1 Tool and Method for Switching an El ectromagnetic Relay 5 TECHNI CAL FI ELD
The present invention broadly relates to a tool for switching a

magneti c-type relay. 10 BACKGROUND El ectromagnetic rel ays are used
extensively as el ectromechani cal smntghes in various applications such as
el ectrical circuit boards, alarns, sensors etc. Typically, a relay
conprises an el ectromagnet with a soft iron bar, or armature. A novable 15
contact/switch is coupled to the armature such that the contact is held in
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relay, a nmagnetic force overcones the biasing force provided by the return
spring and noves the contact into an alternative position, such that the
circuit is either open or connected. When the el ectromagnet is de-

20eper geCMNICAY REDD a user renoving the power source to the relay, the
contact returns to and is held in its normal position by the return spring.
In sonme el ectronagnetic relays, a | ock-down door and test button is

provi ded, wraeerésentialeion f@latéﬁiﬂ&@ﬂébﬁfbf aRitPing APapetRttysaMelsyh can be
provided and the 25 mani pul ated position of the switch physically retained.

The mani pul ati on thus bypasses the effect of the el ectronagnet within the
relay. In other words, sonme relays are integrated with an assenbly which

aI I ovvs fo¢ ual operation of the swtch, w thout having to energize
el 8AGK coil. This can allow a user to e.g. debug a system

controlled by the relay, without energizing the relay's coil. 30

However , sug?ﬁl nt egrat ed | ock-down door and test button assenblies are not
al ways pr esé&meliomagnetie|relays GHaged eXPRPINSYE  anGlecEPEPrarFal gtwitghen in
assenbihgsus applRatifier autiead Becicas&net bohrds)ahrafdbhd Qé‘@éor@éﬁﬁ mMybicay, My
add to th? cost of the el ectroma%netl c relay urther such assenblies
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such that the circuit is either open or connected. When the electromagnet is de-
20 energized, by e.g. a user removing the power source to the relay, the contact returns to

and is held in its normal position by the return spring.

In some electromagnetic relays, a lock-down door and test button is provided,
where manual or physical manipulation of the relay switch can be provided and the
25 manipulated position of the switch physically retained. The manipulation thus bypasses
the effect of the electromagnet within the relay. In other words, some relays are
integrated with an assembly which allows for the manual operation of the switch, without
having to energize the electromagnet coil. This can allow a user to e.g. debug a system
controlled by the relay, without energizing the relay’s coil.
30
However, such integrated lock-down doocr and test button assemblies are not
always present in all electromagnetic relays. Non-provision of such assemblies can be
because the presence of such additional assemblies may add to the cost of the
electromagnetic relay. Further, such assemblies cannot be easily incorporated in certain

35 types of relays due to size or other constraints defined by industrial standards or user



5 difficult and undesirable given that relays, after manufacturing, are

typically encapsul ated by a noul ding material and the internal conponents
of the relay, such as the coil and armature, are not typically accessible.
Furthernore, for debuggi ng purposes, it is also not desired to energise a
relay in order to switch its state. F6r exanpl e, relays can be used to

control a circuit using a |l owp coml ete
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magneti c force exerted by the svmt The t ool @/’la urther
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relay rphabsuRietas wdcol ddhoidt oesieiuld Abtge plarideal ay . The novenent
of the switching nmenber fromthe first position to the second 35position
may be capable of switching the electromagnetic relay froma normally open
(NO swi t ch Tiepdferd, Qh@fen@(é'@'d Vel 68 t6HIGhr SWittkiRg Shatstate of al dlapwhdtchi ng

menber co i se The path provided by the
detléchéﬁPés Pohal eﬁ%t Oé‘t?a?ftt@%lap‘a"%groﬁéﬁ’%?l el to a 5planar surface of the
rel ay The path provided by the detachabl e nmenber nmay be defined by a
sl ot channel in the detachable nenber.
SUMMARY
20 In accordance with a first aspect of the present invention, there is provided a tool

for switching a state of an electromagnetic relay comprising, a switching member
capable of moving between a first position and a second position along a path oriented
to the relay; wherein movement of the switching member from the first position to the
second position is capable of switching a switch state of the electromagnetic relay via a

25  magnetic force exerted by the switching member.

The tool may further comprise a detachable member capable of coupling to the
relay, the detachable member providing a predefined path thereon that corresponds to
said path in proximity o the relay.

