Oct. 20, 1953 J. M. WALLACE ET AL 2,656,491

INTEGRATOR FOR LINE-SECTIONALIZERS

Filed July 21, 1950

16
RTINS
' D14
llss =9
1] - 1
o A5 : 32 =
s — il
5A W 4 31 s
| [ = 13 )
[
s8, oo || LT Nd  Fig.2.
, I 25 N
L4e46 v —/ P
-~ Lehi2 2
e N 17
37 ap - 26
20 \ L
QET '
: 6
44\y a —
%
) } 1T¥45 '
] 24 —> }‘23
74 Fig.l. .
/elA | © —
lati | o B
Insulation T 1 — 12
}-8 25
' . 26 22
>
Insulation
47
RN 17
“\““x\ 37
g (r-40
— ! !
Fig.3. “"“-\)"»)43
INVENTORS

James M.Wallace and
ndrew W.Edwards.

A
BY0nd. .2

ATTORNEY

" 3l 32,
. 21
WITNESSES: 22
fﬁW%HHH ]
, 4 *' *2 #3

Lt




Patented Oct. 20, 1953

2,656,491

UNITED STATES PATENT OFFICE

2,656,491
INTEGRATOR FOR LINE-SECTIONALIZERS

James M. Wallace and Andrew W. Edwards, East
MecKeesport, Pa., assignors to Westinghouse

Electric Corporation, East Pittsburgh, Pa., a
corporation of Pennsylvania

Application July 21, 1950, Serial No. 175,272

8 Claims.

1

Our invention relates to improvements in line-
sectionalizing equipment for rural distribution-
lines, and it has particular relation to an im-
proved double-armature self-resetting electro-
magnetic counter or integrator for a line-seec-
tionalizer. Copending application, Serial No.
347,642, filed on April 9, 1953, entitled Line Sec-
tionalizers, is a division of this application.

These line-sectionalizers are inserted at inter-
mediate points along a distribution-line, for co-
operation 'with a recloser which is connected at
the power-input end of the line. The recloser
opens its line-contact, thus deenergizing the line,
in response to overcurrents corresponding to, or
exceeding, the minimum expectable fauli-mag-
nitude, after which the recloser quickly recloses
its line-contact, and if the fault has not cleared
itself during the open-circuit condition of the
line, the recleser immediately operates again,
and keeps on alfernately deenergizing and ener-
gizing the line, as long as the fault persists, until
a predetermined number of operational counts
have been made, usually four, after which the re-
cleser locks its line-contact cpen and perma-
nently deenergizes the protected distribution-
line. The line-sectionalizers subdivide the dis-
tribution-line into a number of sections. Each
sectionalizer counts any rapidly repetitive over-
current-conditions in its section, and at a count

which is less than the recloser-count, the sec~ :

tionalizer opens its line-contact during a no-cur-
rent period of the recloser.

The counting-mechanisms or integrators of
Ioth the recloser and the sectionalizers must bhe

seli-resetting, so that, if the overcurrent-condi- :

tions stop before the final count is made, the
counting-mechanism will slowly drift back to its
initial position, ready for a new count. The two
common types of slowly acting resetting-means
for such integrating devices are mechanical es-
capements and hydraulic dashpots. Mechanical
escapements are critical to build, because of fric-
tion and corrosion problems. Hydraulic dash-
pots are simple, corrosion~resistant, and depend-
able, but they require the use of a liguid, which
has usually meant that the entire circuit-inter-
rupting device has been immersed in liquid.
Sectionalizing devices are preferably air-insu-
lated, to save expense, because tizeir circuit-inter-

rupting duty is zero, since the circuit is discon- s

nected during a time when the current-flow has
been interrupted by an cpen condition of the
recloser. One solution to the problem of provid~
ing liquid in a dashpot which operates an air-
insulated device has been to use some sort of
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2
hermetically closed dashpot, having a Hexible
wall or bellows which moves to communicate the
integrating intelligence %o the outside of the
sealed dashpot. However, the deflection of the
fiexible wall or bellows absorbs considerable en-
ergy, and thus is often not desirable.

Our present invention relates to another solu-~
tion of the problem, wherein the dashpot is pasy-
ably suspended inside of a magnetic civcuit, with
means for moving the whole dashpot when &
time has come fo indicate the complsticn of the
integrator-count. Thus, the dashnot does not
have flexible walls, it remains stationary while
the preliminary counting-operation is going on,
and at the last count it finally moves a slight dis-
tance sufficient to effect the desired tripping.
operation.

