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This in~ention felates to· a multipolar electric circuit-breaker, 

comprising per pole : 

- a pair of separable fi~ed.and movable contacts, 

- an arc~control chamber of an arc drawn between the separable 

contacts, 

- a contact arm in elect.rical conductive material carrying the 

movable contact, and series connected to said contacts, 

and an electromag~etic device with a U shap~d magneti~ main 

15 circuit, having two wings, separated by a first air gap CE), 

extending transversely to th~ longitudinal direction of arm 

and susceptible to exert on the contact arm electromagnetic 

forces, generated by the interaction of the· current flowing 

in said arm and the magnetic flux generated by said current 

20 in the magnetic circuit to provoke the rapid contacts opening. 

A well-known circuit-breaker of .the kind mentionned (US 3 815 059) 

comprises a plurality of U shaped ferromagnetic tongues, 

alined to form an opened slot of positionned contact arm7 ex-

25 tending according to a direction, perpendicular to the plane 

of tongues. The electromagnetic forces, ~enerated by the fault 

current, provoke the· rapid drive of the arm inside the slot and 

contacts opening, with a fault current limitation. When the 

circuit-breaker has a big size, it is difficult to maintain 

30 a controlled electrodynamic holding of the contacts until a 

predetermined current value without increasing contact pression, 

which would necessitate an overdimensioned operating mechanism. 

From FR. A 2 246 052, there is known an electromagnetic trip 

35 devi~e having a coil and two_;plates, one of them actionning 

the interlocking safeguard of the circuit-breaker, and the 
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other one o~e~ating directly on the movable contact. A saturable 

magnetic· shunt overlaps th& air~gap of working plate operating 

on the movable contact to ensure .a suc~essive actiori of the 

two plates. The device is &l~borate and necessitates a magne-

5 tizing coil. 

10 

The invention aims at overcoming these disadvantages a~d reali­

zing a control'led electrodynamic holdin,g circuit-breaker, until 

an over-current threshold and rapidl~ limiting beyond. 

In accordance with the present in~enti•n, the circuit-breaker is 

characterized by the fact ·that· said· magnetic circuit comprises 

a saturable shunt circuit, comprising a pair of ferromagnetic 

tongues of reduced section, relatively to that of the wings 

15 and separated by a second air-gap Ce). to. constitute in a non-­

saturated state a magnetic shunt of lower reluctance than the 

main circuit reluctance and to .provoke in a saturated state 

the magnetic flux flow across·said first air-gap CE) for moving 

the contact arm towards the opened.position by the electromagne~ 

20 tic forces, the passage of the saturable circuit from the non­

saturated state to the saturated state occurring when the fault 

current , .flowing in said arm is higher than a predetermined 

threshold. 

25 When the circuit-breaker operates. normally, the current flowing 

in the contact arm, generates a magnetic flux in the magnetic 

circuit having a Lower value than the saturation value of the 

~hunt magnetic circuit. Almost the totality of the flux takes 

this shunt circuit of Lower reluctance and the _electromagnetic 

30 device exerts on the contact arm an attractive force which is 

unimportant. 

When there is a short-circuit, the shunt circuit becomes satu­

rated and the flux crosses the ai.r-g_ap CE), holding the contact 

35 arm which is rapidly attracted. The shunt circuit establishes 

a clear threshold of o~eration of the. Limiting electromagnetic 

device and this threshold, determined by the section of the 
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shunt circuft; is chosen fai.rly .eq.ual to the threshold of the 

electromagrietic tripping devic~, or an instantaneously opera­

ting release of· the circuit~breake~, which. provokes the ultimate 

opening of the contact.s, following the rapid separation gene-

s rated by the electromagnetie devi~e. 

The circuit~breaker is advanta~eously a multipolar circuit­

bre~ker with a moulded case, having an operating toggle mecha­

nism and an electromagnetic~and thermal automati.c tripping 

10 device, ensuring the opening of. the ·contacts~ when a fault 

current or a short-circuit appears •. Jhe electromagnetic device 

of rapid opening becomes. active when a short-circuit current 

occurs, to· change the intermediary opening position of the 

movable contact, and the operating m~chanism, driven by the 

15 electromagnetic tripping device, then relays to move the contact 

arm from the intermediary position (1) to the definitive opening 

position CO). 

