OPERATI ON OF RESI DUAL CURRENT DEVI.CES-- - The present

I nvention re trip swi tches and re cularly to atrip
Swikt ch which'C ﬁa%égused for doﬁféas;S‘ t Eléef{ndustm al usePCT/GBISIO1554
The present invention will be des ﬁ ion to the

construction and operation of a t

current device (RCD). This descrlptlon s for conVénlence only and‘l
it will be appreciated that the construction and pperatloﬁ ef'mﬁ_
mechani sm are suitable for other uses. L——REP= :
wel | known and are usually provided with a3 rst 10 button __‘RET‘ﬁ‘the~———_
contacts are set. a flag which indicates the condition of the '

contacts by changing the colour of a window and a second button mhlch
introduces into or sinulates a fault in the CIFCUIt to prove that the

device is - wor ki ng. OPERAMTIO IR DEENT, <O DRVIGRE t ch by
ei ther engagi ng a nechani sm or conpletlng a.circuit to allow an
el ectrical closing of the contacts or a 15 conbi nati on of both

mechani cal and el ectrical Thesprgsentclinyventiomrelahes itq &rip switches
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I nvesti gat ed IS the area of ush buttons. The need for two push
buttons tends tofagvepmesyic and 1é9P§c@n@P%ﬂ¥§a§|ﬂ§ebf the overal | device

since the buttons cannot behel peedento itivention will be described in
relation to the construction and operation of a trip
switch incorporated in a residual current device (RCD).
This description is for convenience only and it will be
appreciated that the construction and operation’of the
mechanism are suitable for other uses.

RCD's are now well known and are usually
provided with a first button by which the contacts are
set, a flég which indicates the condition of the
contacts by changing the colour of a window, and a
second button which introduces into or simulates a fault
in the circuit to prove that the device is working. The
first button can set the trip switch by either engaging
a mechanism or completing a circuit to allow an
electrical closing of the contacts or a combination of
both mechanical and electrical closing. Much effort has
gone into reducing the size of RCD's but one area which
has not been properly investigated is the area of the
push buttons. The need for two push buttons tends to
adversely effect of the size of the overall device since
the buttons cannot be placed too close to each other nor
can they be reduced in size having regard to the size of
the human finger.

According to the present invention, there is
provided a push button residual current device wherein a
single push button is used to perform setting and
testing operations on said device. '

A residual current device according to the
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mechani sm al | ows a s=n oY used to test ————and-to set a
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present invention. This nmechani sm has % lre di sadvantage that it- cannot be
tested 25 and set using a single depression of the button. as the state
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an .

on sai d device cause 5_, tripping an atching of a mechani sm
i ncl udi ng power cont&c6Re6ifigi gmpediment of the invention will

now be described by way of example with reference to the
accompanying drawings in which

Figure 1 shows a diagrammatic sectional side ‘
view of a tripping and switch mechanism according to the
present invention. '

Figure 2 shows a first embodiment of a
mechanism for operating a test function.-

Figure 3 shows a second embodiment of a
mechanism for operating a test function.

Figure 4 shows an embodiment of a flag
mechanism for the device of the invention.

Figure 5 shows a further embodiment of the
detent mechanism according to the present invention.

Figure 6 shows the embodiment of Figure 5 in a
different condition.

Figure 7 is a top view of a shorting bar
contact device;

Figure 8 is a sectional side view of the same
shorting bar contact device; and

Figure 9 is an isometric view of the shorting
bar contact device. '

Dealing firstly with the b&sic
setting/resetting operation, the operation is that a
push button will be depressed in order to reset the
contacts and then released. If the push button is again
depressed, testing of a trip circuit will be undertaken
but thereafter the push button will have to be released
before it can be depressed again in order to reset the
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characterised in that: said push button is arranged to

be manual | y weovwseidgsom a rest position to a second resqicTigsdsior£¥3-
andc ' spring nmeans are provided to return said push
button fromthe reset 10 position to irts rest position. in order to

| at ch sai d nechani sm - gaiLd push button being arranged
to cause testing of a tripping mechani sm on sai d device over a first
part of its notion fromthe rest position to its second reset

posi tion. contacts. The present invention has the advantage that
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Figure 1 shows a diagramuatic sectional side vi _a trlppln?
swi t ch mechani sriviichrextends theoughsan:opaningi 4f. in one wall 17 of

Figure 2 shows apférstrecbeseEe! OA épffﬁ&aéh%m;iﬁé eP&hgki 18 i@s
test function. 25 , FLgure 3. shows f secgnd inbgglnent of a
mechani sm for ofR¥@Yidgd on one %pﬁe%# Féﬁc?}ﬁﬂger 5 and a light spring

Figure 4 shows 20 eiwadisprdéedibetdvéey thehfibangef D8 aha thei erterior ofof

the Invention. tne top 21 of the movhbPs'RednSPYT dnith'iE"2°GRRLLATTY ©

inverted U-shaped member when seen in Fig. 1. The
interior surface of the top 21 of the member 11 - forms a
spring Seat 23 for strong spring 24 which is disposed
between the spring seat 23 and a fixed ledge 25 which
forms part of the structure 10. The springs 20 and 24
are normally i.e. in their most relaxed state,under
slight compression.

Slidably disposed within the inverted U-shape
member 11 is the member 12 which has a U-shape when seen
in Fig. 1. The bight portion 27 of the member 12 forms
a spring seat 28 for a further spring 29 which is
disposed between the spring seat 28 and the other side
of the ledge 25 from the side of the ledge which engages
the heavy spring 24. The spring 29 is not as strong as
the spring 24. Movement of the member 12 under the
action of the spring 29 is limited in some convenient
manner for example by a stop member 30 whiph is part of
the structure 10. The member 12 is provided with
contact carrier 31 having one or more contacts 32
provided thereon. The contacts 32 face fixed contacts
33 and these contacts 32-33 constitute the main current
carrying contacts for the device.

~ The member 11 is provided with an electrically
actuable artangement which moves with the member 11 and
includes a detent 35 which; when it is desired to cause



2a according to the present invention. Fi gure
6 shows the enbodinment of Figure 5 in a different condition.

Fi gur Y@ 9671489 t op vi ew of a shorting bar contact devi cePCT/GB95/01554 .
Figure 8 is a sectional side view of the same shorting bar contact

devi ce: and Figure 9 is an isonetric view of the
shorting bar contact device. -4 - Dealing firstly with the
basic setting/resetting operation. the operation is that a push
button will be depressed in order to reset the contacts and t hen

rel eased. thet@enpashshtiot 6AOBS,adsi heddpios ebgagemenitngnolda &lotip circuit

Wil 10 3pejnndget akRn1hut orhensaﬁhﬁbe&hwus&n&%&@gt%l:'aﬁ ve to be

rel eased before It can Rresse ain in or set the
actuable arrangement for holding the detent 35 will be
described in detail later.

The operation of the above described
arrangement is as follows assuming that the contacts
32,33 and are normally open and the detent 35 is in its
retracted or relaxed condition. The springs 20, 24 and
29 are all in their most relaxed state and the members
11 and 12 are in their extended positions relative to
the fixed ledge 25. The push button 14 is pressed which ‘
firstly compresses the light spring 20 and then
subsequently causes the member 11 to move downwards thus
compressing the strong spring 24 by manual operation.
The member 12 is in its downmost position and is still
stationary being held against a stop 30 by spring 29.

If the electrically actuable arrangement which controls
detent 35 is in the appropriate condition, the detent 35
will be held in an outward condition in the slot 36 in
the member 12 when the member 1l slides downwards into
the appropriate position. This links the two slidable
members 11,12 together.

When the push button 14 is released, the two
linked members 11,12 move upwards together under the
action of the strong spring 24 which compresses the
spring 29 and brings the contacts 32 into engagement
with the fixed contacts 33. Since the push button is
then released, this results in the push button 14
returning to its initial position under the action of
the spring 20. However, the member 11 does not return
to its initial condition; it is held in a slightly
depressed position with the strong spring 24 slightly

compressed.
If a fault condition exists, the detent 35 is

‘ forced out of the slot 36 due to the action of the



- 3- cont act s. As shown in Fig. 1, the nechanism conprises a
relatively fwﬁggg 4hg/cture 10 which houses, wholly or in part, novable
menbers 11 and 1 ich slide relative to each other and to t hBCHEBa¥15F4:
10. A manual |y operable menber 14 in the formof a push button has a

pl unger 15 whi ch extends through an opening 16 in one wall 17 of the
structure 10. A spring engaging flange 18- $ provi ded on one end of the

pl unger 15 and a light spring 20 is disposed between the flange 18 and the

exterior of the top .21 of the ymvable nber 11 which is a generally
i nverted U shape§PTraRe& z\ﬁnéﬁ‘igénai‘# ES’& relatiye skoRes Ok khematdng he
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seat 28 for a furekurnsgei theig wriginad position.

' It will be appreciated that if the correct
conditions do not exist, when the member 1l is pushed
down by the push button, the detent 35 will not catch in
a slot 36 of the member 12 when the push button is
released and hence the member 12 will not be lifted up
by the spring 24 to close the contacts 32,33.

