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Commerci al and industrial burner systems, whether heating fluid or
producing steam are inherently dangerous 10 in view of the potential

consequences of catastrophic burner failure, Fuel, usually in
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apparatus for a burner system as hereinafter defined.

BACKGROUND ART

Commercial and industrial burner systems, whether

heating fluid or producing steam, are inherently dangerous

10 in view of the potential consequences of catastrophic
burner failure. Fuel, wusually in gaseous form, is
supplied to a combustion chamber where it is burnt in a
controlled manner, usually in air likewise supplied to the
chamber. The fuel supply is commonly regulated by a valve

15 and the air supply by a damper control linked te a fan,

with regulation of both supplies being used to control the

heat being generated. As’ soon as control is lost for
whatever reason, an explosion becomes a distinct
posslibility.

20 A small number of beiler plant now have oxygen trim

systems fitted which may improve burner safety, but many
boiler controls will continue to be solely reliant on
rudimentary pressure switches and linkage or actuator
proving shitches since the capital cost of trim systems
25 may not be warranted on smaller plant with low running
hours. A small number of largef boiler plants have an
oxygen or carbon dioxide sensor, but almost invariably

‘require operators to monitor for safe or efficient

e



rudi mentary pressure switches and |inkage or actuator proving switches )
since the capital cost of trimsystens 25 nmay -not be warranted on snall er

plant with | ow runni ng hours. A smal | nunber of l|arger boiler plants have
an oxygen OYO®618n di oxi de sensor, but al nost invari abl JCFEBWER
operators to nonitor for safe or efficient WD 99/ 06768

PCT/ GB98/ 02183 2 operation. Inportantty, oxygen sensors do not prove
safe conditions prior to ignition and although oxygen sensi ng can be

utilised to shut unsafe_pl ant ? there is gnlflcant ti me_delay and
all ‘too oftéWeFﬁE1°$ockEmR°rtan§ er°¥Yﬁ$%xFens°F§ 3 sBBFeBTAYR 358

| | t [ ai
Tatto contr SPERERT RRIEE (e (e AR RBYEH oldo®s BEEREE Dl Cosure
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pre-set level prior to and after ignition (often set at m ni mum ; and b)
m cro- sw t cheigmifii edntproisse tdel ayntaegr iafl)l -abot bEtehnkhgeslockawy uat or
s if fitted - is disabled due to occasional- ‘nuisance’
alarms.

Currently, the integrity -of the gas/air ratio control
mechanism is typically only checked by: a) a. low air
pressure alarm which is set to trigger if the pressure

10 falls below the minimum pre-set level prior to and after
ignition (often set at minimum); and b) micro-switches
which prove the integrity of the linkages or actuator
motor only oprior to ignition. These switches are
frequently found to be set course to prove actuation only,

15 not to prove the conditions have been precisely met. Some
switches are integral within the driving servo motor and
are therefore not able to prove the integrity of the
_ lin};age; quadrants; damper or valve.

y After ignition on exist;.ing burner controls, the low

20 pressure switch will typically only be activated if the
air supply is lost altogether, (e.g. burner fan failure).
Thus, on a burner with a 5-1 turn-down ratio (i.e. 20% to
100% of maximum heat), only 20% of the required air could
be supplied ‘at high fire, without the burner ‘'locking

25 out'. This is a not infrequent occurrence, and results in
high emissions of oxides of nitrogen, carbon monoxide,
unburned fuel, damage to the tubes as well as a potential

for a serious accident.



not or only prior to igniti'on. These switches are frequently found
t'o be set course to prove actwuation only, 15 not to prove the conditions

have been precisely net. Sonme switches are integral wthj | Vi ng
servo ot orY@MW%e t herefore not able to prove the int erg}rb?{éfgg?zq%e

| i nkage; quadrants; danper or valve. After ignition on existing burner
controls, the low 20 -pressure switch #ill typically only be actievated if
the air supply is lost altogether, (e.g. burner fan failure). Thus, on a

burner with a 5-l.turn-down catpo, (i, ..20%:to_100% I mum heat), only
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results in high enmissions of oxides of nitrogen, carbon nonoxide, unburned
- fuel, damagedn a hhetindesystemmwherasa acquiredikal céntral ssecicdvwathomi dent .
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appar at. uss Vmpir%brigga-i, tt%r ghueel c rgtegps.l.liré%- for determining if the fuel
_pressure crosses predetermined -thresholds. In order to
-avoid nuisance shut downs, the fuel pressure limit signal
is ignored by the. controller for a predetermined interval
afte:f the controller has actuated a fuel valve. The
10 predetermined interval is selected to prevent nuisance
~shut-downs as a result of responding to pressure
transients in the fuel main.
It is a concern for safety inspectors, burner
operators and technicians that such typical events as
15 partial or total failure of the fuel valve or air dampér
during operation are not - detected by existing systems.
With more emphasis on de-manning of boiler houses and less
frec__;uent inspections and maintenance checks, there is a
need for improved burner saf.ety. For the purposes of the
20 present specification, a burner system is defined as
.comprising . a burner and combustion chamber for burning
fluid fuel in oxygen-containing gas, both of which are
supplied to the burner. The combustion products exit the

combustion chamber through a flue. .

25 DISCLOSURE OF THE INVENTION

In accordance with the present invention there is
provided fault detection apparatus for a burner system as

hereinbefore defined, comprising means for monitoring the



in a heating systemwhere a controller controls activation of the fuel

val ves.

