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No. 788,279. 

UNITED STATES 

Patented April 25, 1905, 

PATENT OFFICE. 

EDWIN H. PORTER AND BURLEIGH CURRIER, OF PHILADELPHIA 
PENNSYLVANIA. 

ALTERNATING-CURRENT RECTFER. 

SPECIFICATION forming part of Letters Paterit No. 788,279, dated April 25, 905. 
Application filed October 7, 1904, Serial No, 227,521, 

Be it known that we, EDWIN H. PORTER and 
BURLEIGH CURRIER, citizens of the United 
States, residing at Philadelphia, in the county 
of Philadelphia and State of Pennsylvania, 
have invented certain new and useful Improve 
ments in Alternating - Current Rectifiers, of 
which the following is a specification. 
Our invention relates to alternating-current 

electrical apparatus, and particularly to a rec 
tifier for translating an alternating current 
into a unidirectional or direct current. 
The object of our invention is to produce a 

simple rectifier which will be free from the 
Sparking and flashing and consequent rapid 
deterioration commonly found in this type of 
apparatus. 
A further object of our invention is to con 

struct the rectifier in a manner to accomplish 
the above results and to avoid disconnecting 
the work-circuit from the supply-circuit; also, 
to avoid short-circuiting the work or Supply 
circuit at any time. 
Our invention, generally speaking, consists 

of a commutator with means for driving the 
same, and brushes in conjunction with a gen 
erator, transformers arranged in the circuit 
from the generator, together with various 
novel features of construction and organiza 
tion of parts, which will be hereinafter fully 
set forth. 
Throughout the specification the words 
electromotive force are abbreviated to 'E. 

M. F. 3) 
In the drawings, in which similar letters re 

fer to similar parts throughout the several 
views, Figure 1 is a diagrammatic view show 
ing a motor, commutator, brushes, and trans 

Fig. 2 
is a view similar to Fig. 1, showing the parts 
more in detail, also a slightly-different ar 
rangement of said parts. Figs. 3, 4, 5, 6, and 
7 are diagrammatic views showing the brushes 
and the commutator-bars in successive posi 
tions in relation to said brushes. 

Referring to the drawings, A represents the 
stationary armature of a synchronous notor 
having a revolving field R. The circuit M is 

supplied with an alternating current from any 
source, such as the generator G, which may 
be operated by any suitable mechanical means. 
The circuit M supplies the motor-armature A 
with an alternating current, which is the cur 
rent to be rectified. 
The commutator C is carried by the revolv 

ing field R of the motor and is composed of 
bars B. B. B. B. B. and so on, which are sep 
arated by insulating material c, which, if de 
sired, may be provided with sheets of metal 
scattered between the layers of insulation to 
insure them wearing evenly. 

Stationary brushes 1 2 3 4 5, and so on, are 
in working contact with the commutator C. 
The bars B. B. B", and so on, of the commu 
tator are of sufficient width to connect any 
adjacent two of said brushes and to short-cir 
cuit the same. 
The transformers T' TT, and so on, have 

primary coils P. P. P., and so on, connected 
in the circuit M. The transformers also have 
secondary coils SSS", and so on, connected 
to the brushes. As shown in Fig. 1, there is 
one transformer to each space between the 
brushes. 

It is clear that the number of bars in the 
commutator and the number of brushes can 
be anything desired consistent with a syn 
chronous speed. It will be arranged to use 
a large number of bars at a low speed for high 
Voltage, giving a low voltage per bar and coil. 

In Fig. 2 the commutator-bars B B, and 
so on, are arranged in pairs, having permanent 
connections (, between them. Said bars are 
separated by insulating material, which, with 
the two bars exposed to contact with the 
brushes while the connecting-plate () is below 
the contact-surface of said insulation, will 
break the contact between the bars and the 
brushes and avoid sparking, as will be de 
scribed hereinafter. 

In Fig. 1 the transformers are shown each 
having only one Secondary coil, one trans 
former to each space between the brushes. 
In Fig. 2 the same result is attained by the 
use of a less number of transformers-in this 
case two-each having a plurality of second 
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2. 

aries and the two having their primaries in 
Series. 

In Fig. 2 a variable impedance I is shown 
in the alternating- current circuit. This is 
only for the regulation of the potential and 
current strength as applied to a constant-cur 
rent circuit of variable resistance. 

