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United States Patent Office 3,178,546 
Patented Apr. 13, 1965 

3,178,546 
ORFCE STRUCTURE FOR CRCUIT INTER 

RJ ER OF FLUID BEAST TYPE 
John W. Beaty, Newtown Square, Pa., assignore General 

Electric Company, a corporation of New York 
Fied Dec. 4, 1965, Ser. No. 156,672 

2 Clains. (C. 20-148) 
This invention relates to an electric circuit interrupter 

of the type that relies upon a fluid blast for deionizing the 
usual arc that is drawn during the circuit-interrupting 
operation. More particularly, the invention relates to a 
fluid-blast circuit interrupter of the type is which the 
arc is positioned to extend through an orifice through 
which the fluid blast flows at high speed during the arc 
deionizing proceSS. 

In certain circuit interrupters of this type, the arc is 
initially drawn externally of the orifice, and thereafter the 
fluid blast transfers the downstream terminal of the arc 
to the metallic walls of the orifice structure and then 
through the orifice opening to a downstream electrode. 
During this transfer of the downstream terminal, the up 
stream terminal of the arc remains on the upstream side of 
the orifice so that when the transfer is completed, the arc 
extends axially through the orifice opening, it is when the 
arc is in this latter position that it can be most effectively 
cooled and deionized. For this reason, i refer to this 
latter position as the arc's most vulnerable position. 

If the downstream terminal of the arc is blocked or 
unduly impeded from transferring to the downstream elec 
trode, then the arc will be blocked or delayed from reach 
ing its most vulnerable position. This can unduly pro 
long the interrupting operation and can also significantly 
reduce the amount of current that the interrupter can Suic 
cessfully interrupt. 

I have found that in certain prior circuit breakers of 
this general type there are magnetic forces present when 
the downstream arc terminal reaches the orifice member 
that tend to oppose motion of the downstream terminal 
through the orifice opening. For the lower values of fault 
current, these magnetic forces, which vary in magnitude 
as a direct function of the current, are insufficient to 
withstand the oppositely-acting force of the fluid blast that 
tends to drive the downstream terminal through the orifice 
opening. But for the higher values of fault current, these 
magnetic forces can reach such a high level that they 
actually prevent the downstream terminal from passing 
through the orifice opening. 
An object of my invention is to construct the orifice 

structure in such a manner that when the downstream 
arc terminal reaches the orifice structure, the magnetic 
forces on the arc do not oppose entry of the arc terminal 
through the orifice opening but actually aid the arc ter 
minal in passing through the orifice opening. 
Another object is to construct the orifice structure in 

such a manner that these magnetic forces act in a radially 
inward direction so as to force the downstream arc ter 
minal through the orifice opening. 

Still another object is to construct the orifice structure 
in the manner described in the immediately preceding 
paragraph and also in such a manner that the arc terminal 
is spun circumferentially about the orifice structure. This 
latter action precludes excessive erosion of the orifice 
structure in any localized region of its periphery. 

In carrying out my invention in one form, I provide a 
gas-blast type of electric circuit breaker that comprises a 
hollow metallic orifice structure defining an orifice open 
ing through which pressurized gas is caused to flow during 
circuit interruption. Means is provided for establishing 
an arcadjacent the orifice structure and externally thereof. 
When the arc is so established, a blast of pressurized gas 
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passes through the orifice opening and is effective to 
transfer one terminal of the arc to the orifice structure. 
When the arc terminal is transferred to the orifice struc 
ture, arc-motivating means becomes effective to cause the 
magnetic force on the arc to act in a direction to drive the 
arc radially inward of the orifice structure. The arc 
motivating means comprises slots in the orifice structure 
that cause the net current flowing from said one terminal 
of the arc through the orifice structure to follow a path 
that extends from the terminal radially-outward with re 
spect to the orifice opening in the region of the arc ter 
minal. 

For a better understanding of my invention, reference 
may be had to the following specification taken in con 
junction with the accompanying drawings wherein: 

FIG. 1 is a sectional view of a gas blast circuit inter 
rupter embodying one form of my invention. 

FIG. 2 is an enlarged sectional taken along the line 
2-2 of FIG. 1. 

FIG. 3 is a sectional view taken along the line 3-3 of 
FG, 2. 

FIG. 4 is a view taken along a line corresponding to 
the line 2-2 of FIG. 1 but showing a prior construction 
that is not being claimed in the present application. 