A fuel pressure limt signal 'is 5 provided to the controller

for determining if. the fuel pressure crosses predeternined thresholds.
In order tWQaM®W8nui sance shut downs, the fuel pressurPFVEPBOLE N, s

i gnored by the controller for a predeterm ned interval

after the controller

_has actuated a fuel valve. The 10 psedetermined interval ise selected
to prevent nuisance shut-downs as a result of responding to

pressure
bur ner

transients in the fuel npin, It js a concern for safety inspectors,
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| nproved burner safety. For the purposes of the 20 present
specificati dior econparmiay mliegs | Somlethaedvordsocingr meiang avixly ner. and

conbusti on chanmber for burning fluid fuel in oxygen-containing gas,
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'I‘hé system provides .a way of evaluating the relative
proportions of the components  (fluid - fuel and ‘oxygen-
containing gas) undergcing combustion by wmwonitoring the
effective quantities per unit time of both as actually
supplied to the combustion chamber, rather than believed
to have been supplied to the combustion chamber. The
effective quantity relates to the number of moles of
useful component supplied, although when dealing with
gaseous supplies at the same temperature and preésure, the
effective quéntity is simply related to the volume
supplied.

' When the burner system is being commissioned, the
rref.erence values may be dete.fmined by taking readings from
the monitoring means when optimum burner conditions are
established. It is relatively easy to ascertain when such
conditions are achieved using a multi-gas flue analyzer to
ensure complete combustion (i.e. the flue-gas is free of
low oxygen nitrogen oxides and carbbn monoxide) and the
correct excess air has been established. Alternatively,
a given burner system fitted with standard supply lines
may have predictable characteristics which enable the

reference values to be pre-set, obviating the need for

bot h of



In accordance with the present invention there is provided fault detection
apparatus for a burner system as herei nbefore defined, conprising neans for
ponitoring the WD 99/ 06768

PCT/ GR98/ OVOB8768 uppl y of fluid fuel (eg natural gas, pPORTA¥BIBhut ane)
to the conbustion chanber; means for nonitoring the supply of

oxygen-contai ning gas to the conbusti én chanber; neans for conpafring .
readi ngs fromthe nonitoring neans with 5 ref erence val ues; and neans for
generating a signal in dependence qn the conparison made. The system

“provi des ak&;é_’%fé goLeTminatdoPAct? daMaF€ - proporti ons of the conmponents
(fluid fuel . and o -..GCO Lhi.ng 9as) .und ' QHEU- MeYe , _
noni toring the %5‘ %%ﬁgéﬁvgé%%%r#?lt’i gg’ Egrg E_%IQ?E{EIQ%I% 0 %Fﬁggggact ual l'y
suppl i ed tortdie . eREDURINIBrERAdMiRENsT Aldteh t FRE helfee¥Rde t /alavs, been - .
supplied to the conbustion chanber. The effective quantity relates to the
nunber- of nbddicatrfionse®ill dmnadidens selplarsd thaltt houfirthesn ageéabnng with 15

gaseous supplies at the sane tenperature and pressure, the,
5 need be  taken, other than to continue monitoring the

supplies. .- If, - however, the instantaneous readings frdm
the monitoring means are different to the reference
values, a signal is generated, perhaps either to warn the
operator of potential danger or to override the operation
10 of the combustion apparatus, eg inhibit ignition or shut
down the combustion apparatus during operation. The
signal may even simply warn of a departure from optimum
combustion efficiency.
The burner system may further comprise valve means
15 for regulating the flow of fluid fuel into the combustion
chamber, in which case the fluid fuel supply monitoring
means is located downstream of the wvalve means. The
burner system may further comprise wvalve means for
regulating the flow of oxyéen-—containing gas into the
20 combustion chamber, in which case the oxygen-containing
dgas supply monitoring means is located downstream of the
respective valve means. Preferably, the monitoring means
are located in the burner, immediately adjacent the burner
head where thé fuel and oxygen containing gas mix prior to
25 combustion.
In this way, the readings from the monitoring means
accurately reflect the ratio of fuel to oxygen-containing

gas being supplied to the combustion chamber. Thus, the



effective quantity is sinply related to the volune supplied. Wen the .
burner systemis being conm ssioned, the reference values nmay be determ ned
by taking readings from20 the nonitoring neans when optimum burner

condi t i onsWEOEER abl i shed. It is relatively easy to as@&HEPH%fELn such
conditions are achieved using a nulti-gas flue analyzer to ensure conplete
conbustion (i.e. the flue-gas is freesof | ow oxygen nitrogen oxi des and
carbon nonoxi de) and the 25 correct excess air has been established.

Al ternatively, a given burner systemfitted with standard supplLy |ines may
have predi-c‘f‘é'b‘itt?rgﬁar aBENe sATEs RARRHENARE tHE r BFEIEME ggf‘%%s’ to be

pre-set, Ob%@]!i%% -t-t%e %%e%omﬁs%iom %@7,6% t v{hr?tori(?i "believed

PCT/ GB98/ 02 I'n situ determnations to be nade. nary op%ratioh, i f
the i nstant ghaasupgRisd ot fthenebhisus®itnt ehhfiBeans match the reference:

val ues, indications will be all is well and that no further action 5 need
be taken, otheat tlemstt eneowf the  monitoring médms sayplaceprise af,
however, the instantaneous readings from
s -sensor for sensing the pressure of the respective supply.
... In the case of the oxygen-containing supply, the guantity
of gas supplied to the combustion chamber is proportional
to the pressure of the supply. - Thus, continuous
monitoring of the pressure gives an accurate indication of
10 the rate at which gas is supplied to the combustion
chamber. In addition, the pressure seﬁsor may be utilized
during purge to ideritify increased back pressure which
might result, for example, from fouled heat transfer
surfaces in the boiler or a flue blr_.ackage_. Furthermore,
15 purge pressure sensor signals could be used to identify
other malfunctio;xs such as induced draft damper control or
induced draft fan operation. Fouling or faults would be
dete_pted by comparison of the ambient air pressure and
back pressuré as measured b}} the pressure sensor during
20 purge.

Alternatively, at least one of the monitoring means
may comprise a flow sensor. The flow sensor may prove
useful in situations where pressure variance may be too
small to measure flow rate accurately.

