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CURRENT-LIMITING CIRCUIT BREAKER

- Electric circuit breakers in accordance with the prior
art have included means for causing automatic opening
of the contacts upon the occurrence. of predetermined
sustained overload current conditions, such means usu-
ally comprising thermally responsive means such as a
bimetallic strip. In addition, prior art circuit breakers
have included means for causing more rapid opening of
the circuit breaker contacts upon the occurrence of
high overload or minor short-circuit current condi-
tions, " such -opening means normally comprising
magnetically-operable means for or causing automatic
opening of the circuit breaker. '

While prior art circuit breakers have included means
for causing automatic opening on the occurrence of ei-
ther of the aforesaid two types of abonormal current
conditions, such circuit breakers have not been capable
of providing a current-limiting action on the. occur-
rence of extremely high short-circuit currents.

As used herein, the term *‘current-limiting™ is used to
mean that the electric current is not permitted to rise
to the levels to-which it would otherewise rise if the
only impedance elements in the circuit were the source
impedance and the normal impedance of the circuit

* breaker itself. Such level may be referred to as the peak
of the *‘prospective’’ short-circuit current. Thus, for ex-
ample, when a “‘dead short-circuit” condition exists in

a circuit incorporating an electric circuit breaker, the
only elements tending to limit the rise of electric cur-
rent in the circuit are the impedance of the source, the
impedance of the lines connecting the source to the cir-
cuit breaker, and the impedance of the circuit breaker
itself, including the impedance, if any, of arcs drawn by
the circuit breaker in the time which the current re-
quires to rise to its potentially highest value.

Electric circuit breakers of known prior art construc-
tion include automatic opening means which involves
parts having a ‘mass or weight such that movement

" thereof at a speed sufficiently high to introduce a true
current-limiting action is not possible.

This is especially true of circuit breakers of medium
and high current capacity, such as 800-1,000 amperes
or more, which require high contact pressure, with cor-
respondingly large and heavy operating mechanisms..

It is an object of the present invention to provide an
electric circuit breaker of medium of high capacity in-
cluding thermal and magnetic means for causing auto-
matic opening of the circuit breaker upon the occur-
rence of overload current conditions of predetermined
magnitude and of electrical short-circuit conditions of
predetermined magnitude, and also including means
providing a current-limiting action upon the occur-
rence of predetermined short-circuit current condi-
tions above a predetermined magnitude.

It is another object of the invention to provide an.

electric circuit breaker including contacts which are
movable upon the occurrence of extremely high short-
circuit current conditions without requiring movement
of other mechanism parts having an extremely high in-
ertia, .

" In accordance with the invention, an -electric circuit
breaker is provided,: including relatively movable
contacts and ‘manually operable operating mechanism
for operating such contacts between *“‘open” :and
“closed” ‘tripping -circuit ‘conditions. Current-
responsive ‘means ‘is -also ‘provided for ‘moving ‘the
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contacts to open position upbn the occurrence of either

_sustained minor overload conditions or minor short-
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circuit conditions. In addition, there is provided, in ac-
cordance with the invention, means for instantaneously
causing relative opening movement of such contacts
upon the occurrence of high short-circuit conditions.
Such opening movement, moreover, is accomplished
by movement of one or more of such contacts per se,
without requiring movement of the main operating
mechanism.

In accordance with a further aspect of the-invention,
the contact so moved is mechanically held in its instan-
taneously opened position at least until the main oper-
ating mechanism has had time to move to its automati-
cally-opened position following operation of its cur-
fent-responsive tripping means.

The invention will be more fully understood from the
following detailed description, and its scope will be
pointed out in the appended claims.