FIG. 5 is a sectional view along the line 5-5 of 
F.G. 4. 
FIG. 6 is a view similar to that of FIG. 2 of a modified 

form of my invention. 
FIG. 7 is a plan view of a portion of the structure 

shown in FIG. 6. 
Referring now to FIG. 1, the circuit interrupter shown 

therein is of the Sustained-pressure, gas-blast type de 
scribed and claimed in my U.S. Patent 2,783,338, assigned 
to the assignee of the present invention. Only those 
parts of the interrupter that are considered necessary to 
provide an understanding of the present invention have 
been shown in FIG. 1. In this respect, only the right 
hand portion of the interrupter has been shown in section 
inasmuch as the interrupter is generally symmetrical with 
respect to a vertical plane and the left hand portion is 
Substantially identical to the right hand portion. As de 
Scribed in detail in my above-mentioned patent, the inter 
rupter comprises a casing 12 which is normally filled with 
pressurized gas to define an interrupting chamber 11. 
Located within the interrupting chamber 1 are a pair 
of relatively movable contacts 4 and 6 which can be 
Separated to draw an arc within the pressurized gas with 
in the chamber 11. The contact 14 is relatively station 
ary, whereas the other contact 16 is mounted for pivotal 
motion about a fixed, current-carrying pivot 18. When 
the movable contact 6 is driven clockwise about the 
pivof 8 from its solid-line closed position of FIG. 1, 
an arc is established in the region where the contacts 
part. The movable contact 15 is shown by dotted lines 
in FIG. 1 in a partially-open position through which it 
passes during a circuit-interrupting operation after hav 
ing established an arc. 
The movable contact 16 is supported by means of its 

Current-carrying pivot 18 on a conductive bracket 9 
that is preferably formed integral with a stationary cylin 
der 32. The cylinder 32 at its lower end is suitably 
Supported from a generally cylindrical casting 33. The 
casting 33 at its lower end is suitably secured to a flange 
35 rigidly carried by the stationary metallic casing 12. 

For producing a gas blast to aid in extinguishing the 
arc, the cylindrical casting 33 contains a normally-closed 
exhaust passage 36 leading from the interrupting cham 
ber 1 to the Surrounding atmosphere. The casting 33 
at its upper end is provided with a tubular nozzle-type 
electrode 38 having an orifice portion 39 at its outer 
end defining an inlet 37 to the exhaust passage 36. This 
inlet 37 is referred to hereinafter as the orifice opening. 
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the flow of arc-extinguishing gas through the tubular 
nozzle 38 and the exhaust passage 36 is controlled by 
means of a cylindrically-shaped reciprocable blast valve 
member 40 located at the outer, or lower, end of the 
'exhaust passage 36. This blast valve member 48 nor 
mally occupies a solid-line, closed position wherein an 
annular flange 42 formed at its lower end sealingly abuts 
against a stationary valve seat 34 carried by the exhaust 
casting 33. 

During a circuit interrupting operation, the movable 
last valve member 48 is driven upwardly from its solid 

line, closed position of FIG. 1 through a partially open 
intermediate position shown in dotted lines in FIG. 1. 
Opening of the valve member 46 allows pressurized gas 
in the chamber fi to flow at high speed through the 
orifice opening 37 and nozzle 33 and out the exhaust pas 
Sageway 36 past the valve member 40 to atmosphere, 
as indicated by the dotted line arrows B of F.G. 1. The 
manner in which the gas blast acts to extinguish the arc 
Will soon be described in greater detail. 
At its upper end, the cylindrical valve member 49 sur 

rounds a projecting tubular support 41 upon which the 
valve member 48 is smoothly slidable. The tubular sup 
port 4 is fixed to the casting 33, preferably, by means 
of bolts (not shown) clamping the flange 41a to the top 
of casting 33. A compression spring 44 positioned be 
tween the movable valve member 48 and the lower end 
of support 4 tends to hold the valve member 40 in its 
closed position against the valve seat 34. 
To protect the support 41 and the upper end of the 

valve member 46 from the harmful effects of arcing, a 
protective metallic tube 43 is positioned about these 
parts and is suitably secured to the support 4. Secured 
to the outer surface of this tube is a downstream probe 
or electrode 45, preferably of a refractory metal, which 
rojects radially from the tube 43 and transversely into 

