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Filed Feb. 15, 1961, Ser. No. 89,416
19 Claims. (Cl 317--11)

My invention relates to blowout means for circuit
interrupters and more particularly” to blowout means
having a novel current multiplier for increasing the cur-
rent flow flow through the circuit interrupter blowout
means during the tripping operation.

Prior art blowout means for circuit interrupters are
designed to urge an arc formed between the interrupter
cooperating contacts upward into the arc chute of the
circuit interrupter in order that the arc may be rapidly
extinguished. Blowout coils of the face-wound type
have been widely used due to the advantageous flux pat-
tern of the magnetic field. which the face-wound blow-
out coil generates. Face-wound blowout coils bave been
designed to have usually one or two turns which turns
encompass both the arc chute and the region of the sepa-
rating contacts to generate a magnetic flux pattern which
is concentrated in the region in which the arc exists.

The field strength of the magnetic field generated by
the blowout coil is directly proportional to the number
of turns of the blowout coil and to the current flowing
through the coil. The flux density B, therefore, is equal
to KNI where: B equals the flux density in gauss at the
center of the coil, N is the number of turns of the coil,
1 is the current flowing through the coil and % is a con-
stant of proportionality, It can be seen from this ex-
pression: that if the number of amperes flowing through
the coil is a fixed quantity, the coil may be designed
to have a sufficient number of turns in order to generate
a magnetic field of sufficient flux density to act on the
arc formed during the interrupting operation,

Increasing the number of turns of the blowout  coil
becomes necessary for the interruption of a low magni-
tude current arc. However, the space needed for a large
number of turns may be far greater than the space which
is actually available thereby creating a limit on the number
of turns which the blowout coil can have in an actual in-
stallation. In addition, the increased number of turns in-
creases the impedance of the blowout coil which has
an adverse effect upon the transfer of the current flowing
in the circuit being protected from .the circuit to the
blowout coil.

The circuit interrupter of my invention comprises a
pair of cooperating contacts which are electrically con-
nected in series relationship with the blowout coil. -This
series combination is electrically connected between the
upper and lower terminals of the circuii interrupter, - A
primary winding of a current transformer is then placed
in series with the blowout coil and. the cooperating con-
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tact combination; The secondary or output winding of .

the current transformer is connected in parallel with the
blowout coil. ‘The primary winding of the current trans-
former, being in series with the cooperating contacts,
carries the same current which rasses: through the co-
operating. contacts. The current flow through the pri-
mary winding generates.a current in the secondary or
output winding.- This current in the output winding flows
through the blowout coil sifnultaneously -with the flow

" of the primary current from the circuit being protected.

- The current transformer is electrically designed so that
the current genérated in the output winding -and flow-
ing in the loop comprises of the output winding of the
current transformer and the blowout coil is flowing in
the same direction as the primary current of the ¢ircuit
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being protected thereby increasing the amount of current
passing through the blowout coil. This arrangement
(using a ome-to-one current transformer) provides a
current in the blowout coil which is approximately double
the amount of current which would flow through the
blowout coil in the absence of the current transformer.
This arrangement is extremely advantageous for the
interruption of arcs of low current magnitude since it
affords the same number of ampere turns (NI) as a
blowout coil configuration having twice the number of
turns as the blowout coil of my invention. The current
transformer need not be positioned immediately adjacent
the blowout coil but may be positioned in a less critical
region of the circuit interrupter so that its inclusion with-
in the circuit interrupter does not create additional de-
sign problems.

The current transformer of my device may also be de-
signed to have a transformer core formed of a ferro-
magnetic material which exhibits a substantially square
kysteresis loop. This is extremely advantageous when
used in a circuit interrupter for the protection of a D.-C,
current circuit, -the ‘transformer core being designed to
present a high impedance to the primary current during
normal current flow so that no current will be generated
in the output winding of the current transformer during
the period of normal current flow. When a B.-C. cur-
rent is impressed upon the input windings of a trans-
former no transformed current appears at the output
winding since a transformer requires an input current
which is changing in magnitude and/or direction for
transformer action to take place.