Qur means for controlling the dashpot, in the
manner just indicated, involve the use of 3 tubhi-
lar dashpot-housing, having two normally spaced
axially movable armatures therein, separated by
a spring, and biased toward one end of the dash-~
pot. The dashpot is mounted with some freedom
of axial movement between two separated pole-
piece plates of an electromagnet-structure which
causes a magnetic fiux to flow axially through a
portion of the dashpot-tube: and the arrange.
ment is such that quickly sucecessive overcurrent-
cenditions, energizing the electromagnet-strus -
ture, successively advance the armatures, undil
they can advance no further, after which the
entire dashpot tube will be moveg axiaily. Mean-
‘while, if the overcurrent-conditions cease before
the required count has been made, the armatures
will drift back slowly, within the dashpot, thus
resetting themselves o their initigl positions,
ready for another count. In scme casss, the
dashpot uses any kind of a fluid-filling, either
gas or liquid, not necessarily liguid, and when a
gaseous filling is used (such as air), the tubular
dashpot may need to be closed at only one end.

With the foregoing and other objects in view,
our invention consists in the combinations, sys-
tems, structures, parts, and methods of desigr
and operation, hereinafter described and ciaim ,
and illustrated in the accompanying drawing,
wherein:

Figure 1 is a diagrammatic side-elevational
view, with parts broken away, illustrating the
application of one of our integrators or counting-
mechanisms to a line-sectionalizer having an air-
operated disconnect-switch;

Fig. 2 is a diagrammatic sectional view show-
ing the operation of the sealed integrator-cap-
sule; and
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Fig. 3 is a diagrammatic view indicating the
successive steps in the operation of the integra-
tor-capsule.

The essential parts of the line-sectionalizer
which is iHlustrated in Fig. 1 include an electro-
magnetic circuit 4 having a magnetizing-coil 8
having terminals 5A and 5B; an axially movable
tubular integrator-capsule §; a toggle tripping-
mechanism 7 which is controlled by the movement
of the intesrator-capsule 8; and an air-type dis-
connect-switch 8 which is tripped open by the
tripping-mechanism 7, said switch 8 having ter-
minals 8A and §B.

The electromagnetic circuit 4 has two vertically
spaced magnetizable pole-piece plates {{ and 12,
petween which the magnetizing coil § is disposed,
for energizing the electromagnetic circuit and
causing a magnetic flux to flow radially within
said coil, between the upper and lower plates {4
and 12. A fluid-filled elongated tubular member
or capsule § is vertically disposed for axial up-
and-down movement within the coil 5, and for
this purpose the spaced magnetizable pole-piece
plates {1 and {2 are provided with openings i3
which at least partially surround said tubular
member 3, so that a magnetic flux flows axially
from pole-piece to pole-piece in an intermediate
portion of said tubular member. The tubular
member § extends both above the upper pole-
piece i and below the lower pole-piece {2, and
the upper end of the tubular member § is biased
upwardly by means of a compression-spring 14
which rests on the upper pole-piece 1i. The up-
wardly biased movement of the fubular member
§ is limited by any suitable means, such as a ring
or shoulder I5 carried by the tube underneath
the upper pole-piece plate {1.

The two pole-piece plates [{ and 12 cause a
magnetic flux to flow vertically axially through
only that portion of the tube § which is included
between said plates. In order that this axial
flux may enter inside of the tube, without being
bypassed by the walls of the tube, the said tubular
member § is preferably made of insulating ma-
terial, as shown, or of other non-magnetizable
material.

The tubular integrator-member 6 is preferably
liquid-filled, in which case it is hermetically
closed at both its top and bottom ends, as indi-
cated at {8 and 17 in Fig. 2. Liquid filling is de-
sirable because it permits the parts of the mech-
anism to be made with greater tolerances in the
various sliding fits, and in general it provides
more easily attainable time-delay periods than
air-operated time-delay devices. Theoretically,
however, and perhaps in some practical cases, our
invention can be used with either an air-filling or
a liquid-filling.

As shown in Fig. 2, the tubular member § con-
tains two normally spaced armatures 2{ and 22
therein, which are normally spaced, with a fixed
or predetermined vertical spacing 23 therebe-
tween, under the confrol of a vertical compres-
sion-spring 24 which is disposed between the two
armatures.