25 The fault detection apparatus may further comprise a
temperature sensor for sensing the temperature of the
oxygen-containing gas, and means for compensating for the

temperature variations prior to the comparison being made.



the nonitoring neans are different to the reference values, a signal is

dener ated, perhaps either to.warn the operator of potenti al

override the operation 10 of the conbustion apparatus, eg inhibit
or shut dowe@990sm8 conbustion apparatus - during operat PeHGBI0218e si gnal
may even sinply warn of a departure from optinmum conbustion efficiency. The
burner system may further conprise valve neans 15 for regulating the, flow
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different temperatures. Prefeérably, the oxygen-containing

gas is air, and thus the temperature sensor may be mounted

.to sense ambient conditions.
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In a preferred form, the signal generated in
dependence on the comparison made is further dependent on
the magnitude of any difference between the reference
values and'thé readings from the monitoring megns.‘ One
embodiment of the present invention is designed to
provide a configured, measured response to departures
from safe operating conditions, permitting early
identification of maintenance needs without an
unscheduled shutdown if possible. The signal generating
means may thus provide a range of signals depending upon
the perceived seriousness of the difference between
actual readings' and reference values. In the most
serious situation (perhaps indicative of a potential
explosion), the signal could effect automatic and
immediate shut down of the combustion apparatus; in less
serious 'situétioﬁs, the signal could activate an alarm
with a view to initiating a routine maintenance check.

The fault detection apparatus may further comprise
means for monitoring the flow of combustion by-products

(flue gas) exiting the combustion chamber. The flue gas
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nonitoring neans are sensing what is actually being supplied to the

conbusti on chanber, not what is believed to be supplled ustion
chamber. AWQ®¥8618one of the nonitoring neans may conpri s%”ég&og{eiggor f or

sensing the pressure of the respective supply. In the case of the
oxygen-cont ai ni ng supply, the quantity8of gas supplied to the cofrbustion
chanber is proportional to the pressure of the supply. Thus,
conti nuous m oring of_the r eSSy S r dl tion of 10
the rate é”“\kﬁ"i%h A8 "pp a:i)el ino\é% t%&%%g%bgé onﬂ:L q'%rrbg’r In
addition, the PhEISULG SHRAAQITRY P wal |6§e@h@Hkiﬁ§l &wegerépaﬂid@tlfy
increased back pressuie which mght result, for exanple, from fouled heat
transfer surdmoapes of fhel baid @xygbnacéhmxblrrgplgagesuppfﬂédh&irmfee, 15
purge pressure sensor signals could be used to identify other malfunctions
. such as i ndwsedugkier @aafﬁar -coffbeofflue 9¢ﬁlmt@rraﬂ9 maaneg gesatheon.
Fouling or faults would be getected Bé arlson of‘épe anbi ent, air
pressur e *and® REGEPTEs FFAESF8REasurf ﬁ'ér?)r EERRFVEIN IBY rdu™ ng

combination with the pressure sensors already-mentioned,

enable pressure drops across the combustion chamber to be

.detected. Any such pressure drop may be indicative of a

blockage somewhere in the system, leading .to a further
10 safety control.

The fault detection apparatus may further comprise
means for sensing the temperature of combustion by-
products (flue gas) exiting the combustion chamber, means
for predicting the temperature of combustion by-products

15 (flue gas) exiting the combustion chamber based on the
calorific wvalue of the fuel/oxygen containing gas
supplied, means for comparing the sensed and predicted
tem?eratures and producing an output in dependence upon |
sthe comparison made. IE, .for example, the sensed and

20 predicted temperatures differed by wore than a
predetermined amount (perhaps indicative of fouling of
either the fireside or water side heat transfer surfaces
or loss of heat transfer fluid), the output may include
controlled shut down of the system. With such apparatus,

25 it should be borne in mind that “cold start” readings may
differ sighificantly from “steady state” readings.

The fault detection apparatus may further comprise

means for regulating the supply of oxygen-containing gas



20 purge. Alternatively, at |least one of the nonitoring nmeans nay conprise
a flow sensor. The fl ow sensor may prove useful in situations where
pressure variance nmay be too small to neasure flowrate a 25

The fault dYQWUHR apparatus may further conprise a tenpgggéﬁég&%ghsor f or
sensing the tenperature of the oxygen-containing gas, and neans for
conpensating for the tenperature variat?ons prior to the conparisen being
made. = WD 99/ 06768 PCT/ GB98/ 02183 7

The volune of,_a fixed amount of gas_at_consta [ eSS varies wth

t eAper at ur e, "1§nd:{ef?eer?§§nfgnﬁlgrpgtg ec‘\:/"g??.zélfsﬁonnsg%\ntﬁe?e%f F‘ égt S?’l?g‘igcto al anount
of .gas del i veLkgdehOcdhttn Gl u%a&naghmﬁoréaplaﬁdalat rBhet &bplp0re val ues
could 5 be provided, with-difTferent reference val ues bei ng used at

di fferent temeeedt wiessupgiel er ahey, rédiel apdyge meand amayngrgdaces ai r, and

thus the tenperature sensor may be nmounted to sense anbient conditions. In
a preferred Mmepspreferesppnse gondpnt wotey speed in order to increase
5 or decrease -the supply of oxygen-containing gas . to
restore. the supply to the predetermined level, e.g., to
maintain the required supply of combustion air for any
given gas pressure. The fan motor speed typically
controlled by an ac variable speed drive which may
10 readily be regulated by a proportional integral
derivative function within the ac drive. An alternmative
if on ac drive is not used is to provide a pdsition trim
" with feedback to the combustion air dathper servo motor.
According to a second aspect of the present
15 invention, there is provided a method of detecting a
fault in a burner system as hereinbefore defined,
comprising: monitoring the rate of fluid fuel supply to
the combustion chamber; monitoring the .rat'e of oxygen-
«containing gas supply té the combustion chamber;

20 comparing monitored readings with reference values; and

generating a signal in dependence upon the comparison

made.