30

The movement of the switching member for switching the switch state of the

electromagnetic relay may be performed without energizing the relay.

The movement of the switching member from the first position to the second
35 position may be capable of switching the electromagnetic relay from a normally open

(NO) switch state fo a normally closed (NC) switch state.



10Ends of the path provided by the detachabl e nenber may correspond

substantially to the first and second positions. One end of the sl ot
channel may be provided with an alignnment cavity to align the sw tching
menber for entry into the slot channel,. 15 The detachabl e nenber may

be capable of coupling to the relay by substantially encasing the rel ay.
The switching nenber in the first position may be capable of magnetically
20 affecting an arnmature coupled to a switch of the relay; and novenent of
t he sw t chi Ngemmitbkinginserhber ey aothppiss atrhagnetny be capabl e of noving the
armature to switch the swtch state of the switch. The tool may be capabl e
of swwtching the switch state of a slimtype relay. 25 The tool nay be

ext ernal toThbeatlepayided by the detachabiy senter mdhbaadasteddo depacilicdio 4 he
present . invention fthherle I's provided a nethod for switching a state of an
el e trBWQ&ﬁgf'i?:cer%l ?/,re?%e met hod conprising, 30 noving a sw tching nmenber
between a first position and a second position along a path oriented to the
relay; and itching a, swtech state of the el ectrao eticre via a
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f urt hein henatacabeomphibeg a det achnment nenber to the relay, 35 the

det achnment nenber providing a predefined path thereon that corresponds to
said path in proximty to the relay. 4 The nethod may further
conpri se noEndg bhehswpathhiprgvidedrbey thed detichabiengnérhbers whag heatasbenof t he
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One end of the slot channel may be provided with an alignment cavity to align
the switching member for entry into the slot channei.
15
The detachable member may be capable of coupling to the relay by substantially
encasing the relay.

The switching member in the first position may be capable of magnetically

20 affecting an armature coupled to a switch of the relay; and movement of the switching

member to the second position may be capable of moving the armature to switch the
switch state of the switch.

The tool may be capable of switching the switch state of a slim-type relay.
25

The tool may be external to the relay.

In accordance with a second aspect of the present invention, there is provided a

method for switching a state of an electromagnetic relay, the method comprising,

30  moving a switching member between a first position and a second position along a path
oriented to the relay; and switching a switch state of the electromagnetic relay via a

magnetic force exerted by the switching member.

The method may further comprise coupling a detachment member to the relay,
35 the detachment member providing a predefined path thereon that corresponds to said

path in proximity to the relay.



5Movi ng the switching nenber fromthe first position to the second position
may be capable of switching the el ectromagnetic relay froma normally open
(NO switch state to a normally closed (NC) switch state. The swi tching
menber may conprise a nmagnet. 10 4 The path provided by the detachable
menber may be adapted to be parallel to a planar surface of the rel ay.

The path provided by the detachabl e nmenber may be defined by a sl ot channel
15i n the detachabl e menber. ~Ends of the path provided by the

det achabl e fbgtieethadynan furthap ethpsigssnaying dhe gwitehing engmber anrghgwieltioad
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channel wth an alignnent cavity to hing menber for entry
into the slot channel. Coupling the detachable nmenber to the rel ay
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of magneti ca e armature. 30 The nethod nmay further conprise
switching the switch state of a slimtype relay. The sw tchi ng nenber may

be ext ernal 4 /Aning!AdmbEEmBRCERERESGRAETIEN OF THE DRAW NGS
i0
The path provided by the detachable member may be adapted to be parallel to a

planar surface of the relay.

The path provided by the detachable member may be defined by a slot channel

15 in the detachable member.

Ends of the path provided by the detachable member may correspond

substantially to the first and second positions.

20 The method may further comprise providing one end of the slot channel with an

alignment cavity to align the switching member for entry into the slot channel.

Coupling the detachable member to the relay may comprise substantially
encasing the relay.

25
The method may further comprise moving the switching member to the second
position to move an armature coupled to a switch of the relay to switch the switch state
of the switch; wherein the switching member in the first position is capable of
magnetically affecting the armature.
30

The method may further comprise switching the switch state of a slim-type relay.

The swiiching member may be exiernal to the relay.

