Aug. 24, 1954 C. H. JONES ETAL 2,687,500

CIRCUIT INTERRUPTER

Filed Dec. 6, 1949

Magnetic Field Applied

)i )~ Conducting State
No Magnetic Field Sos y
© Magnetic Field . ¢ ) i
WITNESSES: Non-Conducting State” % 2585 6 INVENTORS
9 ¢ a8 Charles H. Jones
. . , ) - & George W Nogel.
PR CmeT

~ Qe gt




Patented Aug. 24, 1954

2,687,500

UNITED STATES PATENT OFFICE

2,687,500
CIRCUIT INTERRUPTER

Charles H. Jones and George W. Nagel, Pitts-
burgh, Pa., assignors to Westinghouse Electric

Corporation, East
tion of Pennsylvania,

Pittsburgh,

Pa., a corpora-

Application December 6, 1949, Serial No, 131,412

9 Claims,

This ‘invention rélates to cireuit interrupters
in general, and, more particularly, to 'a novel
device for interrupting the current flow there-
through.

‘A-general ohject of
an‘improved circuit Interrupter which will more
effectively open ang close the eircuit than has
been.attaineq heretofore,

A more specific object is to provide an' improved
cireuit interrupter utilizing a mixture of a non-
rigid, non-conducting medium, and particles of
magnetic material distributed therein -in the
region between terminals in the circuit of the
interrupter, ang to employ a magnetic field to

align the magnetic particles into conductive mag- -

netic -chaing extending between the terminals
forming conductive paths for the current flow
therebetween.

Another object is to provide a new ecircuit inter-
rupting arrangement by agitating a medium. con-
taining magnetic particleg ‘aligned to conduct a
current so as to disperse the magnetic particles
following removal.of an aligning magnetic field.

Another object is tp :Provide an improved cir-
cuit interrupter utilizing o dielectric liquid in
which is dispersed particles of magnetic material,
and to.employ a magnetic fleld to-align the mag-
netie particles inte conductive magnetic chains
extending hetween the electrodes forming con-
ductive paths for the current. flow therebetween,

‘A further.object is to provide an:improved cir-
cuit interrupter of the type set forth in the im-~
mediately breceding paragraph in which im-
broved agitating means are provided to disperse
the magnetic particles following removal of the
magnetic field.

Another object is to brovide an improveq cir-
cuit interrupter employing magnetic barticles dis-
bosed .in g non-rigiq, non-conducting medium
with a magnetic field for aligning the magnetic
particles ‘into conductive chaing extending be-
tween'the-electrodes, and-to utilize therewith dis-
connect i

8till another object is to provide -an improved
cireuit interrupter of the alternating-current type
in which'improved magnetic means are employed
to ‘more effectively ‘bring about cireuit interrup-
tion at a current zero,

Circuit interrupters of the prior art have de-
pended upon varioyg agencies for effecting cir-
cuit interruption. In some of them, reliance has
been placed upon speed in separating the mov-
able contacts, In others, reliance has been placed
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upon blow-out coils, which hecessarily introduced
complications, and in still ‘other interrupters the
arc has been broken into a .series of shorter
serially related arcs which were rotated upon
cool surfaces to bring about their interruption.

Tt:is obvious that. circuit breakers builg to carry
hundreds or thousands of amperes :continuously
must.-have heavy contacts and so require strong
springs to .get the contacts ‘separated rapidly
enough. The ‘maximum bractical speed used is
about 2% feet g second. Sometimes it was
deemed necessary to have a plurality of breaks
in series so as to increase the effective contact
separation speed:of the breaker taken as a whole,
However, in such cases; the maximum speed was
only about 20 feet persecond.

In other interrupters disclosed by the prior art,
Compressed gas has been used at pressureg rang-
ing from 100 to 300 pounds per:squars inch for
obening the contacts and blowing a blast of gas
at-the drawn are to effect the extinction thereof.
In such cases, the breakers used 15 to 25 cubic
feet of air each time the circuit was opened,

In the circuit interrupter of our invention, .no
heavy :springs are employed and no compressed
gas for moving the contacts iz employed because
in-our invention . the contacts do not move com-
bletely together in the closed circuit position of
the interrupter.

