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This invention relates to improvements in ar-
resters especially adapted for low voltage service.
Generally speaking, lightning arresters are
primarily intended as protecting devices against
5 a lightning discharge or an impulse resulting
from such discharge. However, the term “light-
ning arrester’” is also understood to include a
protective device used to protect against an ab-
normal over-voltage current coming from an-
10 other circuit. Such over-voltage may result from
a surge induced from paralleling high-tension
lines with a closely adjacent low voltage circuit,
or a cross between the high-tension line and the
low voltage line, thereby subjecting the arrester

15 to a high voltage and heavy current.

Having heretofore designed lightning arresters
using enclosed gaps, the enclosure being filled
with some rare gas such’as neon, and having ob-
served the action of such arresters, and further

20 having studied and observed the action of ther-
mostatic bi-metallic strips in various arrange-
ments, I have conceived the idea of combining a
rare-gas-filled tube with thermostatic or bi-me-
tallic strips to form gaps within such tubes, as

95 well as exterior thereof, into an improved form
of arrester.

In the manufacture of arresters of the vacuum
or rare-gas type, using bi-metallic electrodes,
whether the electrodes are supported by the lead-

30 in wires or on a special electrode support, it is
difficult, because of the large amount of heat
generated between the electrodes on the passage
of current therebetween, to secure a fixed dimen-
sion of the gap between two or more electrodes,

g5 and even though the gap may be originally estab-
lished at a fixed distance, when current passes
between the electrodes or a discharge takes place,

the bi-metallic electrodes press against each-

other, which pressure tends to distort the elec-
trodes; and on cooling, they will assume a dif-
ferent distance apart than they originally had.
As far as I am aware, no means has so far been
devised which will maintain a substantially uni-
form normal distance between the initial arcing
46 gap of such electrodes with a sealed chamber.
I have found, after many measurements and
observations of the operation of protective “de-
vices or arresters of the rare-gas type, that it is
highly important for substantially uniform oper-

50 ation of the protective device to hold the normal

40

distance between the initial arcing portions of .

the electrodes to a given predetermined value,
and it is therefore one of the objects of my pres-
ent invention to provide ways and means for:

55 preventing the contact-engaging parts of the
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electrodes, or those portions of the electrodes be-
tween which the high voltage current passes,
from separating beyond a predetérmined dis-
tance after the discharge is passed and the source

of over-voltage current removed, whereby the 35
arrester electrodes may return to their normal
position.

Another object of my invention is to provide
an arrangement of electrodes so that the arc will
be quenched in the shortest possible time. 10

Another object of my invention is to provide a
protective device of the class to be described in
which means are provided for insuring that the
over-voltage current will jump between the elec-
trodes within certain limits or areas. 15

Another object of my invention is to provide
means for relieving, after a certain interval, the
electrodes within the sealed chamber from the
full discharge cwrrent that passes between the
electrodes within the said chamber, or in other
words, to provide means for preventing the tube
or sealed-in chamber from being injured or de-
stroyed from the over-voltage current if this
continues to pass through the arrester for any
great length of time. 25

Another object of my invention is to combine
within a rare-gas tube, or immediately associated
with it externally, features that will be respon-
sive to abnormal current, so that this abnormal
current will be either grounded or open-circuited,
thereby having the arrester unit combine both
protection for over-voltage and/or current.

A still further object of my invention is to
provide physical protection from mechanical in-
jury or from the eléments to the auxiliary gap 55
portions of an arrester and at the same time
have these parts readily visible for inspection.

These and other objects will be clear to one
skilled in this particular art after a reading of
the specification taken in connecticn with the 49
annexed drawings, which are more or less dia-
grammadtic in form to better illustrate the appli-
cation of the principles involved. In the draw-
ings:
~ Figure 1 is a part-sectional and part-elevation- 45
al view through one form of my over-voltage pro-
tective device, showing one pair of electrodes
mounted within a sealed tube or chamber, the
lead-in wires to the electrodes being at one end
of the tubes. 50

Figure 2 is a view similar to Figure 1 but show-
ing the lead-in wires coming out at opposite ends
of (the tubes.

Figure 3 is a modified form of the device shown )
in Figure 2. 55

ND
(=

[

0




10

15

20

25

30

35

40

45

50

55

60

65

70

78

2

Figure 4 is & view similar to Figure 1, but show-
ing an additional means for preventing the over-
voltage current from jumping between the lead-
in ends of the electrodes.