BRIEF DESCRIPTION OF .THE DRAWINGS

An embodiment of the invention will now be described,

25 by way of example, with reference to the accompanying
drawing, in which :

Figure 1 shows schematically a burner system

embodying the present invention.



10 dependence on the conparison made is further dependent on the magnitude
of any difference between the reference val ues 'and the readings fromthe
foni t ori ng nmeans. One enbodi ment of the present invent] |.S, igned to
provi de a WO¥PP¢EE ed, neasured response to departures 1?&?%%0ﬂ§£afe
operating condi tions, permtting early identification of ,
mai nt enance needs Wi t hout an urschedul ed shutdown if possible. . The
signal generating nmeans may thus provide a range of signals dependi ng. upon

t he perceived seriousness of the difference between 20 actual readings
and ref er JIRRES OF| CRRRYING OT THE, II‘W&%IU rious situation (perhaps

i ndi cative of a q;gq'al e .h:“(; h ' |___cqul

automatic and_ﬁﬁne i% ecghéghggtmg%?t?ﬁu;?xéﬁﬁég%%§$ %Eﬁ%?gﬁ%g?gén_less
Serious sit&Hnikdis, 14 hBadiagastolsl g6l V%ﬁ?pﬁ*‘ akaemia5> amd hagrview to
initiating a routine nmai ntenance check. The fault detection apparatus may
further congupple Mdaesitor Walwd S npaulatésovhef f aninfstiued buter oducts -

(flue gas) exiting the conbustion chanber. The flue gas WD 99/ 06768
PCT/ GB9S 024lmn combustion chamber 12. and fan and damper 17.regulate

the supply of air to the combustion chamber 12. The by-

products of burning the fuel at burner 18 are vented -
through flue 20 -and' heat generated by combustion is

absorbed by boiler heat exchanger 22.

10 Fault detection apparatus comprises a first pressure
sensor 24 in the air supply line 16, downstream of the fan
and damper 17; and a second pressure sensor 26 in the
fuel supply line 14, downstream of the wvalve 15. (The
pressure sensors are readily available components,

15 typically of =silicon diaphragm design, and measﬁre
pressures ﬁypically in the range 100 to 3500 pascals, with
a range output of 4 to 20 mA or 0 to 10 wvolts). The
pressures P, and P, sensed respectively by sensors 24, 26
are fed to micro-processor 30~, together with a temperature

20 indication T, of the air supply which is provided by
temperature sensor 28.

The micro-processor 30 stores a range of reference
pressure values across a range of temperatures which are
indicative of optimum combustion conditions. The values

25 < may have been determined when the burner was being
commissioned using a flue gas analyzer to ascertain the
pressures in the supply lines at a given temperature which

give rise to a fuel/air mixture required for complete



8 noni toring neans may enabl e nore accurate conparisons to be made by
provi ding a way of checking the relative anmounts of fuel and
oxygen-cont ai ni ng gas supplied to the conbusti on chanber. e flue gas
moni tori ng ‘H‘Ba?{g‘g%y be s a pressure transducer. The r}’rcérl-‘g'ﬁ?;gz ansducer
may, in conmbination with the pressure sensors already nentioned, enable
pressure drops across the conbustion @lanber to be detected. Any *such.
pressure drop may be indicative of a bl ockage somewhere in the system

| eading to a f rtng 10. safety control. The fault detection apparatus nmay
further co S 's for sensing the tenperature of conbustion by-
products (flue gﬁéhﬁa‘i t bBfeddi COMQUIST LOFeXiRIIDET v IMRANS #F PERLI CLing

t he tenperature of conbustion by-products 15 (flue gas) exiting the
conbusti on dlempeestints adbtattele bgakensdt c28 vathee miefro precesset/ dxygen
containing gas supplied, neans for conparing the sensed and predicted

t enper at ur esomparps otlten i tin that puessurejagenings esenrad bye sevaprsi son
made. | f, for exanple, the sensed and_ 20 predicte t enper at ures

differeds IAf: Zfor @294 PRAMICES; HERSHEPH ARBPAMSUN ?’ﬁ’erdﬁgﬁ deReg cati ve of
‘fouling of giifetntheelifiss'cte Rl _%ﬁri@oﬂ‘? h‘i“ﬁé LSk i¥onS el 26ES

made by firstly determining quotients for the reference

values and "sensed - readings and then comparing the
dquotients. However; for simplicity, direct comparison of
10 the reference wvalues and sensed readings will be
considered hereinafter. The measured response 32 is

graded as follows:

0. If p,, iﬁ match the reference values, the
15 micro-processor 30 simply continues monitoring

the boiler system 10, comparing fresh pressure

and temperature readings with the reference

. values.

20 1. If P,, P, show a slight deviation from the
reference values, possibly indicating inefficient
combustion and/or an undesirable increase of
emissions of carbon monoxide and lesser nitrogen
oxides, Ehe micro-processor 30 activates an

25 alarm for non-urgent servicing of the system
whilst continuing to monitor the combustion

operation.

\\
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or loss of heat transfer fluid), the output may include controlled shut
down of the system Wth such apparatus, 25 it-should be borne in mnd
that "cold start” readings may differ significantly from"steady state"
readi ngs. TWO9%8(Ié% detection apparatus may further corrpr"F%'@Wéﬁ? f or
regul ating the supply of oxygen-containing gas WD 99/ 06768

PCT/ GB98/ 02183 9 i n dependence upon a ixonpari son between the supply of
oxygen-cont ai ning gas as nonitored and a predeternined | evel of supply.