In the drawings,

FIG. 1 is a side elevation view, partly in section, of an

~ electric circuit breaker in accordance with the inven-
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tion, shown in the normal OFF condition;

FIG. 2 is a view similar to FIG. 1, the parts being
shown in ON position;

FIG. 3 is an elevation view of a portion of the circuit
breaker of FIG. 1, the parts being shown in a transient
position, illustrating the current-limiting action, and

- FIGS. 4 and § are representations in graph form of -
current conditions which may be expected to exist in
circuit breakers in accordance-with the prior art, and
in circuit breakers incorporating the present invention,
under “‘short-circuit” conditions.

Referring to FIG. 1, the invention is shown as incor-
porated in an electric circuit breaker comprising an in-
sulating enclosure having a base 10 and a cover 11. An
incoming or “line” lug or cable connector 12 is fixedly
mounted on the base 10 by suitable means, not shown,
and is conductively connected to an elongated line ter-
minal strap 13. The line terminal 13 has an upright con-
ductive member 14 attached thereto adjacent its inner
end, having an extension 15 extending parallel to the
terminal strap 13. The extension 15 is connected by a
flexible conductor member 16 to a first movable
contact arm 17, having a first movable contact member
18 supported on a contact support 18A.

“The movable contact 18 is adapted to engage a sec-
ond movable contact member 19 carried by a bridging
contact carrier 20. The contact carrier 20 has a third
movable contact member 21 mounted thereon and
adapted to engage ‘a fourth-movable contact 22, The
movable contact 22 is supported by a contact support
22A on a second contact .arm 23. The contact arm 23
is connected by a flexible conductor 24 to a conductive
member 25, shown partially broken away, which is con-
nected to an upright conductive member, not shown,
which in turn is connected to an outgoing terminal
strap 27. The outgoing terminal strap 27, at its outer
end, is connected to an outgoing or load terminal mem-
ber 28.

The flexible conductor 16 connecting the contact
arm 17 and the conductive: member 15 is shunted by a
pair of .contacts 29,30, which in the closed condition of
the circuit breaker serve to carry a portion of the cur-
rent in parallel with the conductor 16 in a manner to
be described. Similarly, the flexible conductor 24 has
a pair of contacts 31, 32 in parallel therewith .and serv-
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.ing to carry a portion of the current from the contact
arm 23 to the connective member 25 in closed condi-
tion of the circuit breaker. The provision of the supple-
mentary contacts 31, 32 and 29, 30, makes possible the
use of lighter flexible connectors 24, 16, respectively
than would otherewise be required, since a large por-

- tion of the current is carried by the contacts rather than
the flexible conductor. At the same time,-arcing be-
tween the contacts 31, 32, when opening, is avoided by
the presence of the flexible connectors conductors 16
and 24. :

The movable contact carrier 20 is movable in "

straight-line reciprocal fashion vertically between the
OFF position as shown in FIG. 1 and the ON position
as shown in FIG. 2. The contact carrier 20 is biased to
the upward, OFF position as shown in FIG. 1 by a suit-
able means such as by a compression spring 33.

For the purpose of manually moving the contact car-
_rier 20 from the OFF position as shown in FIG. 1'to the
. ON position as shown in FIG. 2, mechanism is provided

including a pivotally supported manually engageable
handle member 34 rigidly carried by a-handle support
member 35 pivotally supported in the cover 11 on a
pivot pin 36 in the cover 11. The handle support mem-
ber 35 has an actuating cam member 37 pivotally sup-
ported thereon at 38 at one end, and having a releas-
able engagement with a pivotally supported latch mem-
ber 39 at the other end. The latch member 39 is sup-
ported on a pivot pin 40 on the handle support member
35, and is constantly biased to the latching position as
shown in FIG. 1 by suitable spring means, not shown.

