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@ Burner with an air regulator.

@ Air regulator (1) upstream of the burner comprising a
detector having a diaphragm (3) suspended in a chamber (4)
which is subjected on one side (12) to the pressure of the air
supply to the burner and which is subjected on the other side
(11) to the pressure of the air or gas flow downstream of the
burner. A change in pressure in the combustion chamber of
the burner causes a change in the equilibrium position of the
diaphragm (3). There is a stepping motor connected to the
regulator (1) whereby movement of said motor causes a
change in the amount of air flowing through the regulator
and means (7, 8) for actuating the stepping motor in
response to a change in the equilibrium position of the
diaphragm (3) or a change in the equilibrium position of the
diaphragm above a predetermined level so that the pressure
difference, which may be zero, between the air supply to the
burner and the air or gas flow downstream of the burner
remains substantially constant.
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BURKRER W1TH AN AITR REGULATOR

This invention relates to a burner having a regulator for the air
_ supply.

In any burner the. air for combustion is regulated by a damper,
butterfly valve, one or more gates etc, and this causes a loss of head
in t;he air circuit.- Also the air is set in motion either. 'by.the natural
draught, by a fan or -more vsuvally by a combination of the two. Apart
from certain highly automated industr-ial installations, the adjustment
is fixed and is set at intervals which may range from for example one
week to one year. The ;adjustment is made for average conditions and
therefore is rarely satisfactory if the natural draught of the chimney
represents a substanti'al part of the total motive head.

A burner ha\}ing an air regulator which automatically controls the
air pressure at the inlet of the burner at a fixed value whichrmay be
that of the combustion chamber or at a value differing from that of the
combustion chém’ber b&v.a.fixe'd amount 3'.5 disclosed and claimed in our
French patent _épplication 8022360. This inventio;'x concerns a modification
of that invention and comprises a burmer having an air reéulato;: through
vhich air must {low before entering the sir ini;at to the burner wherein
said regulator comprises a detector having a sensitive element which is
subjected to the pressure of the air supply to t-he '.b'urner and which 1s
subjected to the -pressure of the air or gas flow downstream of the burner. A
change in pressure in the combustion chamber of the burner causes a

change in the equilibrium position of the sensitive element. There is a

stepping motor connected to the regulator whereby movement of said motor
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causes a change in the amount of.air flowing through the regulator. There
are means for actuating the stepping motor in response to a change in the

equilibrium position of the sensitive element or a change in the equilibrium

i)osition of the sensitive element above a predetermined level. By this means
whilst the burner is operating the pressure difference (which may be zero)
between the air supply to the burner and the air or gas flow downstream of

the burner remains substantially constant.

“he air regulator 1is emineritly suitable for uvse with the burner
described in French patent spécification 75-15854 (equivalent to UK
patent application 20532/76). .}ioﬁever the air :-regu]atér can be attached

to any burner, for example burners used for heating premises connected

to natural draught chimneys. Furthermore the air regulator can act as
"a scavepnging limiter-when the burner is not being used, for as .the
pressure drops in the combustion zone and chimney of “the burner so will

the supply of air to .the regulator from thé atmosphere substantially

cease. -~ . T .

1t has been found that there”is good control on burners fitted -with

thi§ regulator with a2 diminution in the variation in the amount of CO3

produced compared with .the same burner not using this regulator.

The sensitive element of the detector is preferably a diaphragm,

but it covld -for example, be a bellows.” For a simple diaphragm it is

only necessary to ascertain whether it is deformed in one direction or

apother; it is not necessary to measure the deformation. Conseguently .

the mechanical characteristics of the diaphragm are unimportant and its

a2ssexbly does not necessitate great rigidity or precision machining.
The diaphragm can for example be made of mylar (polyester film) and

be clamped between two spacing f{rames. These frames are placed betwveen

two printéd circuit plates (which constitute part of the actuating means)-
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and which are perforated to let the pressure pass through. Depending
on the direction of the pressure the diaphragm presses against one or
other of the printed circuits and activates the stepping motor as
explained later. '

Other forms of diaphragm are discs of flexible metal, e.g. brass.
The diaphragm should be supporﬁed in a container so that one face of
the diaphragm can be subjected to the pressure of the air supply to the
burner and the other face can be subjected to the pressure of the air
or gas flow downstream of the burner.