Each of the armatures 21 and 22 is movable
vertically axially within the tubular member &.
One-way-acting dashpot-means are associated
with each of the armatures 21 and 22, whereby
each armature may freely move vertically within
the tube §, so far as the fluid-action is concerned,
but each armature can drop back downwardly at
only a slow fluid-restrained rate, under the in-
fluence of gravity, which is the means for exert-
ing a resetting biasing-force on the armatures
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21 and 22, tending to bias said armatures in their
resetting direction toward the lower end oi the
tube 6.

In the illustrated emhbodiment of our inven-
tion, as shown in Fig. 2, each of the armatures
2{ and 22 fits within the tubular member § with
a At which is sufficiently fluid-tight to oppose
rapid fluid-flow through said fit in the direction
of the axis, the width of this fit being exaggerated
in the drawing, for clearness of illustration.
Rach of the illustrated armatures 21 and 22 also
has a fluid-flow passage 25 extending there-
through in the direction of the axis, and each
armature has a valve 26 therein for closing said
passage, so as to resist rapid fluid-flow through
said passage when the armature moves down-
wardly in its biased direction.

The initial biased position of the armatures 21
and 22 is such that the lower armature 22 ex-
tends materially below the axial-flux region of
the tube 6, that is, materially below the lower
pole-piece 12. Only a relatively small part of
this lower armature 22, at the top end thereof,
extends up into this axial-flux region.

Consequently, when the coil 5 of Fig. 1 is suffi-
ciently energized, the lower armature 22 of Fig. 2
will be drawn upwardly part way into said axial-
flux region. In other words, the sufficient over-
current-energization of coil § will draw the lower
armsture 22 upwardly away from its normal un-
attracted positicn, in which it rests on the bot-
tom end 17 of the tube under the influence of its
gravitational resetting force. At the same time,
when the coil T is sufficiently energized, the two
armatures 21 and 22 will be attracted together,
compressing the compressible spring 24 therebe-
tween. In this position of the armatures, during
the Arst overcurrent-condition in the magnetiz-
ing ccil 5, the upper armature 21, which had pre-
viously lain altogether within the axial-flux por-
tion of the tube, with the top of this upper arma-
ture spaced well below the upper pole-piece plate
{1, is now advanced its first step upwardly, as
indicated at 3{ in Fig. 2, so that the top of this
upper armature 2{ comes at about the place of
maximum attraction of the upper plate [l for
this armature, as indicated by the construction
line 31 in Fig. 2.

When the magnetizing coil is subsequently de-
energized, the compression-spring 24 cannot rap-
idly thrust the lower earmature 22 downwardly,
because of the fluid-valve or dashpot action, and
hence the compression-spring 24 advances the
upper armature 2§ upwardly, to its second ad-
vanced position, as indicated at 32 in Fig. 2, in
which the upper end of this upper armature 21
is thrust slightly beyond or above the upper plate
{4, At this time, the lower end of the lower
armature 22 is still below the lower plate {2.

Consequently, if the magnetizing coil is im-
mediately again adequately energized, the mag-
netic flux will draw the lower armature 22 fur-
ther up into the axial-flux region of the tube,
again compressing the spring 24 between the
armatures. The upper armature 2{, which now
projects slightly beyond the upper end of the
axial-flux region, will also be attracted into said
axial-flux region, that is, it will be attracted
downwardly, but it cannot move quickly down-
wardly, because of its fluid-valve or dashpot
action. Either at this step, or at some future
step in the operation, in response to rapidly re-
peated overcurrent-conditions in the magnetiz-
ing coil, the lower armature 22 will be drawn up
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so far that it is practically completely within the
axial-flux region.

When the overcurrens-condition is now inter-
rupted, the compression spring 24 will thrust the
upper armature 24 still further upwardly out of
the axial-flux region, in the position indicated at
33 in Fig. 2,

If, now, the overcurrent-condition immediately
comes on again, the separated armatures 21 and
22 will be strongly attracted toward each other,
while at the same time, the upwardly extending
upper armature 2{ will be stronsly drawn down-
wardly into the axial-flux region between the two
plates {f and 2. The result of this sction is to
draw the upper armature 21 downwardly, but it
cannot move quickly downwazrdly within the tube
6, because of its fluid-valve or dashpot astion,
and hence, assuming that at least one end of
the tube 6 is closed, the whole tube will e drawn
downwardly, with the uwoper armature 2{ com-
pressing the tube-biasing spring {4, and depress-
ing the lower end i7 of the tube.