As the handle member 34 is moved in clockwise di-
rection as viewed from the OFF position as shown in
FIG. 1, the cam member 37 engages a roller member
41 supported at 42 on the contact carrier 20, and cams
the contact carrier 20 downwardly agamst the force of
the compression spring 33,

- The movable contact arm 23 is resxhently and float-
ingly supported, being guided laterally. by ‘suitable
guide portions, and pivotally supported on a pivot pin
43, extending through an elongated slot 44 in the
contact arm. A compression spring 45 is seated in a re-
cess 46 in the base 11 and urges the left-hand end of the
contact arm 23 upwardly. A second compression spring
47, seated in a recess 48, engages the forward end of
the contact arm 23 and urges it upwardly against a stop
portion 49 of a catch member 50 pivotally supported
on a pin 51 in the base 11, for a purpose to be de-
scribed. -

The movable contact arm l7 is similarly pivotally
supported on a pivot pin 52 extending through an elon-
gated slot 53 in the contact arm. A compression spring
54 is seated in a recess 55 of the base 11 and urges the
right-hand ‘portion of the .contact arm 17 upwardly as
shown. A second compression spring 56 is seated in a
recess 57 and urges the left-hand end of the contact
arm 17 upwardly as shown.

The contact arm 17 is adapted to be held in a de-
pressed condition by means of a lever 61 which is pivot-
ally supported on a pivot pin 58, and which is urged in
a clockwise direction by:a strong compression spring
61B. The right-hand end 61A of the lever 61 engages
the left-hand end of the movable contact 17 and de-
presses it to the position shown when the contact car-
rier 20 is in the upward position. A latch member 59 is
also provided, likewise pivoted on the pin 58, and hav-
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ing a first shoulder portion 60 adapted to overly the end
of the contact arm 17 when the arm 17 is in depressed
condition as shown in FIG. 1.

For the purpose of releasably restraining the contact
carrier 20 in closed circuit position as shown in FIG. 2,
in a manner to be described, an elongated pivoted latch
member 62 is provided, pivotally supported at 63 on a
support bracket 64 rigidly attached to the base 11 by
suitable means such as by bolt 65. The latch 62 is resil-
iently biased to vertical, latching, position as shown in
FIG. 1" by means of a compression spring 66. The
contact carrier 20 is provided with a catch projection
69 for cooperation with the latch 62.

For the purpose of retracting the latch member 62
upon the occurrence of predetermined electrical con-
ditions in the circuit, in 2 manner to be described, an
elongated tripping rod 67 is provided, slidably engaging
a projection 68 on the latch member 62.

MANUAL CLOSING

In operation, the parts are moved from the OFF posi-
tion as shown in FIG. 1 to the ON position as shown in
FIG. 2 in the following manner. The handle member 34
is moved clockwise from the position shown in FIG. 1,
causing the cam 37 to engage the roller 41 of the
contact carrier 20, thereby depressing the contact car-
rier 20 against the force of the compression spring 33.

During this movement, the movable contact 21 first
engages the contact 22, It will be observed, however,
that no complete circuit exists at this time, due to the
fact that the movable contact 18 is retained in de-
pressed condition by its engagement with the shoulder
60 of the latch member 59.

In its continued downward movement, the contact
carrier 20, through the agency of a projection 70, en-
gages the end of the lever 61, depressing it against the
force of the spring 59, and lifting the right-hand end
57A away from the movable contact member 17. The
movable contact member 17, however, remains in de-
pressed position, due to the fact that its end portion is
in latched engagement with the shoulder 60 of the latch
member 59,

As the contact carrier is moved downwardly, the
catch 69 passes below the retaining lip of the latch
member 62. On further travel of the handle member,
the leg 39A of the pivoted catch member 39 engages
a stationary pin 72, causing the latch member 39 to be
retracted from the cam member 37. The contact car-
rier 20 thereupon commences a reverse, upward,
movement, due to the compression spring 33. This
movement, however, continues only until the catch
member 69 engages the overhanging lip of the latch
member 62. At this point, the parts, with the exception
of the handle assembly and the contact arm 17, are sub-
stantially in the position as shown in FIG. 2.