In both Fig. 1 and Fig. 2 only part of the 
allowable brushes are shown connected in cir 
cuit, other similar connections being omitted 
for clearness. The receiving-circuit is rep 
resented at L in Figs. 1 and 2. 

In rectifying alternating currents the com 
mon practice to-day employs commutators of 
various designs to transpose the terminals of 
the supply-circuit relative to the work-circuit 
at the exact time of the reversal of the cur 
rent in the supply-circuit. This transposition 
of circuits produces a unidirectional current 
in the receiving - circuit, while the current 
in the supply - circuit is alternating. This 
transposition is effected by disconnecting the 
receiving-circuit from the supply-circuit by 
the commutator, thus opening the circuit, or 
if the circuit is not opened the supply or work 
circuit must be short-circuited for a short 
period while the connection is being trans 
posed, for the brushes overlapping the com 
mutator-bars to keep the circuit closed neces 
Sarily short-circuit the supply or work cir 
cuit. Either of the above transposition meth 
ods would be successful if the E. M. F. and cur 
rent both reached zero at the same instant and 
the rectifying-commutator were driven abso 
lutely synchronous; but such conditions are 
never available in practice, so different de 
grees of sparking and flashing are experienced, 
which have made the use of rectifiers almost 
prohibitive. 

In our present invention the sparking and 
flashing is avoided by not disconnecting the 
Work - circuit from the supply - circuit nor 
short-circuiting the work or supply circuit at 
any time. In fact, the circuits are not dis 
connected or transposed in any way by the 
Operation of the rectifier. Two equal alter 
nating currents or E. M. F.'s of one hundred 
and eighty degrees difference in phase are 
taken from any alternating supply - circuit, 
preferably by means of transformers. We 
connect these alternating currents or E. M. 
F.'s in series with the receiving - circuit in 
Such a manner that they oppose and neutralize 
each other, and their resultant is Zero. We 
then arrange the bars B. B. B. and so on, of 
a Synchronously-driven commutator to short 
circuit successively the brushes or terminals 
of the E. M. F. or current that is not in the 
desired direction, leaving the remaining E. 
M. F. and current in the desired direction 
With relation to the receiving-circuit to do 
work in said circuit. 
The act of short-circuiting the coil whose 

E. M. F. is in the wrong direction will not 
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produce sparking, and suitable means are pro 
vided to prevent the current in the short-cir 
cuited coil from rising higher than that in the 
working coil. This could be accomplished 
by means of a constant-current transformer 
having sufficient magnetic leakage; but it is 
preferable to accomplish it by connecting the 
primaries of the two transformers in series 
whose secondaries supply the opposing cur 
rents. The short-circuiting of either second 
ary coil at the brushes eliminates the impe 
dance of the primary of that transformer, leav 
ing the full E. M. F. to apply to the primary 
of the transformer whose secondary is sup 
plying the receiving-circuit. 
The primary of each transformer is wound 

for the full E. M. F. that the two trans 
former's are to receive in series, the current 
in the short-circuited coil being the same in 
strength as that of the coil doing the work. 
On removing the short circuit from the in 

active coil if the E. M. F. and current are 
both Zero there would be no tendency to 
spark; but this would require absolute syn 
chronism, so we have arranged that the coil 
when the short circuit is removed is already 
in the work-circuit. Any E. M. F. it may 
have at first is instantly met by an opposing 
E. M. F. of its mate till its mate is in turn 
short-circuited, leaving its own E. M. F. alone 
in the circuit throughout one alternation of 
E. M. F. in the supply-circuit. 
The form of commutator-bars shown in 

Fig. 1 will accomplish the above result, in 
which the said bars are of sufficient width to 
short-circuit two brushes and their attached 
coils. This arrangement is satisfactory as 
long as the commutator is driven very close 
to synchronism. In Fig. 2 we have arranged 
insulation between the two halves of each bar 
of the commutator in such a manner as to 
break the contact between the bar and the 
brush that is connected at the juncture of the 
working coil and the inactive coil, so as to 
oppose the full E. M. F. of one coil to the 
E. M. F. of the coil as it is relieved from the 
short circuit and leave it doing work in the 
circuit after its opposing mate is short-cir 
cuited. By this arrangement if the reversal 
of the current is attempted at any part of the 
cycle the reversal will take place without 
sparking, equal E. M. F.'s being always op 
posed at the time of reversal. 