Further objects.and. advantages wil] readily be-
come apparent upon reading the following specj~
fieation taken in conjunction with the drawing,
in-which:

Pigure 1 llustrates somewhat diagrammatically
& circuit interrupter- embodying our invention and
shown in the open circuit position ;

Fig. 2 illustrates another form of cireuit inter-
rupter.embodying our invention and shown in the
open circuit position ;

Fig. 3 illustrates still a further embodiment of
our invention, the interrupter‘being shown in the
open circuit position;

Fig. 4 illustrates g cireuit interrupter embody-
ing our invention ang utilizing an improved mag-
netic control scheme to effectively bring about
circuit interruption at g, current zero on the alter-
nating-current wave,

Tig, 5 diagrammatically illustrates a pair of
electrodes with the circuit being open because of
an absence of a magnetic field; and

Fig. 6 is a view similar to that of Fig. 5 but
ustrating -the conditions existing following an
application of-the magnetic field.

-Referring -to the drawing, angd more particu-
larly to PFigure 1 thereof, the reference numeral
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{ desienates an insulating tank or container in
which is disposed a suitable mixture 2 of a non-
conducting medium such as oil and a magnetic
powder. The mixture 9 fills the space between
the electrodes 3, 4.

In our invention, any finely divided magnetiz-
able conducting powder may be used in the di-
electric medium. The powder may be iron,
nickel, silicon iron, magnetite, etc. The dielec-
tric medium may be oil, wood flour, finely di-
vided rubberized particles, alkyl phosphates,
chlorinated diphenyl, dibutyl sebacate, or other
non-rigid, non-conducting materials in which
the magnetic conducting particles may be dis-
persed.

It is only necessary that the non-conducting
material be movable as by peing fluid or finely
divided, that is, the particles of which are com-
parable with the size of the magnetic particles.
Also the particles should be somewhat freely
movable so that there will not be too much
resistance to motion of the magnetic particles in
the resultant mass.

Referring to Fig. 5 for an understanding of
the principles applicable to our invention, it will
be noted that when no magnetic field is applied,
the magnetic particles § are distributed in ran-
dom position in the space netween the electrodes
3, 4. However, upon an application of a2 mag-
netic field applied to the space petween the elec-
trodes 3, 4, as shown in Fig. 6, the magnetic
particles § align themselves into chains 6 form-
ing conductive paths between the electrodes 3, 4.
The magnetic field may vesult from an A. C.
or D. C. source, and may be in any direction.
Preferably, however, a D. C. field is used with a
direction of the D. C. field taken parallel to a
straight line connecting the electrodes 3, 4.

It is apparent upon an inspection of Fig. 6
that the existence of the several conductive
chains 6 leads to & condition in which current
flow is easily obtained between the spaced elec-
trodes 3, 4.

Referring again to Fig. 1, it will be observed
that we have provided means for establishing a
magnetic field including an energizing winding 1
in series with the front contacts 8 of a contactor
9. An A. C. or D. C. source {0 is interposed in
the cireuit including the energizing winding 1
so that when the front contacts 8 of the con-
tactor 9 close, & magnetic field will be set up
within the container {, an iron shell {{ being
provided to intensify the magnetic field. The
formation of such a magnetic field will cause
the magnetic particles 5 to be attracted and to
form chains along the lines of magnetic flux
and thus drawn into close physical contact. The
flux density will determine the massiveness of
the chains and thus the conductivity of the
mixture. ’

To insure a dispersal of the magnetic particles
5 within the oil or other non-conducting medium
following removal of the magnetic field, we pro-
vide a mechanical agitator, in this instance com-
prising motion of the electrodes 3, 4. They are
moved inwardly by solenoids {2, 13 and outwardly
following deenergization of the solenoids 12, (3
by compression springs (4, 8. The compression
springs 14, 15 seat at one end on the tank I,
and at the other end on washers 16, {7 movable
with the electrode rods {8, 19. Thus, energiza-
tion of the solenoids 12, i3 will move the elec-
trodes toward each other a short distance com-
pressing the springs {4, 15. Deenergization of
the solenoids 12, {8 will permit the compression
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springs i4, 15 to force the electrodes 3, 4 out-
wardly mechanically agitating the mix 2 and
thereby dispersing the particles 5 within the oil.
Such agitating motion of the electrodes 3, 4
within the tank | breaks the adherence between
the particles 8§, constituting the chains 6, and
causes the mixture to be rendered non-conduc-
tive.

