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This invention relates to circuit breakers and 
more particularly to circuit breakers of high 
Voltage ratings. 

It is Well known that in an arc interrupting de 
vice there are always certain limits of current, 
voltage, and sometimes power factor, which give 
a practical limit to the maximum rating which 
the device can safely handle. That is, the maxi 
mun current rating is often a function of the 
pressure of the contact fingers, the maSS Of the 
current carrying and arcing contacts, and also 
the mass or Weight of the various component 
parts exposed to the excessive pressures met with 
in interrupting a heavy current arc. In a similar 
manner, the voltage rating is often limited by 
the net break distance or the Spacing of the arc 
interrupting parts when in the open position. 
This latter spacing is a measure of the impulse 
strength of the device when in the open position 
and, since the Space between the arcing contacts 
is often contaminated by carbonized oil, gas and 
other deleterious products, the contact Separa 
tion must be considerably longer to be effective 
under all conditions than the steady State condi 
tions might indicate. 

It has been general practice to provide more 
than one interrupting break in a circuit breaker 
to increase the interrupting rating and in Some 
instances as many as four to six interrupting 
breaks in series have been employed. The total 
contact separation and the total rate of contact 
separation are increased, but the multiple-Series 
break type of circuit interrupter has many dis 
advantages which are not present in a single in 
terrupting-break device. In the first place, the 
interrupting rating does not increase in the Same 
ratio as the number of series breaks since the 
voltage does not divide evenly across all of the 
breaks during interruption, thereby Stressing Cer 
tain breaks more heavily than others. Multiple 
series-break circuit breakers necessarily require 
much larger containers than a single-break 
breaker, and this increases manufacturing costs 
and frequently raises difficult problems in meet 
ing space requirements. Furthermore, the volt 
age drop across a circuit breaker increases With 
the number of series-breaks, and this increase 
in voltage drop results in more watts-loss which 
is evidenced by an increase in the temperature 
rise of the equipment, 
This expensive multiple-series-break expedient 

was adopted since, in general, it is neither practi 
cal nor possible to construct an arc-interrupting 
circuit breaker of high voltage rating as an en 
larged scale replica of a circuit breaker which 
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rating. Aside from any question of excessive 
costS and exaggerated Space requirements, an en 
larged replica, will not provide that compromise 
between the conflicting mechanical and electrical 
design requirements which afforded the satisfac 
tory operation obtained with a 'standard' circuit 
breaker of the lower Voltage rating. 
A straight enlargement of the physical structure 

is not practical, for example, in the case of Series 
current operated circuit breakers Such as dis 
closed in my Reissue Patent No. 22,872, and 
claired in attent No. 2,443,260, and in my co 
pending application Serial No. 522,120, filed Feb 
ruary 12, 1944, now Patent No. 2,487,025, granted 
November 1, 1949, “Circuit Breaker.' Switch 
gear of this type includes a contact on an axially 
novable rod which is spring biased towards en 
gagement with a cooperating stationary contact, 
and which is lifted into open-circuit position by 
the armature of an "operating coil' or Solenoid 
in series with the breaker contacts and the pro 
tected distribution line. Circuit breakers now in 
use on nominally 5000 volt lines of The Detroit 
Edison Company provide a 4 inch stroke for the 
moving contact rod which is directly connected 
to the operating Solenoid arnature, but experi 
ence has shown that a greater contact Separa 
tion is required for good interrupting perform 
ance for voltages above 8,000 volts and for cur 
rents in excess of 700 to 800 ainpeires. It is poS 
sible, of course, to re-design the entire circuit 
breaker for these voltage and cul'rent ratingS 
but the present “standard' 5000 volt circuit break 
ers satisfy all requirements except that of long 
contact separation and, for economy in manu 
facture, it is advisable to use as many identical 
parts as possible in breakers of different voltage 
ratingS. 
Objects of the present invention are to pro 