Figure 5 is a view similar to Figure 1, but show-
ing additional or supplemental members for as-
sisting in cerrying the over-voltage current.

Figure 6 is a view similar to Figure 5, but show-

ing & modified form of electrode.

Figure 7 is a-view on the line 7—7 of Figure 6
with the parts furned ninety degrees.

Figure 8 is 2 modified form of the device shown
in Figure 1.

Pigure 9 Is 2 modified form of the device shown
in Figure 4.

Pigure 10 shows a further modified form of my
arrester in which parts exterior to the sealed
chamber are used to protect the tube or chamber
from being injured or destroyed on continued
passage of the over-voltage current.

Figure 11 is 2 modification of the form shown
in Figure 10.

Figure 12 shows 2 still further modified form
of the structure shown in ¥Figure 10.

Figure 13 is a still further modification of the
form shown in Figure 10.

Figure 14 shows & still further modification ofv

one form of my protective device.

Figure 15 shows & modification of the device
shown in Figure 14,

Figure 16 is & partial view of the bottom por-
tion of my new form of arrester, showing the
manner of connecting the lead-in wires to the
electrodes.

Pigure 17 is a view of an arrester having elec-
trodes similar to those shown in Figuve 9, but in
which an additional element is introduced to
take care of “sneak” current.

Figure 18 is a modified form of the arrester
shown in Figure 17.

Figure 19 is a slightly modiﬁed form of the
arrester shown in Figure 13.

* Figure 20 shows a modified form of a3 combi-
nation of the arrester shown in Figures 17
and 19.

Figure 21 shows g further ‘modified form of
the arrester.

" In the various views, wherein like numbers

refer to corresponding parts, { is a sealed tube
or chamber, preferably of glass, having elec-
trodes 2 and & positioned therein in spaced rela-
tion and having lead-in wires 4 and 5 electri-
cally connected thereto. The electrodes 2 and
$ are made up of bi-metallic strips, each elec-
trode thereby forming an automatic thermostat
capable of responding to the application of heat.
The electrodes 2 and 8 are provided with con-
tacts or portions § and 7 which are adapted to be
brought into engagement on passage of over-

voltage current therebetween. These contacts

may be of carbon to avoid fusing of the metal
on passage of the current between the electrodes.
When carbon contacts are used, I prefer to
fasten these contacts to the metal of the elec-
trodes 2 and 3 by spraying one side of the carbon
contacts with a heavy layer of copper and then
welding the copper to the electrode. Some other
satisfactory way of applying the copper to the
carbon may be used.

In other words, when the over-voltage current
comes. into the arrester on one of the lead-in
wires ‘and jumps from one of the contacts—say
from § to T-—an arc is started which generates a
relatively large amount of heat in a very short
space of time, and this heat acts on the bi-

2,124,384

metallic thermostat strips 2 and 2, causing them
to bend so as to bring the contacts & and 7 into
engagement, thereby cutting out the arec. The
exterior apparatus associated with the arrester
to indicate the presence of such over-voltage cur-
ret on the device is not shown as this forms no

part of my invention, bui it will be understood

that this additional apparatus gives an indica-
tion of the presence of such over-voltage cur-
rent so the attendent- in charge meay look into
and remove the troublesome current.

After the electrodes @ and 3 have cooled suf-
ficlently, the electrodes separate, apd to insure
that this separation will come back to its normal
initial value, I have provided mezns io bring
about this desirable condition. I saccomplish
this by bending over the end 8 of the electrode
2 and the end § of the electrode 8, so that they
engage the inner wall of the tube or chember {,
which.chamber is preferably evacuated and filled
with an inert gas such as neon.

In Pigure 2, the electrodes 2 and 3 are
mounited within the chamber so that the lead-in
wires come into the tube from opposite ends,
otherwise the action is the seme as of the device
shown in Figure 1.

In Figure 3, the electrode 2 carries a member
10 which may be an insulator, and this in turn
carrier an insulator {1, preferably of mica, which
overhangs at 12 the end of the electrode 3, thus
acting to normally position the contacts 8 and 7
at a given predetermined distance apart. :

In Figure 4, the electrode 2 is provided with
an insulating sleeve {3, preferably of glass, so as
to prevent the over-voliage current from passing
between the electrodes 2 and 3 at any point
near the lead-in wires 8 and 5. This construc-

- tion is such as to force the over-voltage current

to always jump between the contacts & and 7.

