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APPARATUS FOR AUTOMATIC CORRECTION OF 
THE POSITIONING CONTROL OF A BURNER 

The present invention relates to an apparatus for au 
tomatic correction, based on the opacity of the fumes, 
of the ratio between the volumetric combustion air 
flow and the volumetric fuel ?ow of a burner, which 
ratio is maintained constant by a positioning control. 
The technical ?eld of the invention is that of the con 

struction of- burners for pulverulent, liquid or gaseous 
fuels and more particularly the control apparatus with 
which these burners are ?tted. 

It is known that it is very important for the ratio be 
tween the quantities of fuel and combustion air deliv 
ered to a burner to be properly controlled to prevent 
the production of fumes. 

Prevention of environmental pollution means that 
constructors must give more attention to this question. 

Burners with a very high heating capacity, which are 
?tted in certain furnaces or steam generating boilers 
for example, are generally provided with a much im 
proved control sequence known as measuring control, 
including apparatus for measuring both the fuel flow 
and the combustion air flow which deliver control sig 
nals acting on relays with derived, proportional or inte 
gral action, which relays act in turn on servo-motors 
which control the ?ow’ of fuel and the ?ow of combus 
tion air. 

In such control sequences, it is possible to cause cor 
rection signals to act on the relays and it has already 
been proposed to use a signal provided by an opacime 
ter, which measures the opacity of the combustion 
fumes, as a correction signal. Such an opacimeter gen 
erally consists of a photo-electric receiver which picks 
up a light bundle which has passed through the com 
bustion fumes. 
A control has also been proposed in which the signal 

provided by an opacimeter acts on a relay which con 
trols a servo-motor acting on the combustion air valve. 
ln such a control, the flow of air is controlled directly 

_ as a function of the opacity of the fumes and indepen 
dently of the fuel ?ow. 
Such a system is very dangerous in practice, for if a 

fault occurs in the control sequence, the burner oper 
ates under very bad conditions. ' 

In addition to measuring controls, there exists a large 
number of ?re-boxes of medium size, the burners of 
‘which are ?tted with what is known as a positioning 
control. 
A positioning control means a control which has 

means for simultaneously varying the volumetric fuel 
and combustion air flows, without measuring these 
flows, and maintaining a constant ratio between them. 
Such apparatus have a pressure or temperature probe 
situated in the circuit of the hot gases, hot water or 
steam produced by the apparatus to which the burner 
is ?tted, which probe acts on the operating rate of the 
burner. 
They include an air-valve for controlling the combus 

tion air flow, the extent of the opening of which is con 
trolled automatically by motion transmission apparatus 
having cams and pivoted arms. 
The shape of the cams and/or the lengths of the piv 

oted arms, which consist of rods and levers, are de?ned 
experimentally during commissioning trials, so that the 
ratio between the volumetric combustion air ?ow dis 
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2 
tributed by the air valve and the volumetric fuel flow 
remains constant for all operating rates and equal to 
the ratio which corresponds to the best quality of com 
bustion. Such a positioning control is much less costly 
than a measuring control sequence, as it requires only 
one probe, one relay and mechanical motion transmis 
sions. For this reason it is generally used in ?re-boxes 
having a low or medium heating capacity. 
As opposed to its great simplicity and low installation 

and upkeep costs, such a positioning control does not 
enable a .very good combustion quality to be main 
tained constantly. 

In fact this control does not take into account the dif 
ferences in density in the combustion air due to_ tem 
perature variations between night and day or between 
winter and summer, or possible variations in the tem 
perature, viscosity, calorific power and pressure of the 
fuel, which result in modi?cations in the ratio between 
the mass ?ow rates of comburant air and fuel, it being 
possible for this ratio to depart from the limits ?xed by 
regulations for preventing pollution of the atmosphere. 

It is only necessary to remember the very great in?u 
ence of variations in the temperature of the combustion 
air on the mass flow rate of combustion air to appreci 
ate how the combustion quality can vary with such a 
positionih g control apparatus distributing a determined 
volumetric ?ow of combustion air. ln fact, for a same 
volumetric air-?ow, the mass ?ow rate exhibits varia 
tions of 3.7 percent for a temperature variation of 
10°C; 7.3 percent for a temperature variation of 20°C; 
ll percent for a temperature variation of 30°C; 14.6 
percent for a temperature variation of 40°C and 18.3 
percent for a temperature variation of 50°C. 
Temperature variations of the order of 30° between 

night and day are usual, which fact gives rise to the con 
siderable advantage of the invention. 
The object of the present invention is to automati 

cally correct the ratio between the volumetric combus-v 
tion air ?ow and the volumetric fuel flow of a burner, 
which burner has an air-valve for controlling the com 
bustion air ?ow, the extent of the opening of which is 
automatically controlled by a positioning control appa 
ratus having cams . and pivoted arms which simulta 
neously vary the volumetric ?ows of fuel and combus 
tion air in a constant ratio. 
The solution enabling this object to be achieved con 