vide circuit breakers of relatively small size and 
economical manufacture which afford long con 
tact separations for adequate voltage isolation at 
high voltages. Objects are to provide circuit 
breakers of high voltage ratings in Which the Con 
tact separation and rate of contact movement 
are substantially greater than the travel and rate 
of travel, respectively, of the primary contact 
separating element. An object is to provide cir 
cuit breakers in which high operating Speeds and 
high voltage isolation are obtained by a motion 
multiplying mechanism between the primary con 
tact-separating element and the movable breaker 
contact. An object is to provide circuit breakers 
of high interruption ratings in which motion 
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multiplying devices of minimum space require 
ments and of Simple, rugged construction im 
part to the movable breaker contacts a straight 
line motion which is Substantially greater, as to 
extent and as to Speed, than the straight line 
motion of the primary contact-separating ele 
lents of the circuit breakers. Further and Spe 

cific objectS are to provide reclosing circuit 
breakers of the series-current operated type in 
Which rack and pinion couplings are employed to 
Separate the breaker contacts by a distance and 
at a rate Which are multiples of the travel and 
the rate of travel, respectively, of the operating 
coil arnature. 
These and other objects and the advantages 

of the invention will be apparent from the foll 
lowing specification. When taken. With the ac 
companying drawings in Which: 

Fig. 1 is a side elevation, With parts in Section, 
Of a circuit breaker embodying the invention; 

Fig. 2 is a fragmentary central longitudinal 
Section, on an enlarged Scale, Of the Operating 
mechanisin and the breaker contacts; 

FigS. 3 and 4 are transverse Sections on lines 
3-3 and -i, respectively, of Fig. 2; and 

Fig. 5 is a perspective view of the gears and 
gear Support Which is Secured to the Solenoid 
armature. 
The illustrated circuit breaker is of the fully 

automatic, single-pole reclosing type, as described 
in my prior patentS, Which includes its OWn 
tinning mechanism and requires no auxiliary cir 
cliits Ol' devices for automatic Operation. The 
control mechanism forms no part of the present 
invention and theerfore is not illustrated. 
of the illustrated parts are identical With those 
used in the commercial manufacture under my 
patents of circuit breakers of lower Voltage rat 
ings, but it is to be understood that the inven 
tion is not limited to a conversion. Of Such prior 
circuit, breakers for use at higher Voltages or to 
circuit breakers embodying the particular inven 
tions disclosed in my prior patentS. 
In Fig. 1, the reference numerals and 2 iden 

tify a hollow insulator and metal casing, respec 
tively, such as employed to house my prior re 
closing circuit bleakers of lower Voltage rating, 
These parts are joined by a metal sleeve 3 which 
provides the additional space for the extended 
travel of the nowable breaker contact but the 
sleeve 3 may be omitted by Substituting a longer 
hollow insulator or tank for housing the circuit 
bleaker. The control and tinning devices, not 
shown, are located in the metal housing 2, and 
the latter is closed by a cap having an integral 
threaded Stud 5 for connection to the distribu 
tion line. The other line terminal 6 is integral 
with a bushing 7 which is Secured in an Opening 
at the lower end of insulator tank and is 
counterbored from its inner side to receive Snug 
ly the cylindrical tip 6 of the stationary contact 
assembly 9. The contact assembly comprises a 
cylindrical array of contacts f G carried by resil 
ient airins Which are backed up by Spring 
fingers 2, and an arcing contact ring 3. 
The nowable contact System includes a ring 

contact is which is Seated Within the Series of 
contacts when the breaker is closed, and an 
arcing ring contact 5 on an axially movable rod 
6 of metal of good conductivity, for example, a 

high-strength copper alloy. A cylindrical rod 
of horn fibre extends below the nowable arc 

ing contact 5 and is lifted into the arcing cham 
ber formed by stacked diskS 8 of horn fibre or 
other material capable of promoting arc-inter 
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ruption. When the breaker contacts are separated 
by a lifting of the rod 6. The disks 8 are 
arranged Within a cylinder 9 of insulating ma 
terial Which is provided with openings 20 for 
admitting insulating oil, with which the hollow 
insulator i is filled, into the arcing chamber. 
The power for lifting the rod 6 and asso 

ciated contacts is developed by an operating coil 
or Solenoid 2 and its armature or plunger 22. 
The plunger is hollow to receive a breaker 
closing Spiring 23 which normally forces the arm 
ature downwardly to close the breaker contacts. 
The COil 2 is Within a cylinder 24 of magnetic 
natei'ial Which is Welded to a metal bushing 25 