ig. 3 diagrammatically indicates six positions
if the armatures 21 and 22, and of the entire tube
or capsule § The first position is the normal
unattracted position of the armatures 2{ angd 22,
with respect to the capsule § and the upper and
lower pole-pieces 11 and 12. The second positicn
shows the result of the first overcurrent-energiza-
tion. The third position shows the result of the
first ne-current period of the recloser (nof
shown), in which the line-current is interrunted
by the recloser. The fourth position shows the
result of the second overcurrent-energization, as-

sumed to occur before the armatures have drifted o-

any significant distance back tcward their biased
initial position, 'This fourth position is assumed
to be the next-to-the-last permissible overcur-
rent-count. The fifth position shows the resuls
of the next current-zero condition. And the sixth
position shiows the depression of the entire cap-
sule 6, during the third and last permissible over-
current-energization of the magnetizing coil §
of Fig, 1.

It will readily be understood that if the pre-
scribed number of successive overcurrent-and-

undercurreni conditions do not follow each other

in rapid succession, the armsiures will reset
themselves, ready for another count.

If the object of the integrator is to respond
to a predetermined number of rapidly successive
overcurrent-conditions, any responding-means
can be used, which is responsive to the down-
ward thrust of the integrator-capsule which oc-
curs on the final overcurrent-condition, as above
described. I however (as is always the case
in line-sectionalizers), the purpose of the inte~
grator or counting-mechanisim is to count a pre-
determined number of complete cycles of over-
current-and-undercurrent conditions, then it is
necessary to provide some means for responding
to only the second half of the forward-and-back-
ward movement of the capsule, when the last
overcurrent comes on and goes off. It will be
readily understood, of course, that the overcur-
rent-condition which drew the capsule down-
wardly, as previously deseribed, will hold the
capsule in its downwardly displaced position only
as long as the overcurrent-condition lasts, after
which the capsule will immediately return to its
upwardly biased position, under the impulse of its
lifting-spring {4,

There are a number of means for making the
integrator-response occur on the refurn-stroke of
the displaced capsule 8.

As shown in Figs, 1 and 2, the bottom end {71
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of the capsule 6 has a depending pin 31, which
normally abuts against a trip-pin 46 of the toggle-
linkage 1 in Fig. 1, so that, when the capsule §
moves downward, it pushes the toggle-mechanism
past its dead center, into the position in which
it is biased toward its tripping-pcsition, as by
means of a biasing-spring 41 in Fiz. 1. However,
the complete breakage of the toggle is prevented
by means of a second pin 42 which abuts up
against the side of the depending tripping-pin
37 of the integrator, and prevents the toggle from
completely breaking until said tripping pin 37
is withdrawn upwardly when the capsule § re-
turns to its initial upwardly biased position at
the end of the overcurrent-condition which
caused the downward movement of the capsule.
The advaneed position of the tripping pins 37 and
40 is indicated in Fig. 2 by means of construc-
tion-lines 43.

When the toggle-mechanism 7 is fully released,
it pulls open a tripping-lever 44 which. pushes
open the blade 8 of the disconnect-switch of the
sectionsalizer, thereby permitting said disconnect-
switeh to fall open the rest of the way, by gravity,
for example,

The integrator-mechanism €, together with the
toggle-mechanism 7 and the upper contacts &5
of the disconnect-switch, are conveniently
mounted on a suitable insulator 45, while the
bottom or hinged end of the disconnect-switch
3 is mounted on ancther insulator 47.

Ordinarily, the magnstizing coil § and the dis-
connect-switch § are connected in series, as indi-
cated in Fig. 1 by the connection 48 between the
terminals 5B and 8A, so that the line-terminals
of the entire line-sectionalizer are the terminals
BA and 8B, which are connected in series with the
distribution-line which is being served by the
sectionalizer,

‘While our integrator is primarily intended to be
used in line-sectionsalizers, and has been so de-
serived, it is also applicable to air-type circuii-
reclosers or any other device which must make
a similar count of current-surges.

While we have also described bub a single lug-
trative form of embodiment of our invention, we
wish it to be understood that we are not limited
to the precise illustrated structures or combina-
tions, and we desire that the appended claims
shall be accorded the hroadest construction con-
sistent with their language.