The single push button operation described
here can be achieved using modified versions of the
above mechanism. :

For example, the compression springs 24, 29
and 20 could be replaced by temsion springs arranged to
exert a force in the same direction as that described
above. The springs 24 and 29 could be mounted on
separate parts of the housing at the top and bottom of
the housing respectively,. strong spring 24 pulling
member 11 upwards and weaker spring 29 puiling member 12
downwards, the operation taking place in the same
direction as that shown in Figure 1.

Furthermore, there is no reason why the weak
spring 20 should be a compression spring or that it
should act on member l1ll. The important feature of the
push button action is that there should be a general
upward force on it relative to the housing 10 and that,
over the lower part of its movement range, it should act
directly on the member 11, so that member 1l is forced
to move at least as far as the button arrangement 14, 18
over this lower part of the range. The spring could
therefore be mounted between the button arrangement and
the mounting 10, pushing upward on the button and
‘downward on the mounting. This could be by means of a



di sposed between the spring seat 28 and the other side of the | edge 25 from

t he si e | edge which engages the heavy spring 24. The spring 29 is
not a§a§?$%ﬁgpas the spring 24. Movenent of the nenber I§Tﬁﬁﬁﬁﬂﬂ5phe action,

of the spring 29 is limted in some conveni ent manner for exanple by a stop
menber 30 which is part of the structure 10. The nenber 12 is provided with
contact carrier 31 having one or noreécontacts 32 provided thereon. The

contacts 32 face fixed contacts 33 and these contacts 32-33 constitute the

main current carrying contacts for -the device. . The nmenber 11 is
provi ded wﬁ?ﬂpﬁﬁsé+€8tFPE&P9y°£cPB&EF@naFPiﬁQSnﬂﬁPenﬁl@B'ﬁﬁwé@emdth t he

- menber 11 geslitred! 4feangesehent 35 which; when it is desired to cause
Yﬁ{96/01489 It should further be stressedpt Q@?ggﬁgﬁgién
the springs 20, 24 and 29 are throughout this
description referred to in the singular, there is no
reason why a plurality of springs could not replace one
or all of them. The use of single springs in the
specific embodiment shown in the figure is purely for
simplicity.

The operation described thus far is simply a
push to set or reset operation. It is intended that the .
same push button will be used to perform a test function
to ensure that the electrically actuable arrangements
and any associated fault detector is also operating
properly. This is achieved by using the push button to
operate a test circuit in some convenient manner. In
order to ensure correct operation, a pall 40 is also
provided on the fixed structure 10 as will be explained
in detail. '

The pall 40 is biased inwardly towards the
slidable member 11 by virtue of its mounting on a leaf
spring. The position of the pall 40 is such that when
the slide member 11 is in the position where the
contacts 32,33 are engaged and the slide members 11,12
are also linked to each other by the detent 35, the pall
40 can interpose itself between the top of the member 11
and the bottom face of the flange 18 when the push
button is released and rises under the action of spring
20. In this position, downward movement of the flange
18 caused by pressing the push button 14 is restricted
by the pall and hence manual force cannot be applied to
the slide member 11 which might otherwise cause opening
of the contacts 32,33. Thus, the push button 14 can be
reciprocated through a restricted length and thus
undertake a test cycle. '

Figures 2a,b,c,d show one wﬁy in which this
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the contacts to close, is held in engagenent in a sl ot 36 in the arm
12a of the nowmbo6/01489 The el ectrically act uabl e arrangenenpcr@Bosoisss ng
ther detent 35 will be described in detail |ater. The
operation of the above descri bed arrangenment is as follows assum ng
that the contacts 32,33 and are normal Ly sopen and the detent 35 is in
Its retracted or relaxed condition. The springs 20, 24 and 29 are
all in their nost relaxed state and t he nenbers 11 and 12 are in their
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arranged to be bendable about its lower end in the plane
containing the direction of permitted motion of the
flange and the direction of slope of the projection 61l.
In the rest state of the flange, the prétruberénce is
situated above the upper end of said sprung hember as
shown in Figure 2a. As the push button is depressed,
flange 18 and projection 61 move downwards, said
projection engaging the spfung member. As the projection
is angled, a horizontal component of force is exerted on
the spring member, the upper end of which therefore
moves substantially horizontally in the direction of
upward slope of the projection. A contact 60 is arranged
to engage the spring member close to the limit of its
motion, while still'allowing movement of the upper end
of the spring member. This allows electrical contact
between the spring member and the contact 60, thereby
completing a fault simulation circuit l. On further
downward motion of the flange , the upper tip of the
projection 61 passes the upper end of the spring member
62 releasing it back to its unstrained position and
breaking the simulation circuit 1. The flange 18 will
thus continue down until restrained by the pall 40. On
release of the push button, the projection 61 engages
the spring member from below. The angular disposition of
the projection 61 thus causes a horizontal component of
force to be exerted in the opposite direction to that of
the downstroke, such that the spring member 62 does not



with the fixed contacts 33. Since the push button'is t hen rel eased,

thisr I In the push button 14 returning to its initial position
under ‘fgﬁé }Qas?on of the spring 20. However, the nenfRGT/GBISQESE not ‘
return toits initial condition; it is held in a slightly depressed
position with the strong spring 24 slightly conpr essed.

If a fault condition exists, the dete@t =35 is forced out of the sl ot 36
due to the action of the WD 96/ 01489

PCT/ GB95/ 01554 springs 24 and 29 and the relative slopes of the

mat i ng meghaRiealdy #ﬁ§e§§F€ﬁtW3$haﬁaYtN&hgﬂbpqmponentan/Befonauﬂn t he

spring 29 gréi padshebueesnt 18 i b g he menber
12 opens t g cga?ghts 32n bz |§q§§§§aa theﬁ%%gb%ﬁ?ﬁéﬂﬁgﬁﬁir 11 and

t he menber §¥°P e PEPGFnePQ PﬁeFPeoFPQFH& mepber $2. which

therefore disengages and returns to its unstressed
state. In other words, movement of the push button and
flange in straightlline reciprocation causes contact 62
to be pushed towards a fixed contact member 60,

released to return to its initial condition, pushed away
from said fixed contact member 60, and finally released
to return to its initial condition.

Fig. 3 shows another way in which this '
reciprocation can be used to initiate a test function on
depression of the push button and subsequent termination
of the test function on release.

As best shown in Fig. 3a, the flange 18 is
provided with two sloping projections 51a,b which are
disposed as shown to form an inverted'v-shape with the
apex of the V missing. . The thus spaced apart projection
are arranged to receive between them the tips 53a,b of
two contact members 52a,b of the test circuit. The
contact members S52a,b may be of conductive resilient
material and may be formed with resilient contact
portions 54a,b. The contact portions are usiually opened
with the members 52 spaced apart by a small distance.

As the push button is depressed, the flange 18 moves
downwards as indicated by the arrow in Fig. 3b. The
tips 53 of the contact members 52 are engaged by the
inner sloping surfaces of the projections 51 and are
pressed towards each other due to the cam action of the
projections 51. The dimensions are such that the
contact portions 54 will engage each other to complete
the test circuit but the flange 18 will be able to move
in a direction of the arrow until the projections 51
disengage from the tips 53 whereupbn the members 52
spring apart breaking the test circuit. The flange 18
will thus continue down until restrained by the pall
40.



It will be appreciated that if the correct condi tions do not exist, when
t he menber 1&,@%&@% down by the push button, the detent_35 wll not

catich in Y of the menber 12 when the push but t on |SPCTGP%"I”E‘§§“ed

and hence the nenber 12 will not be lifted up by the spring 24 to cl ose

the contacts 32, 33. The single gush button operation described
here can be achi eved using nodified versions?of the above mechani sm

For exanple, the conpression springs 24, 29 and 20 coul d be repl aced by

tensi on springs arranged to_. exert a force in the sane dlrectlon as_ t hat
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move at | east asﬁNﬁfQ£9ﬁIﬂ?QﬁRQRRFeﬁneﬁl o ir normal open

position and the push button turns to it's initial
position. 1In other words, movement of the push button
and flange in straight line reciprocation causes the
contact members 52 to be pushed towards each other,
released to return to their initial condition, pushed
away from each other and finally released to return to
their initial condition. _

From the above description, it will be
appreciated that the test cycle can be completed without
mechanically interfering with the operation of the
remainder of the setting mechanism. It will also be
appreciated that with the main contacts 32, 33 in their
open condition and all the springs relaxed, on initially
pressing the push button, the first thing which is
tested is the test circuit and then on continued
downward movement the contacts 32,33 are engaged if no
fault condition is detected and the push button is
released. The test procedure is then carried out by a
further depression of the push button 14 which should
cause the contacts 32 and 33 to open and by opening, the
slidable member 11 rises upwards from its latched
position as described previously to its initial position
which causes the pall 40 to be forced outwards as shown
in the drawing. When the push button is depressed
again, the contacts can be reset in the knowledge that
the test function is operating properly. Turning
now to the visual indication of the condition of the
contacts 32,33, as shown in Fig. 4, it is proposed that



over this lower part of the range. The spring could t her ef ore be mount ed
bet we tton arrangenent and the nmounting 10, pushing upward on
t he bSﬁ?%ﬂﬁgﬁg downward on the nounting. This coul d EQTﬁvmggﬁﬁé of a ,
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- 6- conpression spring or tension spring depending on the desired
arrangenent . It shoul-d ¥aur< her be stressed that, although

the springs 20, 24 and 29 are throughout this description referred to
in the singular, there is no reason why a plurality of springs could

not replaca sheet megmbern |7hfis rarnanged ke Eide with sthe member t he

speci f1 ¢ eBOGETRRVENRH d Furthed WHebd heiiied V71 Gnich £3PITCTLY.
The operation described thus far is sinply a

preferably fixed to the exterior of the structure 10 but

may be movable with the member 1l. Figures 4a,b show a

perspective view of members 70 and 71 in the two

relative positions that they are arranged to adopt.

