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To all whom it may concern:

Be it known that I, Ropert Prroy BRrOUS-
SON, a subject of the King of Great Britain,
and resident of 8 Highbury Place, C
England, electrical engineer, have 1n-
vented certain mew and .useful Improve-
mwenfs in Automatic Electrical Signaling
Apparatus for Railways, of which the fol-
lowing is a specification. S

This invention relates to automatic elec-
tric signaling for railways worked on the
cectional block system with normally clear
signals commanding the entrace to electri-
cally insulated track-sections, wherein the
cwitches for controlling the respective eir-
cuits through which current. is conveyed
for maintaining the signals in the “clear”
condition are held normally closed, in op-
position te grayity or spring pressure, by
means of solenoids whose energization is de-
pendent upon that of relays in series with
the several track-circuits; the arrangement
being such that on the one hand, the en-
trance of a train into any particular block-
section will bring about the interruption of
the circuit of the solenoid which governs
the switch appertaining to the signal at-the
entrance to said section, with the result that
this signal will be put to “ danger 7 and the
solenoid-controlled switch will thereupon

" become antomatically locked in the corre-

sponding position, and that on the. other
hand, the entrance of the train into a sub-
sequent block-section and its final exit from
the block-section first mentioned will bring
about the re-closure of the solenoid circuit,
the electro-magnetic velease of the switch-

“lock, and the consequent restoration of the
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signal to its normal or “line clear” condi-

tion.

by the passage
member mounted on the rear end of the train,
over a treadle-device situated withinthe sub-
sequent block-section above referred to, and
serving to close the circuit of the electro-
magnet whereby the gwitch-block just men-
tioned is released. TIn such systems hitherto,
failure in the transmission of current (when
such transmission is required) in any part
of the signal-controlling connections has

‘been liable to cause considerable inconven-
ience in the traffic arrangements. Thus, on.

the one hand, accidental failure of current
in the circuit'of the sclenoid which governs

London,:
to-be put to

hence, until the switch-lock

-train) remaining locked at “ danger”

This electro-magnetic release of the from passing to
switch-lock at the proper moment is effected

of an:-appropriate operative

latter passing into,
.manded by the sighal already referred to;

any one of the signay-controlling switches,

- will result in said switch not only assuming,
but also becoming locked in, the position

wherein it causes the corresponding signal
« danger 7, so that thereafter,
even if the supply of cuirent be resumed,
this signal will remain at “ danger ” and
has been re-
Jeased, no train will be able to pass the signal

without special precautions being adopted

to prevent accidents. On the other hand,

failure of the train, om passing into the

block-section in advance, to cause transmis-

sion of current through the circuit of the
y

electro-magnet which controls the switch-
1

Jock (whether such failure be due to acei-

dental failare of current-supply in sald eir-
cuit, or to faulty action on the part of the
treadle-device operated by the frain) will
result in that signal (which commands the
entrance to the block-section in rear of the

HIED)
that, assuming & supply of current to be
available in the circuit of the electro-magnet
in question, it is necessary to despatch an-
other train over the line, under special pre-
cautions, in order to bring about the release
of the switch-lock referred to and the res-
toration of the signaling apparatus to
normal condition.. According to the pres-
ent invention, which is designed to overcome
these defects, means are provided whereby,
on cessation of current in the winding ot
the solenoid which governs any signal-con-
trolling switch, this switeh, although per-
mitted to assume an intermediate position
wherein the signal which it controls is put

“to “danger ”, it will be there arrested by a
_stop whereby the switch will be prevented

the final position wherein

it becomes automatically locked as before

until or unless certain conditionshave super-

vened. That is to say, the signal-controlling
cwiteh will remain in the intermediate or
unlocked position until, in the ordinary
course of working, a treadle-device (which -
may be the treadle-device employed to effect
the release of the switch-lock at the en-
trance of a block-section in rear of that com-
manded by the signal in question) has been
brought into operation by the train on the
i the block-section com-

the result of the operation of this treadle-
device being to close the circuit of an elec-
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tro-magnet whereby the stbp, Which arrested
the switch in the intermediate position, is
withdrawn. :