: This additional protective means may be used on

all of the forms of arresters shown herein.

In Figure 5, the electrodes 2 and & have asso-
ciated therewith auxiliary bi-metallic members
14 and 5 which are fastened to the electrodes
2 and 3 adjacent the point where the lead-in
wires 4 and 5 come info the chamber.

When the -over-voltage current passes between
the contacts 8§ and 7 and continues for a consid-
erable interval of time, the heat generated eauses
the -auxiliary bi-metallic elements {8 and i5 to

. operate so that their free ends come intc en-

gagement with the electrodes 2 and 3 at points
adjacent the contacts § and 7, thereby reenforc-
ing the current-carrying capacity of the elec-
trodes 2 and 3, so that the danger of permanently
injuring the electrodes 2 and 3 by the heavy
over-voltage current is thereby lessened.

In Figure 6, the electrode 2 is divided inio two
arms {6 and {7, while the electrode 8 is divided
into two arms {8 and 18. Each of the arms 1§
to 1§ inclusive carries contacts or contact-engag-
ing portions, and in some cases I prefer to make
the gap 20 between the arms {7 and 19 less than
the gap 21 between the arms 16 and 18, so that
the over-voltage current will jump between the
shorter gap, and then if the current continues at
an sbnormal interval, the gap 2§ will close to
divide the current between the respectis sets of
arms.

In Figure 8, a metal plaie 22 is shown as being
fastened within the chamber between the con-
tacts 6 and T and connected to a lead-in wire 23.
Thus the over-voltage current may function be-
tween the electrode 2 and the ground plate 22
independent of the electrode 3, or the elecircde
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3 may function with the ground plate 22 inde-
pendent of the electrode 2.

In Figure 9, the electrodes 2 and 8 have forma-
tions 24 and 25 providing predetermined portions
thereof for the passage of the over-voltage cur-
rent therebetween. As in Figure 7, the gap 28 is
preferably made smaller than the gap 21, so the
initial discharge of the over-voltage current
takes place between the gap 20, and if this con-
tinues for a length of time after the portions
come into engagement, then the gap 21 will be
closed, bringing into engagement the contact
portions 25. This construction, causing the cur-
rent to jump at a predetermined point on the
bi-metallic strip, will cause it to flex more
quickly.

In Figure 10, the tube or container | is posi-
tioned within a shell 26 of insulating material
having metallic terminals or thimbles 27 and 28
which may be used for mounting the arrester be-
tween suitable spring clips. The lead-in wire 4
is connected to the thimble 28 and the lead-in
wire § is connected to the thimble 21. In this
form of protective device, the contact surface
portions 24 of Figure 9 are replaced by contacts
29 and 30 to form the gap 20, while the surfaces
25 of Figure 9 are replaced by contacts 31 and 32
to form the gap 2f. Exterior of the tube or con-
tainer I, are a pair of bi-metallic strips 33 and
34, one end of each being mounted to the thimble
28, while their free ends 35 are adapted to engage
the interior surface of the thimble 27 when the
bi-metallic elements 33 and 34 operate under the
influence of the heat delivered from the tube |
by reason of a prolonged passage of over-voltage
current therethrough. As soon as the thermo-
stat elements 33 and 34 contact with the thimble
21, the greater part of the current is shunted
away from the tube portion of the arrester, it
being understood that the strips 33 and 34 are
considerably larger in current-carrying capacity
than the electrodes 2 and 3.

In Figure 11, the tube construction is in gen-
eral the same as in Figure 10, but the exterior
automatic safety means is different. This auto-
matic means consists of a plurality of bi-metallic
strips 36, 37 and 38 which may be arranged in one

‘or more groups around the periphery of the

entire structure, two such groups of elements
being shown in Figure 11. If the over-voltage
current continues for an abnormal period of time,
the bi-metallic element 36 is operated to cause its
contact 39 to engage the metallic thimble 21. If
the current and heating effect still continues, the
strip 37 will cause its contact 48 to come into en-
gagement with the end of the strip 36, and like-
wise, the contact 41 of the strip 38 will be brought
into engagement with the strip 31, thereby suc-

_cessfully adding shunting elements around the

tube portion of the arrester.