To effectively prevent the passage of any resid-
ual current in the open circuit position of the
interrupter, as shown in Fig. 1, we provide an
external disconnect switch 20. The operation of
the disconnect switch 20 is synchronized with
the operation of the interrupter by having the
energizing coil 24 of the disconnect switch 20 in
series with the coil 22 of the contactor 8. Pref-
erably, a normally closed push-button 23 is pro-
vided in series with the winding 21 which is ener-
gized from the line L2. Also, a normally open
push button 94 is included in the circuit to the
winding 24 which is bypassed by front contacts
95 of the contactor 9.

The disconnect switch 20 has a delayed closing
furnished by the dashpot 96, so that on closing
the interrupter the chains 6 will have had time
to form before an impressing of line potential to
the electrodes 3, 4. This eliminates the possi-
bility of sparking within the mix 2 which other-
wise might occur. The disconnect switch 20 also
has a delayed opening provided by the closed turn
29. Consequently, the disconnect switch 29 will
drop out on the opening operation of the inter-
rupier after the opening of the contactor 9. This
insures opehing the circuit within the mix 2 fol-
lowing removal of the magnetic field and by the
mechanical agitation process, and not at the dis-
connect switch contacts 28. The latter, of course,
are not suitable for breaking currents of appre-
ciable magnitude, but are capable of interrupt-
ing any small residual current remaining follow-
ing the main interruption process.

The operation of the interrupter is as follows.
During fthe closing operation, one manually
presses the closing putton 24. This energizes
the coils 21, 22 of the disconnect switch 26 and
contactor 9 respectively across the control lines
Li, I.2. Also, the solenoids 12, i3 are energized
at the same time through the back contacts 29 of
the contactor 8.

Since the contactor 9 is slow closing by virtue of
the dashpot 30, the solenoids are energized and
the electrodes 3, 4 move toward each other com-
pressing the springs 4, 15 pbefore the contacts 8
close energizing the magnetic field. Conse-
quently, when the contacts 8 do close energizing
the magnetic field the compression springs 4, I8
are already compressed at this time, and the
electrodes 3, 4 are in their inward position.

The energization of the magnetic field by the
closing of contacts 8 “freezes” the mix 2, prevent-
ing retraction of the electrodes 3, 4 even though
the solenoids 12, i3 are deenergized by opening of
the contacts 29. The wiping contacts 29 open
after contacts 8 have closed. A short time after
closing of the contacts 8 energizing the magnetic
field, the disconnect contacts 28 close applying
line potential to the interrupter. The circuit is
then closed through the interrupter, with the elec-
trode solenoids 2, 13 deenergized, and compres-
sion springs 14, 15 compressed.

The electrical circuit through the interrupter
itself includes the external disconnect switch 20
(the contacts 28 of which are now closed), elec-
trode 3, conductive chains 6, to electrode 4 and
henece to external circuit connection 31.
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To:open:the interrupter;;‘,itcisﬁmerely necessary.
toipush the openin"gfbuttoniza; whichiisnormally
closed.. The.opening of the:normally.closeq push
button:23 ‘will:break:the electr‘ica’licircuit.th'rough
the windings-2. ; 22:t0-deentergize the contactor 9
and:cause an: opening. of:the:cireyit through the
field winding T:to Temove the magnetic field: The
mix 2 will:“unfreeze” and.permit the springs |4,
15% to: foree: the: electrodes- 3, 4. apart, thereby
agitating the: mix:to. disperse the magnetie par-
ticles'5:in the ‘0ilito break the'conductive chaing 6.

The:closed turn 217is: provided in the: discon-
neet switeh 20:to delay opening. of the contacts
28: until:after: the chains:. 6:have -been broken. by
the-agitating: separating. movement: of: the elec-
trodes 3; 4.