The regul ati ng neans nFy produ;g a neasured.response i.n_ fan notor speed in
“order to increasé'5 bt PideBr ER0¥ 2(MRFE SEHHPYS TV WP Bel '¥‘6’B_rﬁkéﬁ ning gas
to restore the.s‘i@?&%& %q.ugéedﬁ#ﬂc@tqgg-bfvﬂkel Gamag@ @ Ntain_the
required supply of conbustion afrfor any grven gas pressure. - The fan
notor  speed tYRIckBbhInED HhrBLbR ol cigeaCu¥e) i aispeed drive which may
10 readily be regul ated by a proportional - -integral derivative
function w thin thdrecassalr i3ce shihsaddver ndiel beilér mysxerdidve is not used is
to provide a position trim ' _
5 after a time delay.whigh first allows furtherx

readings to be taken to verify the initial

readings.
3. If either P; or P, exceed pressure thresholds
10 indicative of a catastrophic control failure, the

microprocessor 30 aborts an ignition sequence or,
if the fuel is already burning, shuts down the

boiler system immediately.

15 A combustible-gas detector 40, spaced from the burnexr
18, detects for combustible gases in the plant room 42.
(The detector may be of the well known and proven electro
cat?lytic type, in which two beads, one active and the
other a“ compensator, form oné half of a Wheatstone bridge

20 configuration). The output D, of the detector 40 is
received by micro-processor 30 which assess whether the
level is close to or above a lower explosive limit. 1f
flammable gas is detected close to or above the lower
explosive limit, the micro-processor 30 isolateé power and

25 gas Supply to the boiler instantly.

BENEFITS

* Greatly improved safety - instantaneous shut down if an



wi th feedback to the conmbustion air danper servo notor. According to a
second aspect of the present -15 invention, there 1is provided a nethod of
detecting a fault in a burner system as herei nbefore defined, conprising:
moni t or | ngWORYMBe of fluid fuel supply to the combusti SFVCHSHEL

nonitoring the rate of oxygen- containing gas supply to the conbustion
chanber; 20 conparing nonitored readilAgs with reference val ues; *and .
generating a signal in dependence upon the conparison nade. BRI EF

DESCRI PTI ON OF THE W NGS An epbodi nent of the invention will now be
" described, .25'““t§?fﬁ/aD€‘§@f}.\l-aéfaﬁBP§?tWIfHsr@]eﬁ?%‘%be to the acconpanying

drawing, in which ;. Figure .1 hows sche ically rner .~ system
enbodyi ng t he JPSEEHRT | n\’;éﬁﬁon.&la‘g"‘?ﬁ‘%/ﬁ ng séhedl ing' of "
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system 10 conprises a conbustion
' inconvenience and losses.

5 ® Averts the risk of overfiring the boilér/burner and

' consequent'costly boiler damage and fuel inefficiency.

Flue gas temperature monitoring alerts the operator to
fireside or waterside faults with limiter (lockout) if a

serious fault is detected.
10 * Does not compromise any existing burner safety controls.

* oOptional gas leak detection system alarms out and

prevents burner ignition in potentially explosive

atmosphere.

» Provides an important stand alone ‘watch dog’ for

15 electronic direct drive servo fuel/air ratio systems.

Facilitates fast routine maintenance by existing service
personnel through inclusion of fgult diagnostics
» Software. '
* Enables burners teo be operated within optimum
20 commissioned valﬁes and be safely shut down if
inadmissible deviations from manufacturers stated

conditions are detected.

Ensures sustained operation of the boiler does not occur
when emissions to atmosphere would be unacceptable.
25 % Prevents sustained operation of the burner if this would

result in damage to the boiler shell or tubes.



chanmber 12 havi ng gaseous fuel supply line 14 and air supply line 16.

Val ve 15 regulates the flow of fuel into 5 the conbustion chanber 12 and
fan and danper 17 regulate the supply of air to the conb ' nber 12.
The by- pr HRAWE'Et pburning the fuel at- burner 18 are veﬁ@ég{}ﬁ’?ghggh flue
20 and heat generated by conbustion is absorbed by boiler heat exchanger
22. 10 Fault detection apparatud4conprises a first pressure sensor 24
in the air supply line 16, downstream of the fan and danper 17; and a
second pressure sensor 26 in the fuel supply line 14, downstream of the
val ve 15. ( Thd"pre¥es the egghEopuentzlope g‘?ﬂﬁ‘we ﬁaﬁ*%tﬁ‘ée-'corrponent s, ‘15
typically of silicon _diaphragm design, and neasure pressures
typically i h ®eurssgielognto N5RS8aFS R th a range output of 4 to 20
.mMA or 0 to 10 volts). The pressures Pl[err] and.Plerr] sensed respectively
by sensors 24, 26 are fed to m cro-processor 30, together with a

t enper at ur egRfvpi gy icrabe et & Fagird he air supply which is provided by

t enper at ure™sensor 28. The mcro- processor 30 stores a range of reference
Pressur esVahUghiaakessra phatdg] Okai RIRMEr 6f UGS PhbsHnA erdditliaéabhve of
opti mum conbusti on conditions. The values 25 may have been determ ned
when the burvadwve.was being

* Failure of a gas booster set.
» Incorrectly set purgé proving switches.
* Catastrophic loss of boiler water.

10 ® Build up of deposits or scale on the fire or water side

and consequent inefficiency and thermal stress.
* Blocked or partially blocked fire tubes or flue.

» Sticking diaphragms on modulating gas valves e.g., SKP

70 Landis & Gyr valves.

1s " Failure of air damper linkages or slippage of damper

blade connection clamps.

* Failure of air characterising cams.

L}

'Partially blocked air inlet on combustion air fan (e.g.,

Polythene blown onto/into the air inlet).