" - Asa result of the present improvement,"in

the event of the cessation of current in the
solenoid-winding being due, not to the pass-
age of a train into. t%e’ block-section com-
manded by the signal to which such sole-
noid appertains, but to accidental and tem-
porary failure in the supply of current, the
renewal of the current-supply will at once
and automsdtically bring about the restora-
tion of the solenoid-controlled switch to nor-
mal position and the consequent clearing of
the signal. Furthermore, as the solenoid-

controlled, switch remains unlocked . when |
in the intermediate position, subsequent |
. rent of low ‘voltage) so as to attract its
the entrance of the block-section in advance |

failure of the treadle-device, situated within

of that occupied by the train, to effect the
withdrawal of the switch-lock st the en-

- trance of the section just vacated by the

train, will not prevent the clearing of the

" signal in rear of the train; and hence such
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clearing will now take place automatically
50 'soon as the train has finally left the sec-
tion commanded by the signal. - ,

In the accompanying drawings, Figure 1
is a diagram illustrating the invention as
applied to an underground or other electric
rallway wherein the “danger” and “lisie
clear ” signals.respectively consist of differ-
ently colored lamps, and wherein the track
rails are not used for the conveyance of the
traction-current. Fig. 2 is a similar dia-
gram wherein the track rails are assumed
to be used as traction-current conductors.
Fig. 3 is"a detdil view showing, in front
elevation, the solenoid-controlled switch for
governing a signal, together with the parts
more immediately - associated with = the

" switch itself.

Referring first to Figs. 1 and 2, each

“diagram shows in succession, part of a
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block-section A. of the track, two complete
block-sections B and C, and part of another
block-section D; the direction of the traffic
being from left to right. Inasmuch as the
apparatus used for the,several block-sec-
tions is of identically similar character in
all cases, corresponding parts or elements
of the apparatus and conneetions, through-
out all the sections, will be denoted (for the
sake of clearness) by similar reference sym-
bols with the qualifying addition of the

letter A, B, C or D appertaining to the par-
ticular section which for the time being is

in question. In Fig. 8, which shows sepa-
rately, a portion of the apparatus common
to all the block-sections, the letters A, B, C,
D, are omitted. '

Referring now more particularly to Fig.

1, it will be seen that the one track-rail X.

is continuous throughout all the sections of
the line, and serves; electrically, as a com-

1,015,778

mon r‘etprn"for the entire system, while the

other rail is divided into insulated lengths
YA, YB, YC, and YD corresponding to
the .respective block -sections. Electric
power for working the signals is derived

-from a cable'Z common to all the sections,

which latter severally derive current in
parallel from the cable through branch con-
ductors &, whereof zA, 2B, and 2C alone are
shown, the connection being indicated as
permanently established at the advance ends
of the section in each case. At the rear
ends of the several sections, the rails X and
Y at opposite sides of the track are connect-

ed. through the windings of relays E,

whereof EB, EC and ED alone are shown.
As usual, each relay is energized (by cur-

armature ¢, only so long as current is sup-
plied from the cable Z,-and if at the same

time the track-section to which the relay

appertains is not occupied by a train;
whereas, on cessation of current, either

| through failure in the supply or in conse-
quence of the winding being short-circuited.

as the result of the presence of a train F

' in the section (as indicated in the case of
section D), the rela

becomes deénergized
and its armature ¢ falls. The several arma-
tures ¢ serve to operate switches as at A

controlling the supply of current from the

cable Z to the windings of solenoids. G,
whereof GB, GC and GD alone are shown,
one end of each solenoid-winding being con-
nected to the cable Z through the corre-
sponding armature-switch %, in such man-
ner that only so long as the corresponding.
relay E is energized will the connection be
closed, while the opposite end of the sole-
noid-winding is connected directly to the
common-return rail X. The entrances to
the several block-sections of the line are
governed by signals K, whereof KB, KC

-and KD alone are shown, each signal com-

rising' a. green or “safety ” signal-lamp At
En.d-a%ed gr “dangér” signal-lamp %% The
circuits of these lamps are in each case con-
trolled by a multiple-switch operated by the
core-stem ¢ of the corresponding solenoid
G; the stem carrying for this purpose two
conductive disks L and M. The core-stem
g of each solenoid is capable of occupying
three positions.. Of these the raised or nor-
mal position (shown in the case of GB)
wherein the disk-L closes at a pair of con-
tacts I the power side of the circuit of the
green or “safety” lamp- %* of the corre-
sponding signal K, while the disk M closes
at a pair of contacts m! the relarn side of
the same circuit, is maintained solely as a

result f current passing -in the-solenoid-.