Referring to-Fig. 2 +itiwill be apparent that cer-
tain features:are similar to ‘those previously dis-
closed:in:Fig; 1 The container la may, as be-
fore, be agitated, but in this instance by-an agita.-
tor: or paddle:wheel 32: The. electrode 3¢ is dis-
Dosed-within' the container la and the container
la: itself. may- constitute the- other: electrode 4q
wiileh may: be: connected: to the external circuit
31

Iy this embodiment, an iron yoke-member 33 'is
employed, being- Surrounded by an energizing
winding: 7s, having the same function as the coil
1 of ' Fig; 1, The: winding 7s-is energized by a
source: 10" and contacts § of g contactor 9, the
latter not being shown.. The method of opera-
tion is'the same as that breviously described, and
henee it will not: e repeated. The operation of
the paddie wheel 32 may be the same as that
clearly-shown' in Fig. 3, which shows another em-
bodiment- of‘ gur- invention, and which will now
be-described.

The paddle wheel 32 of Fig. 3 is-on a shaft 34
having a:pinion gear 35°at the external end there-
of: The shaft 34 does not obstruct the interelec-
trodespace. A rack 3% is biased downwardly by
a-tension spring 3T and is moved upwardly in
opposition'to the tension sprihg 37 by a solenoid
13% The circuit: for the-solenoid 13 may be the
same as“in Pig. 1. 'The disconnect switch 28 is in
series with the electrode 3b, which in this instance
i$-constituted by g yoke member 38 of maghetic
material, such as iron and disposed within the en-
closure tb: The other electrode 4b is preferably
constituted by a similarly shaped member 39,
Windings 1a, 16 are employed - having the same
function as the winding 7 of Fig. 1, and being
energized from- suitable sources. 10a, 10b. The
normally open: contacts 8a, 80 in series respec-
tively” with- the windings- la; b are preferably
simultaneously operated: by any suitable means
50" that upon the formation of a magnetic field
between the-ends of the yoke members 38, 39, con-
ductive chains 6 may be. formed therebetween to
complete the circuit, The control scheme may
Be thatas indicated heretofore in connection with
Fig: 1.

In"Fig. 4 we have shown 2 container | similar
ifr type to that of Fig: 1 with a similar means for
agitation:. In this embodiment of our invention,
however, we provide two cooperating magnetic
flelds, each disposed at right angles to the other.
One magnetic field, herein. called the control field,
is-transverse of the container | and is set up by
two- fleld windings Ta’, TV’ electrically in series
and controlled by the contacts 8 as in Fig. 1. The
other magnetic field is axially of the container f,
and’is set’ up -by- the series- coil 40. Alternating
current flows:through the ' main circuit 31. Pref-
erablysiron cores 4i; 42 areprovided.for the wind-
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- 8, 4 by the adherence of the

ings Ta!, 107 to:lower the Tellictance of: the: mag-
netie cirouit;.

The device funections as follows. Ay long-as-thHe
control figld:is present, a:condueting state exists
withify. the container {: The two- fislds merely
add- vectorially and current passes: between the
electrodes 3; 4: When:it is desired to interrupt
the current:flow. through the inferrupter; the con-
trol: field: is- cut: off by pressing the open button
23; as: heretofore- explaihed in- connection- with
Pigi 1. The c‘ontrol-ﬁeld’goes-tozero,- but if the
instantaneous: value: of. the current through' the
series’ winding 4015 high, there wil] stil] exist’ a
relatively-high valiue:of magnetic field withimthe
container | to'cause the continuance of- the ex~
istence of the: conductive: chains 6: When the
instantameous value’ of the-series eircuit current:
goes-to-zero, the: auxiliary magnetic field set - up
by’ tHe*series- winding- 43 will-also-go to- zero, the
mix: will “unfreeze” and'at the-zero point on’' the
alternating-current wave the particles will-Be dis-
persed: by the agitating movement of the- elec~
trodes 3: 4; ’ :

Thus, in Fig. 4 we- have- disclosed a magnetic
control arrangement in which interruption of ‘the
circuit’ takes place- effectively at g current” zero
on the: alternating-current wave:

From the-foregoing'description of several em-
bodiments: of our-invention, it will be apparent
that" we- have provided an improved magnetic
uid-type of‘cireuit interrupter in which the' cir-
cuit is efféctively opened: and‘closed. When: the
magnetic field‘is present, as‘in Fig. 6; conductive-
pathis 6-are caused to form between the electrodes:
particles 5-to-each:
other and’to'the-electrodes 3; 4; Upon the removal
of the magnetic field, the agitation brocess-may he:
depended ‘upon to break the'chains 6 and- render
the mixture 2 non-conducting by dispersing the
magnetic particles 5 within the-oil; therehy break-
ing- the chains 6.