35 BRIEF DESCRIPTION OF THE DRAWINGS



5 Exanpl e enbodi nents of the invention will be better understood and
readily apparent to one of ordinary skill in the art fromthe foll ow ng
witten description, by way of exanple only, and in conjunction with the
drawi ngs, in which: 5Figures la, |Ib agd Ic are schematic draw ngs for
illustrating an interaction between a tool and a relay in an exanple
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prl nted on an e er nal surrace I n an exarrp e e gur es
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enbodi g?@%amﬁ,g only, and in PE@QH§t§°e4§’t§D%V@8?’r§ Oﬁ'ﬁwﬁigngi onal view of the

swi tching ne ong gure Fi gure 4b shows
a cross-sectional view of the swtching nenber along the line Y-Y of

Fi gure 3d. i 5, 1 |

anot her exa%‘%‘{aégé;ﬁgcﬁ %eoflfea'% S%Smaﬁ?g%“% fﬂéﬁﬁét%@iﬁg%ﬁﬁ% '&1 B&ﬁ) for
i1l ust edodlrgda nelyhmdn Eramplaiembledimeerd. st at e of an el ect romagnetl C reI ay in
an exanpl e enbodi nent. 25 DETAI LED DESCRI PTI ON Exanpl e

enbodi ments described herein may provide a tool for switching a switch
30state of &igued 8ds Acrbgnatid drawvegaf awetyouth ®pathgiripiedpnt dreexdemet swiaagnet i ¢
relay. . ription herein, a relay can be an energisable coil
devi Celrhaq%?xacr%é]lge"rml %?but is not |imted to, any device that can be
swilf ched/ powered on and off such as an electrical relay or other
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event of an erglsab e coll device can put 1Ts not
embodiment.

Figure 4a shows a cross-sectional view of the switching member along the line X-X’
15  of Figure 3d.

Figure 4b shows a cross-sectional view of the switching member along the line Y-Y’
of Figure 3d.

20 Figures 5a and b are schematic drawings showing a tool in another exampie

embodiment.

Figure 6 is a schematic flow chart for illustrating a method for switching a state of an
electromagnetic relay in an example embodiment.
25

DETAILED DESCRIPTION

Example embodiments described herein may provide a tool for switching a switch

30 state of an electromagnetic relay without energizing the electromagnetic relay.

In the description herein, a relay can be an energisable coil device that can include,
but is not limited to, any device that can be switched/powered on and off such as an
electrical relay or other electromechanical switching devices, components or paris. An

35  energisation event of an energisable coil device can include, but is not limited to, an

electrical powering on/off of the element and/or a mechanical switching on/off of the element.



el ectrical powering on/off of the elenent and/or a mechanical sw tching
on/off of the elenent. 6 The terns "coupl ed" or "connected" as used
in this description are intended to cover both directly connected or
connected through one or nore intermediate means, unless otherw se stated.
5 Further, in the description herein, the word "substantially"
whenever used is understood to include, but not restricted to, "entirely"
or "conpletely" and the like. In addition, ternms such as "conprising",
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reci t edtheFuise lstated.t er ns such as "about", "approxi mately" and the |ike
whepever used, typically nmeans a reasonable variation, for exanple a
variation of +/- 5% of the disclosed value, or a variance of 4% of the
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any depishiobed w@ité ovd variargagd 1928 the dlSC“OSEEi Alwes la, |b and Ic are schematic
drawings for illustrating an interaction between a tool and a relay in an
exanpl e enbodi ment. In the exanple enbodi nent, the tool 150 functions as a
swi t chi ng mEnBeermB®), indhel deswiption agreirs carlaisl winesonay hetdisclased dy a@oge. To
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such as 1%, 2%, 3%, 4% and 5%. The intention of the above specific disclosure is
applicable to any depth/breadth of a range.
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Figures 1a, 1b and 1c¢ are schematic drawings for illustrating an interaction between
a tool and a relay in an example embodiment. In the example embodiment, the tool 150
functions as a switching member 150, and the relay is an electromagnetic relay 100. To
better illustrate the interaction, certain interior components of the electromagnetic relay 100
30 are shown in each of Figures 1a, 1b and 1c. Further, in Figures 1a, 1b and 1c¢, electrical

power is not supplied to the relay 100.

