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electrical actuation of fluid flow control valves. It is well known to
utilise-solenoid actuated valves to control fluid flows, but such-valves:
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It is further well known to provide manually actuable valves with

a mechanical linkage, e.g. a "Bowden" cable for remote actuation, but
such linkages are of restricted utility and application; and it is
further known to incorporate into éuch valves a device which is
responsive, after the valve has been manually actuated, to the
existence of a particular condition, e.g. a minimum operating burner
temperature, to hold the wvalve in the éctuated state, and which is
responsive to the termination of said condition, e.g. a drop in the
tgmperature to below said minimum, to restore the valve to or allow
the valve to return to a non-actuated state. Vélves incorporating
such devices are useful for supplying fuel gas to the burners of, for
example, caravan heaters, because they provide a degree of protection
in the event of a burner flame failure; however, they have the
disadvantages that the initial manual actuation must be maintained
until the said particular condition is established, that the manual
actqation must be repeated in the event of the valve being returned to
the non-actuated state, and that they are not suitable for automatic
control. '

The present invention provides a fluid flow control valve, for
automatic remote actuation where a mains or other substantial supply



2 of "electricity is lacking, the valve, in accordance wth the present

i nvention, conprising a, novabl e cl osure nenber, novable between a val ve
cl osing position in which thé valve is closed and a further position in
whi ch-the valve i s opened; a first sol enoidgssenbly and 5 a second

sol enoi d assenbly; and a closure bias which urges the.closure nenbe

from t.he.second sol enoi.d assenbly towards the val ve cl osing positiony
characterised in that the first solenoid assenbly has an armature novabl e

agai nst sai d bias_an £ her Jfar.ce f ir 0S4 a .8ec
position so as tooﬁre?%%rf#ﬁcfsoslﬁ&e& 0 {rﬁ%%lr‘;eénﬁ* t%gaiéaedcnggd&?o et?fgigpbcL ent
assenbly into coringentighencanprisgingse Zoveblsi ¢lemweniieybes, dpevable deetwpenna
el ec% | cal input &ﬁf{&@gi@ Boseet oﬁg\%rmfm the WaRle ti'becﬁ%%tandnhéﬁge@ﬁtgier
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cl osure nenber ag%sﬁg’fmtﬁb"ﬂ‘r‘@éqgf wlvg i5 guengd:| <2 ‘{‘ﬁ% S‘L#?Qf’g‘? @Spgm%ﬁr and
returned to itss5fd rsdcohl pokiricidnassemiizgi d tndce clusurdebiasewhieht urgesofthe
the first sol enoi. e b 0 e . Or
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provi ded a 20 netVédee otloging apesiyiamie fehargetqrised oin r thaty ghe e finstpsolanaid

the steps of:- (adssemblp‘\Hadi 0 armaturie’ MovableChgdiist shiddBiasOhndisd fuPhes! forad
a predeterm ned short dg’aﬁl on.t.0o the first drS]O| enoi d assentblé:,to H}%\ée t he
armature of the fiTPH asHir8hOFIHOB 1 8, SaeRNd, Ppsition #0 as 1o Bring fqsure

first positionl0onémbsers@andnthepaecondrsodenaid assemblygnioitcwntactt whent the first
novabkl e cl osure 0, \ h c ' .
agai nst the bias I'C idu;rsgsggfgpﬁgé cﬁq'gg'g%e&ine erg{}%&gﬁgng@qﬁgﬁpég?ﬁ%md
position; (b) prRRNeds ngand siecdhet dhecsesand splppeid Assephlypdsetrranged; topbe
predet erm ned | ongRirgteddaby Of) 16We ROWEAC Oiht ST GBI dafitP SEoEYry MEMBér legairit
termnation of thg first |Ppuhit§. keep. het econd-tsol enoi d as%smgl Y. ang.r ¢t
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open. . _ :

| Aceording to the present. invention there is also provided a
* 20 method of actuating the fluid flow control valye comprising the steps
of:~ | ' . _
(a) providing a first electrical input of high power and a
predetermined short duration to the first solenoid assembly to
move the armature of the first solenoid assembly against the
25 force from "its first position to its second position so as to
bring into contact the movable closure member of the wvalve and
the second solenoid assembly against the bias which urges ‘the
& _ closure member towards a valve closing position;
_ (b) providing a second electrical input of low power and a
v 30 predetermined longer duration to the second solenoid assembly
prior to the termination of the first input to keep the second
solenoid assembly and closure member in contact, and terminating
said first__ input to allow said force to restore the armature to
its first position; and - | bies
35 - (e) holding said valve open against said jepring by providing a
third electrical input of low power to said second ‘solenoid



