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To Cull lifton, it naily concern: 
IBe it known that I, BENJAMIN G. LAMME, a 

citizen of the United States, residing in Pitts 
burg, in the county of Allegheny and State of 

5 Pennsylvania, have invented a new and use 
ful Improvement in Systems of Distribution 
for Alternating Electric Currents, (Case No. 
(330,) of which the following is a specification. 
Myinvention relates to systems of distribu 

I O tion for alternating electric currents and to 
apparatus employed in connection there with: 
and it has for its object to provide such a sys 
tem and apparatus for use in connection with 
multiphase distribution as will be effective in 

15 SO changing the phase and wave form of trans 
formed currents that they shall exactly con 
form to the demands of a working system. 

It frequently becomes desirable in practice, 
by reason of the conditions imposed by par 

2O ticular translating apparatus employed, to 
modify either the Wave form or phase, or 
both, of the generated currents. The modi 
fication of Wave form is rendered necessary 
Or desirable for the reason that while a 

25 pointed Wave is Suitable for transformers in 
which iron losses are an important considera 
tion a flat-topped Or approximately sinusoidal 
wave is more suitable for motors, particularly 
those in which a distributed winding is em 

3O ployed for the production of a uniform ro 
tating magnetic field. The flattened wave is 
also more desirable for arc lighting. 

It is the purpose of my present invention 
to produce the desired modification of phase 

35 and Wave form by means of a special arrange 
ment and connection of transformers. 

It is generally understood that if two equal 
Sine waves differing by ninety degrees be 
compounded the resultant will be a sine wave 

4O lying midway between the two. If, however, 
two Waves which are more pointed than a 
Sine wave and which differ in phase ninety 
degrees be compounded, the resultant will be 
a Wave of different form lying between the 

45 tWO. This compounding of the tWO currents 
may be effected by means of tWotlansformers 
having their primaries connected in the re 
spective circuits differing in phase by ninety 
degrees, the Secondaries of such transformers 

So being connected in Series, With this arrange 
ment the electromotive force upon the termi 

nails of the secondaries will have the desired 
resultant Wave form. This arrangement, 
however, is not practicable in Operation by 
reason of the fact that if the System be put 55 
in operation and current be drawn from the 
Secondaries of the transformers the result 
will be that each transformer will tend to 
have a current of one wave form at a certain 
time in its primary and one of a different 60 
form occurring at a different time in the sec 
ondary. In order to secure the desired Wave 
form and at the same time preserve the proper 
working conditions in the transformers, I 
propose to provide each transformer with a 65 
Second secondary and connect them in Series, 
as above set forth, except that One of them 
is in a reversed direction. It will be readily 
Seen that With this arrangement the currents 
in the two Secondaries are now equal and 7 O 
differ in phase by ninety degrees, and the 
resultant effect of these two secondary cur 
rents is of approximately the same wave form 
as that of the primary and differs from it by 
one hundred and eighty degrees, this condi- 75 
tion being the proper and practical One for 
working transformers. This system and ar 
rangement of apparatus is specially appli 
cable to two-phase circuits in which trans 
formation is made to two secondary circuits So 
differing ninety degrees and equally loaded. 

Referring now to the drawings, Figure I is 
a diagram of a two-phase generator, a two 
phase motor, and the connecting-circuits and 
intermediate transformers arranged in ac- 85 
cordance with my invention, and Fig. 2 is a 
similar view of a modification. Fig. 3 is a 
diagram showing the Wave forms in two of 
the connected secondaries shown in Fig. 1 
and their resultant. Fig. 4 is a similar view go 
illustrating the Wave forms in the other two 
Secondaries, and Fig. 5 represents the resulti 
ant effect of the combination of two sets of 
Secondaries. 

Referring now in detail to Figs. 1, 3, 4, and 95 
5 of the drawings, 1 is a two-phase generator, 
and 2 and 3, 4 and 5 the circuits leading there 
from. 

G is the primary of a transformer included 
in series in circuit 23, and 7 is the primary I oo 
of a transformer having the same relation to 
circuit 4 5. 
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8 and 9 are the secondaries of the respec 
tive transformers, they being connected in 
series, as shown, through a coil or coils of 
the two-phase motor 10. 

11 and 12 are additional secondary coils 
upon the respective transformers, also con 
nected in series through a coil or coils of the 
motor 10. The secondary 11 is, however, re 
versely wound and connected to the second 
arly 12. 

In Fig. 3 the lines C, and b represent, re 
spectively, the current-waves in the second 
aries 11 and 12, and the line c the resultant 
Wave obtained by connecting the two second 
aries in series with one of them reversed in 
direction, as indicated in Figs. 1 and 2. It 
is to be understood that the waves do not nec 
essarily have the exact form represented in 
the diagram, the Waves being there shown as 
bounded by straight lines merely for conven 
ience of illustration. It is to be understood, 
however, that they are more pointed than 
sinusoidal waves. 

In Fig. 4 the lines ('b' represent, respec 
tively, the current-Waves in the secondaries 
S and 9, and the broken line c' a resultant 
wave obtained by connecting said secondaries 
in series, as shown in Figs. 1 and 2. 
In Fig. 5 the resultant of the combination 

of the flat-topped waves represented by the 
lines c c' is shown at cl. It will be seen that 
this resultant wave is pointed, as were those 
in the several coils of the transformers, that 
it has the same periodicity and substantially 
twice the height of the waves which produce it. 
By this arrangement, as will be readily un 

derstood from the foregoing description, Iam 
enabled to secure in the two circuits 1314 
and 15 10 currents differing ninety degrees 
in phase and having the desired wave form, 
and at the same time a magnetic condition in 
each of the transformers which is suitable for 
practical operative Working. 
This arrangement of apparatus just de 

Scribed is specially applicable for use in con 
nection with motors having closed-coil wind 
ings. In the cases shown in Fig. 2 the same 

559,72i. 

apparatus is employed as that just described, 
except that in one of the transformers the 
two secondaries 9 and 12 are combined into 
a single secondary 16 and connected to each 
of the secondaries in the other transformer. 
In this form of apparatus it is of course nec 
essary to employ a motor 10' in which the 
coils are separately wound and to connect 
them on one side by a single conductor 17 to 
the secondary 16. 
While I have described a specific form and 

arrangement of apparatus for carrying out 
my invention, I desire it to be understood 
that it may be variously modified without de 
parting from the spirit and scope of my in 
vention. 
I claim as my invention 
1. A means for changing the phase and Wave 

form of alternating electric currents compris 
ing two transformers each of which is pro 
vided With two secondaries, those of one bo 
ing respectively connected directly and re 
versely in series with those of the other, sub 
stantially as described. 

2. A system of distribution comprising a 
Source of quarter-phase current, a trans 
former in each of the circuits having two sec 
ondaries, those of one being respectively con 
nected directly and reversely in series with 
those of the other and translating devices con 
nected in the secondary circuits, substantially 
as described. t: 

3. A system of distribution comprising two 
circuits carrying currents differing approxi 
mately ninety degrees in phase, two trans 
formers having their primaries respectively 
included in said circuits and their secondaries 
connected in series, one of said secondaries 
comprising two independent reversely-wound 
Sections, substantially as described. 

In testimony whereof I have hereunto sub 
scribed my name this 5th day of April, A. D. 
1895. 

BEN.J. G. LAMIME. 
Witnesses: 

HARRY P. DAVIS, 
JAS. WILLIAM SMITH. 
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