sists of providing the said burner with an opacimeter 
which delivers an electrical signal proportional to the 
opacity of the combustion fumes and a servo 
mechanism, controlled by the said electrical signal, 
which automatically varies a dimension of at least one 
of the said arms. ‘ 
The said servo-motor preferably consists of an elec 

tric ram of variable length, forming a portion of the 
length of one of the said arms. 
An apparatus in accordance with the invention in 

cludes an apparatus for measuring the electrical signal 
delivered by the opacimeter, which apparatus has two 
adjustable thresholds arranged on either side of a me 
dian position and determines the extension of the ram 
when one of the thresholds is exceeded and the retrac 
tion of the ram when the other threshold is exceeded. 

A cyclic circuit-breaker is inserted between the said 
measuring apparatus and the said ram to avoid 0scilla~ 
tions of the ram. 
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Opacimeters are known which are used as apparatus 
for measuring the opacity of fumes and which consist 
of a light source and a photo-electric receiver which 
picks up the light bundle emitted by the said light 
source and re?ected by the combustion fumes. Such 
apparatus deliver an electrical voltage proportional to 
the opacity of the fumes and they are very sensitive in 
the almost invisible range of fumes having a Bacharach 
index of less than 5. In accordance'with a feature of the 
invention, such a re?ection opacimeter. is used, which 
offers the advantage of being able to act on the ratio 
between the volumetric flows of combustion air and 
fuel, while keeping the combustion fumes practically 
invisible, the Bacharach index of the latter remaining 
between 2 and 4 for example, which corresponds to 
very good combustion. 
When the air-valve for controlling the combustion air 

?ow is wide open or completely closed, action of the 
servo-mechanism, which ‘could cause permanent dis 
tortion of the pivoted arms, must be prevented. This re 
sult is achieved by means of two circuit-breakers on 
which the air-valve acts when it reaches its wide open 
or completely closed positions respectively, which cir 
cuit-breakers are inserted in the electric control cir 
cuits of the said servo-mechanism. 
The result of the invention is an apparatus for auto 

matically correcting a positioning control so that the 
opacity of the fumes always remains below a threshold 
and is in constant compliance with combustion‘ quality‘ 
regulations. 
One of the advantages of this apparatus is due to the 

fact that it acts as a correction apparatus. If a defect oc 
curs in the opacimeter, the boiler continues to function 
with the non-corrected positioning control. 
Another advantage of the apparatus in accordance 

with the invention results from the fact that it can be 
adapted easily to known controls and controls which 
have already been installed. 
The following description refers to the attached 

drawing, which shows schematically and by way of a 
non-limiting example, an apparatus in accordance with 
the invention. 7 v, 

The single FIGURE shows a known positioning con 
trol consisting of: . 

l. a probe 1, which measures a value linked to the 
operation of the ?rebox, for example the steam pres 
sure or the water temperature in the case of a boiler. 

2. a regulator 2. This regulator is a relay which makes 
an analog conversion of the value measured by the 
probe into a modulated pressure in the case of a pneu 
matic control sequence, or a modulated voltage in the 
case of an electric or electronic control sequence. 

3. a relay 3 enabling the operation of the burner to 
be controlled either manually or automatically. 

4. a motorised valve 4 positioned in conduit 4a which 
carries fuel to the burner (not shown). 
Valve 4 is a pneumatic valve, for example, opening 

of which is modulated by the modulated pressure deliv 
ered by regulator 2. 

5. a servo-motor 5 which controls the pivoting of a 
cam 5a. " 

Servo-motor 5 is a pneumatic ram, for example, 
movements of which are modulated in parallel to the 
opening of valve '4, by the modulated pressure deliv 
ered by regulator 2. e 
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4 
6. a system of rods and levers ll connecting cam 5a 

to a mobile air-valve 6 positioned in the combustion air 
circuit of the burner. 
The lever closest to cam 5a has a roller 11a which 

bears against the outline of the cam. ' 
Air valve 6 is a double butter?y valve, for example, 

positioned in the intake or delivery conduit of a fan 6a 
or an air-?ap, or a sleeve sliding around air openings 
cut out of the side wall of the burner. 
The above assembly constitutes a positioning control 

well known to the man of the art and no purpose will 
be served by describing it in more detail. 
When regulator 2 determines an increase in the fuel 

flow, i.e. opening of valve 4, it simultaneously deter 
mines the pivoting of cam 5a in such a direction that 
air-valve 6 opens and the combustion air flow varies in 
the same direction as the fuel ?ow. Conversely, if regu 
lator 2 determines a reduction in the fuel ?ow, the rota 
tion of cam 50 causes an attendant reduction in the air 
?ow by means of rod-system 11. 
As a modi?cation, cam 5a could be positioned inv the 

control of valve 4, or the apparatus can have two cams, 
one in the control of air-valve 5 and the other in the 
control of valve 4. I 

in accordance with the invention, on the walls of 
fume conduit 12 is placed an opacimeter consisting of 
a light source 13a and a photo-electric receiver 13b 
which picks up a light bundle re?ected by the fumes in 
the case of the ?gure. , 
Reference 7 indicates the opacimeter box containing 

the electronic circuitry and possibly the light source 
and the photo-electric cell connected to the fume con 
duit by optical ?bres 7a. 