In practice the commutator will be driven 
as near synchronously as possible; but an 
amount of leading or lagging less than the 
period of one alternation can be allowed with 
out causing any difficulty. 
The stationary brushes 1 2 3 4 5, and so on, 

as above stated, are in working contact with 
the commutator C, which is carried at a syn 
chronous speed by the revolving field of the 
synchronous motor R. A. The direct current 
for the field is supplied by the rectified cur 
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rent at the commutator by the circuit Wor 
supplied from any external source. The sta 
tionary armature is supplied with alternating 
current from the same source as that to be 
rectified. 

Figs. 3 to 7 show the relation of the brushes 
to the commutator-bars throughout one half 
cycle. The cycle of operations is as follows: 
Fig. 3 shows the secondary coils S' and S' 
short-circuited, with coils S' and S feeding 
the circuit. Fig. 4 shows the coils S' in se 
ries with and opposing S', also coils S' in se 
ries with and opposing coil S. just at the in 
stant of the removal of the short circuit or con 
nection across coils S' and S. Fig. 5 shows 
all the bars disconnected entirely from the 
brushes and the coils S' with S' opposed, also 
coils S and S" opposed in their E. M. F.'s. 
Fig. 6 shows coils S' and S at the point of 
being short-circuited and coils S' and Sintro 
duced to feed the circuit. Fig. 7 shows coils 
S" and S fully short-circuited and coils S' and 
S’ feeding the circuit at their maximum. 
This completes one half the cycle of opera 
tion. The other half of the cycle is a repeti 
tion of the first half with the succeeding bars. 
As shown in Fig. 1, it is clear that one bar 

short-circuits through a pair of brushes, one 
alternation or one-half a cycle leaving one al 
ternation or the other half-cycle active, so it 
is clear that one bar is required to each two 
brush-spaces or two alternations or one cycle, 
so the synchronous speed of the commutator 
bars, Fig. 1, is the same as the cycles of the 
current to be rectified. 

In Fig. 2, each bar being divided into two 
smaller bars joined together, it is evident that 
the number of half-bars or small bars per sec 
ond is equal to twice the cycles per second of 
the current. 

It is well known in the art that the synchro 
nous motor of a rectifier can be displaced by 
connecting or gearing the commutator direct 
to the generator-shaft or other Synchronously 
revolving shaft. It is also well known in the 
art that rectifiers can be connected in series or 
multiple the same as batteries or other elec 
trical generators, also that several rectifiers 
can be driven from one synchronous source 
of power and when so driven can be supplied 
with currents differing in phase from each 
other, providing the relative position of the 
commutator-bars and brushes is the same as 
the relative difference in phase between the 
currents applied. So, while we do not show 
different combinations of this rectifier in se 
ries and multiple or operating on different 
phased currents we would not want to con 
fine ourselves to rectifiers of the above de 
Scription operating singly. Also in our draw 
ings for simplicity the primaries of all the 
transformers are all shown connected in se 
ries across the main. It is clear that the dif 

3. 

in multiple across the main, it being only nec 
essary to have each active transformer with 
its primary in series with the primary of an 
inactive mate. 
Having thus described our invention, we 

claim and desire to secure by Letters Patent— 
1. In an alternating-current rectifier the 

combination of a source of alternating cur 
rent and electromotive force supplying cur 
rents of opposing phase relation, a circuit em 
bracing the opposing electromotive forces in 
Series and means for synchronously short-cir 
cuiting the electromotive forces of undesired 
sign to produce a unidirectional pulsating 
electromotive force and current. 

2. In an alternating-current rectifier the 
combination of a source of alternating elec 
tromotive forces of different phase relation 
whose algebraic sum is Zero, a circuit embrac 
ing said electromotive forces in series with a 
work-circuit and means for successively syn 
chronously short-circuiting all electromotive 
forces opposed to the flow of current in a de 
sired direction in said work-circuit. 

3. In an alternating- current rectifier the 
combination of a source of alternating elec 
tromotive forces whose algebraic sum is zero, 
a work-circuit embracing said electromotive 
forces in Series and a synchronously-revolv 
ing commutator having insulated bars with 
brushes arranged to short-circuit all electro 
motive forces opposed to a desired flow of uni 
directional current in the work-circuit. 