Other objects and advantages will become apparent from the 

20 followihg description of an embodiment of the invention, when 

read in conjunction with the accompanying drawings in which : 

- figure 1 is a longitudinal sectional view of one pole of the 

current limiting circuit-breaker, co~structed in accordance 

25 with the invention _an~ shown ;in the ON position; 

30 

- figure 2 shows the·pole of figure 1, respectively in an 

intermediary position I (fine lines) and in the OF position 
( t h i c k l i n e s. ) ; 

- figure 3 is a perspective view of the magneti6 opening 

device of the pole of figure 1 ; 

- figure 4 is a top view of the movable contact arm positioned 

35 within the magnetic opening dev~~e. 
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With referenc~ to the drawings~ a circuit-breaker has a moulded 

case 12 co~prising a ba~e 14 and a cover 16 and containing a 

trip unit 15 and· an operating tuggle mechanism 17 common to 

the various poles~ for instance to the three poles of the 

5 circuft breaker.· Electrically connected to a terminal 20 by 

a. conductor 21 .is a fi~ed contact 18, ~hich cooperates with a 

movable contact 22 mounted upon a contaet ·arm 28. The contact 

arm is electrically .connected to a terminal 24 by a woven shunt 

26 and a conductor 27. An arc extinguishing structure 34 with 

10 plates 36 is disposed in proximity to the contacts 18, 22, in 

·such a manner that an arc formed betw~~n contacts 18, 22, is 

rapidly driven along an arcing rail 38 t~wards the arc extin­

guis~ing structure 34. 

15 Contact arm 28 is pinned in its middle 50 by a pin 48 to a 

generally U-sh~ped bracket 30. Pin 48 is rigidly secured in 

openings 52 provided in the side flanges 54 of t·he bracket 

30 and allows for a small rotation of contact arm 48 (fig. 4). 

The brackets 30 for the three poles are fixedly secured to a 

20 common tie bar 32 and the tie bar 32 is mounted for pivotal 

movement between op~n and closed positions. The toggle mecha­

nism 17 is pivotally connected to the center pole contact arm 

bracket 30 to move all of the three contact arms 28 to the open 

or closed position. The circuit breaker is manually operated 

25 by movement of the handle 40 which passes through ~n opening 42 

in cover 16 and actuates the operating· toggle mechanism 17. 

The circuit breaker is automatically tripped by operation of 

the trip unit 15 incl~ding a first trip member 11, for instance 

a bimetal member causing a thermal tripping operation upon 

30 occurrence of a moderate overcurr~nt condition throu9h the 

circuit breaker and a ~econd trip member 13, for instance ~n 

electromagnetic trip member causing an electromagnetic tripping 

operation upon ·occurrence of an overcurre~t condition above a 

prede~ermined magnit~de SM more se~e~e thaa.the. previously 

35 mentioned moderate o~ercur~ent condition. Such a moulded case 

circuit breaker is well known. 
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In accordance wi.th the. present invention, a magnetic device 

44 includes a generally u ... shaped yoke 46 of magnetic material 

such as iron, the bottom part 56 of this yoke 46 being fixedly 

secured and positioned by means of pins 58,. 60, to the base 14 

,· .. 

5 of the moulded case 12. The:two side flanges or pole pieces 62, 

64, of the yoke 46 form a channel having an open top in the 

contact opening·direction. A length .L of the contact atm 28, 

located between the pin 48 and the shunt 26 extends into the 

channel of the yoke 46. The length L cor.responds to the length 
'. 

10 of the pole pieces 62, 64. The yoke 46 compri~es a pair of 

parallel legs.· 66, 68 secured at the .-f·r·ee ends of the pole 

pieces 62, 64 and extending in the contact opening direction. 

The Length l of the legs 66, 68, is sho~ter than the length 

L of the pole pieces 62, 64 and the free ends 70, 72 of the 

15 legs 66, 68 are bent to form a magnetic bight part having an 

air gap e. This air gap e is smaller than the air gap E between 

the pole pieces 62, 64, and may b~ zero. 