Figure 4c shows a pattern that could be used on member

71. The relevant features of this pattern will become

obvious from the following description of the operation

of the indication means. ’

The sheet 70 is provided with a plurality of ‘
slits 72 through which predetermined areas 75 of the
sheet 71 can be seen so that in one relative pbsition of
the sheets a first visual indication is made while in a
second relative position of the sheets a second visual
condition is made. For example, in one position the
‘overall impression of both sheets could be black with a
red condition being shown when the sheets are in their
second relative position. Alternatively or
additionally, when the contacts 32,33 are engaged, the
sheets can actually display the word "on" in red. When
disengaged, the sheets might display the word "off" or
simply remain blank. _

In another embodiment of this arrangement,
said second sheet 70 is translucent and has an etched
surface giving it refractive properties such that in one
relative position of the sheets, a first visual
condition is made, and in a second relative position of
the sheets, a Second visual condition is made, as in the
‘above embodiment..

Although mention has been made in the above
description of upward and downward movement, it will be
appreciated this merely is in respect of the drawing and
not indicative of the actual operative orientation of
the mechanism.

- Attention is now directed to the mechanism



pu§h to set or reset operation. It is intended that the sanme push
button will be used to performa test function to ensure that the

el gctrical | yWRPRMB%E arrangenent s and any associ at ed faul PCHEB¥1554 | s
al so operating properly. This is achieved by using the push button to
operate a test circuit in sonme convenient manner. In order to ensure
correct operation, a pall 40 is also $rvi<ed on the fixed structure 10
as wll be explained in detail. The pall 40 is biased

i nwardly towards the slidable menber 11 by virtue of its nounting on a
| eaf spring. WiHepeantmlsithedekent 35 s Apreferredhembodiment of

Sl i de member, 11 iehis bt 100 VNI IGRA in OPINS o1 3200 df mengaged

and the slide nmenbers 11,12 are also linked to ea ot her t he det ent
35, the pall SRS £F9 EdGros ithe detraticts %%ef?w%f%h%n?remﬁrofll
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restricted | engt 35amdldhdn the mmlakmaxmed:mnﬂitlon of the amm gtff es

23,b,c,d show ongriFedt’ eif¥cuyt S opening 41 in one arm of the U-shaped
member 11l. The arm 40 is also provided with a pair of
horns 42 which project in a direction opposite to the
direction of the detent 35 and embrace the core of a
coil 45. The coil 45 extends in a direction pérallel to
the line of action of the springs in the main mechanism.
One end of the coil 45 is provided with a pole piece 47
made from a magnetic material. A basically L-shaped
keep member also of a magnetic material is provided on
the exterior of the coil 45 with the short leg of the L-
shaped member overlapping the other end of the coil 45
and the long leg of the L-shaped member extending down
the length of the coil 45 until free its end is adjacent
the pole piece 47. The long leg of the keep member 50
and/or the horns 42 are shaped so that the horns are in
contact with the keep member 50. The horns are of a
non-magnetic material. It is also to be noted that the
short leg of the L-shaped keep member is movable on the
end of the coil 45 but may be retained in this location
by a spring (not shown).

When no current is applied to the coil, the L-
shaped keep member has its free end slightly spaced from
the pole piece 47 and the detent 35 projects through the
slot 41. The arrangement is such that the detent is
free to move to the left as shown in the drawing when
the coil 45 is unenergised. The detent is provided
with a surface 35a which is sloping with respect to its
direction of movement and consequently with the coil 45
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depr es¥QWW:% he push button and subsequent terninati onPCT/GBFOISHe t est

function on rel ease. As is shown in each of Figures 2a,b,c,d,

t he

projection is arranged to engage a spk2ing nenber 62. The sprung nenber
is arranged with its axis substantially in

fl

reci procation can be used to initiate a test function on

ange 18 is provided wwth a sloping projection 61. This

the sane direction as the

s

perm tted novenent of flange 18, and has its lower end fixed, while its

upper end iefilergisad theEnoing fareeexerted by  the c9pringd29 ron he pl ane

cont ai Ni Ng thee midivatilld HenberP AN id %fﬁéﬁh@fté t'@ause thé s

direction of sl ope
fl ange,

the

-coil 45 is energised, the L-shaped keep member_is

attracted to the pole piece 47 and held there. This
results in a force being applied to the detent 35, in
addition to the natural spring force applied by the arm
40, due to the horns 42 contacting énd hence tending to
move with the L-shaped member 50.

A degree of resilience is provided due to the
fact that the end of the L-shaped member which projects
round the other end of the coil 45 opposite to the pole
piece 47 is not mechanically rigidly fixed to the coil
nor is it subject to the same magnetic forces as the
other end and hence is free to move to a small extent.
This permits the detent 35 to be pressed backwards
towards the coil 45 even when the coil is energised so
as to permit relative movement between the members 11
and 12 during the resetting operation.

_ Finally, it will be noted that the detent
operating mechanism is housed in a chamber attached to
the movable member 11 but that the whole of the movable
member 1l with coil slides as one within the structure
10. '

In another embodiment of this detente
mechanism, illustrated in Figtre 5, movable members 11
and 12 are constrained to move vertically in the sense
of Fig. 5. Member 12 is biased downwards in the sense
of Fig. 5 by a force Fl applied by helical spring 29.

Member 11 is biased upwards in the sense of Fig. 5 by a

force F2 applied by helical spring 24.

Also attached to member 1l is leaf spring 80
having at its lower end a detent pawl 82. Leaf spring
80 is configured to bias detent pawl 82 to the right in
the sense of Fig. 5. There is also provided a piezo

éﬁg the
the rest state th

of thecFrOJ efctlon .
_ B 18 FRE £ RVEI LB ROVIRERE Q6 d
sprung m‘«‘rﬂtﬁb adidablehawinber ANl aind dvwi he HGWewed | Ofhérs €lepr essed,



4

fl ange 18 and projection 61 nove downwards, said proj ecti on engagi ng

t he sprung 501 é§ the projection I s angl ed, a horizontal conponent
of €orce is oxertedon the spring nmenber, the upper end of PGHEBI01554
t herefore noves substantially horizontally in the direction of

upward sl ope of the projection. A contact 60 is arranged to engage the
spring menber close to the linmt of its = 13wtion, while still allow ng
novenent of the upper end of the spring nenber. This allows electrical
cont act bet ween the spring nmenber and the contact 60, ther%ﬂy

b
conpl eting a faulCCréMiy Daidpin assembly @i ustnated schematdeallbiaton of
the flange , thesappehilsi Rselendly 81 il RicvEted atl i3S IFH knd/Rier end of

breaki ng the.si mAPGERSY BREEUEE HemRer din Al hes,dte Lot s gnd e
down until restrattached alsopiiol pawl 2. Theise dethofsprtimgp 8th and t on,
i spbsition of 2sSARBIS 81, apbly BRReIRntEY Forded ek mn WE OO of
force to be exerted i n t heThppdevigediisedililustratedatinoFigure: I%e in its
downstroke, such;biahehl"BonlitionTETRAE G2 $Ath Wtent pawl 82 engaged
with recess 83 in member 12. In this condition, due to
the angles of surfaces 82a and 83a which are in
engagement, force Fl which is applied by springs 24 and
29 will apply a force F2 on pawl 82 to the left in the
sense of Fig. 5. If the total force F3 applied to pawl
82 towards the right by spring 80 and assembly 81 is
‘greater than force F2 member 12 will be retained in its
position illustrated in Fig. 5. However if force F3
reduces to be less than force F2 pawl 82 will be
deflected to the left in the sense of Fig. 5 and member
12 will be released to its position shown in Fig. 6.

