July 15, 1941, O. C. TRAVER 2,249,444
ELECTRIC CIRCUIT BREAKER
Filed May 16, 1940 2 Sheets—-Sheet 1

~F:ifbb. L.

44

42

43

43

41

24

, Imventor:
e Oliver C. Traver;

35 37 | by M{juﬂ/&u’z

His Attormey.

I[!
|
|

'y
|
1

W

v’,
|
J




July 15, 1941, . O. C. TRAVER » 2,249,444
: ELECTRIC CIRCUIT BREAKER
Filed May 16, 1940 2 Sheets-Sheet 2

SIS
S casy

B Bagx
Y

8

P TITTE L = O

Inventor:
Oliver C. Traver;

by ﬁ/a/nyf jwa/cw"{

tHHie Attormey.




Patented July 15, 1941

UNITED

2,249,444

STATES PATENT OFFICE

2,249,444
ELECTRIC CIRCUIT BREAKER

liver C. Traver, Drexel Hill, Pa., assignor to
General Electric Company, a corporation of

New York

Application May 16, 1940, Serial No, 335,485

14 Claims.

My invention relates to circuit breakers and
more particularly to electric circuit breakers of
the gas blast type.

An object of my inventlon is to provide an
improved electric circuit breaker of the gas or
vapor blast type.

Another object of my invention is to provide
an improved breaker of the above-mentioned
type in which the total amount of gas passing

across the breaker contacts may be limited to

any desired value.

A further object of my invention is to provide
an electric circuit breaker of the above-men-
tioned type which utilizes a pressure-forming
arc to produce the desired gas pressure to ex-
tinguish the interrupting arc wherein a sub-
stantially constant pressure will cbtain regard-
less of the magnitude of the arc current which
is passing through the breaker at the moment
of its opening operation,

I accomplish these and other objects by pro-
viding an electric circuit breaker with an ar-
rangement for transforming a limited amount
of anc-extinguishing liquid into & gas or vapor,
this gas or vapor being then directed through
the arc formed upon separation of the relatively
movable circuit breaker coentacts. In order to
effect this result, I provide a gas generator hav-
ing a gas accumulator chamber and a lquid
reservoir. An arrangement, which includes a
" spring-biased piston, is provided for introducing
a definite or predetermined amount of liquid in-
to the gas accumulator when the circuit breaker
contacts separate. I also provide in the gas ac-
cumulator relatively movable auxiliary contacts
which are operated when the circuit breaker
contacts move., Thus, when the blast of gas is
desired for extingulshing the ‘arc formed upon
separation of the relatively movable contacts,
the spring-biased piston injects a substantially
definite quantity of liquid into the gas accumu-
lator, An arc is alsc drawn between the aux-
illary contacts which trarisforms the liquid in-
to & gas. This gas is then conducted through

an _opening whose exit is adjacent the space be- *

tween the relatively movable contacts. It will
be seen, therefore, that regardless of the
amount of current which is broken between the
auxiliary contacts, a certain definite maximum
pressure will obtain in the gas accumulator, be-
cause there is cnly a certain measured amount
of liquid in the gas accumulator to be trans-
formed into the arc-extinguishing gas.

Further objects and advantages of my inven-

tion will become apparent from the following
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description referring to the accompanying
drawings, and the features of novelty which
characterize my invention will be pointed out
with particularity in the claims annexed toc and
forming a part of this specification. "

In the drawings, Fig. 1 is a partial sectional
side elevation of an electric circuit breaker of
the gas blast type being provided with an em-
bodiment of my invention; Fig. 2 is a sectional
side elevation of a portion of the circuit breaker
fllustrated in Fig. 1, the parts being illustrated
in thelr position after circuit breaker operation,
and Fig. 3 and ¥Fig. 4 illustrate modifications of
the electric circuit breaker iilusirated in Figs. 1
ahd 2.