When an A.-C. current is rectified the wave form con-
sists of a D.-C. voltage plus a number of A.-C. harmonics,

The A.-C. harmonics are cemmonly known as the rip-
ple voitage. The percentage of ripple voltage which is
present at the D.-C. side of an A.-C. to D.-C. conversion
system having a plurality of phases, such as the system
described in U. S, Patent No. 2,905,865, is extremely
low, resulting in a transformed current at the output
winding of the transformer which is likewise very small.
Therefore, during normal current flow the transformed
current appearing at the transformer ottput windings
is negligible,

During a reverse current condition, however, the cur-
Tent magnitude and direction changes very rapidly caus.
ing the transformer core ‘o reverse its saturation pattern.
As soon as the transformer core reverses to the opposing
saturable state, the transformer core presents a very low
reluctance permitting the current transformer to generate
a current in the ouput winding which contributes to the
current already Howing in the blowout coil. This resuits
in a current flow through the blowout coil which is greater
than the current capacity of the circuit only upon the
occurrence of a fault current condition so that the blow-
out coil is not subjected to any beating during periods of
normal operation. :

The current transformer of my inveniion may also be
used in combination with overload coils employed in
circuit interrupters of the type described in U.S. Patent
Mo. 2,891,123, issued June 16, 1959, to C. 1. Clausing,
entitled “High Speed Circuit Breaker,” and assigned to
the same assignee as the instant invention. Breakers of
the type described in the above mentioned patent.employ
overload coils which generate a magnetic field used to
trip the circnit breaker during the occurrence of a fault
current condition. This overload cojl (commonly known
as a bucking bar) is usually limited to a single turn. In-
order that the bucking bar carry a greater magnitude cur-
rent the current transformer of my invention is connected
to the bucking bar in the same manner as the connec-
tions made to the blowout means resulting in an increased -
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urrent flow through the bucking bar during fault condi-
tions to separate the cooperating contacts more rapidly
than in circuit breakers of the prior art.

‘It is, therefore, one object of my invention to provide
a circuit interrupter having a novel blowout means.

Another .cbject of my invention is te provide a blow-
out means for a circuit interrupter havn'm novel means
to aid the blowout coil in the interruption of arcs of
low magnitude current.

Another object of my invention. is to provxde novel
blowout means for a circuit mtenuptm which is so ar-
ranged as to increase the magne ic field generated by the
blowout coil without increasing the number of tums of
the blowout coil.

Still another cbject of my invention is to provide a
novel means for a circuit interrupter having a current
transformer.

Another object of my invention is to provide a novel
blowout means for a circuit interrupter having means to
amphfy the current supplied to the blowout means.

These and other objects will become apparent from the
following descriptlon when taken in connection with the
-drawings, in which:

FIGURE 1 is a schematic diagram of a circuit inter-
rupter utilizing my novel device.

FIGURE 2. is a schematic diagram which shows an-
other embodiment of my novel device.

FIGURE 3 shows a typical hysteresis loop.

FIGURE 4 is a schematic diagram showing my novel
“device utilized in an A.-C. circuit breaker.

FIGURE 4q shows the ClI‘Clllt breaker of FIGURE 4 in
the tripped posmon

FIGURE 5 is a side plan view of a c1rcu1t breaker in
which, the blowout means is connected in the manner
shown in FIGURE 2. :

Referring now to the drawings, FIGURE 1 shows a cir-
cuit breaker 10 having upper 11 and lower 12 terminals.
Upper 11 and lower 12 terminals are designed to be con-
nected to the stationary disconnects (mot shovm) of the
circuit being protected. Stationary contact 13 is elec-
trically connected to upper terminal 11 and is posxtloned to

cooperate with movable contact 14 which is affixed to

movable bridge 14a. Bridge 14a is electrically connected
_to one terminal of primary winding: 16 of current trans-
former 15, the other terminal of which is connected to
lower terminal 12. The se condary or output winding 17
~of current transformer 15 is connected in senes relation-

ship with blowout coil 18.
Tt can be seen that with cooperating .contacts 13 and

14 in the engaged posmon, the. current flowing through

the primary winding 16 of current transformer 15 gen-
erates a current in the secondary or output winding 17 of
transformér 15 ‘which current.also passes through blow-
out coil 18. The primary winding 16 is designed to have
a greater number of turns than the secomary winding 17
resultlng in the generation of a current in secondary wind-
ing 17 which is greater in magnitude than the current
ﬂowmg through primary winding 16.