We claim as our invention:

1. A resetting electromagnetic counter com-
prising: a tubular member which is closed at at
least cne end; a magnetizing coil for causing a
magnetic flux to flow axially in an intermediate
portion of said tubular member; means for
mounting said tubular member so that it has
some freedom of axial movement with respect to
the axial-flux region of the magnetic fiux pro-
duced by said coil; two normally spaced arma-
tures which are axially movable within said tu-
bular member; a compressible spring between
the two armatures; biasing-means tending to
move both armatures in the same axial direction
within said tubular member for resetting the
counter; biasing-means tending to move the tu-
bular member in the opposite direction; dashpot-
means associated with each armature within
said tubular member including a movable dash-
pot element operatively connected with the ar-
mature for resisting rapid axial movement of
thai armature in the biased direetion; the initial
blased position of the armatures being such that
a first one of the armatures extends materially
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beyond the axial-flux region in its biased direc-
tion, whereby, when said coil is sufficiently ener-
gized, that armature will be drawn partway into
said axial-flux region in an advancing direction
opposite to said biased direction, while, at the
same time, the two armatures will be attracted
together, compressing said compressible spring;
and whereby, when the coil is thereafter deener-
gized, said compressible spring will advance the
second armature while said first-mentioned ar-
mature temporarily remains substantially sta-
tionary: the proportions of the parts being such
that o ouickly foilowing second energization of
the coil will draw said first-mentioned arma-
ture further into said axial-flux region in said
advancing direction, followed, on another quick-
1y following dsenergization of the coil, by a sec-
ond advance of the second armature; the final
movement of the armatures being such thag,
upon the last deenergization, of a predetermined
suecession of rapidly repeated energizations and
deenergizations of the coil, the second armeature
will be in an advanced position extending so far
beyond the axial-flux region, and the first arma-
ture will be so far within said axial-flux region,
that & quickly following reenergization of the
coil will foree the tubular member in the direc-
tion toward which the armatures are biased,
against the bias which is applicable to said tu-
bular member.

9. The invention as defined in claim 1, char-
acterized by said tubular member being a liquid-
filled tubular capsule, hermetically closed at both
ends.

3. A resetting electromagnetic counter com-
prising: a tubular member which is closed at at
least one end; a magnetizing coil for causing a
magnetic flux to flow axially in an intermediate
portion of said tubular member; means for
mounting said tubuiar member so that ii has
sorne freedom of axial movement with respect to
the axial-flux region of the magnetic flux pro-
duced by said coil; two normally spaced arma-
tures within said tubular member, each of said
armatures Atting within said tubular member
with a fit which is sufficiently fluid-tight to op-
pose rapid fiuid-fiow through said fit in the di-
rection of the axis; a compressible spring be-
tween the two armatures; biasing-means tending
to move both armatures in the same axial di-
rection within said tubular member for resetting
the counter; biasing-means tending to move the
tubular member in the opposite direction; each
of said armatures having 2 fluid-flow passage ex-
tending therethrough in the direction of the
axis, and each having a valve for closing said
passage 50 as to resist rapid fluid-flow through
said passage when that armature moves in the
biased direction; the initial biased position of the
armatures being such that a first one of the ar-
matures extends materially beyond the axial-
fiux region in its biased direction, whereby, when
said coil is sufficiently energized, that armature
will be drawn partway into said axial-flux region
in an advancing direction opposite to said biased
direcsion, while, at the same time, the two arma-
tures will be attracted together, compressing said
compressible spring; and whereby, when the coil
is thereafter deenergized, said compressible
spring will advance the second armature while
said first-mentioned armature temporarily re-
mains substantially stationary; the proportions
of the parts being such that a quickly following
second energization of the coil will draw said
first-mentioned armature further into said axial-
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flux region in said advancing direction, followed,
on another quickly following deenergization of
the coil, by a second advance of the second ar-
mature; the final movement of the armatures
being such that, upon the last deenergization, of
a predetermined succession of rapidly repeated
energizations and deenergizations of the coil, the
second armature will be in an advanced position
extending so far beyond the axial-flux region,
and the first armature will be go far within said
axial-flux region, that a quickly following re-
energization of the coil will force the tubular
member in the direction toward which the ar-
matures are biased, against the bias which is ap-
plicable to said tubular member.

4. The invention as defined in claim 3, char-
acterized by said tubular member being a liquid-
filled tubular capsule, hermetically closed at both
ends.