The device further comprises an adjustable
piece 84, shown in cross-section in Fig. 5, which is
movable so that it is either in contact with leaf spring
80, as illustrated in Fig. 5, or not in contact with
leaf spring 80. This movement can be used to provide
two modes of operation for the device as described in
detail below. The adjusting piece may be provided in any
suitable form, such as a pin, wedge or cam mounted on
frame ll1. In the first mode of operation adjusting piece
84 is not in contact with leaf spring 80 and plays no
part in the operation of the mechanism and therefore can
be assumed not present in Fig. 5. The piezo ceramic
assembly 81 is arranged such that when it is activated
it applies a greater force to the right than when it is
not actuated. The leaf spring 80 is designed to have a
stiffness such that when the piezo ceramic assembly 81
_ is not actuated the total force F3 acting to the right
g on pawl 82 is less than force F2 acting on the pgwl to



WD 96/ 01489 PCT/ GB95/ 01554

- 8- mechanically interfere with any ot her conponents. Before t he
push OP&M4BE fully rel eased, the projection noves POTIGRISOISS¢ upper ,
end of the spring nenber 62, which t herefore di sengages and returns to
Its unstressed state. In other words, novenent of the push button and
flange in straight line reciprocatongcauses contact 62 to be pushed
towards a fixed contact nenber 60, released to return to its initial
condition, pushed away fromsaid fixed contact nenber 60, and finally
rel eased thet defttur nHowever wheni thecasdembly 81 is actuated Eh@ 3 shows

anot her t S egL.p alls C ' _4S : initiate a test
funct | OH%OLQIV%QEESSE?ORCS nP %b EB' %Jlg?lgn%g'ng’%s‘ﬂb?gq&%nt egrt nati on
of the testhannf,orga B2 agteageto the left. [Thuscdif giember dlFig 3a, the

flange 18 4 §2 edpiﬁvig %i@;hﬁ”sﬁb&ﬂ' 19 E‘&g e%t 'a n@&e? Wi gl are

di sposed as an I nverte apex of the V
m ssi ng. Tﬂ%tFﬁESdspEE@BeEp&?t“BﬂéjP&tF&ﬁalﬂeﬂrénaﬁméﬁgéﬁﬂﬁiﬁﬂgoelve

bet ween t hgswévért ioSmémbBed 81 subsequently becomes de-actuated
member 12 will be allowed to move to its release
position shown in Fig. 6. Also in the absence of
actuation of assembly 81 it will be impossible to re-set
the device to leave member 12 held in its position in
Fig. 5. If the device of this invention is ) q
incorporated in a switch mechanism and member 12 causes
the opening of contacts in its Fig. 6 positioﬁ'the
device in this mode will be "fail-safe". That is if
actuation of the device is not present the device will
switch off, if it is on, and will not be able to
switched on, if it is off, until such time as the
assembly 81 is re-actuated.

' In the second mode of operation adjusting
piece 84 is positioned in its location illustrated in
Fig. 5. The effect of this is that it shortens the
effective length of the leaf spring 82 such that its
stiffness is increased. This increase is gained
because the flexure of a cantilever beam of uniform
section is proportional to cube of the length for any
given load. With this increased stiffness the force
applied towards the right on pawl 82 by leaf spring 80
plus the force applied to the right by assembly 81 in
its de-actuated state is larger than F2 and therefore
member 12 will be retained in its Fig. 1 position when
assembly 81 is not actuated. In this mode when assembly
81 is acﬁuated it applies a force on pawl 82 to the left
thereby decreasing total force F3 to be lower than force
F2 and releasing member 12. Thus, electrically this is
the reverse operation to that of the first mode.

It will be appreciated that in this embodiment



. .
two contact nenbers 52a,b of the test circuit. The contact nenbers 52ab

may be of conductive resilient material and may be fornmed with resilient
corit act poV¥PPEAM8S4ap. The contact portions are usually opeRETGBISHISSH
the nenbers 52 spaced apart by a snall distance. As the push button is
depressed, the flange 18 noves downwards as indicated by the arrow in
Fig. 3b. The tips 53 of the contact nembdiSs =52 are engaged by the

i nner sl oping surfaces of the projections 51 and are pressed towards
each other due to the cam act.ion of the projections 51. The di nmensi ons

are such that thea simpdeagecheniicads Ieyement effeptsesacichangs im thenpl ete
the test circuit Q‘lbci:?*icﬁ'laEﬁﬁrﬁ%t\éﬂr'ilstli%sa@fe the raé\(ﬁce and Q:H@x’ee(irs' e Le)

of the arrow until the projectigns 51 di sengage fromthe tips
wher eupon t he menBEFEs§AtY F?pﬁﬂﬁ@raﬁaﬂtFﬁP@&kMﬁ$ﬂ§ﬂ§QQ%ﬂPﬂﬁqﬁnnt The
flange 18 will thus cont rfughdewaevice 1l’se§.hb%irlwi-a|t‘éd He RAlgwiteh?O.

WD 96/01489 device having associated electrlcpE %ﬁ%ﬁéﬂ&g%ﬂ for
instance mounted on a printed circuit board, the
movement of adjusting piece 84 can be arranged to make
electrical changes to the circuitry so that it too
operates in two modes. This may be simply by operation
of a micro-switch on the circuit board. This facility
has particular manufacturing advantages in a situation
where two similar devices, having similar switch
mechanisms, are being made. A single manufactﬁring line
be used to make the switch mechanism and the actual
characteristics of the device selected by the
positioning of adjusting piece 84.

Alternatively the device may be arranged such
that a user of the device, properly instructed, can
change the operation of the device between its two
modes .

Attention is now directed to the mechanism for
engaging the contacts 32 and 33. In certain embodiments
of the invention, the sequence of engagement of the twin
pole switch is important. In residual current devices it
is often important that the neutral line must be made
first and broken last and it is therefore necessary to
apply positive bias to the assembly. An embodiment of
means for effecting this bias with very few components
follows.

' A shorting bar contact means, shown in Figures
7 to 9, comprises two main parts - an actuating bar 90
and a carrier bracket 92, the carrier bracket 92 being
slidingly moveable in a direction B parallel to its
1ongitudinal axis.  Rigidly connected to one end of the
actuating bar 91 is a platform 31 which carries in-line

f shorting bars 32a,32b. The bars may be movable with



-9- On rel ease of the push button, the flange 18 noves
upward and in doing so, the outer sloping surfaces cone into engagenent
with tWe%P8953 of the contact menbers 52 whi ch ar @CT(GRYSOLSS4 nor nal
open condi tion. The contact nmenbers 52 are then forced apart by the cam
action of the projections 51 as the flange 18 conti nues to nmove upward
until the tips 53 disengage fromthelé - surfaces whereupon they return to
t heir normal open position and the push button turns to it's initial
position. In other words, novenent of the push button and flange in
strai ght Iraepeetipmotheiphatﬁoraslﬁhe contact nenbers 52 to be pushed

t owar ds each ot her, §%sggdt§frgagr?c£ # ?egh?gbpgb condi ti-on,

pushed away fron1eac fIrnal arn to their
initial comwe@nmth -a recess 95ripneanph abéeeca‘eg@nnpt Bopairt ofi | | be

‘appr eci at egpﬁ@é‘itéw fséingyfiﬁscgw éscﬁOHabfhsda%bbg%ﬁa fapgpgani cally

|nterfer|ng V\At operafion of r emai_ nder e setting

mechani sm S¥¥ ?ﬁ?l9§fsﬁnﬂethe CaFFieE; hragkekaf2\hag PhEaﬁi'ﬁfcontacts 32,
33 in theigteps Ppetn Owikchi the adownavardhfacphgngarrabescde oF thetially

pressing th t@géﬂnQnggngltpgsél&ﬁéntghggdevigg ig assembled.
Where the actuating bar 91 links to the carrier bracket
92 it has a step 105 which resides adjacent a similar
step 106 on the carrier bracket 92 such that when
assembled, the two steps form substantially coplanar ‘
surfaces. The recess 95 in either side of the actuatlng
bar 91 is such that the actuating bar can rotate with
respect to the bracket 92 about an axis parallel to the
axis A shown, which is parallel to the in-line plane of
the in-line shorting bars 32a, 32b.

A spring 108 is contained by the carrier
bracket 92 and is of such a size that its coils span
both the step 105 on upper surface 110 of the actuating
bar 91 and the step 106 on the upwardly facing surfacing
112 of the carrier bracket 92. The compression of the
spring 108 due to its free end being compressed e.qg.
against an outer casing, biases the actuating bar 91
into an un-rotated position and further biases the
carrier bracket 92 and actuating bar 91 to its
non-contact making position (to the right as the device
is drawn in Figure 7). |

Associated with each shorting pair 32a,32b is
a pair of fixed shorting contacts 33a,33b. The fixed
contacts 33a, 33b are positioned between the limits of
motion in a direction B and the rest position or the
assembly such that the shorting bars 32a,32b meet the
fixed contacts 33a,33b during the actuation cycle. One
set of contacts 33b are further away from the
non~-contact making position of the platform 31 than the
other set of contacts 33a such that contact is first



]
tested is the test circuit and then on conti nued downward novement the

contacts 32, %ﬁog&@bﬁpgaged if no fault condition is detectg 8@?9%@ﬂ§4

push button is rel eased. The test procedure is then carrie

further depression of the push button 14 which should - cause the
contacts 32 and 33 to open and by opening_ the_ - slidable nenber 11 rises
upwards fromits | atched position as described previously to its
initial position whi ch causes the pall 40 to be forced outwards as

shown in the dﬁdéﬂBétwﬂﬁﬁnthéesﬁﬁﬁhlhbtbﬂﬁ 32 ad @Ride £3R0 contaddai R3at.he
contacts can be reset in t?ﬁ?ﬁ? e e t hat the test function is
n

operating properly. nﬁﬁﬂﬁpﬁnﬁh@eréﬂéﬁﬁ (B0t ShGWNY 16he
condition of the activatédct $t3pulls thesbeaeket B20inda direttioapesadd

Ehig ) o QGLQ%éBEnteractlon between the step 97 of the Erac 5&83554
the lip 94 of the activating bar 1 also causes the
actuating bar to move in direction B until the first
shorting bar 32a connects with its fixed contacts 33a.
The fixed contacts 33a then prevent the actuating bar
from further movement in direction B. Instead, further
pulling of the bracket 92 by the engagement mechanism
results in rotation of the actuating rod 91
(anti-clockwise as drawn in Figure 8) about the axis of
contact of the first fixed contacts 33a until the second
shorting bar 32b engages its associated fixed contacts
33b.