winding as heretofore. In the fully low-
ered position. (shown in the case ofy GCO),
wherein the disk L closes at a pair of -con-
tacts #* the power side of the circuit of the
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red or “danger” lamp %* of this signal
while the disk M closes at a pair of contacts
m?, the return side of the same circuit, the

“stem ¢ is automatically locked by a gravity-

operated (or spring-pressed) latch 7 which
then engages over the top of the stem, and
which is capable of being withdrawn from
active position by means of an electro-mag-
net N ‘as heretofore; the respective latches
and the corresponding electro-magnets be-
ing shown at NB, NC, and

ing to the present invention the stem ¢ 1s
capable of occupying 2 third or. interme-

.diate position (shown in the case of GD),

wherein the disks L and M close at ¢* and
m? respectively the power and return sides

of the circuit of the red or danger ” lamp

% as when in the fully lowered position;,

this intermediate position being reached,
however, before the stem ¢ has descended so
far as to become locked by the latch n. The

irftermediate position is determined by the

lower end of the stem g encountering and
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B disk R carried (in addition to the
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g is

resting upon a stop- o, which is normally
presented (by gravity or spring-pressure)
in the path of the stem,
able of being withdrawn from such posi-
tion by means of an electro-magnet Q: the
réspective stops and the corresponding elec-
tro-magnets -being shown at OB, OC and
OD. The circuit of each electro-magnet N
is controlled by means of a third conductive
disks L
and M) by the core-stem g of .the solenoid
G appertaining to the multiple-switch which
contiols the signal commanding the entrance
to the block-section’ in advance, this disk R
being adapted to'close said circuit by bridg-
ing a pair of contacts 7. The construction
is such that the circnit in question remains
broken at the contacts 7 so long as the stem
in the highest and intermediate posi-
tions, as indieated in the case of the sole-
noids
when said stem reaches
as indicated in the case
of the solenoid GC. The completion of the
circuit of each electro-magnet N is effected
the action of the train, upon the- latter
passing clear within the biock-section in ad-
vance; the train at the same time bringing

" about the closure of the circuit of the elec-

55

' For this purpose treadle-devices .

tro-magnet. O appertaining to the multiple-

. gwiteh which controls the signal command-

ing the entrance to said. advance section,

f;f"" JB, JC and JD along ave shown) are placed
“* alongside the track at points within the

80

/

" eptrances of the respective block-sections as
“heretofore, these tradle-devices being sever-

ally adapted, in. conjunction with the ap-
propriate operative member mounted on the
réar of the train, to admit current to the
‘circuits referred to. In the example illins-

trated in Fig. 1, the train carries at its rear '

ND. Accord-

and which is cap--

‘sure

‘line,
ing

GB and GD respectively, and is closed
at this point only
. 'the lowest position,

(whereof | ing stop ¢

3

end a brush 7 which is to be understood as
maintaining permanent contact with_thé re-
turn.rail X through the medium of the
metallic frame, axle, and hind wheels of
the vear vehicle, this brush j being adapted

to establish connection with each of the.

treadle-contacts JB, JC and JD in succes-
sion. The contact JB is connected to one -

"end of the winding of the electro-magnet

OB and also (in parallel therewith) to one
of the corresponding pairs of contacts 7, the
other contact 7 of this pair being: connected
by a line-wire to one end of the winding of
the electro-magnet N appertaining to the
solenoid (not-shown) at the entrance of the
block-section A; while the other ends of the
winding of the .ame electro-magnet N and
of the electro-magnet OB are connected to
the power-cable Z. Similarly, the contact
JC is connected to one end of the winding
of the electro-magnet OC and also (in par-
allel therewith) to one.of the corresponding
pair of contacts 7, the other contact 7 of this
pair being connected by 2 line-wire to one
end of the winding of the electro-magnet
NB, while the other ends of the windings
of the electro-magnets OC and NB are con-
nected to the cable Z; and so on as indicated.
Tt is to be. observed that the-treadle-contacts
J shiould be made of sufficient length to in-
ective transmission of current in suc-
cession through those electro-magnets O and
N which are connected to the vespective
contacts J. : ‘ .