‘third electrical input of |ow power to said second sol enoid 3 assenbly,
prior to termnation of said second electrical input. The first sol enoid
-assenbly nmay be arranged so that energisation 5 of the first sol enoid
-agghl y opens the valve, but to give an inproved fail safe capability, the
Agenent i s preferably such that 3energi sation of the first solenoid
y takes the second sol enoi d assenmbly into contact with the cl osure
whi | st the val ve remains closed, and de-energisation of the fi¥Ts#
solendbi'd assenbly allows the 10 armature to nove the closure menber and
second sol endisgenblye BNQT ite tanminptipy of &pid Recand electnical dnpat er ni ned
duration of the second input i.s preferably selected to allow a condition to
be established as a result of the 15 val ve bei ng opened, and preferably the
third electrical input of |ow power is derived from the establishnent of
sai d condi ti (fhe fizst solangide assémblyr mgy e Arrenged oso fthat feaergisationes a
nmet hod f r Mals) I epg_,%- e c risSi uid flow
cont rolg)v?gf\?g{,e gii éutr nse(?&g%ﬁ?pqyn.ss%ﬁy?or, t .:ﬂ%et .g%e'c.%ri'%i %vghteﬂlZO steps
of : - (a) impeevedy fellcsefe wapabilityythe qurepgementnis mnefenably sychyihetng a
fi ][_st- el %lbi'éi@_atjiohnﬁﬂ;gtléf fivist Nsoreneid aserblp ed?heme' rs;eeomcgo}xezwiagt ion to
a first solenai d, asse to e gqn armature of the first sol enoi S
assenbl y 25§57 t"§°f 8?'&‘@‘?r‘8ﬁggt\ﬁfi$§?“ﬁ%ﬂ%ﬁ ‘Y’Bi%‘st vaivg S®BBAA posi tion
so as to cdhosedy amd cdarenergisation atd cthel fivet esolendidr assentily alidw= thad a '
secon ' S Ven@ oAl éﬁ;eg. ng-4 Whis G4 T £l osure
nenbe?lfgrgg\%%vgsclﬁgg% ntgtgla «gg?tﬁ?%ﬁn and %;/d %‘rdla{ﬁ Vgty(%&ﬁ]ig ?ﬁrﬁb&gtﬁon of the
first inpmisonte\oRe the Xalv€econd el ectrical . input of l'ow power and a 30
predeterm ned -l1onger duration to Kkeep the  second solenoi'd assenbly.
and cl osure. ' A t i rglnati the first i cal input -
to de-energi %w&%&g}é&ceﬁm éﬁoj{s‘séﬁbfﬂye '?%ecgﬁ?o?v’epél&i dsf Bfét;ggé%&- restore
t he ar mateglected tocallowsa condition to be established as a result of the

15 valve being opened, and preferably the third electrical input of low
power is derived from the establishment of said condition. - For
example, the present invention further provides a method of
controlling a supply of fuel to a. heater comprising a fluid flow
control valve, a burner and an igni'.t_or',' the method comprising the

20 steps of:- _ : : i _

(a) opening the valve to supply fuel _to' the burner by -providing
a first electrical input of high power and a predetermined short
duration to a first solenoid assembly to move an armature of the
first solenoid assembly against a force from a firs.t' position to

25 a second position so as to bring in contact’' a movable closure .
' member of the valve and a second solenoid assembly against a

spring thrust which urges the closure member to a valve closing .
position; and by, prior to the termination of the first input, s
providing a second electrical input of low power and a : _

30 ‘predetermined longer duration to keep the second solenoid o«
‘assembly _and closure member in- contact whilst terminating the
first electrical input to de-energise the first solenoid assembly
to allow said force to - restore the armature to the first
position; : o -

35 () during step () supplying power to the ignitor to ignite the
_fuel at the burner to establish a flame; and '



posi tion; 35 (b) during step (a) supplying power to the ignitor to
ignite the fuel at the burner to establish a flane; and 4 (c) prior to
term nation of step (a), in the event of a flame being established,
utilising heat fromsaid flane to generate a third electrical input of |ow
power. and supplying the third input to thetsecond sol enoid assenbly 5 7
power “tequired to energi se the second sol enoid assenbly is preferably %77
| eastone order of nmagni t ude, e.g. about two orders of nmagnitude, s
than the power required to energise the first sol enoid assenbly, for

openi ntg of w% hehv?l V(?% 1qu$hetdaiéﬁuh@ti6ﬁeéﬁr§tbb}’(a)¢[‘ﬁ Ctneldevétaxt M?heﬂa;ne |
appar at us ic urt her S ur.ner n nitoys ectrical caqntro
means and gener at or > ngsqggﬁgl@f”u{ﬁglggegﬁ ceﬁgmc ﬁ’f‘rdff ame. 4% g8 rate
automati cal |y respotidrd elé@rical inputinof dow pdwext randabupplying| _the)tpmdf trpat an
ignition sequence 43 %ng"‘t"t@sgiﬁ'g“?]la%%'gﬁ%t rol means provides a first

el ectrical ut of h power ort tion to the first solenoid
assenbly, pro ides, prior to termnation of the first electrical input, a

second el ectri cal mwtpow‘erl W@awrtoaedefgiaaemed@éaéﬂdnrsoi&md adsembly€is

second sol enoi d_agse the | prior
ternmination of ¥ erag&)r?‘a gqagg S?'ﬁ (8;,\% "\%ﬁ’ereé N a?§ﬁi tévé’n fé?lfﬁ' of
means is respormmtudﬁ.h@mallprodmmbq wwemurmred) tye nerergisearities finsty

to the second Séylg,madaggémlyo,aobgh;,g &8¢ ¥6é e, i nput of the | ow power.
25 The first §o| enoi d assenbly is preferably of bobbin formin which the
armature is ially nmovabl e to produce a | arge novenent; whereas the second

sol enoi d assenbl y pThed evdbby ihag:rafé‘xhbl)seempbvédorinotl‘raater apparatus which
further comprises a burner, an 1gnitor, ‘electrical control means and

generator means,
wherein the electrical control means is automatically responsive
15 to an "on" electrical signal to perform an ignition sequence in
which the electrical control means provides a first electrical
input of high power and short duration to the first solenoid
assembly. provides, prior to terminatmn of the first electrical
input, a second electrical input of low power and longer duration
20 to the second solenoid assembly, and supplies power to the
" ignitor prior to termination of the second electrical input;
and wherein said generator ‘means is responsive to heat produced
by the burner to generate and supply to the second solenoid
assembly a third electrical input of the low power.
25 _ : _ .
The _first- solendid | asseiilbly is 'preferably of bobbin form in which
the armatin-e is axially movable to produce a large movement; . whereas
the second solenoid assembly preferably has a "horse shoe" or other
reflex form of non-moving core, e.g. of soft iron, arranged to provide
30 a plurality of poles which serve as asbutments for the closure member,
so that the latter may serve as a keeper to provide with the core a
closed flux loop.