the path of the gas blast flowing through the passage 
way 36. As will soon appear more clearly, the down 
stream terminal of the arc is transferred to this elec 
trode 45 during an interrupting operation and, after such 
transfer, occupies a position generally corresponding to 
that shown at 46. The downstream electrode is prefer 
ably constructed as shown and claimed in Patent No. 
2,897,324, Schneider, assigned to the assignee of the pres 
ent invention, so that it has a non-streamlined upstream 
Surface 48 that coacts with the gas blast to form a stag 
nation region upstream from the surface 48. The ter 
minal of an arc such as 46 reaching the electrode 45 is 
captured within the stagnation region and thus prevented 
from being driven further downstream by the gas blast. 

For controlling the operation of the movable gas valve 
40 and movable contact 6, a combined operating mecha 
nism 50 is provided. This mechanism 50 is preferably 
constructed in the manner disclosed and claimed in my 
aforementioned Patent 2,783,338, and its details form 
no part of the present invention. Generally speaking, 
this mechanism 50 comprises a valve-controlling piston 
51 and a contact-controlling piston 52 mounted within 
the cylinder 32. The valve-controlling piston 51 is cou 
pled to the movable valve member 40 through a piston 
rod 54 suitably clamped to the valve member 40. The 
contact-controlling piston 52, on the other hand, is con 
nected to the movable contact 16 through a piston rod 
58 and a cross head 59 secured to the piston rod. A 
line 60 pivotally joined to the cross head 59 at 61 and 
to the movable contact 6 at 62 interconnects the cross 
head 59 and the movable contact 6. When the valve 
controlling piston SA is driven upwardly, it acts to open 
the valve member 40, and, simultaneously, to drive the 
contact-controlling piston 52 upwardly to produce open 
ing movement of the movable contact member E6. 
Opening movement of the contact member 3 first 

establishes an arc between the ends of the contacts 4 and 
16. Shortly thereafter, however, the blast of gas which 
has been flowing through the orifice opening 37, as indi 

O 

20 

2 5 

30 

35 

40 

45 

50 

65 

70 

75 

4. 
cated by the dotted-line arrows B, forces the upstream 
terminal of the arc on to an upstream arcing electrode 70, 
which is electrically connected to the stationary contact 
14. As opening motion of the movable contact iG con 
tinues, the gas blast forces the downstream terminal of 
the arc to transfer from the movable contact 16 to ori 
fice structure 39, which is electricaily connected to the 
movable contact 16. The gas blast then ingels the down 
stream terminal of the arc through the orifice opening 
37 and nozzle 38 on to the upper end of the protective 
metailic tube 43. From there, the gas blast drives the 
downstream arc terminal downwardly and into the pre 
viously-described stagnation region adjacent the down 
stream surface 43 of the electrode 45. The arc then occu 
pies the position generally shown in 46. When the arc 
is in this position, the arc column extends through the 
orifice opening 37 and is subjected in the orifice region 
to an intense high velocity blast. This blast is effective 
to cool and deionize the arc and to prevent reignition 
thereof at an early current zero. The downstream elec 
trode 45 and the upstream electrode 70 are so located 
that the length of the arc and the position of the arc are 
at optimum values to facilitate high speed arc-extinction. 
In other words, this is the position of the arc in which it 
is most vulnerable to extinction. 
To achieve high speed arc-extinction, it is important 

that entry of the downstream arc terminal through the 
orifice opening 37 not be blocked or unduly impeded in 
any way. Otherwise, entry of the arc into its most vulner 
able position of FIG. 1 will be prevented or delayed, and 
this will seriously detract from the desired high speed 
of the arc-extinguishing process. A serious, and hereto 
fore largely unrecognized, deterrent in many prior con 
structions to the high speed entry of the arc terminal 
through the orifice opening has been the presence of mag 
netic forces tending to oppose such entry. So long as 
the currents being interrupted are relatively low, these 
magnetic forces, which are directly dependent upon the 
square of the current magnitude are also low and can 
be readily overcome by the action of the gas blast. But 
at the higher levels of fault current, these magnetic forces 
can become so high that they seriously impede or even 
completely block entry of the arc terminal through the 
orifice opening. 
To illustrate more specifically the manner in which 