20 " Failure of valves such as Landis & Gyr SKP 70 which can

fail in a fuel rich mode.
* Failure of a balance damper or iﬁduced draft fan/damper.
= Pouling of air fan blades or damper vanes.
Shearing of gas valve spindle or connecting linkages.

25 ®* Electronic failures in fuel air direct drive servo

systems e.g., (RFI induced ‘scrambling’ of set up).



commi ssioned using a flue gas anal yzer to ascertain the pressures in the
supply lines at a given tenperature which give rise to a fuel/air mxture
required for conplete conmbustion. Having selected the f nce
val ues foW°¥Wéﬁ%enperature detected by sensor 28, the ﬁFUFéﬁﬂﬁg§essor 30
conpares themw th the pressure readi ngs sensed by sensors 5 24, 26, and
produces a neasured response 32 in dexgendence upon the results of the.
conpari son. The conparison is made by direct conparison of the reference
val ues and sensed readings. The neasured response 32 is graded as

foll ows: 10 OIncoxfed? seiiterpinger prnuepaiz R¥rocefuresce val ues, the

m cro-processor .30 sinply continues nmonitoring the boiler systen110
comparing f% e§h5 pr1@§§§§r el ahbet @hpotat Xe@En.r edeading wtoh pokentdndiEnce 15

val ues. 1. err w.a sljght deviation fromthe reference.
val ues, possi 37‘9 e]cé‘PFh'bt’r':}Tb? QBEF&H i)



combustion and/or an undesirabl e increase of 20 eni ssions of carbon
nonoxi de and | esser nitrogen oxides, the mcro-processor 30 activates an
al arm for non-urgent servicing of t he system whi | st continuing to _nonitor

the conmbustWOMASHEr ation. 25 WO 99/ 06768 PCT/GBI8/02183

PCT/ GB98/ 02183 12 2. If Plerr], P[err] show a nore serious deviation from
the reference values, indicative of |ileely da onents through

prol onged use, the mcro- processor 30 shuts mm 10 5
after a tineg_delay which first allows further re ”I@#’ ”f nto _
verify the GBS eadi ngs. 3. I f either Plerr ﬂ'lﬂm

pressure thresholds 10 = indicative. of a cat astrophl c"coftro fal | ure,

the m croprocessor 30 aborts an ignition sequence or, if the fuel is
-already burning, ralives d&eeRtibf apparatus for & “burner -system as

. hereinbefore defined, compr:._s:.ng: means-for monitoring the
s supply of fluid fuel to the combustion chamber; means for
monitoring the supply of oxygen'-containihg ‘gas to the
combustion chamber; means for comparing readings from the
monitoring means- with ‘reference values and means for
generating a signal in dependence on the comparison made.
w0 2. Fault detection apparatus according to claim 1, in
which the fluid fuel supply monitoring means is located
downstream of valve means regulating the flow of fluid
fuel into the combustion chamber.
3. Fault detection apparatus according to claim 1 or 2,
15 in which the oxygen-conteining gas supply monitoring means
is located downstream of valve means regulating the flow
of oxygen-containing gas into the combustion chamber.
4. Fault detection apparatus according to any one of
rclaims 1, 2 or 3 in which aﬁ least one of the monitoring
20 means comprises a sensor for sensing the pressure of the
respective supply.
5. Fault detection apparatus according to any one of the
preceding claims, further comprising é. temperature sensor
for sensing Ehe temperature of the oxygen-containihg gas
25 and means for <compensating for sensed temperature
variations prior to the comparison being made.
6. Fault detection apparatus according to claim 5, in

which the compensating means comprises means for selecting

This Sheet Has Been Replaced
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boiler system i mediatety. 15 A conbusti bl e-gas detector 40, spaced
fromthe burner 18, d E“m“‘ﬂuml bl e gases in the plant room 42.

(The detector 3H“m and proven el ectr c type,
in which t W 5’3%§ one* act i Ve 8nd®t he ot her a conpensat gFP’% ggr’%idgne hal f
of a Weat st one br| dge 20 configuration). The output Derr] of the
detector 40 is received by mcro- prdEbssor 30 whi ch assess whet her the

level is close to or above a | ower explosive limt. If fl ammabl e gas is

~ detected cl Q3% 10 e a%v‘;\alh@g 'r%}%?ﬁé{ ,pas_‘bu\é% Idlﬂglxlr? tr ?? rq.'gr rocessor

30 isol ates power and as supp FITS

Geatly inp aga{-gtyenseldr}st ant aneous shut down if an V\D 99/ 06768
- PCT/ 398/ 02183 13 unsafe fuel/air condition is sensed. Inpending fault

di agnosis &l | oWardt detechildm@ppefasws \aatiomding ton anyricgiengf thel - wast age
and downtine inconveni ence and | osses.
preceding claims, in which the oxygen-containing gas is
s air.
8. Faulﬁ deteétion apparatus according to any one of the
| preceding claims, in which the signal generated is further
dependent on the magnitude of any difference between the
reference values and the readihgs from the monitoring
10 means.
9. Fault detection apparatus accoiding to any one of the
preceding claims, in which the reference values are
indicative of conditions for complete combustion.
10. PFault detection apparatus according to any one of
15 claims 1l to 9, further comprising means for monitoring the
flow of combustion by-products (flue gas) exiting the
combustion chamber.
11..IFault detection apparatus according to claim 10, in
which the £flue gas monitéring means 1is a pressure
20 transducer,
12. Fault detection appératus according to claim 10, in
which the £flue gas monitoring means is a temperature
sensor.
13. Fault detection apparatus according to claim 12,
25 further comprising means for predicting the temperature of
combusﬁion by-products (flue gas) exiting the combustion