The electrical control means is preferably arranged to interrupt
- 35 said third electrical input in response to an "off" electrical signal.
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in accordance with the 1nvention.

" Referring to FIGURE 1 and, the first embodiment of the valve
comprises an inlet 10, an outlet 11, a seating 12 around a passage 13
between the inlet and outlet, a movable closure member 14, a first
solenoid assembly 15 and a seoond solenoid assembly 18 mounted ina
body 22 of the valve. '

In the closed oondltion of the wvalve, a resilient seal 17,
mounted on the movable closure member 14, abuts the seating 12 to
close the passage, as shown in FIGURE 1. The member 14 is located on
a -guide 18 which is slidably located in- a socket in the second
solenoxd assembly 16. A compresslon spring 19 extends between the
second solenoid assembly and the member 14 to exert a closure bias on
the latter to urge -the seal 17 against the seating 12. The solenoid
assembly 16 is mounted in the inlet 10, and has a solenoid wound on a
static core of reflex form which provides a plurality of exposed poles
20 at the bottom of the 'assembly, and the movable closure member 14
and guide 18 are movable by the first solenoid assembly 15 against
said closure bias to bring the member 14 into contact with said poles
20 as sh_own in FIGURE 2, so that the member"l4 serves as a keeper to
provide a closed flux path between said. poles when the solenoid
assembly 16 is energised to hold the member 14 against said closure
bias. -

and

o



the latter to urge -the seal 17 against the seating 12. The solen0|d
assenbly 16 is nounted in the inlet 10, and has a sol enoid wound on a
static core of reflex formwhich provides a plurality of exposed poles 30
20 at the bottom of the assenbly, and the, novabl e cl osure nenber 14 an

gui de_18 are novable by the first sol enoid assenbly 15 agai nst said £I re
bi as™¥o bring.the menber 14 into contact with said poles 20 as sho

FIGIRE 2, so that the menber 14 serves as a keeper to provide a clos Tl ux
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el ectrical contro% ans shown in FIGURE 4, which is arranged to provide a

first electriddm t of 10 high power and a predeternined short duration
to first solenoid assenbly to nove the armature 21 upwards froma first

position to a sec
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first embodiment in that it also corrpr% ses a?
~prior to the termination o irst mput, provides ‘a second

15 electrical input .of low power and a predetermm_ed longer duration to
keep the second solenoid assembly and closure member in contact to
hold the valve open whilst first solenoid assembly is. de-energised to
allow said force of grav1ty to restore the armature to the first
p081t1on.

20 - ' _

‘Referring to FIGURE 3, the second embodiment of valve is similar
to the first embodiment in that it also comprises an inlet 30, an
outlet 31, a seating 32 around a passage 33 between the inlet and
outlet, a movable closure member 34, a first solenoid assembly 35 and
25 a second solenoid assembly 36. '

In the closed condition of the valve, a resilient seal 37,

. mounted on the member 34, sbuts the seating 32 to close the passage.
' The member 34 is located on a guide 38 slidably located in a socket in
. 30 the second solenoid assembly 36. A compression spring 39 extends

between the second solenoid assembly 36 and the member 34 to exert a
closure bias on the latter to urge the seal 37 against the seating 12.
The second solenoid assembly 36 has a solenoid wound on a static core
of reflex form which provides a plurality of exposed poles 40 which
35 confront the member 34. The first solenoid ‘assembly 35 comprises a
cylindrical solencid and an axial armature 41 movable by the solencid
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armature 41. A flexible electrical input lead or leads 53 extend from

the second solenoid assembly through an insulated port 54 in the cap

52. .

The arrangement of the valve is 'such that energisation of the
first solenoid assembly 35 causes the armature 41 to move the seoond
solenoid assémbly 36 towards the seating 32 against a total bias which
includes:- k o |

(a) _the' return bias

(b) the closure bias

(e) the deflection resistance of the diaphragth, and

 possibly also ' o '
(@ the thrust applied to the diaphragm by the
| p_resehoe of fluid under pressure in the inlet. -

The stroke of the armatui'e_ 41 is sufficient to bring the poles 40
into contact with the movable closure member 34, whilst the passage

' remains closed. Thereafter the valve can be 'opened only by energising

35

the second solenoid assembly to retain the member 34 in contact with

the poles, and de-energising the first solenoid ‘assembly to allow the
return bias to raise the armi_ature, diuphragm and second solenoid



sol enoi d assenbl y 36 towards the seating 32 against a total bias which

I ncludes: - (a) the return bias 25 Cb) the closure bias (c) the
deflection resistance-of the diaphragm and possibly also (d) the th(is
applied to the . di aphragm by the presencegof fluid under pressureA e

inlet.. 30 The stroke of the armature 41 is sufficient to bring gol es /40
i ntoontact with the novabl e cl osure nenber 34, whilst the pass e 1Tk
cl-osed. Thereafter the valve can be opened only by energising th

sol enoi d assegblomily t6iéthr ! AfHTRABEmoYdblen foutraCimene? 32 theime! afe and
de-energising the flrst_ sol enqgid assenbly to allow the return bias to raise
the armature, JHEHHFIEHE§°8HPENd sol enoi d 8 assenbly together with the