Referring to the drawings, in Fig. 1 I have il-
lustrated an electric circuit breaker of the gas
blast type having relatively movable contacts
10 and 1. The contact 10 is electrically con-
nected to the terminal 12, while the contact i
is electrically connected to the terminal I3
through a conducting cross-head 14, auxiliary
contact |5, auxiliary contact {6, and the piston
on which it is mounted, and pig-tail {1. In
order to provide an arrangement for directing

& substantially definite quantity of arc-extin-

guishing gas through the arc formed upon sepa-
ration of‘the relatively movable contacts I8 and
i1 to extinguish the arc, I provide a gas gen-
erator 18. The gas generator 18 is provided
with a partition 19 so as to form a liquid reser-
voir 20 and a gas accumulator or forming cham-
ber 21. The gas accumulator chamber and
reservoir are connected together by a passage
22 which is formed by extending the sides of
the partition 19 toward the reservoir. 'The gas
accumulator chamber communicates with an in-
terrupting chamber 23 through an insulating
conduit 24. The exit end 25 of the conduit 24
is so spaced that it will be properly positioned
with respect to the gap formed upon separation
of the contacts 10 and 1l. The reservoir 20
containg an arc-extinguishing liquid 26 of any
sultable type, such as dichlordifluormethane,
commonly known as freon, Water or carbon
tetrachloride.

" In order to provide an a,rrangement for intro-

‘ducing a definite or predetermined quantity of

llquid from the reservoir 20 to the gas accumu-
lator chamber 2{, I provide a piston 27 which
is adapted to move inside a piston cylinder 28.
The cylinder has an opening 28 in its top head
through which a tubular extension 30 of the pis-
ton 27 extends. The tubular extension or stem
30 is of sufficient length that when the piston 21
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iz in its downward position, as shown in Fig. 1,
the tubular extension will extend up into the
passageway 22 between the chamber and the
reservoir. So that the liquid 26 from the reser-
volr may find its way into the space above the
piston 2% in the cylinder 28, I provided a hole 31
in the lower portion of the side wall of the cyl-
inder 2§ which communicates with the interior
of the reservoir. The piston is also provided
with & passagewsy 32 which provides communi-
cation from t¢he lower portion of the cylinder
28, whick is in communication with the reser-
voir through the hole 31 to the upper portion
of the cylinder above the piston. A flap valve
33 is providsd over the top of the passageway
32 vwhich allows the passageway 32 to open
when the piston is descending, but which pro-
vides a closure member for the passageway 32
during the time the piston Is ascending., The
top portion of the cylinder communicates with
the gas accumulator chamber through a trans-
verse obening 3¢ and a longitudinal communi-
cating passageway 3T in the piston extension
member 38. The contact {8 which is carried by
the stem 30 has s hole 36 through which it com-
municaies with the passageway 38 and the pas-
sage 23. A spring 37 is provided between the
auxiliary contact member {6 and the top of the
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liquid, which has been Injected into the gas ac-
cumulator, into & gas. In order to make sure
that this pressure generating arc drawn between
the auxiliary contacts I8 and {6 will not become
undesirably long, I provide an auxiliary sta-
tionary contact 38 through which the contact 15
moves. As the end of the contact I8 is drawn
inside this tubular contact 39, the arc will there-
fore transfer itself from the contact 15 to the
tubular stationary contact 39. With such a
structure the total amount of gas which is avail-
able for extinguishing the arc of the circuit
breaker will be limited to a certain maximum
amount. Thus, under extreme conditions, that
is, under severe short circuits, when ail the liquid
which is injected into the gas accumulator 21
has been transformed into a gas, the pressure
developed will be limited to a maximum value
which- will be safe for those parts of the breaker
that must contain or control it. This maximum
velue will be determined by the amount of ligquid
which has been injected into the gas accumu-
lator. Therefore, the total amount. of gas in-
jected across the interrupting contacts {0, 1{ may
be limited to any desired value. Under light cur-
rent conditions, the heat generated by the pres-

“sure-forming arc may not be suficlent to trans-

" form all the liquid injected Into & gas in the

cyiinder which normally biases the piston to =~

move toward the gas accumulator chamber.

Thiz piston, however, is held in its downward’

position as shown in Fig, I by means of the aux-
iiary movable contact i5 when the contacts 108
and il are in thelr closed position.