prior constructions have developed magnetic forces tend 
ing to oppose entry of the arc terminal through the ori 
fice opening, reference may be had to FIGS. 4 and 5. 
Here the orifice portion 39 is constructed as a continuous 
essentially imperforate ring attached to the remainder of 
the nozzle 38 by screws 8) and 32 passing through suit 
able laterally-projecting ears formed as an integral part 
of the orifice ring 39. Beneath these screws 88 and 81 
are the two principal contact areas between the orifice 
member 39 and the remainder of the nozzle 38, so that 
most of the current flowing into the supporting walls of 
the nozzle flows through these contact areas. When the 
downstream terminal of the arc attaches to the orifice 
ring 39 at any point thereon, such as A, the current from 
the arc, in order to enter the supporting walls of the 
nozzle S8, must now flow circumferentially around the 
orifice ring 39 to the screw locations 80 and 3 before 
entering the supporting walls of the nozzle. In the par 
ticular case shown, i.e., where the arc terminal is located 
along the vertical center line at A, the current will split 
equally to the left and right, as indicated by the currents 
it and ia, so that the net horizontal current component is 
zero. There will, however, be a vertical component 
directed toward the center of the orifice member 39 equal 
to the vector sum of the vertical components of i and i. 
Referring to FIG. 5, it will be seen that the path 85 of 
this vertical component of current and the path 83 of 
the current flowing through the arc form a current loop 
that bows in a direction away from the center of the 
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orifice member 39. When current fiows through such a 
loop circiut, the magnetic forces present tend to lengthen 
the loop, and this tendency results in the presence of a 
force F in FIGS. 4 and 5 acting in a direction to drive 
the arc away from the center of the orifice structure 39. 
For high fault currents, this force F can become so high 
as to block entry of the arc terminal through the orifice 
opening despite the force of the gas blast tending to 
impel the arc terminal through the orifice opening, 
To illustrate the force on the arc when the downstream 

terminal is at some other position on the orifice struc 
ture, assume that the terminal is located on the upper 
portion of the orifice at D. The current fiowing from D 
will split into two parts is and i, so that there will be 
a net vertical component toward the center of the orifice 
member 39 equal to the vector sum of the vertical com 
ponents of is and it. Referring to FiG. 5, the path 85d 
of this vertical component and the path 83d of the cur 
rent flowing through the arc form a loop that bows in a 
direction away from the center of the orifice member 39. 
This results in a force F acting in a direction to drive the 
arc away from the center of the orifice structure, i.e., a 
radially-outward direction. 

In FIGS. 4 and 5, the force on the arc will be in 
a radially-outward direction for any location of the arc 
terminal on the orifice ring 39 except directly adjacent 
the screws 80 and 8, because in all of these locations 
except the latter two, there is vertical component of cur 
rent flowing from the arc terminal in a radially-inward 
direction. At first thought, it might appear that all the 
is necessary to eliminate this force would be to provide a 
good electrical connection between the orifice ring 39 
and the remainder of the nozzle 38 about the entire 
periphery of the orifice member. But this would not 
adequately solve the problem, because a substantial part 
of the current flowing from the arc terminal into the nozzle 
walls would still flow around the periphery of the orifice 
ring to other portions of the nozzle. The result is a net 
component of current flowing over a path extending radi 
ally-inward and thus a force acting to drive the arc 
radially-outward. 
To eliminate this radially-outward force on the arc and 

to provide instead a force that acts to drive the arc in 
a radially-inward direction, I have provided the orifice 
structure 39 with slots 90 that extend from the exposed 
face of the orifice structure back into the supporting walls 
of the nozzle 38. The individual sections of the orifice 
structure between adjacent slots 99 are brazed or other 
wise suitably joined to the remainder of the nozzle struc 
ture so as to provide a good electrical and mechanical 
connection across this interface. These slots 98, which 
are best shown in FIGS. 2 and 3, force current flowing 
from an arc terminal into the supporting wall of the noz 
zle 38 to follow a resultant path which extends radially 
outward from the arc terminal. For example, in FiG. 3 
it will be seen that the current flowing from the arc ter 
minal. A through the orifice member 39 and the remainder 
of the nozzle 38 follows a resultant path 92 that extends 
radially-outward from the arc terminal. This path 92 
and the path 93 of current through the arc form a loop 
circuit, but this loop bows radially-inwardly, as can be 
seen in FIG. 3. The magnetic forces that tend to lengthen 
the loop thus act in a direction to drive the arc radially 
inward instead of radially outward as in FIGS. 4 and 5. 
Accordingly, the magnetic forces instead of opposing 
entry of the arc terminal through the orifice opening 37 
actually aid such entry. As explained hereinabove, this 
materially shortens the interrupting process and, in some 
cases, substantially increases the amount of current the 
interrupter can successfully interrupt. 
To facilitate an understanding of the manner in which 