In Figure 12, the thermostat electrodes arel

shaped similar to those shown in Figure 9, but
arranged in a manner similar to that in Figure 11,
the entire tube structure being mounted, how-
ever, within a special casing 42 of glass which

- carries terminals 43 and 44 for making connection

75

to the arrester. The housing 42 being made of
glass, ah observer can readily see the functioning
of the parts within the tube I. As a safety device
around the tube I, I provide bi-metallic strips
45 and 46 which act to shunt the tube arrester (
in a manner somewhat similar to that described
in Figure 10.

In Figure 13, the tube { has electrodes which
are a combination of those shown in Figures 9

3
and 10. It also has protective thermostat ele-
ments the same as 33 and 34 of Figure 10, but in
this case, the ends 47 and 48 are adapted to be
brought into engagement by abnormal generation
of heat by the tube |, thereby shunting the cur-
rent around the tube portion of the arrester. In
this form of construction, the shell 49, made of
any suitable material, preferably glass, may be
fastened to a base 50 of insulating material as by
means of snap springs 5i. The base 50 carries
terminals 52 and 53 for mounting the arrester
in a suitable socket.

While the auxiliary electrodes 4T and 48 are
enclosed within the shell or casing 49, it may be
noted that the auxiliary electrodes 45 and 46 in
Figure 12 are also fully enclosed within the cas-
ing 42 by means of suitable insulating strips 60
which may be held in place by any satisfactory
means as cement; 61, :

In Figure 14, a single bi-metallic electrode 54 is
sealed within a metallic chamber 55 which is sup-
ported by a glass sealing means 56. Within one
end of the container 55 is positioned an insulator
5T preferably of porcelain which acts as a stop
and positioning means for the free end of the
electrode 54. The electrode 54 carries a contact
58 adapted to engage the metallic shell 55 on
action of the bi-metallic thermostat 54 due to the
passage of current from the contact 58 to the
shell 55.

In PFigure 15, the end of the metallic shell 55
may be sealed into a glass insulator 59 which also
has a part acting as stop and positioning means
for the free end of the electrode 54. The insu-
lator 59 being made of glass, this acts as a window
whereby the action of the thermostat element
within the container 55 may be observed.

In Figure 16, the electrode ends 2 and 3 are
formed away from each other and are connected
to the lead-in wires 4 and 5 in 2 manner some-
what as shown. If desired, the electrodes 2 and
3 may rest on the insulating bosses 62 where the
lead-in wires are brought through into the tube 1.
This construction acts to prevent abnormal volt-
age from jumping from one electrode to the other
at the points where the lead-in wires come into
the tube. In other words, the construction is 2
preventive means which may be used in place of
the insulating member i3 shown in Figure 9. It
may be noted at this point that the ends of the
electrodes 2 and 3, where they are joined to the
lead-in wires, including the ends of the lead-in
wires, may be covered with an insulating paint
or varnish to prevent over-voltage from jumping
across the electrodes at these points.

In Figure 17, one of the electrodes, for example
3, may be provided with a heating device in the
form of a resistance coil 63, one end of which is
connected to the electrode 3 at some point ad-
jacent the place where the lead-in wire is con-
nected to said electrode, while the other end of
the coil 63 is carried out to a terminal 64. While
the heater is shown as a coil 83, this may take
some other form. In this arrangement, the lead-
in wire 64 may be considered as the incoming line
circuit, while the lead-in wire 5 may be consid-
ered as going to the instrument with which the
arrester is associated. The other electrode con-
nected to the lead-in wire 4 is connected to
ground. Thus any current coming in over the
lead-in wire 64 will pass through the heating unit
63 to the instrument, and if any current comes
in on this circuit other than that normally in-
tended, and which is referred to in this speci-
fication as a “sneak” current, it will in time cause
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the heating unit 63 to flex the electrode 3, clos-
inug at least either one or both of the gaps 20 and
24, thereby grounding the circuit and taking the
“sneak” current away from the instrument being
protected by the arrester. .