The circuit breaker has not yet closed at this point.
A further amount of remaining clockwise travel of the
handle 34 causes a projection 35A of the handle sup-
port 35 to engage an end of a lever 73 pivotally sup-
ported at 74 in the casing cover 11. The lever 73 has
an engagement, at an intermediate point thereof, with
a vertically extending rod 75 slidably supported in a
bracket 76 carried by the cover 11. Depression of the
lever 73 thereby causes depression of the rod 75, which
acts upon the latch member 59, rotating it in a clock-
wise direction, thereby withdrawing the shoulder 60
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from the contact arm 17. This permits the spring 57 to
quickly move the left-hand end of the contact arm 17
upwardly, together with the movable contact 18, to
closed circuit position, as shown in FIG. 2, completing
the circuit through the cxrcun breaker.

MECHANISM TRIPPING MEANS - THERMAL

For the purpose of causing automatic opening of the
mechanism upon the occurrence of predetermmed cur-
rent conditions in the circuit, tripping means is' pro-
vided, including a generally ring-shaped magnetic core
member 80 through which the load terminal strap 27
projects. The core 80 carries a short-circuited turn or
loop 81 of highly conductive material such as copper.
A thermally responsive bimetallic strip 82 is rigidly at-
tached to the membeér 81 at one side thereof by suitable
means such as by brazing, and carries an adjusting or
calibrating screw 83 at the outer end thereof. The ter-
minal strap 27 acts as a primary winding for the mag-
netic core 80, and the member 81 acts as a short-
circuited secondary ‘winding on the same core 80. A
high current through the terminal strap 27, therefore
induces currents in the secondary turn 81. The current
in the secondary turn 81 causes heat therein, which is
transmitted. by :conduction to the bimetallic strip 82.
The bimetallic strip 82 -is disposed and arranged to
warp toward the right as viewed in FIG. 1 upon the oc-
currence of predetermined high current- conditions
through the circuit breaker, and to engage the upper
end of a trip bar 84 pivotally supported at 85 in the cas-
ing cover 11. This rotates an armature portion 86 of the
trip bar clockwise as shown, causing it to engage a
headed portion 87 of the trip rod 67, moving the rod
67 to the left, and withdrawing the latch member 62
from latched position, thereby causing opening of the
cireuit.

MECHANISM TRIPPING MEANS - MAGNETIC

For the purpose of obtaining more rapid tripping on
the occurrence of high current conditions, such as
short-circuit conditions, the magnetic core member 80
is provided with a pair of pole extensions 90, only one
shown. The pole extensions 990 include secondary ex-
tensions 91 which serve as a stop.to limit counter-
clockwise rotation of the armature portion 86. The sec-
ondary extensions 91 also serve as “back drag” mag-
netic poles, serving normally to retain the armature 86
in the position shown in FIG. 1 until certain predeter-
mined high current conditions occur. Upon the occur-
rence of predetermined high short-circuit current con-
ditions, the armature 86 is attracted to the main pole
portions 90, thereby rotating in a clockwise direction
about the pivot 88, and moving the trip rod 67 to the
left as viewed, causing tripping.

CURRENT-LIMITING ACTION

For the purpose of providing ultra-rapid opening ac-
tion -of the contacts in response to exceptionally high
“short-circuit conditions, so as to provide a current-
limiting ‘action, there is provided, in accordance with
the invention, means for causing an initial separation of
the contacts prior to movement of the main contact
carrier 20. For this purpose, there is provided, sur-
rounding each -of the movable contact arms 17 and 23
respectively, ‘a -stationary magnetic core member 95,
96, respectively. The contact-arm 17 is provided with
an armature member 97 rigidly attached thereto by
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suitable means, not shown. Similarly, the contact arm

+23 is provided with an armature member 98 rigidly at-

tached thereto by similar means.