The operation of my improved circuit breaker
is asz follows: Upon relative movement of the
contects {0 and it through any suitable actu-
sting mechanism which may be connected to the
cross-head i4 by an insulating rod 38, the aux-
iliery movable contact {8 will tend to move
away from the auxilisry contact I8 and piston
stem 80. Since thiz piston is biased to move to-
wards the gas sccumulator through the medium
of the spring member 37 the piston will tend to
move with the auxiliary movable contact I8, but
will be retarded somcwhiat by the work done in
transferring the liguid from the cylinder 28 to the
passage 22, the disisnce being limited by the
available travel for piston 27 in ecylinder 28.
Upon such movement of the piston member, the
liquid in the space between the top of the piston
" and the top of the cylinder will be displaced

through the passageways 34, 3% and 38, and in~

jected into the gas accumulator 21 in the region
of the arc which is drawn between auxiliary
contacts 1§ and 1§. A definite amount of liguid
will be so injected, this amount being determined
by the capacity of the space between the top
of the piston and the top of the cylinder when
the piston is in its downward position, as shown
in Fig. 1. When the piston has moved a cer-
tain definite distance, or until it is stopped by
contacting the inside surface of the top of the
cylinder, this definite quantity of liquid will have
been injected into the gas accumulator 2f. If
an adjustment is desired for the purpose of al-
tering this quantity, a screw 28a can be provided
to vary the stroke of the piston 21. During this
movement the auxiliary contact I8 will have
moved away from the auxiliary contact {86.

If current is flowing between the terminals 12
and 13, an arc will, of course, be drawn between
these relatively movable suxiliary contacts {8 and
i8 upon a gap being formed therebetween. This
arc will produce heat which will transform the
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accumulator. However, a sufiicient amount of
gas will be present to extinguish the interrupt-
ing arc since, it, aiso, will be proportionally
smaller, However, under all conditions of cur-
rent, a limited amount of gas will be available
for arc-extinguishing, and this amount will be
a maximum when a1l the liquid which has been
introduced into the chamber 21 has been trans-
formed to s gas.

A vent 48 may be placed between the accu-
mulator and the reservolr so as to equalize the
pressure therebetween, thereby causing the rate
of transfer of the liquid from cylinder 28 to pas-
sage 22 to be substantially independent of the
amount of pressure in accumulator 2{.

Therefore, the gas which has been formed in
the gas accumulator 21 will pass through the
conduit 24 into the space between the relatively
movabie contacts [0 and 11. This will cause the
arc drawn therebetween to be blown Into an arc
chute 41 and extinguished. The arc-extinguish-
ing gases will also pass into the arc chute #¢.
The arc chute 41 forms no part of my invention,
1t being described and claimed in a copending
application Serial No. 313,126 to David C. Prince
et al., flled November 6, 1939, and assigned to
the same assignee as the present invention. This
arc chute includes & fan-shaped portion 42 with
barriers 43. The arc drawn between the relative-
ly movable contacts I8 and {{ will therefore be
blown by the gas which passes out through the
conduit 28 into this fan-shaped passageway 42.
The arc will be bent around the converging edges
of the barriers 43 and blown into the space be-
tween these barriers and extinguished. A pipe
44 is provided at the large end of the fan-

‘shaped arc chamber so as to provide a vent for

the exhaust gases. )
I have described above, a structure in which
the total amount of gas avallable for arc extin-
guishing may be limited to any desired value.
This is accomplished by introducing a definite
quantity of liquid intw a gas-forming chamber,
the amount of gas developed up to a maximum
value, being dependent upon the amount of cur-
rent passing through the breaker at the time
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of circuit-opening operation, or upon the heat
of the pressure-forming arc.

I may also provide a breaker structure in which.

- the gas pressure in the accumulator is kept to
a substantially constant value throughout the en-
tire range of current rating of the breaker. This
result may be accomplished with a structure sim-
ilar to that shown in Fig. 1, except that the vent
40 is stopped up or sufficiently restricted. This
structure is illustrated in Fig. 4. As has already
been pointed out, the function of vent 40 is to
equalize the pressure in chambers 20 and 2{ so
that the rate of transfer of liquid from cylinder
28 to passage 22 is independent of the pressure

- inside of 21, and dependent on the characteris-
tics of the spring 31. Therefore, this rate of

transfer can be made dependent on the pressure

developed in chamber 21 by causing this pres-
sure to create a force against which the spring
must push in order to raise the piston 21. This
is accomplished by having only one communi-
cation between chambers 20, 21 and this being
through the passage 22 through which the piston
extension 30 and auxiliary contact 16 extends.
Thus, when the pressure developed in the ac-
cumulator is equal to the force which the spring
can bring to bear against the contact 16, the pis-
ton 27 will stop moving and no more liquid will

be injected into the chamber 2!, until the gas

already developed passes out through the passage
24, Thus, assuming that the pressure-forming
arc is hot enough to .transform into gas all the
-liquid injected into it, the pressure developed in
the accumulator will remain at a determinable
approxzimately constant value, or within a pre-
determined operating range, from the time that
the pressure has built up to this value, until the
circuit breaker interrupting arc has heen extin-
guished.