In one of rods 11 connecting cam 5a to air-valve 6, 
is inserted an electric double-acting ram 10 enabling 
the length of rod 11 to be varied to lengthen or shorten 
it in accordance with the direction of rotation of the 
ram. - 

This electric ram could be replaced by any equivalent 
apparatus, such as a pneumatic or hydraulic ram, for 
example. _ ' 

lnthe case of an electric ram, the ampli?ed current 
supplied by opacimeter 7 acts on relays which control 
the operation of the ram in one direction or the other, 
depending upon the direction of variation of the'cur 
rent. 

In normal operation the burner is supplied with a 
small excess of air which leads to practically invisible 
fumes. If the opacity increases, this signifies that the 
ratio between the quantities of air and fuel is decreas 
ing. In this case, the ram acts on the length of rod 11 
in the direction which increases the air flow. If, on the 
other hand, the opacity of the fumes decreases, this sig 
ni?es that the air over fuel ratio is increasing, and if no 
correction were made, there would be a risk of reach 
ing an excess of air which would'be prejudicial to ef? 
ciency. ' 

in this case, ram 10 acts on rod 11 in the opposite di 
rection, i.e. in the direction which decreases the open 
ing of air-valve 6. ‘ 

in order that ram 10 should not be acted on continu 
ally, in the circuit connecting opacimeter 7 to ram 10, 
is inserted an apparatus with adjustable thresholds 8, 
e.g. an indexed milliammeter, so that while the current 
delivered by the opacimeter is between the two thresh 
olds, it has no effect on the ram. 
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For example, a lower threshold is set corresponding 
to a Bacharach index equal to 2, and an upper thresh 
old corresponding to a Bacharach index equal to 4. ,It 
is known that while the opacity of the fumes remains 
between these two thresholds, the fumes remain practi 
cally invisible and combustion is very good. 
The milliammeter can obviously be replaced by 

threshold relays or any equivalent electronic compari~ 
son apparatus. 
References 9a and 9b indicate a double-contact. cy 

clic circuit-breaker. This can be replaced by a pro 
grammer which delivers one or more ram control 
pulses at each rotation. Oscillations of the ram are 
avoided by means of this cyclic circuit-breaker. 
To prevent ram 10 from acting on the rods when air 

valve 6 is wide open or completely closed, extreme po 
sition circuit-breakers l4, closed by the air-valve, are 
employed, which eliminate the action of the ram when 
they are closed. , 

Of course, without departing from the scope of the 
invention, various equivalent modi?cations could be 
made by a man skilled in the art to the apparatus de 
scribed above. ‘ 

We claim: 
1. Apparatus for automatically correcting the ratio 

between the volumetric combustion airflow and the 
volumetric fuel flow of a burner, including an air-valve 
for regulating the combustion airflow, the extent of the 
opening of which valve is controlled automatically by 
a positioning control device having cams and pivoted 
arms which simultaneously vary the volumetric flows of 
fuel and combustion air in a constant ratio, which appa 
ratus includes a re?ection opacimeter comprising a 
light source and a photoelectric receiver sensing a light 
bundle emitted by the light source and re?ected by the 
combustion fumes, which opacimeter delivers an elec 
tric signal proportional to the opacity of the combus 
tion fumes, and which apparatus includes a servomech 
anism for automatically varying a dimension of at least 
one of the said arms as a function of the said electric 
signal. . 

2. Apparatus for automatically correcting the .ratio 
between the volumetric combustion air ?ow and the 
volumetric fuel flow of a burner, including an air-valve 
for regulating the combustion air ?ow, the extent of the 
opening of which valve is controlled automatically by 
a positioning control device having cams and pivoted 
arms which simultaneously vary the volumetric ?ows of 
fuel and combustion air in a constant ratio, which appa 
ratus includes a re?ection opacimeter comprising a 
light source and a photoelectric receiver sensing a light 
bundle emitted by the light source and re?ected by the 
combustion fumes, which opacimeter delivers an elec 
tric signal proportional to the opacity of the combus 
tion fumes, and which apparatus includes an electric 
ram of variable length having two operating directions, 
which ram forms a portion of the length of one of the 
said arms, and is operated by said electric signal. 