"The normal working is as follows ——Ag-
suming a train such as F to enter the block-
section B from the block-section A of the
the entrance into section B of the lead-
pair of wheels f (which are assumed to
be electrically connected . farough their
axle) will cause the relay EB to be short-
circuited, with the result that the circuit
of the solenoid GB will be broken at the
switch AB and the core-stem gB of this
solenoid will drop until arrested at the in-
termediate position by its stop o, the fall
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of this stem ¢ causing current to be switched =

at L, M from the green lamp %' of the
signal KB to the red lamp k2 of the same
signal. On the brush j at the rear end .of
the train encountering the treadle-contact
JB, the circuit of the electro-magnet OB

“will be completed and current will be trans-

mitted through the winding-of this electro-
magnet, with the result that the correspond-
will be withdrawn and the stem
gB allowed to fall to the Jowest position.
Tn this position the disk R carried by the
stem ¢gB bridges the corresponding pair of
contacts 7, with the result that current will”

115
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now be transmitted through the winding

of the electro-magnet N appertaining to the
solenoid at the entrance to the block-sec-
tion A, the effects-of this being similar, as
regards said solencid, to those about to be

130




X

vdescribed with reference to the solenoid GB.

On the brush j leaving the treadle-contact

JB, the electro-magnet OB will cease to be

energizedjland the corresponding stop o will
& become free to return to mormal position
when the core-stem gB of the solenoid GB
is raised as hereafter described. After the
train F has advanced so that its leading
pair of wheels f enter the block-section C,
the conditions already brought about as
above described with reference to section B
will continue so long as any pair of elec-
trically connected wheels of the train re-
main still within section B, the red lamp
%* of the signal KB remaining lighted ; but,
‘the relay EC being now short-circuited by
the presence of the train in section C, the
solenoid GC will be deénergized and its
core-stem gC will drop to the intermediate
position, with the result that, in the case
of the signal KC, the green lamp %! will be
extinguished and the red lamp % lighted.
On the last pair of wheels of the train pass-
ing out of the block-section B, the relay EB
25 will cease to be short-circuited, and conse-
quently the circuit of the solenoid GB will
be again closed at the switch AB. Since,
however, the core-stem ¢B of this solenoid
is locked- in -the fully lowered position by
its latch n, the comnections already estab-
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lished by the disks L, M and R in the case |

of the solenoid GB will remain unaffected,
and the signal KB will still remain at
“danger”. On the brush § at the rear end
of the train encountering the treadle-contact
JC, the electromagnet OC will become ener-
gized, and, the corresponding stop o being
withdrawn from under the core-stem ¢C,

" this stem will drop to.the lowest position,
" 40 with the result that, while the signal XC
will remain at “danger ”, the disk R ¢arried
by the stem ¢gC will bridge the confacts »
and the electro-magnet NB will become en-
ergized. Hence, the stop n controlled by
this clectro-magnet will be withdrawn, and,
the solenoid GB still remaining energized,
the core-stem ¢B will be raised to the

35

45

highest position, with the resylt that the

red lamp %% of the signal KB will be ex-
50
same signal re-lighted. At the same time
the circuit controlled by the disk R carried
by the stem ¢gB wil be broken. On the
brush j leaving the treadle-contact JC, the
electro-magnet OC will cease to be ener-
gized, and the corresponding stop o will be-
come free to return to normal position

56

when the core-stem ¢gC is afterward raised.

So-long as a pair of wheels of the train re-
main in section~C, the signal KC will re-
main at “danger” but at the same time,
.when the train has advanced so that its
leading pair of wheels enter section D, the
relay ED will be short-circuited, the sole-
. 65 noid GD will be deénergized, and the core-

60

tinguished and the gréen lamp %! of the |

1,015,778

stem gD will drop, so that the green lamp
k' of the signal KD will be extinguished
and the red lamp 4% of the same signal will

be lighted. On the last pair of wheels of
the train passing out of section C, the relay 70
EC will cease to be short-circuited, and the’
solenoid GO will again be energized, but its
stem ¢C will remain in the lowest position;
this being the situation indicated in Fig. 1.
The same sequence of operations will be re- 75
peated, during the progress of the train,
every time the latter passes from one block-
section of the line to another, as will be
readily understood. Let it now be assumed
that an accidental failure of current takes go
place in the circuit either of one of the
track-relays E, or of one of the solenoids G.