novabl e cl osure nmenber 34 to lift  the latter fromthe seating. An advantage
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frrst enbodi Meditherami ahefob’ h@vintaEd ! igO0 thate abfoking WA Taithrd 6T P PH¥sOl
fuel gas to asg irner gss%e?n a hea;[le. , fg{t yseg ln a8 tluat L on vvhetr n,a,J@i ns
or ot her y, can 0 res mn e valve ing unwantedly

open. - ' | o

15 The apparatus shown in FIGURE 4 comprises the second embodiment

~ of the valve (but may instead utilise the first embodiment), and

electrical control means to control the supply of fuel gas to a burner

60 of a heater, for use in a situation wherein a mains or other

- substantial supply of eleetricity is not available, e.g. for use in a

90 caravan. The burner 60 is arranged to heat a heat exchanger 61 or
~ other body, e.g. a water tank, to be heated.

The electrical control means comprises electronic circuitry which
is- arranged to provide the functions of a cycle controller 62, a first
25 solenoid controller 63, a second solenoid controller 64, a generator
controller 65, a safety controller 66, an ignitor controller 67 and a
resettable counter 68. The electronic circuit forms a unit 69 which
. o may be mounted on the valve for.remote actuation.

N 30 The control méan's_ further includes a manually operable on/off
e_lectriéal' switch 74, a control thermostat 75 (which may be preset or
manually ad_justablé), an overheat thermostat 76, a flame detector 70,
an ignitor 71 and a generator 72 such as a thermocouple device. The
thermostat 75 may be arranged to respona to the temperature of or in
35 the heat exchanger 61, or, for 'example, to ambient or a temperature.
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25

aplication of said pulse, whereby to open the valve to supply gas to
the burner 60. :

Upon termination of the puls_e', the ignitor controller 67 actuates
the ignitor 71, e.g. to produce a high voltage low wattage spark or
sequence of sparks during at least part of the period during which the
signal is appliéd to the second '._solenoid assembly, to ignite the
burner. ' :

Upon. ignition, the safety controller 66 receives a flame

" recognition inpilt from the flame detector 70 and the generator 72 is

30

35

heated by heat from the burner flame to generate an ‘electrical output

s a
(or

0

which is applied via the generator controller 65 as a third controlled

electrical input of low power to the secdnd sdlenoid assembly, which

third mput“s‘ezve:\ to hold the valve open when the second electrical
input signal Acease% and actuation of the ignitor is halted
preferably after the detection of the flame, but optionally after a
predetermined period, e.g. to terminate when the second input signal

ceases.

~

®



t he. burner 60. 20 Upon termnination of the pulse, the ignitor

controller 67 actuates the ignitor 71, e.g. to produce a high voltage | ow
wat tage spark or sequence of sparks during.at |east part of the od
during which the signal is applied to thggsecond sol enoid asse -
ignite the burner. 25 Upon. ignition, -the safety controller
reCcé®ves a flame recognition input fromthe flanme detector 7
geﬁérator 72 is heated by heat fromthe burner flane to generate an

el ectrical out put%@ &th%seapkéﬁéhthaaw}etaﬁﬁara%fa te0piveOrdi afi@ Q218

third controlled el ectrical,lnput of | ow power tqg the second sl enojd
assenbly, whi 8i¢nglfr §o; ﬁlﬂﬂh 3’5&%3 cpntinyes, ’t"ﬁ'gl vihey depperatiipe nsetiing Rfbnd
electrical inthd thergostatC@ssias reacheds witexieupbn Othe tliermustat Glv-aotivates

hal ted prefer ny er egd i f t j,an ra
pr edet er m ned ?ﬁ%‘g m;’p&[lgeq{ e@m ‘?\H}cﬂ V%‘%ﬁfﬂ%@@&%ﬁ%&%ﬁpﬂ} ?%%5?{% :
ceases. 5locdmollherrﬁ§stm Yok ethecthicd tedeginiealurinpub & vhe osecondd

roff" signal Ssol%ﬁowaaséa%ﬁy NGhé&reBy BoICAINGt the tVabvd QBPUGHMBpidl} | &l Of
the thernostat 75 i s reached, wher eugon t he t her nost at de- actlvat es the

cycl e control WBen g3hetemperatyne sensed by, dbe thermpstat ofells shelaw r the or
65 to bl ock thempdratare|settingcaf thepthertnosthat, the dthérmostmtoreljtidestashbthe

Sensea. by’ pe- e ARREF AL BR8, PREUB i BaER, T LSO e

t her nost at10 t he thernostat redtivates the cycle controller to initiate the
i gni tion sequencen 1Qné N evbft C¥LNthef bakferd UfaiBhg ab! iipslite0 drgrkbtth%rﬂise

acti vat od,  thEiHigenBBoORIE | FLHBRPan WEBRL ottt ”‘e “soetlls M o
the safety’ coaetmtﬂwr. e iebsenceanfca flamecwilhitle tsleasetbthyt the GRtector 70,
and the safety controller 66 is arranged to actuate the counter 68
15 which records the failure and actuates the controller 62 to initiate a
second ignition sequence. Should the burner fail again, the second
and further failures, up to a predetermined maximum number, will

t he

- similarly be recorded and will cause the ignition sequence to be
repeated.  Thereafter a further failure will cause the counter 68 to

20 block the cycle controller 62, and, optionally, the co'uriterl will cause
a fault indication to be displayed. The cycle controller 62 and the
counter 68 can be unblocked, reset and re-actuated by manually opening
and re-closing the switch 74.