Upon release of the engagement mechanism, the
extra compression of the spring 108 on the step 105 on
the upper surface 110 of the actuating rod 91, arising
from the rotation of the actuating rod 91 causes this
side to rotate (clockwise as drawn in Figure 8) away
ensuring that contact on this side 33b is broken before
the longitudinal movement of the assembly under the
action of the spring 108 results in contact on the first
contacts 33a being broken.



W th the nenber 12 relative to 5
ferably fixed to the exterior of
with the nenbe®CTIGBBOYHes 4a, b

a sheet nenber 70 is aﬂwg@g-y$ S
further sheet nenberf[ 71 mhgcﬁ i85 Beg
the sYPIEPUMB 10 but v S EROVab) ¢

show a per spective V|emf3~"*?“--f70 and_71 in the two relative
positions that they are arranged to adopt . . Figure 4c shows a pattern
that coul d be used on nenber #1.18The rel ev&mSh @&B&Beask placddni s pattern
will becone obvi ous fromthe foll ow ng desc 1M oper ati on

of the indication neans. The sheef. Hed with a
pluralityCGdaims slits 72 through which pr edet er Tt ar eas 75 of the
sheet 71 can be seen so that in one relative p05|tlon of the sheets a

first visuyal indication is nmade while in_a cond relative position of
the sheet#-a second® Pugh buttop,residual §‘¥Fé?%’ Rgvicahereim one

position tahemgleomml bdtfﬁﬁihei%l Used HOigerHna serin nd! ack with a
red condlilon belng9 en the SEE%’S are in their second rel ati ve
posi ti on. CRFEEPTAP 5?318Ps on $a34 98Y49%,, when the contacts 32,33 are

engaged, the sheets can actually display the mord "on" in red. Wen

di sengageg t he shest ?H anotkﬂ:qoiplr%d’dr?r‘%ﬁw‘& -_'s'_ ?Q%Ja%ege sinply remain

bl ank. efmdo : ment, said
second shascording tpacdedibedt whegedss an etched surface giving it

refractive properti gajguplish"®utitBnOi® arranged to be moved from
a rest position to a second position,
spring means are provided to return said push '
button to its rest position,
said push button is arranged to test a
tripping mechanism on said device over a first part of
- its motion and to set said residual current device over
a second part of said motion.

3. A push button residual current device
according to claim 1 or 2 comprising |

a support member having a fixed seating member
comprising opposite sides;

a first spring for exerting a first spring
force, disposed between one side of the f;xed seating
member and a slidable seating member, the push button
being arranged to apply an external force to the first
slidable seating member to move the first slidable
seating member from a first position relative to the
fixed seating member to a second position against the
action of said first spring force,

a second spring member exerting a Second
spring force less than said first spring force, disposed
between the other side of said fixed seating member and
a second slidable seating member, whereby the forces of
the springs are directed to operate on said first and
second slidable members in opposite directions,

means for releasably connecting the first

* c L M 1] *




rel ative position of the §pg§p§Lm§_tLr§1 visual ~ condition is nmade, and

15, e, as ROPMA © ot tacmoopipumat .| THic i,.L‘fm-ﬁf.s_pfffd‘;g:gtv—'---iﬁﬁk%f%%ﬁﬁk b

filly e

war d novement———

n_of upwand:zand do

has been made in the a

it wll be appr eci gmllu“(lH y is drawi ng -and
not indicative of the . operative ori &Mt ation of t he nmechani sm
Attention is now directed to the mechani sm WO 96/ 01489

T/ SBREI0LSR st gabie, eating AP o sait beond, miety SRRERR
in Figure 1. As member whenseeddf fimsfkE glifdinghaembeariis3zin stisosesdndh one -
end of an ar g4Q +48hC AnkS ST Set o 118 dilidA et ™Y ihl d First

position, such that when said members are not acted on

by said external force, said first  slidable member

returns towards its first position and said second

slidable member is constrained to move with said first

slidable member to a second position, the resultant

force on both said slidable members in the direction of

said first spring force being the difference between

said first spring force and said second spring force.

4. A push button residual current device
according to claim 3 wherein the means for releasably
connecting the first slidable seating member to said
second slidable seating member comprises
a portion on the surface of said first

slidable member arranged to be adjacent to a portion on
the surface of said second member when said first
~slidable member is in said second position, such that
relative movement of said slidable members occurs along
said surfaces of said first and second slidable members
wherein one of said portions on said first and second
slidable members comprises a pawl and the other of said
portions comprises a recess, and

' means for applying a force to said pawl,
operating to engage said pawl with said recess.

5. A push button residual current device
according to claim 4 wherein said means for applying a
force to said pawl comprises '

a leaf spring and

a soienoid_arranged'to exert a force on said
leaf spring, and on said pawl, the force acting on said
pawl varying depending on the electrical state of said

solenoid.

* € L M 5§ x



such a way as to.forma |eaf spring-bigsed towards the I nterior space ‘
formed by the inverted=t=Shape of d; menber 11. The preferred
ar r ang&R¥0148 ¢ hat Il in the nornal PONGRISMISS

condition of the ar 41 |n one arn1of the

e musmann.~ i
e arm40 is also provid

U- shaped menber . SRpe

horns 42 which project in a directien2ppposite to thi’ ‘E m of the
detent 35 and enbrace the core of a coil 45. The s in a
direction parallel to the Iine of action of the springs in the main

mechanism 6. One enﬂ pishhbutton nésidualocirreenti oevaceol e pi ece 47
TRde Trom AdRSEiG £BICIAS 5 weP@Ph(olhYa 12PBERrate EECERECTOSL 21 00
eria he ex i

of a magneti c nat rovid e Ccoil 45 with
the short IS}LeA0i¢e 3aid 5°%ﬂ%%é@ ardpleafyEPripgi B¥erteaot her end of the

coil 45  guFFidint m&egt@foéé\ﬁcéméheﬁedneen@ﬁﬁﬁét £86E8 %o 0OWN the

| ength of the ¢o 45 un fre acent the pol e piece 47.
The | ong | & %é:ﬁiﬁf eﬁﬁ& gﬁ ﬁ% fAuento,the; ¢ shaped so
that the mmppbsﬂtelﬂbrcesommtﬁsidvfifstfunaegsceﬁubeprﬁﬂgs, dhe horns are
of a Qﬂ‘ etic material. It is also to be noted that the short

| eg of the d keep nenber is novable on the end of the coil 45

but may be retalned|nntanse¢anﬁustnte of bsaid sgolenoidpt sabdwn) .

Wen no cu sgﬁ'%ndlﬁit ac 1t C%ﬁzhﬁ'@ %} cdibifat ion SE8PESL KEgQ - LELPET has

its free en
suffic1ent force to overcome the net spring force on

said first and second slidable members due to the ‘I
- opposite forces of said first and second springs.

7. - A push button residual current device
according to any of claims 3 to 7 wherein the spring
means includes

a third spring, weaker than either of said
first or second springs, disposed between said push
button and said first slidable seating member.

8. A push button residual current device
according to claim 7 wherein, on manual operation of .
said push button from its rest position over a first
range of positions to a second position, no movement of
said first and second slidable members is caused, and on
further operation over a second range of positions
between said second and a third position, reciprocal
movement of said first slidable member is caused between
said first position and said secbnd'position of said
first slidable member.

9. A push button residual current device
according to claims 3 to 8 wherein said means for
releasably connecting said first slidable member and
said second slidable member acts to connect said first
and second slidable members in the presence of an

AR




the pol e piece 47 and the detent 35 proj h the slot 41. The

arr angenent i&i hat the det b SoeeT 188 ve to the left as shown
in.the draw ﬁ‘f:}’& eEsgt the coil gl‘_i S r-bneﬂer gﬁzéeEg\l The_det enfCT/EB ?ﬂ"b‘ 'ﬂjed
with a surface 35a which is sl opi it hrespeet—td its directio
novenent and consequently with the coil 45 WO 96/ 01489

PCT/ GB95/ 01554 =21 -4 . ener gi sed t he.
spring force exerted. by the spring 29 on t he novabl e nenber 12 is

free moverent of teifal Sdifllicion . bid 2SNk AlRade LA BN JEa T
t he coil 45 isecanst flssiabliehanamhgrgpaih ki ahstnge iof saiditextermalto

the pole piece 4CA0 dyedfl there. Thi s results in a force being
applied to the detent %ﬁ? [ addition to the natural spring force

applied by the arm
10. A push button residual current device

according to claim 9, wherein said external condition is

an electrical condition.

11. A push button residual current device
according to any of claims 7 to 10 wherein said range of
allowable positions of said push button further
comprises
| a third range of positions wherein one limit

of said third range is in said first range of positions,
and wherein said third position of said push button is
not in said third range of positions, whereby

movement of said push button in a direction
from its rest position towards its third position
through said third range causes the absence of said
external condiﬁion over said third range, and whereby

movement of said manually operable slidable
member in a direction from its third position to its
rest position at no point causes the absence of said
external condition.

12. A push button residual current device
according to claim 11 further comprising a set of
electrical contacts, wherein, when said second member is
in its first position, said contacts are in a first |
state, and when said second member is in its second
position, said contacts are in a second state.