This arrangement produces a curlent in blowout coil
18 which is greater than. the current flow which would be
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present in blowout coil 1§ in the absence of current trans:.-

former 15; that is, with blowout coil 18 connected-in series
relationship ‘with the cooperating contacts 13 and 14, a
lower magnitude of current passes through 18 than would

be available with the inctusion of current transformer 15.

It can therefore be seen that the use of current fransform-
er ‘15 avoids’'the necessity of increasing.the number- of
“‘turns of blowout coil 18 in order to obtain a larger mag-
nitude ‘current for the interrupting operation. Also, the

positioning of current transformer 15 in the circuit inter- .
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rupting housmg is a less critical demgq consideration than .

that of increasing the number of turns of blowout.coil .

18 thereby simplifying the - fabrication of circuit inter-

*_Tupter 10. It should be noted that blowout coil 18 is con-

- pressing this mathemat1cally, Ii=1,

4

tinuously energized to p;ov1de more 1ap1d extmgmsh-
ment of an arc during fault current conditions.

FIGURE 2 shows an embodiment -of my invention for
use in-the interruption of current in a D.-C. system and s
part1cularly adapted - for- the plotectlon of mercury arc
rectifiers in A.-C. to D.-C. conversion systems. Circuit
interrupters employed in A.-C to D-C conveérsion systems
having mercury" arc rectifiers are commonly: known as
anode breakers. One type of anode breaker presently in
use is set forth in U.S. Patent Number 2,905,865, entitled
“Flux Shiftin Trip Magnet for Circuit Breaker,” issued
Septembel 22, 1959, to Clausing et al., and assigned to the
same asswnee as the instant invention. Anode breakers
of the type described in the aforementioned U.S. patent
are employed to rapidly 1nterrupt reverse D.-C, -current
flow caused by an arc back in the mercury arc rectifier
associated with the interrupting breaker causing the affect-
ed ‘mercury tank to behave like a short-circuit. The cur-
rent flowing through the anode breaker has a waveform
29 as shown in FIGURE 2. ) :

The circuit breaker 19 of FIGURE 2 has its upper
11 and lower 12 terminals connected to the pumaly dis-
connects (not shown) of the D.-C. circuit being protected
Movable bridge 144 is pivotally connected to 1ower termi-
nal 12." Contact 14 is secured to bridge 144 and is posi-
tioned to cooperate with stationary contact 13 which is
electrxcally connected to upper terminal 1. PBlowout
coil 18 is also connected in series with upper terminal 11
such that blowout coil 13 is contmually encrgized even
with cooperatmg contacts 13 and 14 in the engaged posi-
tion.. The provision of continucusly energ1zed magnetic
blowout coils aids the circuit breaker in performmg a
rapid extinguishment of the arc.

Current transformer 15 has its primary winding 16
connected between blowout coil 18 and upper terminal 11.
Output winding 17 of current traisformer 15 is connect-
ed in parallel with blowout coil 18. Blowout coil 18
thereby serves as the load means for the transformed cur-
rent developed in output winding 17, - -

The operation of circuit breaker 1§ shown in FIGURE
2 is as follows: In response to-a fault current condition
movable arm -14q is rotated (by means not shown) to
cause cooperating contacts 13 and 14 to disengage as
shown in FIGURE 2. Ignoring for a moment the current
flow due to the presence of current transformer 15, the
current Iy in the circuit ‘flows from upper terminal 11
through blowout coil 18; contact 13, arc A, contact 14,
movable arm 14a and lower terminal 12.. The current I;
is equal in magmtude to the current flow through the
blowout coil of prior art ancde breakers sucli-as those de-

“scribed in U.S. Patent 2,891,123, enttiled-“High Speed

Circuit Breaker,” issued June 16,°1959, to . C. 1. Clausing,
and as51gned to the same assignee as the instant invention.
The main current, I;, flowing through the D.-C. circuit,
passes through the primary Winding 16 of current trans-
former 15 causing a current I, to be generated in the out-
put winding 17.: The polarity of the output winding 17
is such that the iniduced current I flowing througn wind~

-ing 17 flows in-the same direction as the main current 11

so_ that the current. flowing through blowout coil 18 is -
the sum of 11 and I, If current transformer.15 is wound
so that there is a'l to-I'ratio between the input 16 and the

: output 17 windings, the cuiTent flow in.the output winding

is equal o’ the curresnt flow in the input winding, or ex-
The current flow
through blowout coil 18 is therefore equal to 211 This
results in an ampere turns quantity (NI) which is-twice
as-large. as the ampere turns quantity” which would flow
through blowout coil 18 wnhout the ‘use of a current

" transformer.