When the ~onta~ts 18, 22 are closed, the contact arm 28 ex-

20 tends in proximity to the free ends of the pole pieces 62, 64, 

and a current flowing through the contact arm 28 generates a 

magnetic flux in the yoke 46. As can be seen in fig. 3, the flux 

takes two pathes, a flux path i 2 which crosses the air gap E 

and flows in the iron of the bottom of the yoke 46 and another 

25 flux path 1 of lower reluctance which crosses the air gap e 

and flows in the iron of the Legs 66, 68, and of the yoke 46. 

The iron section of the legs 66, 68 is ·small and this will 

cause the i.ron of· the flux. path i 1 to saturate first. The 

saturation occurs ~hen th~ current I flowing in the contact 

30 arm 28 is higher than a predetermined value corresponding to 

the electromagnetic trip magnitude SM. After saturation of 

the flux path I 1, the flux flow across the air gap E increases. 

The contact arm 28 carrying curfent is Located in the magnetic 

field in the air g.aP e· and the: electromagnetic force generated 

35 by the interaction between the current flow in the contact 

arm 28 and the maghetic flux in air gap E acts to move the 

contact arm 28 towards th~ bottom of the yoke to separate 
---------·---------·-
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the contacts 1~, 22. A ~pring 74 positioned between the side 

flanges 62, 64, urges the contact.arm 28 for engagement of the 

movable contact 22 with the fixed contact 18. The bight part 

70, 72, of the yoke 46 limits counterclockwise rotation of th~ 

5 contact arm 28 about the pivot pin 48. 

This device ope·rates as fol lows 

When the circuit breaker is in the closed circuit position,; 

10 shown in fig. 1, the spring 74 urges the movable contact 22 

in engagement and the contact arm 28 extends through the air 

gap E in the area of the free ends of the pole pieces 62, 64, 

for instance slightly above these free ends. Upon the occurrence 

of normal curEent conditions and moderate overcurrent conditions 

15 up to the predetermined magnitude SM, practically all of the 

flux generated in the yoke 46 f l~ws in the flux path f 1 across 

the air gap e of. smaller reluctance than flux path i 2. The 

flux density in the air gap E is very small, so that the con­

tact arm 28 remains in the closed position. The magnetic device 

20 44 does not intervene. The moderate overcurrent causes heating 

of the bimetal member and a thermal tripping operation in a 

well known manner. 

Up.on t h e o c c u r r en c e o f a f au l t c u r rent , s u c h a s a s h o r t c i r c u i t 

25 current, exceeding the predeiermined threshold value SM, the 

iron of th• legs 66, 68 saturates rapidly and the magnetic 

flux flow is diverted in the flux path i 2, across the air 

gap E. The current-carrying contact arm 28 will have a force 

acting on it, which causes. the contact arm 28 to move across 

30 ·the magnetic field towards the bottom of the yoke 46. This 

electromagnetic force overcomes the force of spring 74 arid the 

contact arm 28 rotates cl-0ckwise about the pin 48 causing 

separatibn of the movable contact .22 from the fixed contact 

18. This force. provides a high initial accel~~ation ahd brings 

35 quickly the coritact arm 28 from rest to high velocity. The 

r~pid contact sepa·r~tion creates a current limitation. As 

the current value ex~eeds the. p~edetermihed magnitude SM of 
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the electrom·agn_etic.ally -~·)perable tripping member 13, the latter 

is energized at. the sa~e ti~e to collapse the toggl~ mechanism 

17 and to move the brackets 30 to the open ·position. The elec­

tromagnetic for~e moves rapidly .the mova~le contact 22 in the 

5 inter~ediary position I shown in fig. 2 in ·fine lines and the 
' 

magnetic tripping initiates the full opening of the circuit-

breaker (f·ig. ·2, thick lines). 

The magnetic d~~ice 44 causes a straigthforward opening of 

10 the contacts 18, 22, wi~h-0ut erratic movements thereof. Contact 

arm 28 is advantageously of non magnetic conductive material, 

but may be of ferromagneti·c material in whi-.ch case the air gap 

E would be modified. ~he generally u~shaped yoke 46 may coope­

rate with the front part of contact arm 1 28 and correspondingly 

15 been positioned above this contact arm. 
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CLAIMS 

1. A ~ultipolar eleritric circuit bre~ker comprising per pol~: 

- a pair ·Qf se~arable fixed (18} and mo~able (22) contacts~ 

5 ~ ~n ~rc~control cha~ber {34) of an arc drawri between the 

separable ~ontacts, 

-- a· contact ar~ (28) in ~lectri~al conductive material 

carrying the movable contact, a·nd series connected to said 
· .. 