25 The safety oontroller 66 also reacts to an overheat signal from
the overheat thermostat 76 to cause the cycle controller to be blocked
and the or another fault mdlcation to be dlsplayed.

The valve of the invention, and the heater app;a_tus' having
N 30 control means arranged to. actuate the velve in accordance with the
invention, gives the major advahtage that the electrical power
requirements are easily capable of being met, over periods of at least
several wéeks, by a simple and relatively inexpensive dry cell battery
or a small plurality thereof. Furthermore, because the first solenoid
35" is energised at a given wattage for only a very short period, a light
inexpensive first solenoid assembly having a lower continuous wattage



15 which records the failure and actuates the controller 62 to initiate a
second ignition sequence. Should the burner fail again, the second and
further Aajhures, up to a predeterm ned maxi mum nunber, will simlarly be
.recorded ill cause the ignition.sedlence to be repeated. Thereafter a
further %4 re will cause the counter 68 to 20 bl ock the cycle controller
62, and, optionally, the counter will cause a.fault indication to be T
di spl ayed. The cycle controller 62 and the counter 68 can be unbl ocked, oA
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el ectri cal 3 pSFRIPTP &yhiplddng tumetion ang; is ot peanized o praducaed | nheri ods
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consi derabl e cost and wei ght. savj ngs t.o he qgﬂe whi ch savi ngs. of fset or
exceed t hi0 GIRSLIHALIRR] S TRteTRA OBAIRRLIOn| o Hhe cRB LAl RSATA R ORTIRT o
may be of veihe sfunetionso dekeribed 0or asqiivalent 0 fhinctieesled Ror expmpleqr the -
hol di ng funct{iQa S Yoll] ' c . enent. The invention
is not confine t@gfﬁ% pr Cfégﬂag§§.‘%q%ﬁﬁﬁﬁﬁ“ﬁgﬁgg§¥hg exanpl es and many

variations are possible within.the scope of the invention, particularly

».

in . respect of the arrangement, 10 construction and internal organisation.

of the CO{Ig rol means to performthe functions. described or equival ent
functions™® For exanple, the valve may be adapted to control a supply of
liquid. 15 o . ' : S _
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20 25 30 35 CLAIMS 1. A fluid flow control valve rising a anabIe
cl osure nenber, novabl.e between a val ve cIOS|ng u u"w nﬁmummﬂﬂh the val ve
is cldsed 5 and .a further position in which the

sol énoi d assenbly and a second sol enoi d aggenbl y; and a'closure K
urges the closure nenber away fromthe second sol enoid assenbly tY
vaIve“UI05|ng position; characterised in that the first sol enoi dhas an
armature novabl e agai nst said bias and a further force 10 froma first
position to a second position so as to b@ he cl osure nenber and the
second sol enoi d assenbly into contact wh first solenoid assenbly is

energi sed by an el ectrical input of predeterm' ned power;. and in that the
second sol enoi ¢ assgryiiy iefoupIdoft Bt UudiVe D Goigfisihg o mvaBlel ENRre HeHbIT) UL

to hold said closure rre?%er agal nst ur 3%353}- I 1St hed

armature is retmoveble thetyween 1§ WE’("epSEquPS)rP”B%%aFH ve 18 close

de- ener gi sat iSorn@fl at fifrthés Pos PIbe Nini dhmselﬂ)lmve/\hera;h;aedo apﬁmst lselendide

or to allow the vaI thtéggr %am?a‘ltﬁ%é‘ qpen, n%?d se’a\ v%nas CLidisFd Bi8s Quich 1
r

wher ei n novenefSSg® R A rs to sai d second positi.on
takes the cl osumgeaehbleerclpsars tmnb%!t vaway depmg thespecand selennid pgsemRly

Position 10 OPGualifs vile! St UaRECheb R AeMaéterisBd Ry ke o0t d

second position toas& irst positron, whilst the ‘fﬁcongﬁfi & o\jﬂ? senbl y
i s energised, 29noi¢das %\‘}Fﬁgt"c"ﬁemef’ﬂ%lﬁr%g%%é?‘ FYH§E toree
posi tion.. 3. 10 Aroil wefiast osition to) aCsecond? pmbﬁllm rsot g fo bsingstheewbmstre -
assenbly is arr t | jf L %; Y ofll i f t30
4. A valve as "ﬁl ar e 38(! {% swgh er#ﬁ secI(E)]E&(; éo‘?{ g? assenb f’rs _
supported by tfﬁ?l%n%tﬁﬁsembbf é% qr@rggeﬁobgl@pee{gptrml dnpak epredetermlned
power; and in that the second solenoid assembly is arranged to be
energised by a lower power input to hold said closure member against
15 the urge of said bias whilst the armature is returned to its first
position, by said force upon de-energisation of the first solenoid
assembly, whereby to open the valve or to allow the valve to remain

open.

N

20 2. A valve as claimed in Claim 1 wherein movement of the armature
"from said first to said second .position ‘takes the closure member from
" the valve closing position to said further posifion to open the valve;
and wherein said armature is movable from said second bosition to said .
~ first position, whilst the second solenoid assembly is energised,
25 without movihg the closuré member from said further position.