In order to reduce the Cerent flow through blowout
coil 18 during norimal operation of circuit breaker 10 the

_transformer core 21 of current transformer 15:is' formed

of a ferro-magnetic material having a hystere51s loop such ]
as that shown in FIGURE 3. : :
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During normal current flow, the rectified current wave
form 29 is shown in FIGURE 2. This wave form is also
shown by dotted line 20 of FIGURE 3. During normal
current flow, the magnitude of flux in transformer core
21 varies between points 23 and 24 as shown in FIGURE
3. Transformer core 2% therefore presents a very high
reluctance to the current I causing a negligible trans-
formed current to appear in output winding 17. In addi-
tion the ripple voitage is very small causing the trans-
formed current at the output winding to be negligible as
described above. Upon the occurrence of a very large
reverse current flow such as shown by solid line 22 in
FIGURE 3, the direction of flux in transformer core 21
is reversed. This occurs because of the rapid changes in
magnitude and direction of the fault current. At the in-
stant the reverse current 22 achieves a magnitude suffi-
cient to drive the saturable state of transformer core 21 to
point 25 on the hysteresis loop, transformer core 21 pre-
sents a very low reluctance to the circuit I, flowing
through the primary winding 16. This arrangement pro-
vides increased current flow through blowout coil 18 only
upon the occurrence of a fault current condition thereby
cutting down on the heating losses of coil 18 during rou-
tine operation.

FIGURE 4 shows my novel cirrent multiplier utilized
in an A.-C. circuit breaker 10. In this embodiment, blow-
out coil 18 is continuously energized by current trans-
former 15. Upon the occurrence of an arcing condition
due to the separation of cooperating contacts 13 and 14
the arc B formed between the cooperating contacts is
transferred from cooperating contact 13 across jump gap
26 to arc runner 27 as shown in FIGURE 4aq. At this in-
stant, the current through circuit breaker 10 flows from
lower terminal 12, contact 14, arc B, arc runner 27, blow-
out coil 18, primary winding 16 of current transformer
5 and upper terminal 11. The fault current flowing at
this instant passes through primary winding 16 generating
a current in output winding 17. The polarity of output
winding 17 is so arranged that the current generated by
current transformer 15 adds to the current flowing through
blowout coil 18 due to the tansfer of arc B resulting in
an increase of current through blowout coil 18 which is
double the current that is available in blowout coils of the
prior art. Since the blowout coil 18 of FIGURE 4 would
be continuously . energized by current transformer 135
even during periods of normal operation, the turns ratio
of current transformer 15 is selected to keep biowout
structure losses low while still contributing to the current
flow through blowout coil 18 during a tripping operation
in response to a fault current condition.

FIGURE 5 shows an actual physical embodiment of a
circuit breaker 18 which is electrically connected in the
manner shown by the schematic diagram of FIGURE 2.
Circuit breaker 19 is comprised of upper 11 and lower 12
terminals. Disconnect means 11a which consists of a plu-
rality of contact fingers 115 and springs 1ic are mounted
to the protruding portions of upper terminal 11. Contact
fingers 115 are mounted on opposite sides of each pro-
truding portion of upper terminal 1% and are drawn to-
wards one another by springs 11c to provide rigid contact
engagement with the primary disconnect (not shown) of
the circuit being protected. The design and operation of
lower terminal 12 is the same as that of upper terminal
i1,

The current flow through circuit breaker 18 during nor-
mal operation, shown by phantom line 39, follows the
path from disconnects 115, upper terminal 11, blowout
coil 18, conductive head 31, stationary contact 13, arcing
contact 14, movable bridge 14a, L-shaped arm 32, con-
ductive member 33, lower terminal 12 and disconnects
125,