Figure 1a shows the electromagnetic relay 100 in a first switch state. The
electromagnetic relay 100 comprises ah electromagnet 102 which comprises a coil 104
35  wound around a magnetic shaft 106. A coil terminal 120 is provided for supplying electrical

power to the electromagnet 102. An armature 108 is provided, pivoted at one end 109, such



7 that a free portion of the armature 108 is capable of rotating towards
the el ectronmagnet 102. A biasing neans e.g. spring 110 is provided, coupled
to the armature 108 at the pivoted end 109 of the arnmature 108, and
functions to bias the armature 108 in-a default position. In the default
position, the armature 108 is biased away fromthe el ectromagnet 102. In
ot her r t I
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the energized electromagnet 102) generates a clockwise moment on the armature 108
30  which can overcome the anti-clockwise moment provided by the spring 110, thus resulting in

a clockwise rotation of the armature 108. Accordingly, the movable contact 112 is also

moved into a switched position, by virtue of its coupling to the armature 108 via the actuation

blade 114. The switched position results in the movable contact 112 being moved to be

electrically connected with a NO (Normally-Open or “Open”) contact 124 (not shown in
35  Figure 1a).



state. The relay is not electrically powered in the exanpl e enbodi nent. A
tool 150 for switching the swtch state of the el ectromagnetic rel ay,

wi t hout energizing the el ectromagnetic relay, is also shown. In the exanple
enbodi nent, the tool 150 conprises a ?WI tching nenber (e.g. a nmagnet) which
is capable of affecting the armature 108, within the 15 electromagnetic
relay 100. Vhep I spect
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Figure 1c shows the tool 150 in a second position Z, with respect o the
electromagnetic relay 100. When the tool 150 is moved in a direction towards the armature
35 108, the force B and clockwise moment exerted by the tool 150 on the armature 108 is

correspondingly increased. At a point in the path from the first position X to the second
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surface in an exanpl e enbodi nent. first position 2 a second
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30 In another example embodiment, the tocl 150 may be placed directly at the second
position Z, without first starting from the first position X. That is, the path oriented to the relay
is a path around the second position Z such that the armature 108 is affected and switching
occurs. The starting position can be a position W directly vertical to the second position Z,
such that moving the tool 150 on the vertical path to position Z causes switching of the relay

35  100. In this example embodiment, good accuracy of the second position Z can determine the

success of the switching operation of the relay 100. if the second position Z is accurately
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from, and where the tool is to move to, in order to switch the switch state of the relay 200.
Preferably, the first position 206 may define a position where the tool is not affecting the
switch state of the relay 200, and the second position 202 may define a position where the
tool can switch the switch state of the relay 200. More preferably, the second position 202
30 may define a position where the tool can provide a substantially maximum effect to switch

the switch state of the relay 200.

Figures 3a to e are schematic drawings showing a tool in another example
embodiment. Figures 3a to 3e, collectively show a process of coupling a tool 301 to a relay
35  300. In this example embodiment, the tool 301 comprises a detachable member 302 and a

switching member 304.
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to ensure that the switching member 304 can move only along the predefined path 306

defined by the slot channel of the detachable member 302.

30 Figure 4a shows a cross-sectional view of the switching member along the line X-X'
of Figure 3d. In this position, the alignment cavity 310 can accommodate the thick end
sections 402, 404 of the switching member 304 to be received by and/or inserted into the
detachable member 302. However, other than the alignment cavity 310, the width of the slot
channel which defines the path 306 is made narrower than the thick end sections 402, 404

35  of the switching member 304.
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20 proximity to the relay 500. The planar surface is an external surface of the relay 500, which

the armature (e.g. 108 of Figure 1) of the relay may be most proximate to, and/or likely to be

most affected by the switching member 504 from the exterior of the relay 500. The
predefined path 506 is defined by a slot channel in the detachable member 502.

25 In this example embodiment, the switching member 504 is engaged to the
detachable member 502 such that it cannot be separated or removed from the detachable
member 502.The detachable member 502 does not comprise of any alignment cavities

which can allow the switching member 504 to be inserted or removed from the slot channel.