In either case the solenoid immediately con-
cerned will become deénergized, and its

“core-stem ¢ will drop so as to change the 83

corresponding signal from “line clear?” to
“danger ™. The core-stem g will, however, -
be arrested in the intermediate position by
its stop o, so that, as the corresponding latch
n will not have been permitted to come intc 90
operation to lock the stem g, the latter -will

be able to rise again to normal position, so
as_to restore the corresponding signal to '
“line-clear,” immediately a flow of current --
recommences in the circuit  wherein failure 95
occurred. In the event of a failure of cur-
rent in the circuit of one of the electro-
magnets O, the stop o which it controls will
not be withdrawn from operative position .
when the corresponding treadle-device J is 100
actuated. Hence the core-stem ¢ of the cor-
résponding solenoid will not descend so as
to become locked by its latch #, but this fact
will not affect the condition of the signal
governed by said core-stem, inasmuch as
this signal will be put to “danger” on the
entrance of a.train into the block-section
commanded by the signal, and will be re-
turned to “line clear” on the exit of the
train from said section, as usual. In the
event of failure on the part of the train to .
actuate one of the treadlie-devices J, or de-
fective working in the device J itself, -
neither of these will affect the condition of -
the two signals to which the particular 115
treadle-device J appertains. That is to say,
on the one hand, failure of the treadle-de-
vice J to transmit current through' the
winding of the corresponding electro-mag-
net O will merely result in the stop o being 126
left in operative position, with the result-. .
that the core-stem g of the corresponding
solenoid will not descend so as to become
locked by its latch n:. But the signal con-
trolled by this solenoid will be put to “dan-

106

110

188

ger” and returned to “line clear ” on the en-

trance and exit of & train into and from the

block-section commanded by said signal, as

usual. On the other hand, the effect of the '
core-stem g (of the solencid referred to) 130
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being prevented
lowest position by the nop-withdrawal of-

cemployed to conve

1,016,778 - 5

from. descending to its

the corresponding stop o, will be to leave
open the circuit of the electro-magnet N ap-
pertaining to the solenoid at the entrance
. preceding block-section, and conse-
he core-stem g of this latter sole-
cine airendy fallen to and become
tion, will remain so
of the mext train
defective treadle-

¢ condition.

a

 vestoy
device J to workirn

Referring now more particul: rly to Tig.
9, it will be observed that the arrangement
remains the same as that just described with

rdference to Fig. 1, except as re ards the-
b ? -

rails.  That is to say, whereas in Fig. 1
{wherein the trackralls ¥ and Y are not
v il traction current but

only serve fo cats
rent) the eail ¥ i
Iated leagth
tive blo
traci-rails
rent) the rai
tact-rail is
to it so0 ud
poses oniy, this
into insninted lengths corresponding to the
respective bloclk-sections, as indicated in the
case v, yB, ¥C and ¥yD. In both arrange-
ments the track-rail X serves as a COmmon
return for the entirg electrical system.
Since, in the arrangement illustrated in Fig.
5 the sectional rail yA, yB, etc., does not
carry the train wheels, the train is provided
ot ench end with a brush, as indicated at ¥,
adapted to contact constantly with said sec-
tional rail; each brush y being in electrical
connection with the rail X through the

self divided into insu-
sonding to the respec-

tions: in Fig. 2 (wherein the
[ and ¥ carry the traction cur-
7 is continuous, while a con-
ide of and parallel
or track-cireuit pur-

i“i:f}c{

frame, an axle, and the corresponding wheel-

of the first or last vehicle of the train, as
the cage may be, so as to cause the presence
of the train in any biock section A, B, etc,
of the line to bring about the short-cireuit-
ing of the corresponding track relay EA,
EB, etc., so long as any part of the train
remains within the section.

1t is unnecessary to describe the getion of
the apparatus with reference to Fig. 2, as
this is identical with that already described
with reference to Fig. 1. In both arrange-
ments, the dotted rectangles VB, VO and
VD indicate the casings wherein are housed
the solenoids G and maltiple-switches for
controlling the signals which command the
entrances to the block-sections I, C and D
of the line respectively

S indicate resis
posed in the various civenits.