13. A push button residual current device

according to claim 12 wherein, said set of contacts

comprise live and neutral mains contacts, and wherein
- —mee-ww- ——  the first state of said contacts is open and

* c L M L *
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ontactlng and hence tending to nove with the
L-shaegd menber 50. THis o= ==A-degr ee of resilience is provided due to
the WOPUABY hat {/he enﬁubjlftﬁ%BEE@hped menber whi ch PEEHGBEYRISS4  round
the other end of t “—sn-.__:i:iP05|t- to the p0|e-—-—9L992_ﬂ;_L§h29;
mechanically rigidly fixed to S i nor |s—+%—$ubLBQL__£L___~_ane
magnetic forces as the ot her endzand hence is free to nove to a snal
extent. This permits the detent 35 to be pressed backwards t owar ds
the coil 45 even when the coil is energised so " as to permt relative
novenent Iwiteweint he nenbers 11 and 12 during the resetting operation.

n'a chimber at t acneit e e ORR L REL A o8 kata OBEEALKRS: TOEIBHRAT, B TOST

novabl e menber 11 with coil slides as one within the structure 10.

I n anot hery grbodi rreng ﬁ&sﬁ hb&té&ﬁeféélduaﬂ‘?&ﬁi‘i‘éﬁ@ devigatrated in Figure

5, novabl e nenbers are constrained to nove vertically in the

sense dAcqnrding ?ﬁwﬁ%ﬁ1Q2l3éW%$5§éB saddwexternal; gendikien isof Fig. 5

by a forcend éqidl cEldw &f! teBtehit! tRfod8h sailitMhoe dAdl fielikpatd upwards
in the sense, of by a force F2 applied by helical spring 24.
Al so at t ading cF?é%ﬁﬁﬁ S$41 is leaf spring 80  having at its |lower end a

detent pawl 82. leaf spring
Sheet Has Been. Reﬁaced o

IIllIl\Ill\H\lI!I\ I| . e
R

40, due to the hor




80 i's configured to bias detent pawl 82 to the right in t he sense of

Fig. 5. There is al so provided a piezo ‘WD 96/ 01489

PCT/ GB95/ 0155W0 96/01489 - 13 - cer aRCIIGRISPESH
assenbly illustrated schematically at 81. This assenbly 81 is nounted
at its left end on anot her part of ne r,11 and has its right hand end
attached also to paw 82. Thus both spr?;ggo and assenbly 81 apply
hori zontal forces to paw 82. he device is illustrated in
Figure 5inits | at ched condition, that is with detent paw 82 engaged
with recess 83 in nenber 12. In this condition, due to t he angl es of
surfaces 82a and 83a which are in engagenent, force F1 which is applied
by springs 24 and 29 will apply a force F2 on pawm 82 to the left in

t he sense of Fig. 5. If the total force F3 applied to7BawI
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82 towards the right by sprihg 80 and assenbly 81 is greater than force

F2 menber 12w460&§§ retained inits position illustrated 1’5%"5&9?101%
c

However if force reduces to be less than force F2 paw

deflected to the left in the sense of Fig. 5 and nenber 12 will be
released to its position shown in Fig. The device further
conpri ses an adj ustable pi ece 84, E??/ cross-section in Fig. 5,

which is novabl e so that |t is elthe n contact with leaf spring 80,
as illustrated in ~€ fact with | eaf spring 80. Thi s
novenent can be uged to pdes of operation for the device as
described in det ai | dj ust §ng pi ece nay be prOV|ded in any
suitable form sugq i cqm nmount ed Fr-are—tHt—t+A—the
first node of openfation adjust i 84 is npt in c act with | eaf

spring 80 and pla s no i the opg¢ration of |the ne
A A . n Fig. 5.1The p
it is activated

3
LJ

greater force to the ri gt fan when™it is not actuate iing
80 is designed to have a ptiffness such that wh _ H
assenbly 81 isn ugted the total force F3 acli the right 78 on

pawml 82 is less th fo f2 acting on the paw to 60

62

18 | 61
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- 14 - the left. However when the assenbly 81 is actu

totral force WO%OM8g to the right on paw 32 is greater ?ﬁ%¢g§%534F2
acting to the left. Thus if nenber 11 is placed in its position shown
in Fig. 5 and nenber 81 is actuated, nenber 12 will be retained in this
posi tion. However is nenber 81 subse y becones de-actuated '
menber 12 will be allowed to nove to itgJiklLase position shown in Fig.
6. Al'so in the absence of . actuation®of assenbly 81 it wll be

| npossi ble to re-set t he |gewice to | gave nenber 12 held in its position
I n Fig. 5. I f the devidd R s iff¥ention is I ncorporated in a
swi t ch mechani sm and nenber t he opening of contacts in its
Fig. 6 position the devidéeljin this s | | Gig "fail-safe". That is
| f actuation of the device™ ‘ device w | switch

off . if it is on, and will not be



swtched on, if it is off, until such tine as the assenbly 81 is

r e- act uat ed. In the second nbde of operation ®¢TGRISALS4

pi ece 84 iwops®148%oned in its location illustrated in Fig. 5. The
effect of this is that it shortens the effective length of the |eaf
spring 82 such that its stiffness is ijncreased. This increase is

gai ned because the flexure of a cagffifefer beam of uniform section
is proportional to cube of the |length ny gl ven Ioad Wth this

i ncreased stiffness the force appl OWaL-C . on—pat—>82 by

| eaf .spring 80 - plus the force app ied to the ri ght-hy assend 81 in
Its de-actuated state is larger thgn F2 and therefore menber /12 will be
retained inits Fig. 1 position wen assenbl# 81 is not actfated. In
this node when assenbly 81 i £ actuated it applies a forcem/Paw 82 to
the |eft t her eby decr«??m ng L oTEBT DT T ko e—boomerrtpan force

P2 and rel easi ng nenber NG S-S eraryat-ugqebar— A he rever se
operation to that of the fi
that in this enbodi nent

MY AP BV A SN AP Y. DI
2 N OEFIAS PAS G ) DO MASUR R T 4
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- 15 - a sinpl e nmechani cal novenent effects a change in
el ectri cal cWQr%’@?@Pi stics of the device and there is no ﬁg@@é’?’??s‘fo

alter any other nechanical parts. If this device is incorporated in a
SW ttChd devi _cet hgvi ng ajstsogi at gd ;alhec IGal cCi I’C;Ji t][y, dfort_ i_nstangz
nmounted on a printed circui oard, e venent of adjusting piece
can be arranged to nake el ectrical nges to the circuitry so that it
t oo operates in two nodes. This may be sinply by opep#fion of a
m cro-switch on the ¢ —bhoard This facility Rasl—paii—GrHa—
manuf act uri ng advant 4gg NRVA TR N pRame—tuc ‘.\““
having simlar switc mecpani $8p, are beivgBIT—A~g) ngl
manuf acturing |ine N be us t oNypke the svvi gﬁd t he\gct ual
characteristics of the}dey l% ed lﬁy éhWi ng OI:I adj fisting
pi ece. 84. 8y the device na ranged st
that a user of the de c d h i nstruct Nange t he N\,
operation of the dgyick 'tvvo nodes:. N\
N \ — "
BRI A
; N ’ ;
Figh (ZzzZZ7277777-
. 12
| Vil
\\\\\\\\\ NN NN NN SN
N 80 AN % N
\EREAN — \
811\ N % t
N A
N N 22—y \
N \7 _ N
A N N
N u../ 25 /'-
NS> & /
— /]
4
; S = 1
Fig.6 oI



Attention is now directed to the mechani sm for engagi ng the contacts 32

and 33. In certain enbodi nents of the invention, the sequenf&;g&
engagement OVOPKBI4Y, pole switch is inportant. In residbGHeBaVPERt
devices it is often inportant that the neutral |ine nust be nade
first and broken last and it is therefore necessary to apply positive
bias to the assenbly. An enbodi nent of C; ns for effecting this bias
with very few conponents fol |l ows. A shorting bar contact
means, shown in Figures 7 to 9, conprises two main parts - an actuating
bar 90 and a carrier bracket 92, the carrier bracket 92 being
slidingly noveable in a direction B parallel to its | ongi t udi nal axi s.
Ri gidly connected to one end of the actuating bar 91 is a platform 31
which carries in-line shorting bars 32a,32b. The bars nay be novabl e
wth WD 96/ 01489 PCT/ GB95/ 01554
- 16 -
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respect to the platform 15. The other end of the actuating
bar 91 is shaPed wth a recess 95 in each side creating a_pair of

opposi tely X048 hs 94 each having a downward facing SHET’%S’%,S" and
the carrier bracket 92 has a pair of steps 97 on which the downward
facing surfaces 96 of the actuating bar 91 rest when the device is
assenbl ed. Where the actuating bar 9 lfm@ks to the carrier bracket

92 it has a step 105 which resides adjacé@/ﬁ?ksinilar- step 106 on the
carrier bracket 92 such that when assénbl ed, the two steps form
substantial ly copl anar surfaces. The recess 95 in either side of the
actuating bar 91 is such that the actuating bar can rotate with
respect to the bracket 92 about an axis parallel to the axi s A shown,
which is parallel to the in-line plane of the in-line shorting bars
32a, 32b. A spring 108 is contained by the carrier br acket
92 and is of such a size that its coils span both the step 105 on upper
surface 110 of the actuati bar 91 and the step 106 on the upwardly
facing surfacing arrier bracket 92. The conpression of the
spring 108 due to i conpressed e.qg. agai nst an outer
casi ng, biases the into an un-rotated position and
further biases th




cairier bracket 92 and actuating bar 91 to its K _ i

F?k‘pnﬁfﬁﬁf'f g‘%r‘ §

position (to the right as the device - is dr awn |1 Figure 7).