In case the circuit breaker should be operated
with no current flowing therethrough, the liquid
introduced into the chamber 21 will not be trans-
formed into a gas. Under such conditions there
must be a way of removing the injected liquid or
when the breaker operates again twice the meas-
ured liquid will be available. Thus I provide a
hole 45 in the passageway 22 which is so placed
in the partition 19 that it is just above the con-
‘tact 16 when the breaker is in its fully closed
position, as shown in Fig. 1. This provides a
drain, but the hole 45 will be closed by the side
of the contact 16 after the breaker starts to open,
so that it will not interfere with normal oper-
ation.

In Fig. 2 I have illustrated the gas generator
parts and the interrupting contacts in-their cir-
cuit open position.

In Fig. 3 I have illustrated a modification of
the gas blast circuit breaker which includes rela-
tively movable contacts 46 and 41. The contacts
46 and 47 are placed in a container 48 which is
provided with transverse barriers 49 and 50. The
- barriers 49 and 50 are placed a short distance
apart so that the relatively movable contacts 46
and #71 will separate in the space between the
transverse barriers. The contact 41 has an ex-
- tension 51 which cooperates with a tubular con-

tact member 52. 'Thus auxiliary contacts 51 and

“52 provide upon separation a pressure generat-
ing arc. At the base of the tubular contact 52
there is provided a piston member 53 which is
adapted to move in a cylinder §54. The piston
member 53 and cyiinder 54 provide an arrange-
ment for injecting a definite amount of liquid

into the space between the contacts §1 and $2.
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The piston is provided with a passageway 55 and
a check valve §6 similar to the passageway 32
and valve 33 illustrated in Fig. 1. The tubular
extension 82 is also provided with a transverse
passageway 57 and a longitudinal passageway 58
similar to the passageways 34 and 35 in the pis-
ton illustrated In Fig. 1. The piston 53 is biased
in an upward direction by means of a spring
member 59, which also makes the electrical con-
nection between contact §2 and cylinder 54. The
contact 47 is also biased tcward the contact 46
by a spring member 60. The cylinder 54 com-~
municates with the chamber formed between the
barrier 50 and the bottom of the casing 48 by
means of a pipe arrangement 6i{. This cham-
ber forms & reservoir, in which a liquid is placed,
similar to the reservoir 20. ‘
The operaticn of the electric circuit breaker il-
lustrated in Fig. 3 is as follows: when the ¢nn-

“tacts 46 and 471 are moved to their closed »0s1-

tion, contact 47 will force its extension 51 again-t
the contact 52, overcoming the force -f the
springs 59 and 80 by mieans of the downward
movement of the contact 46. Thus the piston
53 will rest against the bottom of the cylinder 54
and contacts 46 and 47 and piston 53 will be in
electrical contact. Upon actuation of the elec-
tric circuit breaker, the contact 4% will move up-
wardly causing the contact 47 to tend tc move
with it for a certain limited distance. This wiil
cause the upwardly biased piston stem 52 to move
also. ‘The delay caused by the dashpot action
of piston 33 will cause & gap to form between the
contocts &t and §2, and if current is flowing, an
arc will be foirmed tiicrebetween. Since the up-
ward movemen. of the piston 53 has caused a
spray of liguid to be inj~cted into the space be-
tween the contacts 5f and 52, the arc drawn
therebetween will cause this liquid spray to be
transformed into a gas. When piston 53 reaches
the top of cylinder 54, no further liquid can be
sprayed into the pressure-forming arc, therehy
limiting the maximum gas pressure under the
highest short circuit conditions permissible. The
gas formed will move upwardly through a pas-
sageway 82 in the barrier 50, which communi-
cates with the space between the barriers 49 and
§0. Further movement of the contact 46 will
cause an arc to be drawn between the interrupt-

‘ing contacts 46 and 47, since further movement .

of the contact 47 is prevented by a stop member
63 on the contact extension 51 which contacts
the bottom surface of the barrier 58. The gas
generated below the barrier 50 will pass.through
the transverse passageway and interrupt the arc
formed between the movable contacts 46 and 41
so as to open the circuit which is connected to
the circuit breaker through lines 64 and 65.