Upon the occurrence of extremely high short-circuit
current conditions, each of the armatures 97 and 98 is
drawn to its corresponding magnetic core member 95,
96, thereby moving the corresponding contact arm 17,
23, downwardly, moving the movable contacts 18 and
22 to a downwardly retracted open position, as shown
in FIG. 3. When the contact arms 17 and 23 are drawn

downwardly in this manner, they are engaged and
latched in depressed position by the latches 59 and 50,
respectively. This action takes place irrespective of,
and ordinarily precedent to, automatic opening of the
main mechanism, including the movable contact mem-
ber 20.
It will be observed that by means of the arrangement

-shown, each of the magnetic assemblies is provided

with two turns energizing it. Thus, for example, with
reference to the magnetic core member 95, it will be
observed that the terminal strap 13 extends through the
magnetic member 95, and from thence the current path
is through the vertical member 14 to the horizontal
member 15 through the flexible conductor 16 to the
contact arm 17, which again passes through the mag-
netic member 95. Thus two energlzmg turns are pro-
vided between the magnetic field piece 95 and the ar-
mature 97,

Since the mass of the contact arms 17 and 23, to-
gether with the movable contacts 18 and 22 and their
supporting posts 18A and 22A is relatively small com-
pared to the mass of the tripping mechanism compris-
ing the contact carrier 20 and the associated tripping
mechanism, these parts can respond much more
quickly to the magnetxc action caused by a short-circuit
current.

Following movement of the contact arms 17 and 23
to the downward, latched, position as shown in FIG. 3,
and operation of the trip rod 67, the main contact car-
rier 20, being unlatched, moves to its upward or tripped
position, as shown in FIG. 1. When the contact arms 17
and 23, and their associated contacts 18 and 22, are
drawn downwardly as shown in FIG. 3, electric arcs are
drawn between the pairs of contacts 18, 19, and 21, 22.

This action takes place with such rapidity that the im-
pedance of the aforementioned arcs is inserted in the
circuit within approximately 2 micro-seconds after in-
cidence of a short-circuit, as indicated graphically in
FIG. 4, and before the main contact bar has had time
to move upwardly.

This was confirmed by actual time measurements.
Thus measurements were made upon a circuit breaker
of the type shown, with sensing electrodes positioned
50 as to produce, on an oscillogram, an indication of
the exact time of (a) the beginning and duration of the
short-circuit currerit, (b) the beginning of downward
movement of the retractable current-limiting contacts,
() the end of downward movement of the retractable
contacts, (d) the beginning of upward movement of the
bridging contact carrier 20, and (e) the end of upward
movement of the bridging contact carrier 20. The cor-
responding time intervals measured are listed in Table
I below.

Table 1

Time in micro-seconds

Event Test1 - Test2
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Beginning of short-circuit current 0.000 0.000
Armature No. 1 — Begin movement 1.668 1.338
— Complete movement 7.220 6.825
— " Total time of movement 5.552 5.487
Armature No. 2 — Begin movement 1.850 1.613
- Complete movement 6.740 6.250
— Total time of movement 4.890 4.637
Bridging — - Begin movement 2.33 3.46
Contact — Complete movement 329 29.99

Total time of movement 30.57 26.53

Member —

The current values recorded in tests 1 and 2 of Table
I were as follows:

Current in Amperes

Test 1 Test 2

Pick-up current: Armature 1 4085 4884

Pick-up current: Armature 2 4530 5760
Pick-up current: Bridging Contact

Arm Releasing Means 8020 9800

Peak Short Circuit Current 11,600 11,000

The graph of FIG. 4 shows typical current conditions
during interruption of a full-symmetrical short-circuit.
The graph of FIG. 5 shows typical current conditions
during interruption of a full-symmetrical short-circuit.

Curve A in each of these graphs represents the value
of actual current which may be expected to occur when
the interruption is by means of conventional prior art
circuit breaker. Curve B in each of these graphs repre-
sents the value of actual current when the interruption
is by means of a current-limiting circuit breaker in ac-
cordance with the present invention.

As indicated in the graphs, the total circuit opening
time, in the case of'a conventional circuit breaker, may
be expected to be anywhere from 16 to 28 micro-
seconds. In the case of the current-limiting circuit
breaker, such arcing time is reduced to from 8.33 to 14
micro-seconds. More significantly, total arcing time is
proportionally reduced.