Asgociated with each shorting pair 32a,32b is : a| phi 1 DUUNi 1898 sh'rtl ng
contacts 33a, 33b. Jhe fixed. - .cont acts 33a, {33b af e| posi ti oned bdtveen the
limts of mot i o n aa.id;.rves.tlbhv’B Lkt e rest positTon or Th

assenbly such that the shorting bars 32a, 32b ithe fixed contdcts
33a, 33b during the actuation cycle. One set of contacts 33b are further

away fromthe

ot her set of cont ggtnscggtééggwCﬁPM@ﬁ&ﬁf&wﬂfﬁém&%than the

10

The present invention relates to trip switches and more particularly
to a trip switch which can be used for domestic and light industrial use.

The present invention will be described in relation to the
construction and operation of a trip switch incorporated in a residual current
device (RCD). This description is fo—r convenience only and it will be appreciated
that the construction and operation of the mechanism are suitable for other uses.

RCD's are now weil known and are usually provided with a first
button by which the contacts are set. a flag which indicates the condition of the
contacts by changing the colour of a window, and a second button which
introduces into or simulates a fault in the circuit to prove that the device is
working. The first button can set the trip switch by either engaging a mechanism
or completing a circuit to allow an electrical closing of the contacts or a
combination of both mechanical and electrical closing. Much effort has gone into
reducing the size of RCD's but one area which has not been properly investigated
is the area of the push buttons. The need for two push buttons tends to adversely
effect of the size of the overall device since the buttons cannot be placed too close
to each other nor can thev be reduced in size having regard to the size of the
human finger. - |

| A detent mechanism prior to the present invention is disclosed in
US-A-4.409.574. This detent mechanism allows a single button to be used to test
and to set a residual current device using a mechanism similar to that of the
present invention. This mechanism has the disadvantage that it cannot be tested
and set using a single depression of the button. as the state of the device is
indicated by the distance that the push button extends from the main body at rest.

This state cannot therefore be assessed when the button is being depressed.
FR 1.416.558 also discloses a mechanism for a tripping switch

mechanism. but with the device disclosed the button needs to be rotated as well

AMENDED SHEET



1. A push button residual current devi_c&ﬂiﬂi&ééﬁ%ﬁﬂTsﬁH@ - push -
button 5 Is used to performsetting and testihgfoperations or] dai d.
devi ce, and cause tri pping and latching offa
power contacts of said device characterised
said push button is arranged to be manually novedjf|
position to a second reset position. and 10 2 spri ng neans
are provided to return said push button fromthe reset position to
its rest positionas pusheddend the methinisaicinnerbetested and reset in a single depression.
sai d push button being arranged to cause testing of a tripping,

nmechani sm on sai d devi ce ovéycerding tthe greseot inventiomt there Hrpsavided arpuish button

position to Lts,second, reset position..15 2. . A

singl e button - esTestiaRl ST devise oimeSh Buteon Eﬁswéwl eprEendidgyiee herpipya single push
conprising test L.S] - . ar t . e

range. of "B FRR I bty SeriBE AhG TSR RIS O SRR B e e
during the rel easgigflingaind latching of A4htHanishl including péwer contacts ¢¥ §4id He¥i
button residual curlrﬁseng devi ce a%cor I ng téﬁgllgflr%dgl%er ef ﬁo ﬁslai g‘élce
button conprises ghafatteeikednvtied: With respect to a direction of depression
of said button and arranged to engage at |east one of said contacts over .
sai d range of depr esgidopusif buttonl i artangedital beomanuaily nzovedefrom arrest
contact to engage anot her 25 of said.contacts further arranged to nove

said at |east onePEHHORAP aska9N4 Fesst BasIHoN. and other of said contacts on
rel ease of said button.

spring means are provided to return said push button from the reset
10 position to its rest position. in order to latch said mechanism,

| said push button being arranged to cause testin'g of a tripping
mechanism on said device over a first part of its motion from the rest position to
its second reset position. _

The present invention has the advantage that a single push button is
required for carrying out all the necessary operations on the device. This push
button can therefore be much larger than the two or more buttons on previous
residual current devices. making it much easier to use and preventing error caused
by pushing the wrong button or pushing more than one button at once.

A specific embodiment of the invention will now be described by
20 way of exampie with reference to the accompanying drawings in which

Figure 1 shows a diagrammatic sectional side view of a tripping and
switch mechanism according to the present invention.

Figure 2 shows a first embodiment of a mechanism for operating a
test function. |

25 Figure 3 shows a second embodiment of a mechanism for operating

a test function.

Figure 4 shows an embodiment of a flag mechanism for the device
of the invention.

Figure 5 shows_ a further embodiment of the detent mechanism

AMENDED sggr



4. A single button residual current device according to claim2-

wher €i n sai d one of said contacts corrpn ses a protuberance )

extwendi ng perpendi cular to the :

19 direction of depression mhereln on downward depreSS|on of sai d
button, said angl ed nmenber engages sai d protuberance exerting a
force on said protuberance acting to rfave said protuberance on said
contact in sa direction substantially per pendi cul ar to the
direction of deprassordingiocthelpredent én@ationa second contact. 5 and

wherein on further depression of said button, said angl ed nenber ceases to
engage sai d protuberance \/\h&igup@nslmmsmef embodioment af Figues diima diffesens condition.

initial position und action of g neans, and vvherel n

on subsequent rel ease of sa&r ‘Hﬁt B topay1 &fgﬂ%‘ﬁ@&gﬁc%ﬁfé

sai d protuberance and exert 0, ot.uber openatij.ng,to nove
said 10 pr ot uberance in ?dg‘é{ %?ﬁeggﬁﬁ g g({?p‘gg‘(vt rségféiglr? QP%FO tact

during said depregs{ies; and wher eby said contact does not engage said
second contact on release of said but t on.

Figure 9 is an isometric view of the shorting bar contact device.

Dealing firstly with the basic setting/resetting operation. the
operation is that a push button will be depressed in order to reset the contacts and
then released. If the push button is again depressed. testing of a trip circuit will

10 be undertaken but thereafter the push button will have to be released before it can

be depressed again in order to reset the

e
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A push button residual current devi ce according. to any preceding 15
cl ai mi conprising.. ﬁEE a support: nenber. h‘aT/T'ng‘-eered;' _—
seating BEY l%s}« i opposi te 'sides:.
first Sprlg Eﬁ?ﬁ ertTmglalfirst spring force, disposed E!mm' M#M‘”"’
side of the fixed seatl nber and a slidable seating nme

J\‘QN to apply an exterl®al force to the first

nove the first slidable seating nenber

froma firpt position relatijve to the fixed : seating nenber to a
second pos|tli € action of said first spring force.

a second spring xerting a second spring force |less than
said first spring force. disposed between the other side of said fixed

seating 25 menber and a second slidable seating nmenber, whereby the
forces of the sprijngs ﬂél?b&tdn%hﬁﬂai @u?&ﬁr&%‘ce%hééhf’a%{zfé p@ifbutton
second slidable nenbers in opB

means for releasaky ysedad @ﬁﬁfohﬁ@eﬁlhﬁ aht rt@shn&'dpéﬁlabﬁs R shiddeviteyafid ch@se tripping
said second slidable seating menber when said first sliding menber is in
its and latching of a mechanism including power contacts of sa@ device characterised
in that:
said push button is arranged to be manually moved from a rest
position to a second reset position. and
10 ' spring means are provided to return said push button from the reset
position to its rest position. in order to latch said mechanism. '
said push button being arranged to cause testing of a tripping
mechanism on said device over a first part of its motion from the rest position to

its second reset position.
15

9

A single button residual current device according to claim 1 further
comprising test means comprising test contacts arranged to close over a range of
positions during depression of said button and to be open during the release of said

button.

3. A single button residual current device according to claim 2 wherein
said button comprises a member angled with respect to a direction of depression
of said button and arranged to engage at least one of said contacts over said range
of depression of said button and move said at least one contact to engage another
35 of said contacts. further arranged to move said at least one contact away from said

other of said contacts on release of said button.

4. A single button residual current device according to claim 2 wherein

said one of said contacts comprises a protuberance extending perpendicular to the

A'Vc ’V."‘;. n oA

Ine



secd MPLAQ&MWT AHERTHi d second sl idabl e menber:is in_a first position, -
such “tjhat Wwhan jsai d nenbers are not acted on by said external force,

28 Lo UBRL forver T it Parnes o WIVUIEIARLBIN <,

sl i qabte—renber—t+e econd position. the 5 resul tarft forte "on *both said
slidable nmembers in the direction of said fir$? spring force being
the difterence between said first spring force and said second spring
force. glirection of depressipn syhdreint on desnhward depression ofesaid button, said
according to claim E%gherei n 10 the means for releasably connecting the
first slidable s MEBHEE engegessatd protuberanes evarting iadfardecons said ipm rance
conpri ses on on the.,surface of said fir

s:c i dab |d'e rrerrbgr ATDE Oy b‘_éida PR’O“rlﬁéréBf%@énim@ §OBtAsH R Eg %ﬂpnéu;&aga’eléy
o ool second riaendiing B3hd i Rln S KRS Gom spesel gt BeBonf s
oceurs al ongs sal Grjwhea® offurhef dépreNiof B sARAbE shitPRidtcd RRRRIE? ceases to

—

wherein one of said portions on sai _ second s | ers
conpri ses engage\said peotuberantdwherehpomiald Hiesticontast RAINMS ité @8 iMitaPpesifion
and means for applyinrg a force to said paw,
operating to engaipslesshejaction of saig apringimeans santl wherss. 20 7.