3. A valve as claimed in Claim 2 wherein the first solenoid assembly

- - ‘is arranged to lift the armature against the force of gravity.
S 30 4, A valve as claimed in Claim 1 wherein the second solenoid
- assembly is supported by the armature so as to be movable by the
armature. '

5. A valve as claimed in Claim 4 wherein said further force is
35 provided by a spring acting on the armature. |



5. A\;alve as clainmed in daim 4 wherein said further force is 35

provided by a spring acting on the arnature. 13 6. A nethod of - ’
actuating s f|UI lve as claimed in.Caim1l conprising the
st eps of 0\. wmllm“gml"‘lm el ectgical input of high power and a

pr edet er sho¥t dunatmonsto=the first solenoid assenbly to 5 ° nove

e of the first sol enoid assenbly against the force fromits s
first position to its second position so as to bring into contact the 4

movabl e cl ogur eAlpigRdd Jf abfuatihgy G AGlidt Ffovh SEFol afOlad A%H

agai nst the blas whi ch. yrge the cl osure nenber towards a valve c 05|hg
posi ti on; 1ftaim 1 comprigipg;the,gteps0%i5nd el ectrical input of | ow power and
a predeterm ned(d)onmrovdldtingt ieonfirst tébcsmandnﬁnﬂtemi tighs SROWREY gaid f t o
the termnatio S e e l.en eqbl y and
cl osure nenber n?l%fdcetct)nfm{d[ d %hgfpﬁa%hﬁgf. i g% glél?\)pﬁt Q%S%"?qifo{vébsal d
force to % est or@oYeether armature oofi sthe furstts splqrmtldpessqmlzlm agaiast cthe

hol di ng sai d vatgs@eORfdn 23! ffﬁstsgbﬂxt%@st&htﬁ’rQé/édﬂdn%oﬁntlahrHoekéacfd' cal
i nput of | ow ower

said s oi d assenbl [ to _term pation
of said second ]%‘T BEt m(%eaf"”i"tr?ﬁg Sdmﬁg'ﬁﬁt'a‘?frréﬁ e YRI¥e md
wherein in st ept}(ea)seemd gsoslanonh membly fagamstscbherMad whmm)irgesnﬂms the

armature to novg Wr t and wherein in step ,
(b) energisation: o?ﬁ? he secon o) eno%%?gbgﬁggﬁhﬁgn'the val ue open ,‘
~whi I st tile ar nef®dr e Broviging eo sepend  electpical ¢ inpyt of ow powen W &

‘clainmed in O ai phclletdRRInRIAN 1bigert UrABbneRS! thes Alelcbiid Oboleh8id Ids%temsxy enoi d «

contact i th & HRHBF ol e Sebdinefiih t°eBE (AR, B8pE o, 85 B8 Yoot
wherein in stepsqepoidhessembly @and, closure deemizy unenogtgat.uw térmninating st
sol enol d assenmbigiqy FIEESinphe B \4OWS sdfidrce to restore the armature to
15 its first position; and |
' (¢) holding said valve open agamst ‘said bias by prov1d1ng a
third electrical input of low .power to said second solenoid

assembly, prior to termination of said second electrical input.

20 7. A method as claimed in Claim_-é, wherein in step (a) energisation
of the first solenoid assembly moves the arma‘tﬁre to move the closure |
member to open the valve, and wherein in step (b) ‘energisation of the
second solenoid assembly holds the valve open wh:lst the armature
returns to. the first position. .

25 o o o .

8. A method as claimed in Claim 6, wherein in step (a) energisation
of the ‘first solenoid assembly moves the armature to take the second
solenoid 'assembly into contact with the closure member whilst the
'valve remains closed, and wherein in step (b) the armature, upon de-

- 30 energisation of the first solenoid assembly, moves the movable member
and second solenoid assembly in unison to.open the wvalve.

9. A valve substantially as hereinbefore described, or arranged to
be operated by the method substantially as hereinbefore described,

35 with reference to FIGURES 1 and 2 or FIGURE 3 of the accompanying
drawmgs.



and ‘second sol enoi d assenbly in unison to open the valve. 9.7 A val ve
‘substantially as hereinbefore described, or ated by the
met hod. substantially as hereinbefore descri bec”n"m"mlﬂ" mmm;lce tQ
FIGURES 1 and 2 or FIGURE 3 of the acconpanying drfawngs. UL R
met hod of controlling a supply of fuel to heater conprising a @fmj
cont gl valve, a burner and an ignitor, llﬁe nmet hod conpri si ng tte—3teps
of : ™(a) opening the valve to supply fuel to the burner by providing 5

a first electrical input of high power and a predeterm ned short duration
to a first solenoid assenbly to nove an armature of the first sol enojd

assenbly agai nd0. a 4 dnethod r@fmeantnolling f suppiyeh fugl L & hEatsSsPATPRIISYE 85

to bring into gpguachow r&vﬁme 419687 8 "GaFheF @hdt e Vighvoranche smsthod
'sol enoi d assenbly against a spring thrust which urges the closure
menber to a vaIW@P&%ﬁB p?}§P? i°fi~ and by, prior to-the termination of the

first input, providang @eamg)rtﬂee#ame rtocahpplyptneloto | they parner by previding
.predeterm neg | onges !?H;r ati Qp tugl %@W'ﬂre’d&?&‘]ﬁh&d%ﬂ
n Iiric (R, P e 15

cl osure rrerrber in co g el ectrical n
to de-energise the dﬂrﬁslonsmeaf\é'i@ta@emdyaﬁ’iﬁ"ﬁ?wow JOVE §pArEatyre 8t 8
the armature to thegjpdtr %blmtammbso)agdwstng fdrep {rom i ftsti posipionertot o

t t t te the fuel,.at the b t
e ronitar o ion e g kgl oibBink s Rl & AR ket
est abl i shed uti | i smerbéreatf fthe)rrvalsal and | ansecopd geplengic asSEMPIY Wr Bcal

i'nput of ppower s Mhe! BIV&H éqné:h&rsesoadvawé ecnesﬁln
assenbl y. 1?/ A et sﬂg+a| rre ﬁ‘% ai melo vvhgrel g

flame 25 not being MHBP» sHhey by eBé‘é‘E"l t9 the SfRrming q%d"% b &ﬁﬁ |1ﬂﬁuatt *he
nunmber of tines st%&wﬁain@nd (béc(ﬁfdi‘ ebpetaticdl, impdt procﬁvudwngptzwsm gaed when

apr edet ermned nu redeterml a&h eﬂmger duration to keep the second solenoid
assembly and closure member in contact whilst terminating the
15 . electrical input to de-energise the first solenoid assembly to

- . allow said force to restore the armature to the first position;
() during step (a) supplying power to the ignitor to ignite the

- fuel at the burner to establish a flame, and .