In Figure 18, a somewhat similar arrangement
is provided except that the electrode 3 has twe
branches, one of which, 65, is a plain meteallic
contact member engaging the bi-metallic elec-
trode 3 intermediate its ends, the fixed end of
which: is fastened to an insulator 86. However,

in this case, that is, in Figure 18, the incoming

cirenit wire is connected to a lead wire 84, while
the lead wire 5 is connected to the instrument, so

that in the operation of the device “sneak” cur-.

rent coming in from the line at 84, through the
heating unit 63, through the contact &7 and
terminal 65, and the lead wire 5, sufficient heat is
generated to flex the electrode 3 to close the gap
circuit 20 and also open the contact 67. This
will ground the electrode 3 to the electrode 2 and
the flow of the “sneak” current through the unit
§3 will hold this ground circuit closed and the
instrument circuit open.

Tn both Figures 17 and 18, an over-voltage will
jump the gaps and cause the bi-metallic elements
to function as has been previously described.
Thus the forms of arrester shown in Figures 17
and 18 act as & combination of voltage and cur-
rent arresters; ‘

In Figure 18, the arrester shown is the same as
in Figure 13, except the electrodes 74 and 75 are

plain metallic electrodes having, however, stops-

8 and 8 and carbon contacts § and 7 which are
shown as being held to their respective electrodes
by ears 76 formed from their respective elec-
trodes and having indentations 17 adapted to
engage depressions in the carbon contacts 6 and 7.

1n Figure 20, the bi-metallic electrodes 2 and 3
are similar to those shown in Figure 17, but the
auxiliary electrode 88 may be carried over to
the position shown, and arranged to engage the
guxiliary electrode 34 which carries the “sneak”
current coil §3. In this arrangement, the in-
coming line wire is connected to the lead-in wire
88, while the lead wire § is connected to ground.
On passage of “sneak” current through to the
instrument through the lead wire 4, a contact 8
will be closed between the bi-metallic electfode 38
and the auxiliary electrode 80, thereby grounding
the circuit. In this arrangemént, it is seen that
the “sneak” current does not enter the gas-filled
tube but is shunted around it.

In Figure 21, the heating coil 63 may be elimi-

nated and the thermo-electrode 2 so constructed .

that it will act in a somewhat similar capacity;
that is to say, the incoming line wire is connected

to the lead-in wire 64, while the lead-in wire 8-

is connected to ground, and the lead-in wire 64
is connected to a flexible wire 18, the opposite end
of which is connected to the free end of the elec-
trode 2. Preferably the wire 19 is of good con-
ducting material such as copper. In this arrange-
ment any “sneak” current coming in over the
lead wire 64 and the flexible wire 78 to the instru-
ment via lead &, will heat the electrode 2, causing
it to flex and contact with the ground electrode 3,
thereby shunting the “sneak” current away from
the instrument.

By having an arc gap positioned intermediate
the ends of the electrodes, or nearer the fulerum
or the point about which the electrodes move,
the heat generated by the current jumping this
gap will more rapidly heat up the electrodes and

cause them to flex and close the gap contacts,

2,124,384

the electrode. By getting this quick actlon or
movement of the electrodes, the tendency for the

than where the gap contact is at the extremity of -

arc to melt the metal of the electrodes is thereby .

greatly reduced. . This arrangement also provides
that if the voltage causes the current to jump at
the closer gap, for example the gap 28 in Figure 9,
the movement of the electrodes toward each other
will start closing the gap 2! and the high voltage
current will then find another path between the
electrodes, thereby preventing all the current

from passing between the electrodes at one point -

and consequently reducing the tendency to melt

‘or destroy the electrodes. Thus the effect of
the multiple gap arrangement between the elec-
trodes is to quench the arc more rapidly and to
dissipate the destructive effect of the.arc.

10

15

“While T have shown in various figures the sealed .

tube as a separate unit, it is to be understood that
in each case the tube may be enclosed in a hous-
ing simflar to that shown in either Figures i8 or
12, or any other desired form.

20

From what has been said, it will be observed

that the details for carrying my- invention into
practice may be varied over a considerable range,
and I therefore do not wish to be unduly limited
in the interpretation of the appended claims.

What I claim is: ‘

1. A protective device of the class describéd in-
cluding, a sealed tube filled with an inert gas such
s neon, 2 pair of bi-metallic electrodes mounted
in spaced relation within the tube, each of said
electrodes having a plurality of definite prede-
termined portions forming arc gaps for the pas-
sage of current therebetween. ’

2. A protective device as set forth in claim 1,
further characterized in that one set of said pre-
determined portions is normally closer together
than any other set of said portions. )

-3. A protective device of the class described in-
cluding, a sealed tube, at least one-bi-metallic
electrode having an arc gap surface to engage
another arc gap surface within said tube, and
positive means including an outwardly bent end
of said electrode which normally engages the
inner wall of said tube for positioning the free
ends of said electrode within the tube so as to
prevent said arc gap surfaces from normally
taking a position other than a given predeter-
mined distance said bi-metallic electrode having
another arc gap surface intermediate its ends and
a further arc gap surface within said tube to co-
operate with said intermediate electrode surface.

