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993,899.

- UNITED STATES PATENT OFFICE.

'CHARLES P. STEINMETZ, OF SGHENE'CTA.DY,'.NEW YORX, ASSIGNOR TO GENERAL
ELECTRIC COMPANY, A CORPORATION OF NEW YORK.

- VAPOER RECTIFIER SYSTEM,

Te all whom it MAY CONCErn: . :
Be it known that I, Cmartes P. Strin-
METZ, a citizen of the United States, resid-

© ing at Scheriectady, county of Schenectady,
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State of New York, have invented certain
new and useful Improvements in Vapor Rec-
tifier Systems, of which the following is
a specification. o

My present invention relates to systems
utilizing vapor electric devices, and more
particularly to'systems wherein alternating-
current is rectified by a vapor device and
then delivered as unidirectional current to a
load circuit. ER '

- According to my present invention, the
system is provided with reactive means con-
nected in circuit with the anodes of the rec-
tifier whereby. the rectifier is maintained
continuously operative on a source of alter-
nating - current and whereéby the rectified
current is rendered less pulsating, and also
whereby the system is rendered efficient and
reliable and possessed of other desired char-
acteristics, as hereinafter pointed out.

In the accompanying drawing, Figure 1.

illustrates a constant current rectifier sys-
tem embodying my invention; Fig. 2 shows
diagrams representing the wave forms of
magneto-motive-force in various parts of
the system; and Fig. 3 illustrates a modified
arrangement of the system. o )

The system shown in Fig. 1 comprises

constant current transformer 1 having a

fixed primary winding 2 supplied with en-

ergy at constant potential, and also having'

a floating secondary winding ? from which
energy is supplied to other parts of the sys-
tem through the terminals 4 and 5 and the
central tap 6. The vapor rectifier 7, in-
cluded in the system, is of ordinary type
having anodes 8 and 9 and a mercury cath-
ode 10. The rectifier may be excited by

_means of auxiliary anodes 11 and 12 re-

‘45

50

ceiving energy from an exciting transformer
13 in a manner now well understood in the
art. A series consumption circuit 14 is con-
nected between the mercury cathode 10 and
the central tap 6 of the transformer second-
ary 8, and may include lamps or other de-
vices adapted to operate on substantially
constant current. Interposed between the
mercury rectifier 7 and the transformer
leads 4 and 5 are the reactance devices 15, 16
and 17. Reactances 15 and 16 are connect-
ed in series with their respective leads 4

.Sﬁeciﬁcation'of Letters Patent. * Patented May 30, 1911,
Applica/tion filed June 21, 1907. Serial N 0.'380,003. : ) : :

and 5, but reactance 17 has a*double wind- ,
Ing and exerts an influence on both the

anode circuits. One leg of reactance 17 is
wound with a coil 18 traversed by the pul-
sating current delivered to anode. 8, while
the opposite leg is wound with a coil 19
traversed by the pulsations delivered to
anode 9. The two coils 18 and 19 are so
disposed on the core that they magnetize in
the same direction, that is, in a direction to
increase the total flux throughout the entire
magnetic circuit of the reactance. To pre-
vent saturation of the core, I prefer to make
1t in two parts separated by air gaps as in-
dicated in the drawing. Owing to the shape
of the core, a certain amount of magnetic
leakage takes place around each of the
windings 18 and 19 and consequently each
winding operates on its own pulsating cur-
rent much as reactances 15 and 16 operate
on their respective currents. In addition to
this leakage effect, the two coils cobperate
to maintain a magnetic flux throughout the
entire iron path of reactance 17 and thereby
operate to smooth out the current in the load
circuit 14. For a better unHerstanding of
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the action of these reactances, reference may. -

be had to Fig. 2 in which curve T indicates

“the magneto-motive-force wave of coil 1

when' delivering current to anode 8, and
curve II, indicates the corresponding wave
for coil-19. The portions of the waves over-
lapping the vertical lines of the figure corre-

85

spond to the “overlap” produced by the coils. -

Curve IIT shows the resultant magneto-mo-
tive-force, and therefore magnetic flux in the
core of reactance 17. By arranging the two
windings of reactance 17 so that the mag-
neto-motive-force waves of the two coils are
in the same direction, the effect of very high
inductance is produced without high electro-
motive-force of self induction, and therefore
without impairment of the power factor.
It will be readily understood that the al-
ternating-current reactances 15 and 16 may
be dispensed with by properly designing
transformer 1 so that the secondary has a
high internal inductance; or if so desired,
the transformer may furnish part of the in-
ductance and reactances 15 and 16 may be
made small and just sufficient to supply the
remainder. It is also possible to dispense
entirely with reactances 15 and 16 and to
rely .on reactance 17 for producing the de-

~sired overlapping in the current pulsations
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delivered to the several anodes of the rectl-
fier, for, as previously pointed out, the sep-
‘arate coils 18 and. 19 set up a leﬂﬂoe flux

about themselves, of the same chamcter as.|’

5 the flux in coils 15 and 16, and this flux gives

each coil, a reactive characteristic, and it |-

follows, that by designing this reactance to
increase the.lealage flux between the coils it
is possible to greatly vary the influence of

10 the reactance on the energy supplied the

tectifier: Omne mode of valyln?r the design
.of reactance 17 to produce the’ above men-
tlone;d effect, is shown in Fig. 3, in which
reactance 20 is provided Wlth a third leg 21

15 nctlng as a magnetic shunt for the wind-

ings 22 and 23.

o

The system shown. in Fig.