The dielectric medium need not pe oil, but may
be-any suitable non-rigid, non-conducting: me-
dium: Clearly other devices for agitating  the
mix may be employed. Those: described were-
merely-for purposes of llustration. The discon--
nect: means insures hreakage of any residual’cur~
rent passing through the device;

Although we have shown and describeq specific
structures, it'is to he clearly understoog that the:
same ‘were merely for the burpose of illustration;
and that changes anqg modifications may readily:
be made therein’ by those skilled in the art with-
out' departing: from the spirit and scope of the
appended- claims.

We claim as our invention:

1. A circuit” interrupter including a container
containing a magnetizable powder disposed in a
dielectrie liquid, a pair of electrodes associated'
with the container in contact with the dielectric
liguid‘ between which current may fiow and be
interrupted; means for establishing g magnetic
field within the dielectric liquid- to establish a
conductive- condition- therein between the elec-
trodes, means for removing the magnetic field to
establish a non-conductive state in the region be-
tween the electrodes, disconnect means serially
connected with the electrodes, means for closing
the disconnect means during the closing operation
only after establishment of the magnetic field
within the dielectric liquid, and means for open-
ing saigd disconnect meang only after removal of
the magnetic field within the dielectric liquid to
establish a -non-conductive state therein.

2.. A cirecuit interrupter'including a.container
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eotitaining an iron powder disposed in oil, a pair
of electrodes associated with the container in con-.
tact with the oil between which current may flow
and be interrupted, means for establishing a mag-
netic field within the oil, an agitator for dispersing
the magnetic powder within the oil disposed in
the container following removal of the magnetic
field to break the conductive chains of magnetic
powder extending between the two electrodes, dis-
connect means serially connected with the elec-
trodes, means for closing said disconnect means
during the closing operation only after establish-
ment of the magnetic field, and means for open-
ing said disconnect means during the opening op-
eration only after removal of the magnetic field.

3. A circuit interrupter including a container
containing a magnetizable powder disposed in a
dielectric liquid, a pair of electrodes associated
with the container in contact with the dielectric
liquid between which current may flow and be
interrupted, means for establishing a magnetic
field within the dielectric liquid, a mechanical
agitator utilizing motion of at least one electrode
for dispersing the magnetizable powder within
the dielectric liguid disposed in the container fol-
lowing removal of the magnetic field to break the
conductive chains of magnetic powder extending
between the two electrodes, disconnect means
serially connected with the electrodes, means for
closing said disconnect means during the closing
operation only after establishment of the mag-
netic field, and means for opening said disconnect
means during the opening operation only after re-
moval of the magnetic field to establish an open
circuit condition.

4. A circuit interrupter including finely divided
magnetic particles dispersed in a non-rigid non-
conducting medium, a pair of electrodes disposed
in said medium, means for establishing a mag-
netic field in the medium to form conductive mag-
netic chains of the magnetic particles between
the electrodes to establish current flow therebe-
tween, spring means biasing at least one electrode,
means for causing motion of the electrode and for
energizing the spring means prior to the establish-
ment of said magnetic field, and the deenergiza-
tion of the magnetic field permitting the spring
means to cause motion of the electrode to result
in agitation of the particles, thereby dispersing
them within the medium to preak the conductive
chains of magnetic particles extending between
the two electrodes. . .

5. An alternating current circuit interrupter
including a mix of finely divided conducting mag-
netic particles dispersed in a non-rigid, non-
conducting medium, a pair of spaced electrodes
having the mix therebetween, means other than
the controlled main circuit for establishing a
magnetic control field in the mix at will to bring
about current flow through the interrupter by a
formation of conducting chains of the particles,
means for discontinuing said magnetic control
field at will, and a series coil in which flows at
least a portion of the series current disposed in
stich proximity to the mix to set up an auxiliary

magnetic field therein responsive to the series

current, whereby upon removal of the control
field the auxiliary magnetic field will tend to
maintain the mix in a conducting state until
near a current zero on the alternating current
wave.