Because of the current-limiting action described, the
breaker may be used in a power system which has a
short-circuit capacity greater than the interrupting ca-
pacity of the basic breaker, i.e., the breaker without the
current-limiting feature.. -

RETENTION OF HANDLE IN ON POSITION

When the handle 34 reaches its extreme clockwise or
ON position, as shown in FIG. 2, the roller member
35B becomes engaged with a shoulder portion 100 of
a retaining member 101 pivotally supported at 102 in
the cover 11. This serves to hold the handle assembly
in its ON position, against the bias of a handle return
spring, not shown, which constantly tends to return the
handle 34 to its initial counter-clockwise position.

When tripping occurs, and the contact carrier 20
moves upwardly, a projecting portion 20B thereof en-
gages the toe portion 102 of the member 101, thereby
rotating this member in a counterclockwise direction,
and moving the retaining portion 100 away from the
roller 35B. This permits the handle-return spring of the
handle 34 to return the handle to the OFF position as
shown in FIG. 1. When this occurs, a return spring 37A
on the cam member 37 returns this member to its
latched -position as shown in FIG. 1,

MANUAL OPENING

In order to go from the ON position shown in FIG. 2
to the OFF position shown in FIG. 1 by manual opera-
tion, the handle member 34 is moved in counter-
clockwise direction. During this movement the roller
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member 35B is moved over the shoulder 100 of the

‘member 101 against the bias of the spring 101A. Fur-

ther counter-clockwise movement of the handle 34
causes the roller 35B to engage the shoulder portion
110A of the lever 110. This causes the lower end of the
lever 110 to engage the head portion of a plunger 111.
The plunger 111 engages a bell-crank 112 which in-
cludes a portion engaging a stop 113 carried by the trip
rod 67. This moves the trip rod 67 to the left, and
moves the latch member 62 to disengaged position,
permitting the contact carrier 20 to move to open-
circuit position under the influence of the compression
spring 33. The parts thereupon move to the OFF posi-
tion as shown in FIG. 1.

RECLOSING FOLLOWING SHORT CIRCUIT
INTERRUPTION

Following a short-circuit interruption as described
above, the parts are in the condition as shown in FIG.
3, in which the contact arms 17 and 23 are locked in
a depressed condition by the latch members 50 and 59.
In order to reclose the circuit breaker, the handle mem-
ber must first be moved to reset position. To do this,
the handle member 34 is moved to the fully counter-
clockwise position, permitting the cam member 37 to
be reset on the latch member 39. To reclose the
breaker, the handle is again rotated in clockwise direc-
tion, forcing the contact carrier 20 downwardly against
the bias of the spring 33. As the contact carrier 20
moves downwardly, the projecting' portion 20A en-
gages the portion 50A of the latch member 50 and ro-
tates the latch member 50 in a counter-clockwise direc-
tion, thereby releasing the end of the contact arm 23.
This permits the contact arm 23 to be moved upwardly
by the compression spring 27 to closed position of the
contacts 21, 22, It will be observed, as previously
noted, that the contacts 18 and 19 are not yet closed,
however. Further rotation of the handle member 34 in
counterclockwise direction causes the latch member
69 to become engaged with the latch retaining member
62, and also causes the projection 70 of the contact
carrier 20 to engage the lever 57, rotating this to a non-
obstructing position with respect to the contact arm 17.
Upon further rotation of the handle member 34 the
latch member 39 is moved to release position freeing
the cam member 37, and allowing the contact carrier
20 to be held by the latch member 62 alone. Finally the
last portion of the rotation of the handle member 34
causes the extension 35A to engage the lever 73, which
in turn depresses a rod 75 which engages -the latch
member 59 rotating it clockwise and releasing the
contact arm 17 to permit it to move to closed circuit
position.