30 In example embodiments, it is beneficial for a switching member to begin movement
from a first e.g. "OFF” position, before it is moved/switched to a second e.g. “ON” position to
switch a switch state of a relay. This is accomplished without energisation of the relay.
Thereafter, once debugging is completed, it is desirable for the switching member to switch
the relay “OFF" by returning the switching member to the first position before the switching

35  member is removed. Thus, the asymmetrical design (e.g. of a slot path with an alignment
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one of dg{,‘,ﬁllé@r%r{egt lﬁJttoWb%&ééqfuh&%(gEath provided by the detachable nenber is

defined by a slot channel I1n t et achabl e nenber. 8. The tool as cl ai ned
inl8ny one of claims 2 to 7, wherein ends of the path provi ded by the
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35positions. 15 9. T as I'n any one 0 lains 6
one en@o@priggrbwithin the electromagnetlc relay, such that the switch state of the relay can be

switched. In some example embodiments, the tool may be further provided with a
detachable member which can substantially rigidly couple to the relay. This can
15  advantageously provide a stable base from which the switching member can perform reliable
switching of the relay. This can be particularly useful when used in unstable environments
where vibrations and the like are common. The detachable member may also be
advantageously provided with “poka yoke” design elements to ensure that the switching
member is allowed to be removed only in a safe position.
20
Figure 6 is a schematic flow chart 800 for illustrating a method for switching a state
of an electromagnetic relay in an example embodiment. At step 602, a switching member
is moved between a first position and a second position along a path oriented to the
relay. At step 604, a switch state of the electromagnetic relay is switched via a magnetic
25 force exerted by the switching member.

It will be appreciated by a person skilled in the art that other variations and/or
modifications may be made to the specific embodiments without departing from the spirit or
scope of the invention as broadly described. The present embodiments are, therefore, to be

30  considered in all respects to be illustrative and not restrictive.



sl ot channel is provided with an alignnment cavity to align the sw tching
menber for entry into the slot channel. 510. The tool as clained in any one
of clainms 2 to 9, wherein the detachabl e nenber is capable of coupling to
the relay by substantially encasing t rel ay. 11. The tool as
clainmed in any one of the preceding clains, wherein the swtching nmenber in
the figtag@sition is capable of magnetically affecting an armature
10coupled to a switch of the relay; and novenent of the sw tching
menber to the second position is capable of noving the armature to switch

the switch state 0§l 3¢ stHbtiRD a st f | i ghged in any
one of the prec_eda}_ng cfgiﬁ’ms,l gﬁesr%tier? fﬁee?%ém@%gégﬂéggfngﬁhgh% tching the
switch stat@ $#iteping manakgiecanablgy of moving betwgenThérat uisitioe aidcaarsatohd any

oneg of L | | L the tool is external to the rel ay.
5 pbgﬁﬁlg gﬂ?‘@?& B Dridh B tothE raLY

2014. A net swtching a state’'of an el ectromagnetic relay, the nethod
conpri si ng, wherein mexspeny o thawwiehing maspissfrase the st positiensto thessacood and a
second ,REBbh | QNI A Qfﬂ‘éﬂl 'aeFJvﬁ&] tatbhEr B Vect@Rthgnetic relay via a
switching a switch state of the electromagnetic relay vira a mag effc?force
exer t ethaEBigyic foree sxeitet by ihanewitahing membies. met hod as clained in clai m 14,
further conprising coupling a detachnent nenber to the relay, the
det achment menber providing a predefined path thereon that corresponds to
sail® pat h i &, pr odihgitedl asElaimedriaiciaym 3 durther comprising,

a detachable member capable of coupling to the relay, the detachable member
providing a predefined path thereon that corresponds to said path in proximity to the
relay.

15 3. The tool as claimed in claims 1 or 2, wherein the movement of the
switching member for switching the switch state of the electromagnetic relay is
performed without energizing the relay.

4. The tool as claimed in any one of the preceding claims, wherein
20  movement of the switching member from the first position to the second position is
capable of switching the electromagnetic relay from a normally open (NO) switch state

to a normally closed (NC) switch state.

5. The tool as claimed in any one of the preceding claims, wherein the

25  switching member comprises a magnet.

6. The tool as claimed in any one of claims 2 to 5, wherein the path provided

by the detachable member is adapted to be parallel to a planar surface of the relay

30 7. The tool as claimed in any one of claims 2 to 6, wherein the path provided

by the detachable member is defined by a slot channel in the detachable member,

8. The tool as claimed in any cone of claims 2 to 7, wherein ends of the path
provided by the detachable member correspond substantially to the first and second

35 positions.