4. The combination in an alternating-cur 
rent rectifier of a source of alternating elec 
tromotive forces of a plurality of phases whose 
algebraic sum is Zero, a work-circuit embrac 
ing said electromotive forces in series, brushes 
connecting to said electromotive forces and 
to said work-circuit, a commutator of insu 
lated separate bars revolving synchronously 
and arranged so as to short-circuit all electro 
motive forces of a negative sign. 

5. The combination in an alternating-cur 
rent rectifier of a source of alternating elec 
tromotive forces of a plurality of phases whose 
algebraic sum is Zero, a work-circuit embrac 
ing said electromotive forces in series, brushes 
connecting to said electromotive forces and to 
said work-circuit, a commutator of insulated 
separate bars revolving Synchronously and 
arranged so as to short-circuit all electromo 
tive forces of a positive sign. 

6. The combination in a rectifier for alter 
nating currents of a source of alternating cur 
rents, a transformer having its secondary 
joined to a pair of brushes, another trans 
former having its secondary coil joined to an 
other pair of brushes, the brushes so con 
nected with the secondaries that the second 
aries are in series, each giving an electromo 
tive force in a reverse direction, the primaries 
of the transformers also in series supplied 

ferent pairs of transformers can be connected from said source of alternating electromotive 

65 

7 O 

75 

95 

IOO 

I O5 

IIC) 

125 

  



o 

25 

35 

s 

force and a revolving commutator arranged 
to short-circuit each pair of brushes and con 
nected secondaries in succession. 

7. The combination in a rectifier for alter 
nating currents, of a source of alternating cur 
rents, a set of transformers having their sec 
Ondaries each joined to a pair of brushes, 
another set of transformers having their sec 
Ondaries each joined to another pair of 
brushes, the brushes and secondaries so con 
nected that each like set of secondaries is in 
Series with the second set of secondaries giv 
ing an electromotive force in a reverse direc 
tion, the primaries of each set of transform 
ers also in series with the primaries of the 
other set and supplied from said source of 
electromotive force and a revolving commu 
tator arranged to short-circuit each set of 
brushes and connected Secondaries in succes 
Sion. 

8. The combination of a source of alternat 
ing electromotive force, a synchronous motor 
operating from Said electromotive force, the 
revolving element of said motor carrying a 
commutator of a plurality of insulated bars, 
brushes bearing on said commutator, oppos 
ing and equal electromotive forces of alter 
nating direction applied between adjacent 
brushes in series with a work-circuit, the whole 
arranged to successively Synchronously short 
circuit all electromotive forces of one sign. 

9. In an alternating- current rectifier the 
combination of two sources of alternating elec 
tromotive force of opposing phase relation, 
both electromotive forces being in series with 
a work-circuit, means for short-circuiting one 
electromotive force, and for opposing an op 
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posite electromotive force at the time of re 
moving the short-circuit, and for short-cir 
cuiting the Opposing electromotive force as 
soon as the first short-circuit is removed. 

10. A rectifying-commutator having a plu 
rality of insulated bars, stationary bushes in 
contact with said bars, said bars being of such 
size and so arranged as to short-circuit suc 
cessive adjacent brushes in pairs. 

11. A rectifying-commutator having suc 
cessive adjacent bars electrically short - cir 
cuited together in pairs, each pair insulated 
from all other pairs. 

12. A synchronously-revolving commutator 
having a speed of bars per second equal to 
twice the cycles per second of the current to 
be rectified, adjacent bars being connected to 
gether in pairs by a low-resistance contact, 
each pair insulated from all other pairs. 

13. A rectifier for alternating currents con 
sisting of stationary brushes, transformer's 
Supplying alternating current of opposite 
phase relation to adjacent brushes, the alge 
braic sum of the electromotive forces of ad 
jacent pairs of brushes being Zero, a Syn 
chronously-revolving commutator having in 
sulated bars arranged to short-circuit succes 
sively between all pairs of brushes bearing an 
electromotive force of like sign. 

In testimony whereof we affix our signatures 
in presence of two witnesses. 

EDWIN H. PORTER. 
BURLEIGH CURRIER. 

Witnesses: 
WM. A. ALLISON, 
WM. R. STACKHOUSE. 
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