the slots 90 force current flowing from an arc terminal 
through the wall of the orifice and nozzle structure 35, 39 
to flow radially outward, reference may be had to FiG. 2, 
which is an end view of the orifice and nozzle structure 
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6 
38, 39. If it be assumed that the arc terminal is momen 
tarily located at A, then it will be apparent that the cur 
rent flowing from A through the orifice structure 39 and 
the remainder of the nozzle 38 will follow paths such as 
92a, 92b, 32c, 92d, and 92e, which may be considered to 
be components of the path 92 of FIG. 3. These paths 
92a-92e have a net radial component extending radially 
outward, and thus the magnetic force on the arc is radi 
ally-inward, as indicated by the force F shown in FIG. 2. 
A corresponding force acting to drive the arc in a radi 

ally-inward direction is present irrespective of the par 
ticular circumferential position of the arc terminal on 
the orifice member 39. For example, if the arc terminal 
should be located at C in FiG. 2, the current flowing from 
the arc terminal at C through the walls of the nozzle struc 
ture 38, 39 follows paths 94a–94e extending radially 
outward, and hence the magnetic force on the arc is 
radially-inward, as is indicated by the arrow F of FIG. 2. 

it should be apparent that it is not only the slots 98 
that are responsible for the flow of current from the arc 
terminal in a radially-outward direction but also the fact 
that the walls of the nozzle 38, 39 adjacent the orifice 
opening 37 extend generally radially with respect to the 
orifice opening 37 about substantially the entire periphery 
of the orifice opening. These two features coact to force 
current flowing from an arc terminal at substantially any 
circumferential point on the orifice structure 39 to flow 
radially-outward with respect to the orifice opening. 
When the polarity of the current reverses, the loop circuit 
still bows in the same direction, and thus the magnetic 
force on the arc is still radially-inward. 

in addition to driving the arc terminal through the 
orifice opening 37, it is sometimes desirable to move the 
arc terminal circumferentially about the orifice structure 
during the brief interval that its downstream terminal is 
attached thereto. This circumferential motion helps to 
avoid excessive arc erosion at any localized circumferen 
tial portion of the orifice structure, particularly at the 
slots, where the arc terminal sometimes tends to hang 
while on the orifice structure. For providing a circum 
ferentially-acting force on the arc to effect such circum 
ferential motion, provide the orifice with slots 100 that 
have the skewed configuration shown in FIGS. 6 and 7. 
Here the slots, instead of extending perpendicular to the 
axially-outermost face of the orifice ring 39, extend at 
an acute angle to this face. More specifically, referring 
to FIG. 7, the slots 108 may be thought of as extending 
at an acute angle relative to a reference plane 195 that is 
normal to the centrally-located longitudinal axis 97 of 
the nozzle 33. This configuration of the slots forces cur 
ent flowing from a terminal of the arc, for example at 
B, to follow a path 92 that has a net component extend 
ing circumferentially as well as radially-outward. There 
is thus a taingentially-acting loop circuit that has a mag 
netic effect tending to impel the arc circumferentially 
around the orifice ring 39. This is in addition to the 
previously described magnetic force tending to drive the 
arc through the orifice opening. Thus, for the brief 
period when the arc terminal is located on the orifice 
member 39, it is moved circumferentially as well as radi 
ally-inward. 
To accentuate the forces tending to drive the arc ter 

minal radially-inward when the arc terminal is located 
on the lower portion of the orifice structure 39, as at A 
in FGS. 2 and 3, I provide the conductive structure 10 
of FIG. 1. This conductive structure 10, which is of 
low resistivity metal in comparison to that of casting 33, 
provides a low impedance path through which the major 
portion of the current from the arc terminal at A flows 
radially-outward after leaving the nozzle structure 38, 39. 
To this end, the conductive structure 110 has an arm 12 
extending radially outward with respect to the nozzle 38 
and electrically-joined to the nozzle adjacent the base of 
the fingers between the slots 90. A similar arm 1.2a is 
provided at the left-hand nozzle structure 38a, 39a, and 
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the two arms are electrically connected together by a con 
ductive ring E14 surrounding the casting 33. A large 
portion of the current flowing between the two nozzles 
flows through the arms 1:2 and 3.12a via this ring iá. 
The reason for locating the conductive bridging struc 