5 ha.Viing an upWardly tapered inner Surface which 
is threaded into the upper end of the insulating 
Cylinder 9 and which cooperates with the lower 
flange 26 of the armature 22 to form a dashpot 
for Snoothly arresting the upward travel of the 
al"nature and breaker-operating mechanism. 
The Several parts as so far described are sim 

ilar to Cr preferably identical with the corre 
Sponding parts of circuit breakers according to 
my prior inventions in which the axially movable 
contact-carrying rod 3 was connected directly 
to the arinature 22. The present invention in 
troduces a notion-multiplying mechanism be 
tWeen the al'mature 22 and the contact-carrying 
l'od is to effect an extended contact separation of 
approximately twice the travel of the arma 

extends upwardly into the housing 2 
Coperation With the timing and control de 
not ShOWI). A pair of gears 29 are jour 

iRallied. On the frame and mesh with racks 3 in 
Opposite Sides of the rod G which carries the 
noVale breaker contacts. The gears 29 also 
linesh With rack bars 3 which extend through 
longitudinal Slots in the insulating cylinder 9 
and are Secured thereby by arcuate metal plates 
32. Guide flanges 33 are secured to the rack 
bars 3 to prevent movement of the gears 29 
Cut of Frieshing engagement with the rack bars. 
Flexible jumpers 34 are secured to U-shaped 
Strips 35 of copper or other good conductivity 
metal by clips 36, and the midportions of the 
jumperS are Seated in a transverse slot in the 
upper end of the rod 6 and are secured thereto, 
electrically and mechanically, by a set screw or 
clainping bolt 37. 
To prevent arcing destruction of the gears 29, 

the shafts 38 which Support the gears are insu 
lated from the frame 27 by insulating bushings 
39, and the OW resistance path for current fow 
from the U-shaped strips 27 to the rod 6 is 
through the flexible jumpers 34. 
Upon energization of the operating winding 2 

to attract the al'mature 22, the armature 22 and 
attached frame 27 move upwardly to roll the 
gears 29 along the rack bars 3 , thereby effecting 
an upWard displacement of the contact-carrying 
rod 6 through twice the displacement and at 
twice the Speed of the movable frame 2:... This 
amplified travel of the rod it; results in a rapid 
and extended Separation of the main breaker 
Contacts 8 and 4, 5, thereby affording a wide 
contact separation which precludes restrike and 
inSures adequate isolation at voltage ranges sub 
stantially higher than would be possible with the 
prior constructions in which the contact-carry 
ing rod 6 Was directly connected to the arma 
ture 22. 



2,645,689 
5 

The illustrated arrangement of gears 29 which 
mesh with racks 30 on the contact-carrying rod 
6 and with stationary racks 3 affords a 2-to-1 
multiplication of the travel and rate of travel 
of the armature 22, but it will be apparent that 
other multiplication ratios may be had when 
idler gears of one diameter mesh with One rack 
and are fixed to idler gears of a different diam 
eter which mesh with the other rack. 
The advantages of the increased Separation 

and increased rate of separation of the breaker 
contacts are obvious, but it is to be noted that the 
increased speed of reclosing of the contacts is 
also beneficial to reduce arcing when fault cur 
rents are involved when the circuit breaker is 
reclosed. The fault which initiated the Opening 
of the circuit breaker may remain on the line 
when the breaker recloses and, as is Well known, 
arcing to some degree takes place before the 
Ineta-to-metal engagement of contacts acroSS 
Which there is a voltage at the closing Of the con 
tacts. Pitting or erosion of the contacts is of 
course reduced With a decrease in the time in 
terwa between the initiation of the arcing and 
the actual closed condition of the contacts. 
A particular advantage of the invention for a 

