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To all thon, it may concern; 
Be, it known that we, HENRY WILLIAM 

TAYLOR, a subject of the King of Great Brit 
ain, residing at Bilton, England, FRED 
ERIC. HoRTON CLOUGH, residing at Hillmor 
ton, England, and FRANK. PERCY WHITAKER, 
residing at Rugby, England, subjects of the 
King of Great Britain, 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 alternating-current generators in 

which the windings disposed 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 inefficiently 
utilized. 

It 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 connecting 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 floweven 
when these provisions are made are still ex 
cessive and impose limitations on the design 
of the machines. 

It has also hitherto been proposed to limit 
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 thirdly by transferring the top lami 
nation of the conductor to the bottom at the 
end of each coil, the number of laminations 
having been previously 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 
is found, however, that with large machines 
with fractional pitch or chorded windings, 
local 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 throug 

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 gradually 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 carrying, 
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 depending upon the 
total current in the number of conductors 
below the conductor in question. The flux 
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here mentioned as extending through the 
body of a conductor is that which upon 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 winding, as the case requires, 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 illustrate forms of 
our invention. . . . . . . 
In carrying our invention 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-layer winding, we connect the ends of 
the various multiple bars so that the para 
sitic voltages generated between the bars 
of conductors 1 and 4 are cumulative and 
are in opposition to the cumulative parasitic 
voltages generated between the bars in con 
ductors 2 and 3. By cumulative voltages 
are meant those tending to produce currents 
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Salne (liegioi as these flowing in the same 
l: ; tier coinductor. The voltages are 

osition when these cuirrents tend to 

i}ositions & 'olic the ai'anature a full pole 
pitch {:}art or nearly a pole pitch apart ac 

() co-dig O whether the winding has a full 
(i' 3. 'actional pitch. The aimina G. Of the 
conflict Ci" 1 is shown at the botto in of the 
COI) dict Ol' and it Svil be seen that, (i, is also 
On the lowes' side of conductor 4, that is 

25 the site nearest, tile bottom of the slot, 
wie'e:S it is Gi) the upper sides of conduc 

r S. ii) is 2' It will be seen that the con 
stant filx and therefore parasitic voiiage 
allisiiig l'or in ductor 1 is Zero 
owii !ct that there are no conduc 
toi's below it, while the constant fill: in con 
ductor 4 to Which coinductor 1 is clinil 
latively connected is 3 as there are three 
conductoi's beneath it, two of these however 

25 belonging to another coil. On the other 
laid E. Eat fitx in co-inductor 2 is 
ind in conducto: 3' which is cumulatively 
(nnected to it is 2 making a total of 3 in 

opposition to the 3 in conductor's and 4 
30 ti at the effect of these iuxes in produc 

iy cirrents between he aiminations 
The invention, 

s similarly applied to coils 
turns. So that the parasitic 

ai) is which flow between the laminations 
ay be either completely eliminated or re 

duced to a negligible value. 
Where it is not convenient to make the 

connections described within the coil itself, 
40 the separate laminations or bars of the con 

dictor's lay be continued from coil to coil 
So connected and reversed in 
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successive coils. Or in successive groups of 
('Ois hti , the pa'asitic voltage geneiated in 

' 'ery conditior in every slot is always 
pi'ictically counterbalanced by a similarly 

in Lctor in another slot. 
type of winding with multiple bar 

coincluciol's in which the single bars of the 
50 c{}inducQi' Occupy Successive positions in the 
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conducto, in Successive fillins, the parasitic 
r: S are entirely einitiated when the 

of the winding span a complete pole 
vir hen, however, the coil spans a 
2) portion of a pole pitch the para 

lic voltages are not completely eliminated 
in the stai manner in which this type of 
winding is constructed. 

in 8-plying our invention to this type of 
wilding therefore. We arrange for the bars 
of the conductor' to occupy successive posi 
tions to Wii'il the 14th of the slot on one 
pole or group of poles of the machine, and 
after completely reversing the Order of the 
bars, we arrange for the bars to Occupy Suc 
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cessive positions away froin the mouth of 
the slot on the next, pole or group of poles 
of the machine. Fig. 2 illustrates this form 
of our invention and in it. We have shown 
he method of widing a 2-phase machine 
hasing two poles, he winding having a 
pitch of four-sixths. The winding of Only 
cine phase is shovil, the slots and portions 
of slots left empty are to be occupied by the 

second phase constructed in a 
The bars of the conduc 
iny inlinerals i to 3. 