Referring to Fig. 3, it will be seen that the
pairs of contacts &1, 7 ', m?; and 7, are all
constituted by leaf-springs which normally
extend in a horizontal direction from their

points of fixture w to the back-board W of |

v the track-cireuit cur-,

nees and T fuses inter-

the casing inclosing the solenoid G and the

arts more immediately associated there-
with, the free ends of the springs of the re-
spective pairs being presented 1n the paths
of the corresponding disks L, M and I,
which are fixed on the core-stem ¢ but in-
sulaied therefrom and from each other. =
and ot are adjustable counterweights carried
by the latch » and stop o respectively, these
being constituted by the armature-levers of
the respective electro-magnets N and O.
The weights n* and o* serve to maintain the

70

75

latch » and stop o in normal or active posi-

tion so long as the respictive armatures are
not attracted in conséyuence of the ener-
gization of the electro-magnets. Tn the high-
est position of the stem g, the disks L and

M respectively bridge the spaces between

80

the. free ends of the pairs I* and m*, while In -

the intermediate and lowest positions of the
stem, the respective disks bridge the spaces
between the free ends of the pairs & and m?;
the flexibility of the pairs of springs #° and
m? being made sufficient to permit of these
springs bending so as to maintain contact
with the respective disks L and M when the
stem and disks descend by gravity so far
helow the intermediate position as to enable
not only the disk R to bridge the space be-
tween the free ends of the pair of springs 7,
but also the stem g to become locked by the
latch n. - o B

Claims: ~

1. An electrically operated, automatically
acting, block-signaling system for use on a
railway line, consisting in the combination’
of electrical track-circuits corresponding re-
spectively to the several block-sections of
the line; electrically operated signals for
commanding the entrance to the respective
block-sections; gravity-operated —switches
for controlling the circuits of the respective
signals and capable of occupying three posi-
tions alternatively, namely, two extreme po-
itions ‘wherein the corresponding signals
are put to “line clear” and * danger ? re-
spectively, and an- intermediate position
wherein = said signals are also put to.
“ danger”; solenoids for retaining the re-
spective signal-controlling gwitches in the
position corresponding to “Jine clear”;
electro-magnetic relays interposed in the re-
spective track-circuits, and armatures there-
for; switches, controlled by the- respective
relay - armatures, for normally closing the
circuits of the corresponding solenoids ;-
gravity-operated latches for Jocking the re-
spective signal-controlling switches in the
extreme position corresponding to “dan-
ger ”;electro-magnets and armatures there-
for, for withdrawing the respective latches
from . operative position; gravity-operated
stops for arresting the respective signal-con-
i siling switches in the Intermediate osi-
..sn; electro-magnets and armatures there-
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for, for withdrawing the respective stops
from operative position; means adapted to
codperate with a train on the latter passing
wholly within the respective block-sections,
for controlling the circuits of the respective
stop - withdrawing - electro - magnets; and
switches, movable as one with the respective
signal-controlling switches, for closing the

'~ circuits of the respective latch-withdrawing
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electro-magnets appertaining to the several
signal - controlling switches which are re-
spectively situated at the entrances of the
block-sections in rear of the signal-control-
ling switches with which said- switches
move as one, substantially as and for the
purpose set forth. '

2. A multiple-switch instrument for use
in the automatic electric block-signaling sys-
tem specified, consisting in the combination
of the vertically extending solenoid core-

- stem g the solenoid G for holding said core-

stem in the extreme raised position; the
latch 2, and counterweight »' for holding
the same in position to prevent the rise of

1,015,778

the core-stem ¢ in the extreme lowered posi-
- tion; the electro-magnet N for withdrawing

the latch # from operative position ; the stop

" 0, and counterweight o* for holding the same

in position to arrest the fall of the core-stem
g at an intermediate position;.the electro-

“magnet O for withdrawing the latch o from

operative position; the insulated conductive
disks L, M and R carried by the core-stem
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g5 the pairs of electrical spring contacts 7* - -

and m' adapted to be bridged by the re-
spective disks L. and M when in the fully

contacts #* and m* adapted to be bridged by
the respective disks L and M when in both
the intermediate and the fully lowered po-
sitions; and the pair of electrical spring

contacts » adapted to be bridged by the disk

R when in-the fully lowered position alone,
substantially as deseribed. - .
‘ ROBERT PERCY BROUSSON.
Witnesses: A . :
C. P. Libon,

H. D. JamEesow.
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-raised position ; the pairs of electrical spring -
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