manufacturer is the economy which follows from 
the use of components of identical construction 
in reclosing circuit breakers of different voltage 
ratings. The introduction of the motion-mull 
tiplying mechanism between the operating coil 
arnature 22 and the contact-carrying rod 6 
necessitates the provision of rackS 30 On the con 
tact-carrying rod 6, and a longer insulating cyl 
inder 9 than that of the circuit breaker. Of the 
lower Voltage rating, also the housing extension 
sleeve 3 or a longer insulator , but the same con 
trol mechanism, operating solenoid, breaker con 
tacts and arc-extinguishing assembly may be 
employed in the circuit breakers of different 
voltage ratings. Except for the extension of the 
housing by the insertion of sleeve 3 or the use of 
a longer insulator , the Space requirementS or 
bulk of the circuit breakers of higher voltage rat 
ing are the same as for breakers of lower volt 
age ratingS. 

It is to be understood, however, that the in 
vention is not limited to circuit breakers of rel 
atively high voltage rating which are constructed 
from standard parts of circuit breakers of a low 
er voltage rating. Nor is the invention limited 
to any particular voltage rating Since it affords, 
for any given voltage rating, circuit breakers of 
Smaller size and of higher contact-Separating 
speeds than has been possible with prior con 
structions. 

It is therefore to be understood that the inven 
tion is not limited to the particular construction 
herein illustrated and described as various nodi 
fications which may occur to those familiar With 
the design and construction of circuit breakers 
fall within the spirit and scope of the invention 
as set forth in the following claims. 

I claim: 
1. In an electromagnetically Operated circuit 

breaker, the combination with an axially movable 
rod carrying a contact, a cooperating Stationary 
contact, and spring means biasing Said rod into 
position to engage said contacts, of an operating 
coil having an armature movable on energization 
of said coil axially in line with said rod and in a 
direction opposite the biasing action of said 
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Spring Ineans, and a motion-multiplying connec 
tion between said armature and said rod, where 
by energization of said coil results in a Separa 
tion of Said contacts by Substantially more than 
the travel of Said armature, said motion-multi 
plying connection comprising a frare Secured 
to said arnature, gear means rotatably mounted 
on said frame, a stationary rack with which said 
gear means is meshed, and a rack On Said rod in 
mesh. With said gear means. 

2. In an electromagnetically operated circuit 
breaker, the invention as recited in claim 1, in 
COmbination. With flexible jumpers Of high con 
ductivity electrically connecting Said frame and 
Said contact-carrying rod. 

3. In an electronagnetically Operated circuit 
breaker, the invention as recited in claim 2, 
Wherein Said gear means is insulated from Said 
frame. 

4. In an electromagnetically operated circuit 
breaker, the combination with an axially movable 
rod carrying a contact, a cooperating stationary 
contact, and Spring means biasing said rod into 
position to engage Said contacts, of an operat 
ing coil having an armature movable on energiza 
tion of said coil axially in line with said rod and 
in a direction opposite the biasing action of said 
Spring means, and a motion-multiplying connec 
tion between said armature and said rod, where 
by energization of said coil results in a separa 
tion of said contacts by Substantially more than 
the travel of Said arnature, said motion-multi 
plying connection including a frame of approxi 
mately inverted U-form secured to said armature, 
a pair of gears journalled on said frame, sta 
tionary racks at the Outer Sides of and in mesh 
ing engagement with the respective gears, and 
racks at Opposite sides of Said contact-carrying 
rod and in mesh with the respective gears. 

5. In an electromagnetically operated circuit 
breaker, the invention as recited in claim 4, 
wherein a cylinder of insulating material is po 
Sitioned below Said operating coil and forms a 
chamber in which Said armature and said mo 
tion-multiplying connection are movable, and 
Supporting means secures Said stationary racks to 
Said cylinder. 

6. In an electromagnetically operated circuit 
breaker, the invention as recited in claim 5, 
Wherein said Supporting means comprises arcu 
ate plates secured to Said cylinder and supporting 
Said Stationary racks within the same. 

GEORGE A. MATTHEWS. 
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