3 the source consists of "o trans-
former having primary coils 24 and 25 and

se(,ond‘lry coils 26 and 27. The secondaries
are’ connected together to form: a- neutral

point 28 to wluch current is returned from

25 the series consumpuon ciredit 29.. "A react-
" ance 30 in series with both primaries of .the-

transformer, furnishes-a means for regulat-
ing the enerey supplied and serves, ‘within
reasonable limits, to automatically ‘control

30 the current Lran%mltted by the mercury rec-

tifier 31 to the series consumption circuit
29. From the plecedmrf it will be under-
stood that by virtue:of the automatic regu-
lation afforded by reactance 80, the series

85 cohsumption civcuit 29 is supplled Wlth cur-

rent of substantially constant amperage,

and furthermore, it will be’ understood that

“the Joad current is free from violent pulsa-
tions. because of the smocthing action of re-

40 actance 20 connected ‘to the anode side of t}\xe

vapor device. This latter regulating action
is quite independent of any reactance in the
load circuit, and even though the path from
_ the rectifier catliode 32 to the transformer
45 neutral 28.may be inductionless, a relatively
smooth current wave is obtained therein.

By -connecting the mercury cathode di-

rectly to the load circuit fhrOUOh a non-in-
ductive path; 'the cathode is not subject to

50. the static- strains which might occur.if that

path were of high reactance

" What T clalm as new and desire to seciire

by Letters Patent of the United States, is,—
1: The combination of a consumption cir-

55 cuit, a vapor rectifier supplying :current

thereto, a source of energy for said rectifier,
a magnetizable core, and meains connected

between said source and said rectifier ‘to-

maintain a high magneto - motive - force

60 throughout sald core.

2. The combination with a rectifier hav-

8 differs in some, other respects from that
‘illustrated in- Fig.*1, more particularly in.
the source from Whmh energy- is supphed :
20 In Fig.

993,809 _

ing a plurality of anodes, of a source of cur-
rent therefor and reactlve means between
said source and said anodes wound to mag-
netize in the same direction for current to
elther anode.

3. The combination of a consumption cir-
cuit, ‘a vapor rectifier connected therewith,
a source of current for said rectifier, and re-
active means for smoothing the current pul-
sations in said load c1rcu1t said reactive
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means being on the anode 51de of said recti- -

fier and belno continuously energized.

4. The combination with a load circuit, of -

a vapor rectifier connected therewith, anodes

for said rectifier, a magnetizable core, and-
windings on c(nd eore connected to’ deliver
energy from said core to either of said:

anodes to suppress. déurrent pulsahons n
said load circuit.

5.>The -combination of ‘a- load circuit, a
vapor -rectifier connécted therewith, and a
current smoothing reactance for the loa(l

véurreht connected on the anodeé side of the
rectifier ‘and ‘having separate. coils for each’
:ancde <:1rcu1t said coils being wound to
“magnetize in the same direction.

6. The combination of a transformel, a

vapor rectifier -having anodes réceiving en--

ergy therefrom, s re‘xctlve finding in circuit
with each anode, and a magnetizable core

energized cumulatlvely by a_plurality of-

said windings. ..
7. The combination of -a source of cur-
rent, a vapor rectifier having anodes con-
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nected therewith, a reactive coil in circuit. -

with each -anode, and a magnetizable core’
‘common to-said coils and thereby magnet-
ized cumulatively while permitting mag--.
- netic leakage about each of said coils.

8. The comblnatlon with a rectifier hav-
ing a plurality of anodes,a source of cur-

100

rent therefor, and reactive means connected -

between said source and said anodes; and
acted upon ‘cumulatively by all ‘the anode
currents. .

9. The combination of a source of cur-
rent, a vapor rectifier having anodes receiv-
ing enercry therefrom, a magnetizable core,
a Wlndmo on a. part of said core and in cir-
cuit with ‘one of said anodes, and a second
winding connected with another anode and
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mounted on a different part of said magne- -

tizable core, said coils magnetizing said core

in the same direction.
In witness whereof, I ‘have hereunto seb
my- hand this 19th day of June, 1907.

CHARLES P. STEINMETZ.
Witnesses: _
Bexgamx B. Howy,
Herex Ozrorp.
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