3'On the clia with it will be see that, in 
the uppe' half of slot , he bai's are a)'- 
ranged in sequence, 1 being at the top of 
the slot. The bai's then connplete the turn 
by passing along tie betton of slot 5, when 

it will be seen that they are reversed in 
order, bar 1 being now at the bottom of 
the slot tisual in this type of winding. 
iPassing now from coil to coil it will be 
observed that after being successively trans 
'erred over the coils of One pole the lamina 
tions of the conductor are revel'sed in Order 
and are successively transferred in the op 
posite direction over the conductors of the 
Second pole. 

it will he apparent that the construction 
is not limited to a coil with one turn only 
butt, the Sane elimination of parasitic cur 

in a 
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rents between the bal's of the conductor is 
CEactef is a multi-turn coil whenever the 
order of the conductoi's and also the mannel 
Of rence is 'eversed in passing 
thi'ough he coils of the Second poie, the in 
dividual transference taking place as in the 
listial constriction at the end of each coil. 

We do inst limit Orselves, however, in the 
choice of the number of Separate bars in 
whic, he coinductor is divided to the number 
($ turgis or 
lit. Yve 
in 

sio's per phase in any one pole 
arrange for the number of bal's 
Lucio to be equal to the total the CO 

inier of coils in series on all the poles 
in any one phase, and by dividing the con 
dictors into two groups of bai's, we surces 

- si'yely transfer the bars in each group in 
one direction in one portion of the winding, 
and then reversing the older of the bar's in 
each group and also i'eversing tie O'der of 
the g’Oils, ccessively transfer the bars 
in the opposite direction in the other por 
tion of the winding. Fig. 3 illustrates this 
form of or 1 invention and in it as in Fig. 

winding 

WS, 

2 Ye have show in the method of 
a 2-phase machine having two poles, the 
winding having a pitch of four-sixths. The 
conductoi' in this ease howevei is divided 
into six bars corresponding to the total num 
ber of coils per phase, the individual bars 
of the conductor i.eing designated by the 
nunner:is to 3. Froin the drawing it will 
he seen that in the upper half of slot 1 
these bal's are arranged in sequence, I 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 
occupy 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 bars of each group is re 
versed in the one pole with regard to the 
order of the bars in the same group of the 
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other pole, as for instance in the top of the 
second coil of the first pole the order of the 
top 
in the top of the second coil on the second 
pole the order of the same group of bars 
is reversed and is 5, 4, 6, 2, 1, 3, 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, is eliminated and no 
eddy current loss results from this cause. 
While we have illustrated and described 

above the best embodiments of our 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. 

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 

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

3. 

conductors of the other turn by a full pole 
pitch, the said conductors being formed of 
a plurality of insulated laminations so con 

I 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 

laminations, a series of coils occupying suc 
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ductors consisting of a plurality of insulated 
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 series in one slot being the reverse 
of the order in a coil of the other series What we claim as new and desire to secure 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 suc 
cessively transferred in opposite directions 
under successive poles. 

7. An armature winding of an alternat 
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 conduc 
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. - 

9. An armature winding comprising in 
sulated conductor laminations assembled in 
groups, the order of the groups being re 
versed between poles. 
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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 130 
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and the laminations being successively 
transferred each within its group under the 
same pole. 

11. An armature winding comprising coin 
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 poles. 

12. An armature winding comprising con 
ductor's consisting of a plurality of insulated 
laminations divided into groups, the order 
of the groups being reversed between poies 
and the laminations being successively trans 
ferred each within its group in the opposite 
direction under successive poles 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 
pitch, comprising conductors consisting of a 
plurality of insulated laminations divided 
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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 conduc 
to in another slot. 

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: 
DOROTHY WHITE, 
CHARLEs H. FullLER. 
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