ture 10 at the lower side of the nozzles 38, 38a can be 
best understood by first assuming that this bridging struc 
ture was omitted. Assume next that the part 42 of FIG. 
1 is of a metal having a low electrical resistivity, Sich 
as aluminum, whereas the casting 33 is of steel, a metal 
with a relatively high electrical resistivity. Also, recal 
that the part 41 is bolted to the casting 33 at the top of 
the casting 33 so that the principal contact regions be 
tween parts 42 and 33 are at the top of the casting 33. 
Because of the low electrical resistance of the aluminum 
part 41, there is a tendency in such a structure for an 
unduly large portion of the current to flow between the 
nozzles 38 and 38a via the top portion of the intermediate 
structure 33, 41. If an arc terminal is located at A, then 
the portion of the current that flows via the top portion of 
the intermediate structure 33, 4: must flow generally up 
ward after leaving the slotted portion of the nozzle 33, 
39. Current following such a generally upward path 
has a tendency to partially neutralize the magnetic effect 
on the arc resulting from current following the generally 
downward path 92 of FG. 3 since these current paths 
are to some extent in opposite directions. I have mate 
rially reduced this neutralizing effect, however, by pro 
viding a low resistance bypass in the form of highly-con 
ductive bridging structure 18 through which most of the 
current from the arc terminal at A is forced to flow. By 
following this path below the nozzles 38, 38a instead of a 
path at the top of the nozzles, the current flowing between 
the nozzles has a materially reduced tendency to neutralize 
the magnetic effect on the arc of the current flowing 
through the path 92. Thus, with the conductive bridging 
structure 10 present and the arc terminal at A, there is 
still a strong magnetic action tending to force the arc 
radially inward, as described hereinabove. 

It will be noted that the location of the connection be- : 
tween the conductive bridging structure i3 and the noz 
zles 38 and 38a is confined to one diametrical side of 
each of the nozzles. Thus, when current flows from an 
arc terminal at D, i.e., adjacent the top of the orifice struc 
ture 39, a substantial portion of this current still flows via 
the top portion of the intermediate structure 33, 41. 
There is sufficient impedance in the conductive path ex 
tending from D to the conductive bridging structure 10 
to prevent a major portion of the current flowing from 
D from following the conductive bridging structure 8. 
Thus, there is still an effective radially-outward path for 
current flowing from point D through the nozzle structure 
38 despite the presence of the conductive bridging struc 
ture (). 
With respect to the upstream arcing electrode 70 illus 

trated in FIG. 1, it will be noted that a centrally disposed 
passageway 520 is provided therein. One of the purposes 
of this passageway is to encourage motion of the upstream 
arc terminal on this electrode by denying it a possibly 
stable footing at the center of the electrode 79. This aids 
in reducing arc-erosion of the electrode 70. Forcing the 
arc away from the center of the upstream electrode also 
helps locate the arc in such a position that the magnetic 
effect of the loop circuit of FIGS. 2 and 3 is to drive the 
arc radially-inward relative to orifice structure 39. In 
other words, the path 92 of FIG. 3 becomes more nearly 
perpendicular to the arc path 93. 
While I have shown and described particular embodi 

ments of my invention, it will be obvious to those skilled 
in the art that various changes and modifications may be 
made without departing from the invention in its broader 
aspects. I, therefore, intend in the appended claims to 
cover all such changes and modifications as fall within the 
true spirit and scope of my invention. 
What I claim as new and desire to secure by Letters 

patent of the United States is: 
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1. An electric circuit breaker of the fluid blast type 
Comprising: 

(a) a tubular nozzle comprising a hollow orifice por 
tion at the axially outer end of said nozzle, said hol 
low orifice portion defining internally thereof an 
orifice opening through which a blast of pressurized 
fiuid is adapted to enter said tubular nozzle during 
circuit interruption, 

(b) said nozzle having a conductive wall portion 
Surrounding said orifice opening that extends gener 
ally radially outward from said orifice opening about 
substantially the entire periphery of the orifice open 
ing, 