chamber based on the calorific valve of the fuel/oxygen

containing gas supplied, and means for comparing the

This Sheet Has Been Replaced
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5 [err] Averts the risk of overfiring the boil er/burner and consequent
costly boiler damage and fuel inefficiency. [err] Flue gas terrperature
nmonitoring alerts the operator to fireside or waterside ;E‘}P J3h limter
(1 ockout) WOEMB; ous fault is detected. 10 [err] Does" RO corrprom se any
exi sting burner safety controls. [err] Optional gas |eak detection system
alarns out and prevents burner ignitid& in potenti al I y expl osive?*
atmosphere. [err] Provides an inportant stand alone 'watch dog' for 15

el ectronic dihech did rﬁré{irc‘é%df Egkééfitdz%ts' %n%y ESH’ﬁc:rxlfréx%] f&;iﬁi gl tates
to

fast 'routine malnt ena sti’nhg service sonne i.ncl usi on

of fault Qhaaaﬁéﬁdéifces%éwaﬂfé &oﬁtb&]::.gél@bﬁéﬁ‘é burners .
operated wthin opti mum 20 comm ssioned values and be saf el y

‘shut = down 14f. | Aaburser bdystemdevmprisisy fdulamdetectfiont apparatusst at ed
conditions are detect ed. [err] Ensures sustai-ned operation of the boiler
does not ocmC%b@Sé?ﬁ 28YopRe tf ALAdSBher® Wdul d be unacceptable. 25 [err]

Prevents sustained o eratlo 0 yrner his wo Id resul t |n damage
to the bgil “shel | g IE éen:ec :Lng faui in a urner system -

as hereinbefore def:med, compx::.s:.ng: m_on:.toring the rate
fluid <fuel is supplied to the combustion chamber;
monitoring the rate oxygen-containing gas is supplied to
the combustion chamber; comparing the rates monitored with
10 reference values; and generating a signal in dependence

upon the comparison made.

—_—
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WO “99/ 06768 . PCT/ GB98/ 02183 14 [err]
Irrproves the environnental performance of the site. [err] Reduces fuel and
mai nt enance coségﬁ EXAVPLES OF DETECTABLE FAULTS 5 [ er rgc@ndsiebfs OF

parti al f aMeIPes7 gas pressure regutation valve. [err] Failure of a gas
booster set. [err] Incorrectly set purge proving switches. [err]

Cat astrophi c |1'0oss of boiler water [err] Build up of deposit% or scale
on the fire or water side and con!éguent i nefficiency and thermal stress.
[err] Blocked or partially blocked fire tubes or flue. [err] Sticking

di aphragns on nodulating gas val ves e.g., SKP 70 Landis & Gyr valves. 15

" [err] Failure of air danmper |inkages or slippage of danper- bl ade connection

clanps. [err] Failure of air characterising cams. [err] "Partially bl ocked
~air inlet on corrbustl on air fa (€. 3g..]Pol ythene bl own onto/into the air
inlet). 20 ‘ ; is & Gyr SKP 70 which can
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fail in adfuel rich nmode. [err] Failure of a balance dar@dd bW ihguded 0 - 6
diaft fan/danper. [err] Fouling of air fan blades or danper vanes. [er¥ ££+RM&$1€5
Shearing of gas valve spindle or connecting |inkages. 25 [gf R El ect r dffiSc<oPy
failures in air dlrect drive —servo systers e.g., 7'\ ¥ i nduced
aeranbling: oG Up) . e R e oA
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(57) Abstract

“Fault detection apparatus for a boiler system
(10) comprises a first pressure sensor (24) in air sup-
ply line (16), downstream of fan and damper (17); and
a second pressure sensor (26) in the fuel supply linc
(14), downstream of the valve (15). Pressures P; and
stensedmpecﬂvelybymsms (24, 26) are fed to
microprocessor (30), together with an indication from
mor(zs)ofﬂnmmpeumre'l‘x of the air supply.
The microprocessor (30) stores a range of pressure 0
valves across a range of temperatures which are in- 2
dicative of optimum combustion conditions. Having:
selected the reference valves appropriate for the tem- 12
perature sensed, microprocessor (30) compares them
with Py and P2 and produces a measured response 18—
in dependence upon the results of the comparison, 24~ L-26
and ranging from further monitoring (slight devia- o L
tion between stored and sensed valves) to emergency ‘15 14
s!;;xvtdo)wn {major deviation between stored and sensed ~ . [
valves

=1
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for nonitoring the supply of oxygen-containing gas to the conbustion
chanmber; characterised by nmeans for :conparing readings. fromthe nonitoring
means with reference values 10 of fluid fuel supply. and™ , 553 "2ss
oxygen-containing gas supply indicative of,.ptedeterninedoperatdin,,.and
means for generating a signal in dependepge on the conparison nmade. 2.
Faul't detection apparatus according to claiml, in which the fluid fuel
supply nmonitoring nmeans is located 15 downstream of val ve nmeans regul ati ng
the flow of fHodibthstdeh.i nto the conbustion chanmber. 3. Fault detection
apparatus according to claiml1l or 2, in which the oxygen-containing gas
supply nonitori ngHavdng | ssébectetl dohest resferdnasl vealeess rimul atheg t he
flow 20 of oxygen-containing gas into the conbustion chanber. 4. Faul t
det ecti on aptempegatareodeitegted dyy semscaf 28 .aitiwe ImiQror p8ocassdr cAlat
| east one of the nonitoring means conprises a sensor for sensing the
pressure of chepegsseshemewitippthe pyespure pgalingst sensed HypSensqss
according to any one of_ the preceding clains, further conprising a
t enper at uf e 2éns@&6 f ANG EFEIGHIFesH A tEepEiredr EesPorpR 33ydandepsnarArRg gas

and nmeans for conpensatin for sensed tenperature . )
upon the results of the comparison. The comparison is

made by direct comparison of the reference values and
- sensed readings. The measured respoﬁse 32 is graded as
follows:
" 10
0. If P,, P, match the reference values, the
micro-processor 30 simply continues monitoring
the boiler system 10, comparing fresh pressure
and temperature readings with the reference

15 values.