·contacts (18~ 22),. 
.. 

. 
10 ·~·and an electromagn~tic device .{44) with a U-shaped 

magnetic· main ·circuit (46l. having· two wings (62, 64) sepa-. 

r~ted by a ~i~st· air ga~ (E) extending transv~rsely to the 
. . . . ·. . ~ 

!bngitudinal:direction ~farm (28) and susceptible to exert 
. . . . 

on the. con.tact arm el_ectromagnetic forces generated by the 

15 interaction of the current· (1) flowing in said arm (28) and 

·the magnetic~: flux (ifi.2 l generated by said current in the 

magneti~ circuit (46) to provoke :~he rapid contact$ opening, 

- characterized by the fact ttfat :~aid ~agnetic circuit com­

prises a saturable shunt circuit (66; 68) comprising a pair 

29 of ferromagn~tic tongues ~66; 68) ot reduced section rela­

tively to that of the wings (62, 64) and .separated by a 

second air gap (e) to constitute in a non saturated state 

a magnetic shµnt of iower r~luctance than the main circuit 
. . .· . . . ~ .. ·. 

reluctance· and to provoke in a saturated state the magnetic 

25 flux flow across.$aid fi~st air gap (E) for moving the con­

tact arm .(28) towards the opened.position by the ele6tro­

m~gnetic forces, the passage of the saturable circuit from 

the non s~turated sta~e to the saturate~ state occurring 

when the fault current flowing in said arm is higher than 

30 a predetermined threshold (SM) •. 

2. Electric circuit breaker according to claim 1, charac­

terized .by the.fact that a compression ~pring (74) posi­

tioned insides the U-shaped magnetic circuit (46) urges 

35 contact arm (28) in the closed position with a suitable 

contact p·ressure up to sai.d predetermined current thre­

shold (SM ) • 
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3. Elect~ic·circuit breaker according to one·of the claims 

1 and 2, characterized.by the fact that the ~ssoclated 

wings (6l, 64} and tongues (~6, 68) of the ma~netic circuit 

(46) are symmetrical tri ~he ~edlan~osclliation_plane of_ 

5 ., ·.said movable .contac·t. and. that the extremities (.70, 72} of 

said tongues are_bended at right angles· to constitute abut-

ments limiting the contaet.a~m (28)_pivotmerit •. 

4. El~c~ric· circuit br~aker according to any one of the 

10 rilaims 1 to 3,,comprislng ~n operating toggle mechanism· 

·(17) having a trip lever~to actuate the movable contact 

(22) ~etween t~e.closed (F) and ~~ened ·co} contact posi­

tions lf8, 22) and an . au_tomatical trip· device (15) asso-
. . . 

elated.to the opet~ting m~chanism ·for the simultaneous con-

15 tact (18, 22) opening when the current is .higher than said 

. predetermined threshold (SM), characterized by the fact 

that after passing said thres.h~"l.d -,(~M) ~said electromagnetic 

device (44) moves the· contact·. ~rr11~--C 28) at high speed 

towards a~ in.termediate .contact. {18' ~2) separation. posi-

20 tion (I} and that thereafte~·the ~perating mechanism (17) 

monitored by the trip devic~ .(15) werks in relay~of the. i 
. .. • • '···. I 

~lectro~aqnetic device. (4'4'>" to move the con~act arm" (28) i 

~from ·the intertriediat~ ·positi~n °(I) tow.ard.s the final -opened position (0). 

·. 25 5. Electric circuit breakei according to claim 4,·charac­

terized by the fact that the.saturation threshold (SM) of 

the saturable shunt circuit cerre~ponds substantially to 

the trip threshold of ·the instantaneous trip device (15) 

so that the circuit breaker,has controlled electrodynamic 

30 holding of the contacts (18, 22) when the electromagnetic 

device is. in an inactive position, up to said thresholds 

(SM) and thereafter a fault ~urr~nt limitation due to the 

high speed contact arm (28) ~ove~~nt~tow~~ds-the interme~ 

dlati position (I-) by th~ elect~~magrietic fotces generat~d 

35 by the electromagnetic device (44.) after passing said 
'' • .r 

~hresholds (SM). 
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