A push button residual current device according to claim6 wherein
said means for applying a &t sebsequentirglegseof sydhutons said angled member engages
a |l eaf spring an

. | i d ed .
force on said | eg?'ldsgrrolnﬁbge}'mgﬁ(fngﬁxggﬁ & f?%esgn g%ﬁ:aﬂ?g‘f“ﬁga?‘%g P@%P@%éﬁhéngﬁe said
sai .d pawl VRS Yi NGyrRDRAME th QibstdBialy B Sppoiite Alr@EforPlo that during said depression,

whereby said contact does not engage said second contact on release of said

button.

n

A push button residual current device according to any preceding
15 claim comprising
a support member having a fixed seating member comprising
opposite sides;
a first spring for exerting a first spring force, disposed between one
side of the fixed seating member and a slidable seating mémb_er. the push button
20 being arranged to apply an external force to the first slidable seating member to
move the first slidable seating member from a first position relative to the fixed
seating member to a second position against the action of said first spring force.
a'second spring member exerting a second spring force less than
said first spring force. disposed between the other side of said fixed seating
25 member and a second slidable seating member, whereby the forces of the springs
are directed to .operate on said first and second slidable members in opposite
directions.
means for releasably connecting the first slidable seating member to

said second slidable seating member when said first sliding member is in its

AN g,
A b

-l )



" -enoteo 8. A push.button residual current
WE@CY@M&HECM@M D claim7 wherein, e in a first—state of the—
oferord;sard spl

enoid and | eaf spring exert a suffi H
1 overfonme the net spring force on said fﬂ'ﬁ“l wm!‘gﬂmau
IidaTJ?ej%Ir@grs dpe to t he opposite forces of I econd
| : etn in28 second state of said
ol enoid. said sol gnoid and | eaf spring in conbi nati on do not exert
a—suf-fcient 107 secand posetiamand shid seeond shidatde hoemberas ib a first pesition, such thatd
second slidable nenbers due to the opposite forces of said first_and .
second springs. when said rgembers are not acredyom bypsaid gxteraal foses, s@m figstislidable

devi ce according to of e n_the s
el udeq 10 - memer returns' SRy ity first pAgjionbrat harond SRassIgmERBE is
first or second gppLifSied to move with said first slidable member to a second position, the

5 resultant force on both said slidable members in the direction of said first spring

force being the difference between said first spring force and said second spring

force.
6. A push button residual current device according to claim 5 wherein
10 the means for releasably connecting the first slidable seating member to said

second slidable seating member comprises
a portion on the surface of said first slidable member arranged to be
adjacent to a portion on the surface of said second member when said first slidable
member is in said .secénd position, such that relative movement of said slidable
15 members occurs along said surfaces of said first and second slidable members
wherein one of said portions on said first and second slidable members comprises
a pawl and the other of said portions comprises a recess, and
means fcr applying a force to said pawl. operating to engage said

pawl with said recess.

20
7. A push button residual current device according to claim 6 wherein
said means for applying a force to said pawl comprises
a leaf spring and .
a solenoid arranged to exert a force on said leaf spring, and on said
5 pawl. the force acting on said pawl varying depending on the electrical state of

said solenoid.

8. A push button residual current device according to claim 7 wherein,

in a first state of the solenoid, said solenoid and leaf spring exert a sufficient force



disposed between said push button and said first ‘slidabl e seating mstn%er—
10. - A push button residual current device according to cl ai

wher ei n. on manual operation of said push bUtto(r](lllll t| “Z“Im”!ll
position over a first range of 15 positions to a se

novenent of said first and second slidable menbers i‘s caused and on
further operation over a second range of p03|1\ons bet ween sai d

second and a third positio reci procal novepent of sai :
sl'i dabl e menber it@ O¥erGoBE the Neksprng foweonysaid ﬁasg.apﬂéﬁcmsls(@aﬁe meghegs due to

D oh button resi dbepopgsite.firteroh B3 SEv g se5ond Springs,and Whereig A
wher ein sai d means for vel GasablonmQPRETELAR SRR (il sSIchdRPhR WRFYSHna R

sai d second sl i dable nenber "ac 0 connect” sal
sl idabl e nenmbers dombination dotﬁ& @(e%@@@ﬂici’ént%r@%%ﬂ?&orﬁ@ﬂ% ﬁét@@rﬁh@cfo%‘etén

to release said first and second 25 slidabl e menbers in the absénce of
sai d externa condidfisnand second slidabl® members due té\tipusppdsite tforces @fisaidafirst and
current device according to claim1l. wherein sai d external

condition is an eecond sprangsconditi on.

9. A push button residual current device according to any of claims 5
to 8 wherein the spring means includes
10 a third spring, weaker than either of said first or second springs.

disposed between said push button and said first slidable seating member.

10. A push button residual current device according to-claim 9 wherem.
on manual operation of said push button from its rest position over a first range of
15 positions to a second position. no movement of said first and second slidable
members is caused. and on further operation over a second range of positions
between said second and a third position, reciprocal movement of said first
slidable member is eaused between said first position and said second position of

said first slidable member.

20
| 11. A push button residual current device according to claims 5 to 10
wherein said means for releasably connecting said first slidable member and said
second slidable member acts to connect said first and second slidable members in
the presence of an external condition. and acts to release said first and second
25 slidable members in the absence of said external condition. '

12. A push button residual current device according to claim 11, wherein

said external condition is an electrical condition.
| REPLACEMENT SHEET
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13¢ A push button residual current device according to_any of

claims 9 to 12 wherein said range of aI | owelbl e positions of sai d

g?%ogﬁ.tggsf%terg n one |i mC;)rTE]I;I zglsd third range i's “",mmm"mulml”

range of positions. and wherein said third pesition of *sai‘d push bUtVOn |s
not in said third range of positions. wher eby novenment

of said push buttgn in a di

its third positi t(%n t hr ough ‘{sg&?il l?ﬁtoﬁtﬁ?t'&%@cn%rgﬁgte@gﬁ] dceglédemn 82@{3555 9
external conditi e 1Qvheséindsdidirafigd dFARlovable \MoSIHRAY dfOsaid push button further
nmovenent of said manual ly operable slidable nerber in a direction

fromits third posinprisesto its rest position at no poi nt causes the absence
of said external condition. A push button

resi dual current deV| ce accd drrgngecﬂﬁm;ﬂtmnwvltmmme lugit of saidothind; rengyisain
set of electrical tact ) ?ﬁ/\here n, d nenber

its first p85|t|65H %flr o0t RASIIOnS an ‘HHE"CW F%la(%ﬁtfatpeslwfbmpgﬂt@mn 1s
:gggzg gwtsgt)gr not in sah&ilgpdtir&em%t ;h/thg%osal d contacts are in a

n residual current device
according to claim14 wher ejdventdht of saﬁfaﬂnﬁhslﬂhtdif inc® airdétién ﬁ‘éi’ﬁ)fts %&t 'pbk’nﬁon

and neutral mains contacts, and wherein first
state of said copgwalds its ttﬁﬁﬁ@o&tﬂﬂbnﬂh@dﬁ@msald third range causes the absence of said
external condition over said third range, and whereby
10 movement of said manually operable slidable member in a direction
from its third position to its rest position at no point causes the absence of said

external condition.

14, A push button residual current device according to claim 13 further
15 comprising a set of electrical contacts. wherein, when said second member is in
its first position. said contacts are in a first state, and when said second member

is in its second position, said contacts are in a second state.

15. A push button residual current device according to claim 14 wherem,
20 said set of contacts comprise live and neutral mains contacts, and wherein
the first state of said contacts is open and wherein

the second state of said contacts is closed.

16. A push button residual current device according to claixn 15 wherein
25 said external condition is the equal flow of current through said live and neutral

mains contacts.
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the secomd state of said contacts is C|05gm()0063 ~"A:Sv. B\ A push
¥ said

bugton resi dual ent device according to claim15 wherein 2
external condi @I s the emnmw’veﬂg‘gﬁﬁﬁmﬁw said |i nd
I :
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This invention relates to a push button residual current device A /‘
wherein a single pusch button is used to perform setting and testing 71 1% 10
operations on the device. More specifically, over the first part of ”\ \5\.- 3}
the down stroke of the push button a test trip is initiated which will Y o~
trip the device if it is functioning correctly. If the button is pushed / M
further, and then released, the device goes into a state allowing 7
current to pass, assuming that no trip condition is detected. Once q
_the device is allowing current to pass, any fault causing the device to 23
trip will result in the immediate disconnection of the power supply, 45 : Q
irrespective of the state of the push button. 7 . N 27 2%
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