1. If P,, P, show a slight deviation from the
reference values; possibly indicating inefficient
combustion and/or an undesirable increase of

20 emissions of carbon monoxide and lesser nitrogen
oxides, the micro-processor 30 activates an
alarm for non-urgent servicing of the system
whilst continuing to monitor the combustion
operation.

25
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17 variations prior to the conparison being made. 6. Fault detection
apparatus according to claimb5, inwhich the conpensating ‘neans gonpysi'ses
means for selecting froma set of values reference, values appropt,,gtg .o
the 5 tenperature sensed. 7. Faul t detecti.on. apparatuys agcordi ng>tq,any
one of the preceding clains, in which thggoxygen-containing gas is air. 8.
Fault detection apparatus according to any one of the 10 —preceding clains,

in which the signal generated is further dependeniunmﬂuﬂ"mﬁn'"mr of any
di fference betpg®sg the reference values and the r
moni t ori ng néans. 9. Fault detection apparatus accofdi hg % 0 sany one of
the 15 preceding clains, in which the reference values are
i ndicative of conditions for conplete conbustion. 10. Fault detection
appar atus acaordi Fgullt adgteoctiof cappamatid o fhr f ddteatingnpdepapguseans
for nonitoring the flow of conbustion.by-products (flue gas) exiting the 20
combust i on clizommepredetermined operation of a burner system including
| 5 a combustion chamber, comprising: means for monitoring the
supply of fluid fuel to the combustion chamber; and means
for monitoring the supply of oxygen-containing gas to the
combustion chamber; characterised by means for comparing
readings from the ﬁonitoring means with reference values
10 ©f fluid fuel supply and oxygen-containing gas supply
indicative of predetermined operation,‘ and means for
generating a signal in dependence on the comparison made.
2. Fault detection apparatus according to claim 1, in
which the fluid fuel éupply monitoring means is located
15 downstream of valve means regulating the flow of fluid
fuel into the combustion chamber. |
3. Fault detection apparatus according to claim 1 or 2,
in which the oxygen-containing gas supply monitoring means
is located downstream of valve means regulating the flow
20 of 6xygen-containing gas into the combustion chamber.
4. Fadlt detection apparatus according to any one of
claims 1, 2 or 3 in which at least one of the monitoring
means comprises a sensor for sensing the pressure of the
respective supply.
25 5. Fault detection apparatus according to any one of the
preceding claims, further comprising a temperature sensor

for sensing the temperature of the oxygen-containing gas

and means for compensating for sensed temperature

AMENDED SHEET



*41. "Fault detection apparatus according to claim 10, in which the flue gas

t detecti.on apparatus accordiing to’cldim’2,

1

18 Con¥dst i on

nonitoring neans is re transducer. 12. Fault detection apparatus
accgrding;%e~crérﬁ71%ﬂj§essu mhlch the.flue gas nDn|tor|ng means. isa .

t enmper at ur A"
further co%ﬂg for predicti'ng 5 be t enpéf at ur € 'of
by- product s | Ue gas) exiting the conbust'ion chanber based on the

calorificxval ve of the fuel/oxygen containing gas supplied,

and neans for

compar i ng NG 3208908 rae k6! erlo! ORSLAL LEES urne?w&gc' ng an output 5

i n dependence “upon t on na

fault detectigon agRanat L@e@@@@j; 9-3PYs O
nmet hod of detecting departure from ? 5 8 has

sys

en1conpr|5|ng

19 148 515 A

eterm ne ope at | on O% a buf ner

system i ncl ugiigha thebuipeRidatingC RRERS! comp@iBELS id@ns ToR 'SRk i hie
rate fluid fuel is supplied to the conbustion chanber; nonitoring the rate

from a set of values reference values appropriate to the

5 temperature sensed.

7. Fault detection apparatus according to any one of the

preceding claims, in which the oxygen-containing gas is

air.

8. Fault detection apparatus according to any one of the

10 preceding claims, in which the signal generated is further

dependent on the magnitude of any difference between the

reference values and the readings from the monitoring

means.

9. Fault detection apparatus according to any one of the

15 preceding claims, in which the reference values are

indicative of conditions for complete combustion.

10. Fault detection apparatus according to any one of

claims 1 to 9, further comprising means for monitoring the

flow of combustion by-products (flue gas)

20 combustion chamber.

exiting the

11. Fauﬁt detection apparatus according to claim 10, in

which the flue gas monitoring means is

transducer.

a pressure

12. Fault detection apparatus according to claim 10, in

25 which the flue gas monitoring means is a temperature

sensor.

13. Fault detection apparatus according to claim 12,

further comprising means for predicting the temperature of

AMENDED SHEET



" oxygen-containing gas is supplied to the conbustion chanmber; characterised
by conparing the rates nonitored with reference val ues of ‘fluid fuel supply
and, oxygen 15 contai ni ng gas suppl y indicative of - predeterngtned
operation, and generating a signal in dependence upon the ¢onparison, gade.

18

combustion by-products (flue gas) exiting the.combustion
chamber based on the calorific.vaIVe of the fuel/oxygen
containing gas supplied, and means for comparing the
sensed and predicted temp;ratures and producing an output
s in dependence upon the comparison made.
14. A burner system comprising fault detection apparatus
according to any one of claims 1 to 13.
15. A method of detecting departure from predetermined
operation of a burner system including a combustion
10 ¢hamber, .comprising: monitoring the rate £fluid fuel is
supplied to the combustion chamber; nmnitoring the rate
oxygen-containing gas is supplied to the combustion
chamber; characterised by cdmparing the rates wmonitored
with reference wvalues of fluid fuel supply and oxygen
15 containing gas supply indicative of . predetermined

operation, and generating a signal in dependence upon the

comparison made.
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