In view of the foregoing it will be seen thsat
I have provided an electric circuit breaker of
the gas blast type which is so constructed that
the pressure of the arc-extinguishing gas which
is developed by a pressure-forming arc will be
limited to a maximum value of pressure, which
value may be determined by the value which
the gas accumulator vessel can safely withstand.
This is accomplished since a definite amount of
liquid is injected into the space surrounding the
pressure-forming arc so that only a limited
amount of liquid is present to be transformed
into the gas, which is then directed through the
interrupting arc formed upon separation of the
main circuit breaker contacts to extinguish that
arc. Furthermore, a substantially constant pres-
sure can be maintained in the gas accumulator
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during the time the interrupting arc is extin-
guished by allcwing the pressure in the accu-

mulator to limit the distance of travel of the

spring-biased piston which injects the liquid into
the accumulator.

Modifications of the particular arrangements
which I have disclosed as embodying my inven-
tion will occur to those skilled in the art, so that
I do not desire my invention to be limited to the
particular arrangements set forth, and I intend
in the appended claims to cover all modifications
which do not depart from the spirit and scope
of my invention,

What I claim as new and desire to secure
by Letters Patent of the United States is:

i. An electric clrcuit breaker including rela-
tively movable contacts, an arc extinguishing lig-
uid, means for forming & pressure generating arc
for transforming a portion of said liquid intc a
gas, said portion being limited to a predetermined
part of said liquid, and means for directing said
gas through the arc formed upon separation of
said contacts to extinguish the arec.

2. An electric circuit breaker including rela-
tively movabile conteacts, an interrupting cham-
ber for said relatively movable contacts, an arc
extinguishing liquid, a gas forming chamber,
means for introducing in accordance with the
contact copening operation a definite quantity
of said liquid into said gas forming chamber for
transforming into a gas, and means for directing
seid gas into said interrupiing chamber and
through the arc formed upon separation of said
contacts to extinguish the are.

3. An -electric circuit bresker including rela-
tively movable contacts, an interrupting cham-
ber, a gas forming chamber, an opening in said
gas forming chamber communicating with said
interrupting chamber, said contacts being sep-
arable in said interrupting chamber substantially
adjacent sald opening, means for introducing a
definite quantity of liquid into said gas forming
chamber, and means in said gas forming cham-
ber responsive to the movement of said contacts
for transforming liquid into a gas so that the
gas will flow cut of said opening and through the
gap formed upon separation of said contacts for
interrupting the arc at said gap.

4. An electric circuit breaker including an in-

terrupting chamber, relatively movable contacts :

in said chember, an arc extinguishing liquid, a
gas forming chamber for transforming liquid into
a gas, and means for introducing a definite quan-
tity of said liquid into said gas forming chamber
so that a limited quantity of gas may be directed
into saig interrupting chamber and through the
arc formed upon separation of said contacts to
extinguish the arc.

5. An electric circuit breaker including rela-
tively movable contacts, & gas forming chamber,
an opening in said chamber, said contacts being
. separable substantially adjacent said opening, an
arc extinguishing liquid, means including a pres-
sure generating arc within sald gas forming
chamber for transforming liquid into a gas, and
means for introducing a predetermined portion
of said liquid intc said gas forming chamber so
that the gas transformed will flow out said open-
ing and through the gap formed upon separa-
tion of said contacts for interrupting the arc at
said gap.

6. An electric circuit breaker including rela-
tively movable contacts, relatively movable aux-
iliary contacts, actuating means for said relative-
ly movable contacts and relatively movable aux-
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iliary contacts, sald relative movement causing
arcing between said contacts and between said
auxiliary contacts, a gas generating chamber,
said auxiliary contacts being separable in said
chamber, an arc extinguishing liquid, means for
introducing a definite quantity of said liquid into
said chamber upon relative movement of said
auxiliary contacts se that the arc therebetween
will transform liquid into a gas, and means for
directing said generated gas through the arc
formed upon separation of sald contacts to ex-
tinguish the are.