6. An alternating current circuit interrupter
including a mix of finely divided conducting mag-
netic particles dispersed in a non-rigid, non-con-
ducting medium, & pair of spaced electrodes hav-
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ing the mix therebetween, means other than the
controlled. main circuit for establishing a mag-
netic control field in the mix at will to bring about
current flow through the interrupter by a forma-
tion of conducting chains of the particles, means
for discontinuing said magnetic control field at
will, a series coil in which flows at least a por-
tion of the series current disposed in such prox-
imity to the mix to set up an auxiliary magnetic
field therein responsive to the series current,
whereby upon removal of the control field the
auxiliary magnetic field will tend to maintain
the mix in a conducting state until near a cur-
rent zero on the alternating current wave, and
the control and auxiliary magnetic fields being
oriented at a substantial angle with respect to
each other so that the fields will not cancel each
other to permit cessation of current flow other
than near a current zero on the alternating cur-
rent wave.

7. An alternating current circuit interrupter
including a mix of finely divided conducting
magnetic particles dispersed in a non-rigid, non-
conducting medium, a pair of spaced electrodes
having the mix therebetween, means biasing one
electrode to move, means other than the con-
trolled main circuit for establishing a magnetic
control field in the mix at will to bring about cur-
rent How through the interrupter by a formation
of conducting chains of particles within the mix,
means for discontinuing said magnetic control
field at will, means for causing motion of said one
electrode and for tensioning said biasing means
prior to the establishment of said magnetic con~
trol field, a series coil in which flows at least a
portion of the series current disposed in such
proximity to the mix to set up an auxiliary mag-
netic field therein responsive to the series current,
whereby upon removal of the control field the
auxiliary magnetic field will tend to maintain the
mix in a conducting state until near a current
wero on the alternating current wave at which
time the biasing means will cause said one elec-
trode to move and in so doing will disperse the
magnetic conducting particles to effect the non-
conducting state.

8. An alternating current circuit interrupter
including a mix of finely divided conducting mag-
netic particles dispersed in a non-rigid, non-con-
ducting medium, a pair of spaced electrodes hav-
ing the mix therebetween, means biasing one
electrode to move, means other than the con-
trolled main circuit for establishing a magnetic
control field in the mix at will to bring about cur-
rent flow through the interrupter by a formation
of conducting chains of particles within the mix,
means for discontinuing said magnetic control
field at will, means for causing motion of said
one electrode and for tensioning said biasing
means prior to the establishment of ‘said mag-
netic control field, a series coil in which flows at
least a portion of the series current disposed in
such proximity to the mix to set up an auxiliary
magnetic field therein responsive to the series
current, whereby upon removal of the control
field ‘the auxiliary magnetic field will tend to

maintain the mix in a conducting state until near’

a current zero on the alternating current wave
at which time the biasing means will cause said
one electrode to move and in so doing will dis-
perse the magnetic conducting particles to effect
the non-conducting state, and the control and
guxiliary magnetic fields being oriented at a sub-
stantial angle with respect to each other so that
the fields will not cancel each other to permit
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cessation of current flow other than near a cur-
rent zero on the alternating current wave.

9. An alternating current cireult interrupter
including a mix of finely divided conducting mag-
netic particles dispersed ina non-rigid, non-con-
ducting medium, a pair of spaced electrodes hav-
ing the mix therebetween, means other than the
controlled main ecircuit for establishing a mag-
netic control field in the mix at will to bring about
current flow through the interrupter by a forma-
tion of conducting chains of the particles within
the mix, means for discontinuing said magnetic
contro] field at will, agitator means, means ten-
sioning said agitator means prior to the forma-
tion of condueting chains within the mix, the
formation of the chains within the mix main-
taining the tensioning of the agitator means and
rendering the same motionless, means for estab-
lishing an alternating maghetic field only when
the interrupter is closed, which is auxiliary to the
magnetic control field and is substantially in
phase with the alternating current flowing
through the interrupter, whereby upon removal
of the control fielq the auxiliary field will main-
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tain the conducting chains within the mix yntit
hear a current zero, at which time the agitator
means will be released and move under the effect
of the tensioning means to effect dispersal of the
particles,
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