5. A resetting electromagnetic counter com-
prising: an electromagnetic circuit having two
spaced magnetizable pole-piece plates, and a coil
for energizing said electromagnetic circuit; a tu-
bular member disposed in operative relation to
said electromagnetic circuit, with each of said
spaced magnetizable pole-piece plates having an
opening which at least partially surrounds said
tubular member, so that a magnetic fiux flows
axially from pole-piece to pole-piece in an inter-
mediate portion of said tubular member; means
for mounting said tubular member so that it has
some freedom of axial movement within said
openings in the pole-piece plates; two norinally
spaced armatures which are axially movable
within said tubular member; a compressible
spring between the two armatures; biasing-
means tending to move both armatures in the
same axial direction within said tubular member
for resetting the counter; viasing-means tending
to move the tubular member in the opposite di-
rection; dashpot-means associated with each ar-
mature within said tubular member including a
rmovable dashpot element connected to move with
the armature for resisting rapid axial movement
of that armature in its biased direction; the
initial biased position of the armatures being
such that a first one of the armatures exiends
materially beyond the axial-flux region in said
biased direction, whereby, when said coil is suf-
ficiently energized, that armature will be drawn
partway into said axial-flux region in an ad-
vancing direction opposite to the biased direc-
tion, while, at the same time, the two armatures
will be attracted together, compressing said
compressible spring; and whereby, when the coil
is thereafter deenergized, said compressible
spring will advance the second armature while
said first-mentioned armature temporarily re-
mains substantially stationary; the proportions
of the parts being such that a quickly following
second energization of the coil will draw said
fArst-mentioned armature further into said axial-
flux region in said advancing direction, followed,
on another quickly following deenergization of
the coil, by a second advance of the second ar-
mature; the final movement of the armatures
being such that, upon the last deenergization, of
a predetermined succession of rapidly repeated
energizations and deenergizations of the coil, the
second armature will be in an advanced position
extending so far beyond the axial-flux region,
and the first armature will be so far within said
axial-flux region, that a quickly following re-
energization of the coil will force the tubular
member in the direction toward which the ar-
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matures are biased, against the bias which is ap-
plicable to said tubular member.

6. The invention as defined in claim 5, char-
acterized by said tubular member being a liquid-
filled tubular capsule, hermetically closed at both
ends.

T. A resetting electromagnetic counter com-
prising: an electromagnetic circuit having two
spaced magnetizable pole-piece plates, and a coil
for energizing said electromagnetic circuit; a tu-
bular member disposed in operative relation to
said electromagnetic circuit, with each of said
spaced magnetizable pole-piece plates having an
opening which at least partially surrounds said
tubular member, so that a magnetic flux flows
axially from pole-piece to pole-piece in an inter-
mediate portion of said tubular member; means
for mounting said tubular member so that it has
some freedom of axial movement within said
openings in the pole-piece plates; two normally
spaced armatures within said tubular member,
each of said armatures fitting within said tu-
bular member with a fit which is sufficiently
fluid-tight to oppose rapid fluid-flow through
said fit in the direction of the axis; a com-
pressible spring between the two armatures; bi-
asing means tending to move both armatures in
the same axial direction within said tubular
member for resetting the counter; biasing-means
tending to move the tubular member in the op-
posite direction; each of said armatures having
a fluid-flow passage extending therethrough in
the direction of the axis, and each having a valve
for closing said passage so as to resist rapid fluid-
flow through said passage when that armature
moves in its biased direction; the initial biased
position of the armatures being such that a first
one of the armatures extends materially beyond
the axial-flux region in said biased direction,
whereby, when said coil is sufficiently energized,
that armature will be drawn partway into said
axial-flux region in an advancing direction op-
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posite to the biased direction, while, at the same
time, the two armatures will be attracted to-
gether, compressing said compressible spring;
and whereby, when the coil is thereafter deener-
gized, said compressible spring will advance the
second armature while said first-mentioned ar-
mature temporarily remains substantially sta-
tionary; the proportions of the parts being such
that a quickly following second energization of
the coil will draw said first-mentioned armature
further into said axial-flux region in said ad-
vancing direction, followed, on another quickly
following deenergization of the coil, by a second
advance of the second armature; the final move-
ment of the armatures being such that, upon the
last deenergization, of a predetermined succes-
sion of rapidly repeated energizations and de-
energizations of the coil, the second armature
will be in an advanced position extending so far
beyond the axial-flux region, and the first arma-
ture will be so far within said axial-flux region,
that a quickly following reenergization of the
coil will force the tubular member in the direc-
tion toward which the armatures are biased,
against the bias which is applicable to said tu-
bular member.

8. The invention as defined in claim 7, char-
acterized by said tubular member being a liquid-
filled tubular capsule, hermetically closed at both
ends.

JAMES M. WALLACE.
ANDREW W. EDWARDS.
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