(c) means including a contact separate from said orifice 
portion and upstream therefrom for establishing an 
arc adjacent said orifice portion and upstream there 
fron, 

(d) means for producing a blast of pressurized fluid 
through said orifice opening which is effective to trans 
fer one terminal of said arc from said contact to 
said orifice portion while the other terminal of said 
arc remains upstream therefrom, 

(e) said arc being subject to a magnetic force acting 
thereon, the direction of which is dependent upon 
the shape of the current path extending through and 
adjacent said arc, 

(f) arc-motivating means effective upon transfer of 
said one arc terminal to said orifice portion for caus 
ing the magnetic force on said arc when said arc is 
at any angular location on said orifice portion to act 
in a direction to drive said arc radially-inward of said 
orifice portion, said arc-motivating means com 
prising slots in said wall portion Surrounding said 
orifice opening that cause the net current flowing 
from Said one arc terminal through said surrounding 
wall portion to follow a path that extends from said 
one arc terminal radially-outward with respect to said 
orifice opening, 

(g) and a downstream electrode to which said one arc 
terminal is transferred upon passing through said 
orifice opening, whereby the column of the arc then 
extends through the orifice opening. 

2. The circuit breaker of claim 1 in which said hollow 
nozzle has a centrally located longitudinal axis extending 
through said hollow orifice portion, and in which said 
slots extend at an acute angle relative to a reference plane 
that is normal to said longitudinal axis. 

3. The circuit breaker of claim 1 in which said hollow 
nozzle has a centrally located longitudinal axis extending 
through said hollow orifice portion, and in which said slots 
extend generally perpendicular to a reference plane that 
is normal to said longitudinal axis. 

4. The circuit breaker of claim 1 in which said slots 
are of a skewed configuration that forces the net current 
flowing from an arc terminal located at substantially any 
angular location on the periphery of the orifice portion 
to follow a path that extends circumferentially with respect 
to the orifice portion adjacent the arc terminal. 

5. The circuit breaker of claim 1 in combination with 
conductive structure of a material having a low resistivity 
in comparison to that of said nozzle wall portion forming 
a low impedance path at one diametrical side of said 
orifice portion for carrying a major portion of the cur 
rent flowing from said orifice portion away from said arc 
when an arc terminal is located at said one side of said 
orifice portion, and means for preventing a major portion 
of the current flowing from an arc terminal on a dia 
metrically opposed side of said orifice portion from fol 
lowing a path through said low resistivity conductive 
structure at said one diametrical side. 

6. The circuit breaker of claim 1 in combination with 
first conductive structure of a material having a resistivity 
low in comparison to that of said nozzle wall portion 
forming a low impedance path at one diametrical side of 
said orifice portion for carrying a major portion of the 
current flowing from said orifice portion when an arc 
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terminal is located at said one side of said orifice portion, 
and second conductive structure at a generally diametri 
cally opposed side of said orifice portion forming a low 
impedance path for current flowing from an arc terminal 
at said diametrically-opposed side of said orifice portion, 
and means for preventing a major portion of the current 
flowing from an arc terminal at said diametrically opposed 
side of the orifice portion from following a path through 
said first conductive structure. 

7. The circuit breaker of claim 1 in combination with 
conductive structure of a material having a resistivity low 
in comparison to that of said nozzle wall portion form 
ing a low impedance path at one diametrical side of said 
orifice portion for carrying a major portion of the cur 
rent flowing from said orifice portion when an arc ter 
minal is located at said one side of said orifice portion, 
said low impedance path being of such a configuration that 
it directs current in a radially-outward direction after 
leaving said one side of said orifice portion, and means 
for preventing a major portion of the current flowing from 
an arc terminal at a diametrically opposed side of said 
orifice portion from following a path through said low 
resistivity conductive structure at said one diametrical 
side of said orifice portion. 