The separate communications between the detector and the air or
gas flow downstream of the burner and between the detector and the air
supply to the burner are usually by way of pipe, conduit or tubing.
The communication with the air or gas flow downstream of the burner is
preferably made with the chimney stack of the boiler, but it can if
desired be made at the combustion chamber itself.

Most burners are provided with a fan or other device which takes
in air at atmospheric pressufe and delivers it at a higher pressure
e.g. a compressor. In such cases the relevant part of the sensitiﬁe
element, e.g. one face of the diaphragm, must be subjected to the
pressure of the air supply upstream of the fan or said other device.
Most burners also have an adjustment means whereby for a given operation
the amount of air entering the burner is fixed at a certain level.
Again the respective face of the diaphragm or relevant part of the
éensitive element must cémmunieate with the pressure of the air supply

upstream of the adjustment means and the fan.
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The means for actuating the stepping wotor can take various forms,
Thus, as previously mcntion;d vhen the sensitive element is a diaphragm
Fhe actuvating means can be & pair of printed circuits, one located near
one éace of ;ﬁe diabhragm and the other located near the other face of
the diaphragm so that when the diaphragm deforms it contacts either one
printed circuit or the other printed circuit dépending on vhich face of
the diaphragﬁ is pressurised. Alternatively, there may be optoelectronic
means, fgr instance a photodiode, so that'a light signal e.g. {rom a
light emitting.diode,:is oniy received when thé.diagraphm which is
: preferably a ?ef]ective metallised membrane’is deformed in one direction.
As.another alternative if the diaphragm is made of-conduétivé material

or is coated with a conductive film, deformation of the diaphragm in one

direction causes electrical contact.
There Is preferably a single, bi-directional, stepping

motor, movement of which changes the amount of

air entering the regulafor from the atmo;phere. The stepping motor is
usually controlleq by a simple electronic control card comprising a
simple ring-wired shift registeér.. The control clock §igna1"can be
obtained by for example.half ?éve %ecfification of a 50 Hz ﬁéin, the
square signal being obtained by cliﬁping; - -

When the direction of the shift of the register is reversed e.g. by
the diaphragm contacting the opposite printed circuit, then khe stepping
motsr rotates iﬁ the 0ppésite Qirection and this causes a change in the
amount of air entering the regulator from the atmosphere; If air has
been entering the regulator freely then a reversal of the stepping motor
causes the supply of air to cease, but on the contrary if air has been

unable to enter the regulator then the reversal of direction of the

stepping motor causes air to enter the regulator.



Although the above described system operates satisfactg99,1 915
sometimes it can be unstablé around the point of zero pressure. Thus,
the motor advances a few steps, the regulator ¢loses slightly, the
pressure differential upon the detector is reversed, the latter deflects,
the motor recedes a few steps, the regulator opens slightly, the
detector reverses again, ete. In this system there can be no resonance,
the motor always advances or recedes at the speed imposed by the clock
signal and always receives control impulses of constant intensity.

This system however can be stabilised by creating a neutral zone.
To achieve this two detectors of slightly different sensitivities are

Aused and their control signals received in an appropriate manner. ‘When
both detectors are deflected in the same direction the stepping motor
advances (or recedes), but when only one pick-up, the more sensitive,
is deflected the shift of the register is stopped and this stops the
motor.

The advantage of having two detectors of different sensitivity is
that there is no change in the air supply when the preésure of the air
or gas flow downstream of the burner changes over a relatively narrow
pressure band, e.g. 1 Pa. Change in the air supply only occurs when the
pressure of the air or gas flow downstream of the burner changes
outside this relatively narrow pressure band.

For the system to function appropriately it is necessary for the
detectors to have a definite position, e.g. left or right, at least the
less sensitive of the two. This is achieved automatically when the
sensitive element, e.g. diaphragm activates a microswiteh because the
latter has only two positio&s. Alternatively the diaphragm can be
locked "on the right" or "on the left" for example, by placing two
small magnets on the armatures, on each side of the diaphragm, the latter

carrying a soft iron washer in its centre. As another alternative when

)
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a metallised mylar diaphragm is used it is attracted to one o1 other
armature by electrostatic ;ttraction. In all cases the diaphragm will
be.very flexible and ﬁt is the force of the spring of the microswitch ;r
the force of magnetic or electrostatic attraction which defines the
segsitivity of the system. The latter case is advantageous in that the
sensitivity.of the diaphragm can be fegulated electrically. The system
using m;gnéts can be .regulated by varying the distance oI the magnets
from the-diaphr;gﬁ. Wiéh a microswitch’ the sensitivity-of the system.is
fixed.

