamina-
tions of a conductor in a slot under the in-
fluence of flux elements due to the presence
of currents in other conductors in the same
slot a reversed arrangement in the second
slot under the same. influence of flux ele-
ments due to the currents in other conductors
in the second slot. ‘

2. An armature provided with slots and a

winding located therein, said winding com-

prising a plurality of pairs of turns, the
conductors of one turn of each pair occupy-
ing slots spaced from the slots occupied by
the corresponding conductors of the other
turn by a full pole pitch, the said conductors

being formed of a plurality of insulated
laminations so connected and arranged that

the effect of the constant flux elements upon
one of a pair of turns is eliminated by the

effect of the constant flux elements on the

other of said pair. ‘

3. An armature provided with slots and
a winding located therein, said winding com-
prising a plurality of pairs of turns, the
conductors of one turn of each pair occupy-
ing slots spaced from a slot occupied by the

8

conductors of the other turn by a full pole
pitch, the said conductors being formed of
a plurality of insulated laminations so con-
nected and arranged that the effect of the
constant flux elements upon a half turn of
one of a pair of turns is eliminated by the
effect of the constant flux elements upon a
half turn of the other of said pair of turns.

4. An armature provided with slots and
a winding located therein, said winding com-
prising a plurality of pairs of turns, the
conductors of one turn of each pair occupy-
ing slots spaced from the slots occupied by
the conductors of the other turn by a full
pole pitch, the said conductors being formed
of a plurality of insulated laminations, the
order-of the laminations in the conductors
being reversed in the two turns of each pair
in slots which are spaced apart by a full pole
pitch: ; ‘

5. In an armature winding formed of con-
ductors consisting of a plurality of insulated
laminations, a series of coils occupying suc-
cessive slots and a second series of coils oc-
cupying successive slots spaced - from . said
first slots by one pole pitch, the laminations
being successively transferred in adjacent

slots and the order of the laminations in a -

coil of one seriesin oneslot being the reverse
of the order in a coil of the other series
in the slot one pole pitch distant therefrom.

6. An armature winding of an alternating
current machine having fractional pitch
comprising conductors consisting of a plu-
rality of insulated laminations, the order of
the laminations being reversed as a whole
between poles and the laminations being sue-
cessively transferred in opposite directions
under successive poles.

7. "An armature winding of an alternai-
ing current machine having a fractional
pitch, comprising. conductors consisting of
a plurality of insulated laminations divided
into groups, the order of the groups being
reversed between poles and the laminations

“being successively transferred within its

group in the opposite direction under suc-
cessive poles so that each lamination occu-
pies each and every position in the conduec-
tor throughout the winding.

8. An armature winding comprising con-
ductors consisting of a plurality of insulated
laminations, the order of the laminations
being reversed as a whole between poles and
the laminations being successively trans-
ferred in-opposite’ directions under succes-
sive poles. o

9. An armature winding comprising in-
sulated conductor laminations assembled in
groups, the order of the groups being re-
versed between poles. ‘

10. An armature winding comprising con-
ductors consisting of a plurality of insulated
laminations divided into groups, the order
of the groups being reversed between poles
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and .the laminations being successively
transferred each within its group under the
same pole.

11. An armature winding comprising con-
ductors consisting of a plul rality of ins sulated
laminations divided into groups, the order
of the groups being reversed between poles
and the laminations bGlIlQ successively trans-
ferred each within its group in the opposite
direction under successive poles.

12. An armature winding comprising con-
ductors consisting of a plurality of insulated
laminations divided into groups, the order
of the groups being reversed between poles
and the laminations being successively trans-
ferred each within its group in the opposite
direction under successive pohQ so that each
lamination occupies each and every position
in the conductor throughout the winding.

13. An armature winding of an alternat-
ing-current machine having a fractional
p1tch comprising condtctors consisting of a
plur ahty of insulated laminations divided

1,430,862

into groups, the order of the groups being
reversed between poles and the laminations
being successively transferred each within
its group under the same pole.

25

14 An armature having a winding com- -

prising coils of conductors formed of lami-
nations which are divided into groups within
the conductor and are continued from coil to
coil, the laminations being transferred with-
in the groups and the groups transferred
within the conductors such that the effect
of the constant flux linking each conductor
in every slot is counterbalanced by the effect
of the constant flux linking a similar conduec-
tor in another glot.
In witness whereof we have hereunto set
our hands this 14th day of May, 1919,
HENRY WILLIAM TAYLOR
FREDERIC HORTON CLOUGH.
FRANK PERCY WHITAKER.
Witnesses:
Dororuay WaiTE,
Cuarrrs H. Forier,
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