Transformer core 21 consisting of a plurality of lami-
nations 36 is supported at its upper end by a clamp 37
and at its lower end by O-shaped conductor member 38,
Insulating means 39 surrounding laminations 3% serves
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to electrically insulate transformer core 21 from the sur-
rounding conductive members. The primary winding for
the transformer core consists of the upper terminal 11
which is threaded through transformer core 21 thereby
forming an input winding of one turn. The output wind-
ing consists of O-shaped member 38 which surrounds the
lower portion of transformer core 21 thereby forming an
output winding having one turn. Blowout coil 18 is con-
nected in series relationship with the output winding
formed by O-shaped member 38. The current path be-
tween the output winding and blowout coil 18 is shown by
phantom line 40. The polarity of the output winding is
arranged so that the current supplied to blowout coil 18
by the output winding adds to the current supplied to
blowout coil 18 from the D.-C. circuit being protected
such that the primary current shown by phantom line 30
and the induced current shown by phantom line 40 add
together to create a current in blowout coil 18 which is
approximately twice the magnitude of the primary cur-
rent supplied by the D.-C. current source alone, thereby
resuliing in a magnetic force generated by blowout coil
18 which is twice as great as blowoff forces generated by
prior art circuit interrupters.

Although I have here described preferred embodiments
of my novel invention, many variations and modifications
will now be obvious to those skilled in the art and I
prefer therefore to be limited not by the specific disclo-
sures herein but only by the appended claims.

The embodiments of the invention in which an exclu-
sive privilege or property is claimed are defined as follows:

1. In combination, a pair of cooperating contacts op-
erable between an engaged and a disengaged position,
blowout coil means for said cooperating contacts extin-
guishing an electric arc formed between said cooperating
contacts upon separation thereof, current multiplying
means connected between one of said cooperating con-
tacts and said blowout coil means for increasing the cur-
rent flow through said blowout means to aid said blowout
coil means in the extinguishment of an arc formed dur-
ing the separation of said contacts, said blowout coil
means being electrically isolated from said cooperating
contacts. :

2. A circuit interrupter for protecting a power trans-
mission system comprising a pair of cooperating con-
tacts operable between an engaged and a disengaged po-
sition, blowout means for extinguishing an arc formed
between said cooperating contacts upon separation there-
of, current amplifying means having an input means
connected in series with said cooperating contacts for re-
ceiving the current flowing through said cooperating con-
tacts and an output means connected in series with said
blowout means, said current amplifying means being
adapted to generate an amplified current at said output
means to aid said blowout means in the extinguishment
of an arc formed during the separation of said contacts,
said blowout means comprising a blowout coil having
at least one turn,

3. A circuit interrupter for protecting a power trans-
mission system comprising a pair of cooperating con-
tacts operable between an engaged and a disengaged po-
sition, blowout means for extinguishing an arc formed
between said cooperating contacts upon separation there-
of, current amplifying means having an input means con-
nected in series with said cooperating contacts for re-
ceiving the current flowing through sajd cooperating con-
facts and an output means connected in series with said
blowout means, said current amplifying means being
adapted to generate an amplified current at said output
means to aid said blowout means in the extinguishment
of an arc formed during the separation of said contacts,
said blowout means comprising a blowout coil having
at least one turn, and said current amplifying means com-
prising a current transformer.

4. A circuit interrupter for protecting an A.C. power
system comprising a pair of cooperating contacts operable
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between an engaged and a disengaged position, blowout
coil means for extinguishing an arc formed between said
coop9rating contacts upon separation thereof, current
multiplying means for aiding said blowout coil means in
the extinguishment of said arc, said current amplifying
means comprising a current transformer having an input
winding connected in series with said cooperating con-
tacts and an output winding connected in series with said
blowout coil means.

5. A circuit interrupter for protecting an A.C. power
system comprising a pair of cooperating contacts op-
erable between an engaged and a disengaged position,
blowout means for extinguishing an arc formed between
said cooperating contacts upon separation thereof, cur-
rent multiplying means for aiding said blowout means

in the extinguishment of said arc, said current amplifying -

means comprising a current transformer having an input
winding connected ‘in series with said cooperating con-
tacts and an output winding conmected in series with said
blowout means, said output winding having fewer turns
than said input winding, said blowout mearns comprising
a blowout coil having at least ore turn.