7. An electric circuit breaker including rela-
tively movable contacts, a gas generator having a
reservoir chamber and & gas accumulator cham-
ber, an arc extinguishing liquid in said reservoir,
means for introducing a definite quantity of said
liquid from said reservoir into said accumulator
chamber, means in said accumulator chamber re-
sponsive to the movement of said contacts for
transforming liquid into a gas, and means for
directing said gas into the space between said
relatively movable contacts, :

8. An electric circuit breaker including rela-
tively movable contacts, a gas generator having
& reservolr and a gas accumulator chamber, an
opening in sald chamber, said contacts being
separable substantially adjacent said opening,
arc extinguishing liquid in said reservoir, s pas-
sage between said reservoir and sald chamber,
means including a spring biased piston for in-
jecting a definite quantity of said lquid from
sald reservoir through said passage into sald
chamber, and mesans in said chamber for trans-
forming injected liquid into a gas at substan-
tially the moment said contacts separate so that
the gas will flow out said opening and through
the gap formed upon separation of said contacts
for interrupting the arc at said gap.

9. An electric circuit breaker including rela-
tively movakle contacts, a gas generator having
a reservoir and a gas accumulator chamber, an
opening in said chamber, sald contacts being
separable substantially adjacent said opening,
an arc extinguishing liquid in said reservoir, a
passage between said reservoir and said cham-
ber, a cylinder within said reservoir, communi-
cating means between said cylinder and said
reservoir, a piston within said cylinder, said pis-
ton having a portion extending into sald pas-
sage between said reservoir and sald chamber, a
bore within said piston and extending portion, a
spring biasing said piston for movement toward
said chamber, means for allowing said piston to
move uUpon separation of said contacts so that
the measured quantity of Hquid above said pis-
ton within said cylinder will be injected through
said bore and passage into sald chamber, and
means in said chamber for transforming said
injected liquid into a gas so that said gas will
flow out said opening and through the gap formed
upon separation of said contacts for interrupting
the arc at sald gap. )

10. An electric circuit breaker including rela-
tively movable contacts, a gas generator having
& reservoir and a gas accumulator chamber, an
opening in said chamber, said contacts being
separable substantially adjacent said opening,
arc extinguishing liquid in said reservoir, a pis-
ton in said reservoir, spring means for moving
said piston, means including sald spring biased
piston for injecting a definite quantity of said
liquid from said reservoir into said chatmber, vent
means extending between said reservoir and
chamber 50 as to substantially equalize the pres-
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sure tnerebetween, and means in said chamber
for transforming said injected liquid into a gas
at substantially the moment said contacts sepa-
rate so that the gas will fHow out said opening
and through the gap formed upon separation
of said contacts for interrupting the arc at said
gap. B

11, An electric circuit breaker including rela-
tively movable contacts, a gas forming chamber,
means for forming a pressure generating arc in
sald chamber for transforming liquid into a gas,
means for introducing a predetermined quantity
of liquid into said chamber, the amount of said
injected liquid which is transforme< inio a gas
being determined by the amouni of heat gen-
erated from said pressure generating arc, and
means for directing said generated gas through
the arc formed upon separation of said contacts
0 extinguish the arc. “

12, An electric circuit breaker including rela-
Avely movable contacts, a gas-forming chamber,
neans in said chamber for transforming liquid
nto a gas, means for Intreducing liquid into
iald chamber at such a rate that the gas pres-
iure developed in said chamber remains below

<
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& maximum value, and means for directing said
gas through the arc formed upon separation of
said contacts to extinguish the arc.

13. An electric circuit breaker including rela-
tively movable contacts, 3 gas generator having
a reservoir and a -gas accumulator chamber, -
means in said accumulator chamber for trans-
forming liquid into a gas, means including a

_spring-biased piston for injecting liquid from

said reservoir into said chamber at such a rate
that the gas pressure developed in said chamber
remains below a maximum value, and means

-for directing said gas into the space between

said relatively movable contacts.}

14. An electric circuit breaker including rela-
tively movable contacts, a gas forming chamber,
means in said chamber for transforming liquid
into.a gas, means for introducing liquid into said
chamber at such a rate that the gas pressure de-
veloped in said chamber remains fixed at a value
within a predetermined operating range, and:
means for directing said gas through the arc
formed upon separation of said contacts to ex-
tinguish the arc.

OLIVER C. TRAVER.