The connection between the detector and the ;egu]ating means can be
adjusted so that megative pressure in the combustion chamber will tend.
to move the detector in a direction closing the regqlating means. I1f
the burner is operating this closure will subject the air supply to a

subatmospheric pressure and with no return force the regulating means

an”

will continue to close until the .air supply pressure is equal t0 the

K

. pressure in the- combustion chamber.

- -

1f the burper ‘is ﬁot wo;king the.flow of air is very slight so that
tﬁe pressure drop through the regulator is negligible and the regulator
will close completély,'thus limiting'the scavenging of the combustion
chamber when the burber is not working. This may often be. advantageous
in that heat 1os§es can Pe reduced during shut—down periods.

The advantage of the system of this invention lies in the fact tha£
theré is ease of integration due to the small vﬁlume of éhe motor and
its large torque enabling registers of wiéely different aeﬁigns to be
actvated. There is aiso greater tolerance to dirt due to the strong

torque of the motor.
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The invention is now described with reference to the §2£L§%L593n5

[y

which:

Figure 1 .shows a perspective view of one form of regulator suitable
for ;se vith .the burner in.accordance Qith.the inventiéni

Figure 2 shows a cross—section of the diaphragm of the regulator
shown in ?ig 1 c&ntacting a printed circuit'plate;

..Figu;es 3 to 5 show eleyations of portions of alternative forms of

regulators to thag-shown-in Figure 1 and

Fig 6 shows a s;epping motor céntrglling the air supply to the
burner and being itself contrélled by signals from a pair of diaphragms.

Referring £o Fig;re 1 of the drawings where it 1is assumed that the
combustion chamber is under negative pressure a damper 1 closes an air
box 2 in communica?ion with the air supply. This damper 1 is constructed
so as to slide freely so that the difference.in pressure between the two
faces of the damper does not lead to any f%rces tending.to oéen or close
the damper.'..

A diéphgagm_j.is ;uSPended'in a cha@Ber A.between two sPaéing
fféﬁes_S.and<6 and is’fgee.to cpntact‘élternately'(accoréiﬁg toifhe
p;e;sure exerted on it) perforated érinted circuit plates 7 and é. The
zones 12 and 11 on each side of therdiaphrag;'3 are conn;cted respectively
via conduits 9 ;nd'lo to the box 2 and the combustion chamber (not
‘shown). Fig 2 shows pofe clearly the diapﬁragm 3 pressed against one of
tﬁe printed circuit plates.7. Movement of the damper 1 is con£r01]ed by
movement of the stepping motor (not shown). The motor is itself controlled
" by its control system which is an electronic control card comprising a
simple ring-wired shift regi;ter. The directién of the shift of the -
register is reversed every time the diaphragm 3 co;tactszthe opposite
printed circuit-7 or ?.

~
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Fig 3 shows an alternative detection system to .Lhat showQQnGIji?‘!Z.s
Supported from the printed circuit plat.e 71 are a light emitting
diode 20.and a pﬁotodiode 21. The membrane which in this case is a i 2

reflective metallised membrane is shown in two positions at 3la and 31,

and it can be seen frpm the light rays that:. the photodiode 21 only'
receives rays from the diode when the membrane is in the position shown
at 3la. ‘

Fig.l; shows an alternmative system.where the diaphragm .';2 is stabilised
by being focked 'b;;"the presence of a magnet 22 The diaphragm 32 has a
soft iron washer 23 at its centre. The printed circuit 72 has contacts
40 and 41. |

Fig 5 shows another alternative diaphragm stabilised system wherein
a double-faced metallised mylar diaphragm 33 is vsed. This i§ attracted
to two double-faced printed circuits 73 and 74, each at a potential .of
+300V, the potential of the qiapl{fagm 33 being maintained at -100V. 1In

fact the potentials are adjustable according to the dimensions, contacts,

e
P4

dielectric pr"operties, -etc. : -
.'I-‘ig 6.éhow's one'forr; of pegxilati_ﬁg means by which the damper 1 in
.Fig 1 for example 1is controlled. Im Fig.6 there is an a:'u-: fan 50 cpntrolled
"by a stepping motor 51 vhich in turn is controlled by a ring-wired shift
registér 52. This register 52 Ieceiveé its signal as the resul't of the
deflections of the. two d::Laphragms 80 and él, one of which is more sensitive
than the other. It is._only when both diaphragms 80 at;d 81 are deflected

in the same direction that .the stepping motor 51 advances (or recedes).