It will be seen that I have provided a circuit breaker
mechanism in which means is provided for causing ini-
tial ultrarapid separation of the movable contacts upon
the occurrence of extremely high short-circuit current
conditions, so as to introduce a current-limiting action,
before the conventional tripping mechanism has time
to operate, together with means for retaining such
contacts in this open condition until the main mecha-
nism has opened.

While the invention has been shown in only one par-
ticular embodiment, it will be appreciated that many
modifications may readily be made. I therefore intend,
by the appended claims, to cover all such modifications
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What I clalm as new and desire 1o secure by Letters
Patent of the United States is; \

1. An electric circuit breaker comprlsmg

a. an insulating enclosure.

b..a movable contact carrier member in said enclo-
sure, .

€. a pair of movable contacts mounted in spaced rela-
‘tion on said movable contact carrier member,

d. a pair of relatively stationary contacts in said en-
closure and adapted to be contacted by said mov-
able contacts respectively,

¢. manually operable mechanism for moving said
movable contact carrier member between open
and closed circuit positions,

f. each of said relatively stationary contacts being
carried by a separate second contact carrier mem-
ber pivotally mounted in said enclosure,

g. resilient means biasing each of said second contact
carrier members to a normal position,

h. current responsive means for causing automatic
opening movement of said movable contact carrier
member from said closed to said open circuit posi-
tion, .

i. electromagnetic means for rotating each of said
second contact carrier members against the bias of

3813 619
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'sald resilient means’ away from sald movable
contacts upon the occurrence of predetermined

. current conditions,

j- latch means for latching said second contact carrier
members in position away from said movable
contacts when moved thereto by said electromag-
netic means at least until said current responswe
means has operated to cause automatic opening
movement of said movable contact carrier.

2. An electric circuit breaker-as set forth in claim 1
wherein said movable contact carrier member com-
prlses an elongated member extending parallel to an
xmagmary line drawn between said statlonary contacts.

3. An electric circuit breaker as set forth in claim 2,

- wherein said second contact carrier members each

20

25

comprise an elongated member extendmg parallel to
said movable contact carrier member and in a direction
away from the space between said stationary contacts.

4. An electric circuit breaker as set forth in claim 3
wherein said movable contacts are each mounted on
the corresponding second contact carrier member by
means of a post extending substantially perpendlcular
to the longitudinal dimension of said contact carrier

member.
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UNITED STATES PATENT OFFICE
CERTIFICATE OF CORRECTION

Patent No. 3,813,619 Dated May 28, 1974

Inventor(s) - Leonide P. Koval

It is certified that error appears in the above-identified patent
and that said Letters Patent are hereby corrected as shown below:

On the cover sheet the illustrative‘figure should appear as
shown on tﬁé attached sheet.

Cancel the present sheet of dfawing and insert the attached
sheets comprising Figures 1, 2, 3, 4 and 5.

Column 8, line 36, reference numeral "27" should read -- 47 --.

Column 8, line 43, reference numeral "57" should read -- 61 --.

Signed and Sealed this

twenty-third D ay 0 f September 1975

- [SEAL]
Attest:

RUTH C. MASON C. MARSHALL DANN
Attesting Officer Commissioner of Patents and Trademarks
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UNITED STATES PATENT OFFICE
CERTIFICATE OF CORRECTION

Patent No. 3,813,619 Dated May 28, 1974

Inventor(s) Leonide P. Koval

It is certified that error appears in the above-identified patent
and that said Letters Patent are hereby corrected as shown below:

On the cover sheet the illustrativeyfigure should appear as
shown on the attached sheet.

Cancel the present sheet of dfawing and insert the attached
sheets comprising Figures 1, 2, 3, 4 and 5.

Column 8, line 36, reference numeral "27" should read -- 47 --.

Column 8, line 43, reference numeral "57" should read -- 61 --.

Bigncd and Sealed this

twenty-third Day Of September 1975

[SEAL]
Attest:

RUTH C. MASON C. MARSHALL DANN
Adrtesting Officer Commissioner of Patents and Trademarks
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