6. A circuit interrupter for protecting an A.C. power
system comprising a pair of cooperating contacts operable
between an engaged and a disengaged position, blowout
means for extinguishing an arc formed between said
cooperating contacts upon separation thereof, current
multiplying means for aiding said blowout means in the
extingnishment of said arc, said current amplifying means
comprising a current transformer having an input wind-
ing connected in series with said cooperating contacts
and an output winding connected in series with said blow-
out means, said output winding having fewer turns than
said input winding, said blowout means comprising a
blowout coil having at least one turn, said blowout coil
being. adapted to be continuously energized.

7. A circuit interrupter for protecting an A.C, power
system comprising a pair of cooperating contacts operable
between an engaged and a disengaged position, a pair
of arc runners operatively positioned to extinguish an
arc formed between said cooperating contacts upon sep-
aration thereof, blowout means for urging said arc up-

ward along said arc runners, current amplifying means-

for receiving the current flowing through said contacts,
said amplifying means comprising transformer means
having an input winding connected in series with said
cooperating contacts and an output winding connected
in series with said blowout means, conductive means con-
nected between one terminal of said output winding and
oneé of said arc runners to place said blowout means in
series with said cooperating contacts when said arc trans-
fers to said one arc runner, said current amplifying means
causing a first current component to flow through said
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blowout means and - said conductive means causing a -

second current component to flow through said blowout
~ means,- said current amplifying means being connected

to cause said first current component to flow in the -di-
rection as said second current component.

8. A circuit interrupter for protecting an A.C. power
system comprising a pair of cooperating contacts operable
between an engaged and a disengaged position, a pair of
arc runners operatively positioned to extinguish an. arc
formed between said cooperating contacts upon separation
thereof, blowout means for urging said arc upward along
said arc runners, current amplifying means for receiving
the current flowing through said contacts, said amplifying
means comprising transformer means having an -input
winding connected in series with said cooperating con-
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tacts and an output winding connected in series with said
blowout means, conductive means connected between one
terminal of said output winding and one of said arc run-
ners to place said blowout means in series with said co-
operating contacts when said arc tramsfers to said one
arc runner, said current amplifying means causing a first
cuirent component to flow through said blowout means
and said conductive -means causing a second current
component to flow through said blowout means, said
current amplifying means being connected to cause said
first current component to flow in the direction as said
second current component, said blowout means compris-
ing a coil having at least one turn.- '

'9;- A circuit interrupter for protecting an A.C. power
system comprising a pair of cooperating contacts oper-
able beiween an engaged and a disengaged position, a pair
of arc ranners operatively positioned to extinguish an arc
formed between said cooperating contacts upon separa-
tion thereof, blowout means for urging said arc upward
along said arc runners, current amplifying means for re-
ceiving the current flowing through said contacts, said
amplifying means comprising transformer means having
an input winding connected in series with said cooperating
contacts and an output winding connected in series with

-said blowout means, conductive means connected between

one terminzal of said output winding and .one of said arc
runners 1o place said blowont means in series with said
cooperating contacts when said arc transfers to said one
arc runner, said current amplifying means causing a first
current component to flow through said blowout means
and said conductive means causing a second current
component to flow through “said blowout means, said
current amplifying means being connected to cause said-
first current component to flow in the direction as said
second current component, said blowout means compris-
ing a coil having at least one turn, said output winding
having fewer turns than said input winding.
10. A circuit interrupter for protecting a D.-C. power
system “having a pair of cooperating contacts- operable
stween an engaged and a disengaged position, blowout
means for extinguishing an arc formed between said con- .
tacts upon separation thereof, current amplifying means
for receiving the current flowing through said cooperat-
ing contacts, said amplifying means comprising a cur-
rent transformer Having an input winding connected in
series with said cooperating contacts and an output wind-:
ing conmected in series with said blowout means, said
blowout means comprising a blowout coil having at least
one turn, conductive means for connecting one terminal
of said blowout coil to one terminal of said input wind-
ing and the other terminal of said blowout coil to one of
said cooperating contacts, said conductive means - gen-
erating a second current component through said blow-
out coil, said current amplifying means being connected
to ‘generate said second current component having a cur-
rent direction which: is the same direction as said second
current component,
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