Conduit 82 enables the diaphragms 80 and 81 to be -subjected to the pressure

of the air or gas - fjow downstream of the burner (not shown) and copduit |

83 enables the diaphragms .80 and 81 to be subjected to the pressure of

the air supply to the burner.
3
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CLAIMS
1. A burner having an air regulator upstream of the burner so that
air must flow therethrough before entering the air inlet to the burner,
wherein said regulator comprises a detector having a sensitive element
which is subjected to the pressure of the air supply to the burner and
which is subjected to the pressure of the air or gas flow downstream of
the burner, wherein a change in pressure in the combustion chamber of
the burner causes a change in the equilibrium position of the sensitive
element, a stepping motor connected to the regulator whereby movement
of said motor causes a change in the amount of air flowing through the
regulator and means for actuating the stepping motor in response to a
change in the equilibrium position of the sensitive element or a change
in the equilibrium position of the sensitive element above a predetermined
level so that the pressure difference, which may be zero, between the
air supply to the burner and the air or gas flow downstream of the
burner remains substantially constant.
‘2. A burner according to claim 1 wherein the sensitive element is a
diaphragm.
3. A burner according to claim 2 wherein the actuating means includes
a pair of printed circuits, one located near one face of the diaphragm
and the other located near the other face of the diaphragm.
h, A burner according to claim 2 wherein the actuating means includes
a photodiode whereby a light signal is only received when the diaphragm
.is deformed in one direction.
5. A burner according to any one of the preceding claims wherein two
detectors of different sensitivities are used whereby only when both

detectors move in the same direction is the stepping motor caused to

move.
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6. A burner according to any one of the preceding claims wherein the
pressure difference between the air supply to the burner and the air or
gas flow downstream of the burner is substantially zero.

7. A burner according to any one of the preceding claims wherein
communication is made between one face of the sensitive element and the
air supply to the burner and between the other face of the sensitive
element and the chimney stack of the boiler.

8. A burner according to any one of the preceding claims which is
provided with a fan, upstream of which is the air supply to tﬁe burner.
9. A burner according to any preceding claim wherein a single
bi-directional stepper motor is operatively connected to the regulator
for both increasing and decreasing selectively the amount of air

flowing through the regulator.



0061915

Lo N NN NN N FIGZ




0061915

2/ 1

23 3

N\\\“‘ﬂ\\g::\z]

3
0o~ S G

FIG. &.

RE
NI NN N NN W N
==
ENN NN N N N N N NN

FIG.5. v




EPO Form 1503. 03.82

D)

European Patent

0061915

offics EUROPEAN SEARCH REPORT Application number

EP 82 30 1614

DOCUMENTS CONSIDERED TO BE RELEVANT
Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
Category of relevant passages to claim APPLICATION (Int. CI. 3)

A | US-A-3 294 146 (VOORHEIS) 1,2,8| F 23 L 3/00
*Column 2, lines 48-61; column 3, F 23 N 5/18
lines 17-75; column 4, lines F 23 N 3/02
1-41; figures 1-3%

A US-A-3 391 866 (ROHRER) 1,2,8
*Column 2, lines 36-42; column 3,
lines 7-41; figure 1%

A FR-A-2 127 967 (PHILIPS)

A FR-A-2 182 354 (LA
TELEMECANIQUE ELECTRIQUE)

A |US-A-2 283 745 (LINES)

TECHNICAL FIELDS
SEARCHED (Int. Cl. 3)
F 23 L
F 23 N
The present search report has been drawn up for all claims
1. of search Date of completion of the search Examiner
THE HXGUE 05287-1982 PHOA Y.E.
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date L
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons

A : technological background .

O : non-written disciosure & : member of the same patent family, corresponding

P : intermediate document document




	bibliography
	description
	claims
	drawings
	search report