(¢) prior to termination of step (a). in the event of a flame
20 being established, utilising heat from said flame to generate a
third electrical input of low powér and supplying the third input

to the second solenoid assembly. ' o

. 11. A method as claimed in Claim 10 wherein in the event of a flame
25 not being established, repeating steps (2 and (b), counting the
_  number of times steps (a) and (b) are repeated, and providing a signal
. ' when a predetermined number is reached. '

. _ 12. A method as claimed in Claim 10 wherem in step (a) energisation
30 of the first solenoid assembly moves the armature to move the closure
"member to open the valve, and energisatlon of the second solenoid
assembly holds the valve open whilst the armature returns to the first
position.

35 13. A method as claimed in Claim .10, wherein in step (2) energisation
of the first solenoid assembly moves the armature to take the second .



- 12. A nethod as clained in Caim10 wherein in step (a) energisation 30 of
the first solenoid assenbly noves the armature to nove the cl osure nenber’
tdg o i sation of the second sol enoid assenbly hol ds
t he _ ammm “Ilﬂllﬂgm?rrature returns to the first position. 35 13. A-
met h clairedtin®C &i m 10, whereinl?n step (a) energisation of the
first ~s0l enoi d assenbly noves the armature to take the second 15 P
sol enoi d assenbly into contact with the closure nenber whil st the valve A

remai ns cl osed; and wherein the .armature, upen de-energi sation of the fi rst
_sol enoi d ass@sno;d sasembly Hate| centast nwithe rthen eleswren desdlenwhil shs tharb| yin

uni lsog to ?ﬁaveft&ﬁ.ﬁmd Cfosed; fl%dﬁwﬁ@iéiﬁdttr@safﬁ.ﬁmd uﬂa{lﬁh&téti% %ati&x or é?:
i ncl udi ng urther ep of sensing a te ure w e heat an
|t er'rupti nG 43P GEUPRF SloBRE, APIGRITY Yes: Dhen el ire, HERber (41 SRR

return thesaleneid @ssemiilyrin onison talopencthesivalyeposition in the event of a

10 predetserm ned upper tenperature being reached. 15. A nethod as cl ai ned
in Claim1l4 includi ng the further step of sensing the tenperature within

the heater hrd Acpeilo qq@Ssel@p@eqaip Claims ol 1% or khdnckuding dhe furthen: fal | s
ligl ow ?3p_r ed@pebm §€f{iﬁ1 ! reIEuiﬁn the el tek aﬁ?cﬁﬂ?fﬁfbﬁ A Shid M 1?h
or In n (5 (S} en pr or,a an [ n e
event of fl fquﬁtrrécﬁ i ?Pg% ﬁ%‘%bf’"“f& 1o, PRt hg‘ae |
clai med i n Gosiire 1membdrsmbstthe1t mlMey cbgsmgr Ppaitdénr én dther evant voft
referencgyt e%,édopgéae apéllﬂg ralbiis. 18. Heater apparatus:

conpri sing valve as ¢ yone _CIaimslt-oSor 9, a burner, =%
an ignitor, electrical control neans and 25 generator means, wherein the
el ectrical gRant AOimethédiSas Sldidieddh i cnixiny 14 efrjdudinge the ﬁﬁ-than"stebe@n rical

signal to pgérIs?nén the {gnrf;')etr'a?@res ?vqﬁ%ncﬁme ﬂeater and repeating steps (a), (b)
and (c), when the temperature falls below a predetermined temperature.

15 _ _ :
16. A method as claimed in Claim 10, 12 or 13 including the -step of
sensing the presence of a flame, and, in the event of flame failure,
repeating steps (a) and (b). '

20 17. A method as 'claimed in Claim 10 and substantially as hereinbefore
described with reference to FIGURE 4 of the accompanying drawings.

18. Heater apparatus comprising a valve as claimed in any one of
‘Claims 1 to 5or 9, a bumer, an 1gnltor. electrical control means and
25 generator means, _
wherein the electrical control means is automatically responsive
 to an "on" electrical signal to perform an ignition sequence in _
which the electrical control means provides a first electrical #,
input of high power and short duration to the first solenoid o

..?

30 asse'mbly, provides,' prior to termination of the first electrical
input, a second elgg}:r;c&!' input of low power and longer duration
to the second solenoid, and supphes power to the ignitor prior
to termination of the second electn_cal 1nput, '

-and wherein said ge_ne'rator means iis’"responsive to heat produced

35 by the burner to generate and supply to the second solenoid

assembly a third electrical input of the low power.



whi ch-t he ‘el ectri cal control means provides m “ﬂl ﬂ)m Egal i nput of
hi.gh power and short duration to the first LM'“L | u "IIIlassehbl Y,
provides, prior to termnation of the first &l ebtricdl inptt, a—-se)(\:ond--

el ectrical input of |ow power and |onger duration to the segend.3Q)\enoid,
and.supplies power to the ignitor prior tggterm nation of t gohd -
el ectxical input; and wherein said generator neans i s respoRstve-to heat

protieted 35 by the burner to generate and supply to the second
sol enoid-assenbly a third electrical Input of the | ow power. 16 19.