8. An electric circuit breaker of the fluid-blast type com 
prising: 

(a) hollow metallic orifice structure defining an orifice 
opening through which pressurized fluid is adapted to 
flow during circuit interruption, 

(b) means including a contact separate from said orifice 
structure and located upstream therefrom for estab 
lishing an arc adjacent said orifice structure and 
upstream therefrom, 

(c) means for producing a blast of pressurized fluid 
through said orifice opening which is effective to trans 
fer one terminal of said arc from said contact to 
said orifice structure, while the other terminal of said 
arc remains upstream from said orifice, 

(d) said arc being subject to a magnetic force acting 
thereon, the direction of which is dependent upon 
the shape of the current path extending through and 
adjacent said arc, 

(e) and arc-motivating means effective upon transfer 
of said one arc terminal to said orifice structure for 
causing the magnetic force on said arc to act in a 
direction to drive said arc radially-inward of said 
orifice structure, said arc-motivating means com 
prising slots in said orifice structure that cause the 
net current flowing from said one arc terminal 

y through said orifice structure to follow a path that 
t extends from said one arc terminal radially-outward 
. With respect to said orifice opening in the region of 

said one arc terminal, 
(f) and a downstream electrode to which said one arc 
terminal is adapted to be transferred by said fluid blast 
upon passing through said orifice opening, whereby 
the column of the arc then extends through said orifice opening. 

9. The circuit breaker of claim 8 in which said arc 
motivating means comprises a sufficient number of slots 
in Said orifice structure to cause the net current flowing 
from an arc terminal located at substantially any circum 
ferential point on said orifice structure to follow a path 
that extends from said arc terminal radially-outward with 
respect to said orifice opening in the region of said arc 
terminal. 

10. An electric circuit breaker of the fluid blast type comprising: 
(a) a pair of tubular nozzles each comprising a hollow 

orifice portion at the axially outer end thereof, said 
hollow orifice portion defining internally thereof an 
orifice opening through which a blast of pressurized 
fluid is adapted to enter said tubular nozzle during 
circuit interruption, 

(b) each of said nozzles having a wall portion sur 
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rounding said orifice opening that extends generally 
radially outward from said orifice opening about sub 
stantially the entire periphery of the orifice opening, 

(c) means for establishing series-related arcs adjacent 
the respective orifice portions and upstream there 
from, v 

(d) means for producing a blast of pressurized fluid 
through each of said orifice openings which is effec 
tive to transfer one terminal of the associated arc 
to said orifice portion while the other terminal of 
said associated arc remains upstream therefrom, 

(e) said arc being subject to a magnetic force acting 
thereon, the direction of which is dependent upon 
the shape of the current path extending through and 
adjacent said arc, - 

(f) arc-motivating means associated with each of said 
nozzles and effective upon transfer of said one arc 
terminal to said orifice portion for causing the mag 
netic force on said arc to act in a direction to drive 
said arc radially-inward of said orifice portion, said 
arc-motivating means comprising slots in said wall 
portion of each nozzle surrounding said orifice open 
ing that cause the net current flowing from said one 
arc terminal through said surrounding wall portion to 
follow a path that extends from said one arc terminal 
radially-outward with respect to said orifice opening, 

(g) and a downstream electrode associated with each 
nozzle to which said one arc terminal of the associ 
ated arc is transferred upon passing through said ori 
fice opening, whereby the column of the associated 
arc then extends through the orifice opening, 

(h) supporting structure of a relatively high resistivity 
metal carrying said nozzles and forming a conduc 
tive path between the arcs associated with the respec 
tive nozzles, 

(i) and conductive bridging structure of a relatively 
low resistivity metal electrically connected to each 
of said nozzles for forming a low impedance con 
ductive path between said nozzles, said conductive 
bridging structure being connected to said nozzles 
at one diametrical side of each of said orifice por 
tions so as to carry a major portion of the current 
flowing from said orifice portion when an arc ter 
minal is located at said one side of said orifice por 
tion, the location of the connection between said 
conductive bridging structure and each nozzle being 
confined to said one side of said orifice portion. 

11. The circuit breaker of claim 10 in combination with 
Second conductive structure at a generally-diametrically 
opposite side of said orifice portion forming a low im 
pedance path for current flowing from an arc terminal 
located at said opposite side of said orifice portion, said 
Second conductive structure being of a metal having a 
lower resistivity than that of said nozzle-supporting struc 
ture. 

12. The circuit breaker of claim 1 in combination with 
an upstream electrode on which the upstream terminal 
of Said arc is located during interruption, said upstream 
electrode being generally aligned with said orifice portion 
and having means associated therewith for urging the up 
stream terminal of said arc into locations where said 
radially-outward current path at said orifice portion is 
more nearly perpendicular to said arc. 
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