3. Apparatus for automatically correcting the ratio 
between the volumetric combustion air flow and the 
volumetric fuel ?ow of a burner, including an‘ air-valve 
for regulating the combustion air ?ow, the extent of the 
opening of which valve is controlled automatically by 
a positioning control device having cams and pivoted 
arms which simultaneously vary the volumetric ?ows of 
fuel and combustion air in a constant ratio, which appa 
ratus includes an opacimeter which delivers an electric 
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signal proportional to the opacity of the combustion ‘ 
fumes and a servomechanism for automatically length 
ening or shortening of at least one of the said arms as 
a function of the said electric signal, which servomech 
anism comprises an electric ram of variable length hav 
ing two operating directions, forming a portion of the 
length of one of the said arms and an apparatus for 
measuring the said electric signal delivered by the opa~ 
cimeter, which apparatus has two adjustable thresholds 
arranged on either side of a median position and deter 
mines the lengthening of the said ram when one of the 
thresholds is exceeded and the shortening of the said 
ram when the other threshold is exceeded. 

4. Apparatus in accordance with claim 3, in which a 
cyclic circuit breaker is inserted between the said mea 
suring apparatus and the said ram. 

5. Apparatus for automatically correcting the ratio 
between the volumetric combustion air ?ow and the 
volumetric. fuel ?ow of a burner, including an air-valve 
for regulating the combustion air flow, the extent of the 
opening of which valve is controlled automatically by 
a positioning control apparatus having cams and piv 
oted arms which simultaneously vary the volumetric 
?ows of fuel and combustion air in a constant ratio, 
which apparatus includes an opacimeter which delivers 
an electric signal proportional to the opacity of the 
combustion fumes, and a servomechanism for automat 
ically varying a dimension of atvleast one of thesaid 
arms as a function of the said electrical, Signal, and in 
which the said air-valve for regulating the flow of com 
bustion air has two circuit-breakers on which the said 
air-valve acts when it reaches its wide open or com 
pletely closed positions, respectively, which circuit 
breakers are inserted in the electric control circuitry of 
the said servo-mechanism. 

6. Apparatus for automatically correcting the ratio 
between the'volumetric combustion air flow and the 
volumetric fuel flow of a burner, including an air-valve 
for regulating the combustion air flow, the extent of the 
opening of which valve is controlled automatically by 
a positioning control device having cams and pivoted 
arms which simultaneously vary the volumetric ?ows of 
fuel and combustion air in a constant ratio, which appa 
ratus includes a reflection opacimeter comprising a 
light source and a photoelectric receiver sensing a light 
bundle emitted by the light source and re?ected by the 

' combustion fumes, which opacimeter delivers an elec 

60 

65 

tric signal proportional to the opacity of the combus~ 
tion fumes, and which apparatus includes an electric 
ram of variable length having two operating directions, 
which ram forms a portion of the length of one of said 
arms and is operated by said electric signal, which ap 
paratus includes an apparatus for measuring the said 
electric signal delivered by the opacimeter which mea 
suring apparatus has two adjustable thresholds ar 
ranged on either side of a median position, and deter 
mines the extension of the said ram when one of the 
thresholds is exceeded, and the shortening of the said 
ram when the other threshold‘ is exceeded. 

7. Apparatus in accordance with claim 6, in which a 
cyclic circuit breaker is inserted between the said mea 
suring apparatus and the said ram. 

8. Apparatus for automatically correcting the ratio 
between the volumetric combustion air flow and the 
volumetric fuel flow of a burner, including an air-valve 
for regulating the combustion air flow, the extent of the 
opening of which valve is controlled automatically by 
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a positioning control device having cams and pivoted‘ 
arms which simultaneously vary the volumetric ?ows of 
fuel and combustion air in a constant ratio, which 
source and a photoelectric receiver sensing a light bun 
dle emitted by the light source and re?ected by the 
combustion fumes, which opacimeter delivers an elec 
tric signal proportional to the opacity of the combus¢ 
tion fumes, and which apparatus includes an electric 
ram of variable length having‘ two operating directions, 
which ram? forms a portion of the length of one of said 
arms, and is operated by said electric signal, which ap 
paratus includes an apparatus for measuring the said 
electric signal delivered by the opacimeter. which mea 
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8 
suring apparatus has two adjustable thresholds ar 
ranged on either side of a median position, and deter 
mines the extension of the said ram when one of the 
thresholds is exceeded. and the shortening of the said 
ram when the other threshold is exceeded, in which ap 
paratus the said air-valve for regulating the ?ow of 
combustion air has two circuit-breakers on which the 
said air-valve acts when it reaches its wide open or 
completely closed positions respectively, which circuit 
breakers are inserted in the electric control circuitry of 
the said ram. 

* * * * * 
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