Apparatus as chgl MAgparutish dadNclSimdde iR O1aiMe18 | vafdreirf the C 1Yt Pl cal Edhtrb b
arranged to interrupt said t(;n rd, el ectri cail I.nput in r.es’é)qnse to an "of f"
el ectrical si gP§¥ rSnRLFapPER? osierreptysaldathind jglgetrical fnpyte in inespengen 18
or 19 wherei n tdanecl'efft releelricalngignbl feemsa thepmostas. a f| anme detector, and
I's arranged to repeat said ignition.sequence in the event of flane failure.-
21. Apparatus as clainmed in Caim20 wherein the electrical control 10
means conpri%edla Apperatnst as caaimed hm (Qladier 18 fort 1fewhergin theielectrical
sequence is rep&mdrefl, médis %mﬁfi@ﬁgﬁmhﬁec&&%téﬁp&ﬁ&'i'aniﬁrr%eﬂgf&thrbﬁaat

er

Aoparatus s cPREUMHSRpSRIAnES, ks VAt - Hewet FLTe-cont roi 15 means

i sx, arranged to provide a warning signal when the counter has counted to
sai<d predet er mpped : c| g ' ' ',{{?u to
5; or apparat ngasAE’ al rr{el(silizsg %ﬁiy/é?n\éﬁo?ﬁé a?érrsrm%gbtﬂloat% _%Fgcrﬂﬁdq 1 |lrlst
sof egf)i d 202%\%@3%? @Erwe%g;ﬁﬁbrtm EM%F?;;‘P?E&%E?;@ Fisﬁkﬂalt}%ﬂ
nmovabl'e; an &juenhfe tiBerepRa 48 041ranGeE T8 | dedddSrépea 8i 1itfn

ot her reflex form of nan-nyi ng Sere arran d,t.0 provi a.gIeraI??‘ of

pol es whi ch’ se??/%ueélgea‘gﬂ?'ﬂgh?s 1“8?% fas goyated tﬁeﬁt?é'ledggert'ﬂﬁf twl?%t’t er
may serve as a keeper to provide, with the non-noving core, a 25 cl osed

fiux 100D 24.2) Vaplrdtis Ae?olifned" int "t afil 20" whiAHiTthé: efedtiical Yontrol
PP 15 means is arranged to provide a warning signal when the counter has '

counted to said predetermined number.

23. A valve as claimed in any one of Claims 1 to 5; or spparatus as

claimed in ariy one of claims 18 to 22 wherein the f‘ix;st solenoid
20 assembly is of bobbin form in which the armature is axially movable;

and wherein the second solenoid assembly has a "horse shoe" or other

reflex form of non-moving core arranged to provide a plurality of

poles which serve as abutments for the closure member so that the

latter may serve as a keeper to provide, with the non-moving core, a
25 closed flux loop. ' -

24. A valve as claimed in any one of Claims 1, 4 or 5 or apparatus as

i claimed in any one of Claims 18 to 23 wherein the valve is as claimed
in Claim 1, 4 or 5, wherein the armature is connected to a diaphragm

30 in the valve, which diaphregm is subjected to the fluid pressure in a
fluid inlet of the valve to exert a force, proportional to said fluid
pressure, upon the armature. '

25. A valve as claimed in any one of Claims 1 to 5, or apparatus as
35 claimed in any one of Claims 18 to 24 wherein the power required to
energise the first solenoid assembly to move the armature from said

By



claimed in any one of Clains 18 to 23 wherein the valve is as claimed’'in *
Claiml, 4 0r 5, wherein the armature i s connected to a diaphragm 30 in the

védl've i chymli j jected to the fluid pressure in a fluid inlet
of t vel gm ﬂrﬂ!}"mﬂ , proportional to said fluid presSure, upon -
e. *25¢ Y] i

the ar ve as clai nmed 'il(r)ﬂ any one of Clains 1 to 5, or _

appar as 35 clained in any one of aims 18 to 24 wherein the power . -
required to energise the first sol enoid assenbly to nove the arnmature frb-rﬁ
sai d 17 first to said second position is at |east one order of magnitude

greater than the power required to energise the second sol gnoid assenbty to
hol d the clidest domseidr seernds Rogitionois gt Jleast ong (OTdeT: té’@ﬁ‘ﬁgﬁ%. o

App?r alt Us ggreated nﬁ%nlt rthta_n)s?(laaﬁ Qé_%lﬁl!‘m:i Mo 18nérgidde %ﬁ@xﬂh&cﬁrmﬂri calt :
control neans is, subs a as_hereinpe r . r rence to
Fl GURE 4 of‘-’sﬂ”\'«gg CEBnlb"j yh?g %‘?sélvﬁenglg. b_e[g %@rggeail r?la apﬁgnr% Us yif

. subst ant i aldontast.her ei nbef ore described wth reference to FIGURES 1, 2 and
4 or FIGERES 3 and 4 of the acconpanying draw ngs. 1520 25 30 35

26. Apparatﬁs as claimed in 'any'dne of 'Claims 18 to 25 wherein the
electrical control means is substantially as hereinbefore described

with reference to FIGURE 4 of the accompanying drawings. ¥
10 27. Heating apparatus substantially as hereinbefore described with - ¥

reference to FIGURES 1, 2 and 4 or FIGURES 3 and 4 of the accompanying

drawings. ' - ' B -
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