16. The nethod as clained in clainms 14 or 15, further conprising noving the
swi tching nenber and switching the switch state of the el ectromagnetic
relay without energizing the relay. 16 the electromagnetic relay froma
normal [y open (NO switch state to a fwrnally closed (NC) switch state.

18. The method as clained in any one of clains 14 to 17, wherein the 5

swi t chi ng neytber 1GRMRGI §§%I1AAMBBHShy one of c!airn%96 td gewmeléé?%n@ din
any one of clainms 15 to 18, wherein"the p provi ded by the tach | e

menber SIY cAARPRIY PIQYidas Wit an |aé9nmentacapmtarﬁeah@umea%tcefngt member fof entry
20. ThentaBhd et 8Barsicri Med in any one of clains 15 to 19, wherein the path
provi ded by the detachable nenber is defined by a slot channel in the
det achabl e menber. 1521. The nmethod as clainmed in any one of clains 15 to
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substantially to the first and second positions. e met od as
cl ai medeMPY§ Céﬁ%b|8f°f§13'al?|ﬂf'§ todheyrelay by pubstartially empasisg the @O ovi di ng one
end of the slot channel with an alignnment cavity to align the sw tching
menber for entry_into the slot channel. 23. The nethod as clai ned
in any one dfl- ci dingstopk asoclaimedyfire sy nore 9HIthe resrdine tiaimab Mheneintibe t o

the relspnchigRhemssr FUPR! A8t p&ditich RNEHNY of RRigh8ti@ly affecting an armature
10 coupled to a switch of the relay; and
movement of the switching member to the second position is capable of moving

the armature to switch the switch state of the switch.

12.  The tool as claimed in any one of the preceding claims, wherein the tool is
15  capable of switching the switch state of a slim-type relay.

13.  The tool as claimed in any one of the preceding claims, wherein the tool is
external to the relay.

20 14. A method for switching a state of an electromagnetic relay, the method
comprising,
moving a switching member between a first position and a second position along
a path oriented to the relay; and
switching a switch state of the electromagnetic relay via a magnetic force exerted
25 by the switching member.

15,  The method as claimed in claim 14, further comprising
coupling a detachment member to the relay, the detachment member providing a
predefined path thereon that corresponds to said path in proximity to the relay.
30
16.  The method as claimed in claims 14 or 15, further comprising moving the
switching member and switching the switch state of the electromagnetic relay without

energizing the relay.

35 17. The method as claimed in any one of claims 14 to 16, wherein moving the
switching member from the first position to the second position is capable of switching



25 24. The nethod as clainmed in any one of clainms 15 to 23, further
conprising noving the switching nenber to the second position to nove an
armature coupled to a switch of the relay to switch the switch state of the
swi tch; wherein the switcfgng nenber in the first positionis
capabl e of magnetically 30affecting the armature. 25. The nethod as

cl ai neghd @Ie%ﬂ)ém%@ﬁeﬁtf, réth BN ;Fhoma%ﬂopéwqb?rsmeﬂgfété k09 SR iceline

switch state of a slimtype rel
(NC) switch state.

18. The method as claimed in any one of claims 14 to 17, wherein the
5  switching member comprises a magnet.

19.  The method as claimed in any one of claims 15 to 18, wherein the path
provided by the detachable member is adapted to be parallel to a planar surface of the

relay
10
20.  The method as claimed in any one of claims 15 to 19, wherein the path
provided by the detachable member is defined by a slot channel in the detachable
member,
15 21.  The method as claimed in any one of claims 15 to 20, wherein ends of the

path provided by the detachable member correspond substantially to the first and
second positions.

22. The method as claimed in any one of claims 20 or 21, further comprising
20 providing one end of the slot channel with an alignment cavity to align the switching
member for entry into the slot channel.

23.  The method as claimed in any one of claims 15 to 22, wherein coupling
the detachable member to the relay comprises substantially encasing the relay.
25
24.  The method as claimed in any one of claims 15 to 23, further comprising
moving the switching member to the second position to move an armature coupled to a
switch of the relay to switch the switch state of the switch;
wherein the switching member in the first position is capable of magnetically
30 affecting the armature.

25.  The method as claimed in any one of claims 15 to 24, further comprising
switching the switch state of a slim-type relay.

35 26.  The method as claimed in any one of the preceding claims, wherein the
switching member is external to the relay.