4. A protective device of the class described in-
cluding, a sealed tube containing an inert gas,
and quick arc extinguishing means within said
tube comprising bi-metallic electrodes having an
initial arc gap for carrying the arc current, and
positive means including integral parts of said
electrodes and the wall of said tube for preventing
said initial arc gap from normally taking a posi-
tion other than a predetermined distance and
means for accelerating the speed of movement of
said bi-metallic electrodes to close said arc gap
as soon as possible after the discharge of current
across the electrodes. .

5. A protective device of the class described in-
cluding, a. sealed tube containing an inert gas,
quick. arc-extinguishing means within the tube
comprising bi-metallic electrodes having at least

.5 defined air gap intermediate their ends as well

as'a positively fixed initial gap at their free ends,

. which gap is greater than the intermediately posi-
’ tioned gap for the purpose described.

6. A protective device of the class described in-
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cluding, a sealed inert gas tube, arc gap parts
spaced in cooperative position within the tube, at
least one of said arc gap parts being a bi-metallic
thermostatic element, means for preventing said
arc gap parts from normally taking a position
other than a predetermined distance, and auxil-

fary bi-metallic members 80 positioned externally .

of the sealed tube and electrically connected to
said arc gap parts to automatically shunt at least
the greater part of said arc gap parts on passage
of sufficient heat from the tube to said parts.

7. A lightning arrester comprising a container
and electrodes normally separated by a gap, at
least one of said electrodes being bi-metallic, the
electrodes being relatively movable toward each
other in response to the passage of currént
through the gap, and thermally responsive means
carried by said container for automatically in-
creasing the current-carrying capacity of the ar-
rester by shunting current around said electrodes,

8. A protective device of the class described
including a sealed tube filled with an inert gas,
such as neon, & pair of bi-metallic electrodes
mounted in spaced relation within the tube form-
ing at least one arc gap, the electrodes being
movable toward each other in response to the
passage of current through the gap, and ther-
mally responsive means carried by said container
for automatically increasing the current-carrying

capacity of the protective device by shunting cur-

rent around said electrodes.

9. A lightning arrester comprising & container
and electrodes normally separated by a gap, the
electrodes being relatively movable toward each
other in response to the passage of current
through the gap, and thermally responsive means
carried by sald container for automatically in-
creasing the current-carrying capacity of the ar-
rester and speeding up the time of quenching the

40 arc by shunting current around said electrodes.

10. A protective device of the class desacribed

including a sealed tube filled with an inert gas,
such as neon, & pair of bi-metallic electrodes
mounted in spaced relation within the tube form-
ing at least one arc gap, the electrodes being
movable toward each other in response to the
passage of current through the gap, and ther-
mally responsive means carried by said container
for automatically increasing the current-carrying
capacity of the protective device, and at the same
time speeding up the time of quenching the arc
by shunting current around said electrodes.

11. A lightning arrester having at least a pair
of spark gap elements, one of which at least has
thermostatic characteristics, and also having a
free end with a contact-engaging surface thereat,
said elements having means intermediate their
ends for passing over voltage current therebe-
tween whereby the heat, generated by said cur-
rent at said means, acts to flex at least the ele-
ment having the thermostatic characteristics to
cause the contact at the free end to engage a part
of the other gap element.

12, A protective device of the class described
including a sealed chamber supporting therein at
least a pair of spark gap elements, at least one
of which has thermostatic characteristics and

. both having free ends with contact~engaging sur-

faces thereat and means for accelerating the
speed of movement of the thermostatic element,
said means comprising primary arc gap contacts
on said elements between the end contacts and
the support for the elements; said initial gap being
smaller than the gap at the free ends of said ele-
ments to initiate the first discharge whereby heat
will be generated nearer the central portions of
said elements, thereby speeding up the operation
of the thermostatic element and at the same time
preventing, by the speeding up action, the burn-
ing of the end contact surfaces of said elements,
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