
EP 0 242 946 B1 Description This invention relates to the calibration of
combined oxygen and combustibles analysers. Many known volatile atmosphere
processes, such as those carried out in boiler furnaces and coal pulver- 5
isers, require constant monitoring to detect potentially flammable or
explosive conditions and alert an operator to such conditions. Presently,
several systems are being used to monitor potentially dangerous coal
pulveriser atmospheres. Thermocouples and infra-red gas analysers are two
systems used to monitor pulveriseis. A shield is needed to protect these
systems from the corrosive coal particles In the coal pulveriser. The
shield reduces heat con- 10   duction to the thermocouple system, thereby
reducing response time. Infra-red gas analysers need to condition the
sample gas, also decreasing response time and sensitivity. A more reliable
method used to monitor volatile atmospheres in coal pulverisers is to
provide signals in- dicative of either oxygen, CO, or both. A certain
quantity of each of these elements in a a volatile atmosphere becomes
indicative of the presence of a hazardous condition. Combination
oxygen/combustibles analyser. 15  such as the Model OL230 supplied by
Balley Controls Company, a division of The Babcock & Wilcox Company, are
used to provide such signals or  combinations of them. These analysers must
be calibrated frequently to make sure that they are providing an accurate
measure- ment of the aforementioned elements In the volatile atmosphere.
Presently, the calibration procedures for such analysers are not automated
with the entire analyser control system. 20      The present method for
calibrating these analysers Is manual. An operator manually introduces a
test gas into the analyser, maintaining the air pressure as if the analyser
was in operation. While maintaining the test gas pressure, calibration
potentiometers are manually adjusted and test voltage outputs are monitored
by hand-held voltmeters until desired calibrated outputs are attained. A
known method of calibrating a combustibles signal consists of Introducing a
test gas into the analyser 25   and maintaining the sample, air pressure as
in  the manual calibration of the oxygen signal. Zero and span (max- imum
scale value) values from the test gas are  adjusted by an operator. The
incoming sample signal Is then calibrated according to these adjusted
alues. The known calibration systems for combination oxygen/combustibles
analysers are also manual. This in- hibits the calibration f a plurality of
analysers by one operator. The oxygen calibration operation requires at 30
least fifteen minutes of operator time. This manual operation introduction
the possibility of operator error and does not allow  for repeatability of
zero and span values. Further, the calibration of both combination and oxy-
gen signals is not controlled and thus hinders a plurality of analysers
frim being calibrated  concurrently. United States Patent US-A-3,924,442
describes a system for continuously measuring volumetric concen- trations
of gas which is automatically self calibrating and will correct volumetric
measurements to a predeter- 35   mined reference level. The system
generates signals in response to zero and span gas phases which signals are
used to generate motor  for resetting potentiometers controlling the gain
of an analyser in order to adjust the output thereof. Since however, the
oxygen signal can  drift can significantly out of calibration before an
operator becomes aware of the need for recalibration a significant error
with the oxygne signal is generated by the drift before 40  it is detected
and corrected. According to a first aspect of the invention there is
provided an automatic, periodically calibrating system for continuous
output,of calibrated signals from a combined oxygen and combustibles
analyser comprising: a combined oxygen and  combustibles analyser for
sensing a level of oxygen and a level of combustibles in a volatile
atmosphere and for producing a first sample signal Indicative of the oxygen
level and a second 45  sample signal indicative of the combustibles level;
means for introducing zero and span calibration test gases into the
analyser;. and , means for perlodioily calibrating thie analyser including;
.. (a) a data cdnttii unit for.automatically controlling the calibration,
of the analyser,. for presetting optimum .zero and span valuesfor oxygen
and cpmbustibles, and for presetting alarm limits for oxygen and com- 50
bustibles;   . (b) a timer unit connected -to the data control unit for
setting discrete time intervals to activate the means for Introducing, the
zero and. span callb~ration test gases.,into the an~alyseor;..:-.. : (c3 a
mechanical' unit conniected to,.the.,tim~er unit and to t~he a, n.alyser,
for introducing zero and span cali- fbration testsgastegsaintothe alye
,to:    ,,  , 55  :   (d) means for calculating z'tero aznd san vcalues
lforoxenand combustibleswile the ealibraton testgases are introdu~edD
,Pinto the apaiyser (e). mpans for comparings    J  lculatad zero and
spanvl.esfor ogen and combustibles to the preset alarm limnits .frxe'nd
iobn sties, ,. 2   



.EP0.242 946 B1 (f) means for adfivating an operator 'alarm if the zero and
span values exceed the preset alarm limits for oxygen and combustibles; (g)
means for calculating oxygen and,'combustibles drift adjustments based upon
the zero and span values . for oxygen and cornbustibles obtained from the
calibration test gases, and-upon the-preset zero and span -  5       values
for oxygeWY and combustibles; and (h) a memory unit, connected to the data
control unit, and to the means setforth in (d), (e), (f) and (g) above, for
storing the ipreset qoibur .zero and :span values, and the alanm limits;
and means for applying thB oxygen andecombustlblesedriftadjustments
concurrently to thefirst and sec- ond sample signals, according
opredetermined mathematicl relationship, to obtain calibrated output 10
signals indicative'of the oxyger and combustibles levels In the volatile
atmosphere. According- to a s~~co'nd aspectof t~l inventlon there is also
provided a method of automatically and peri- odically calibrating output
signals from a combined combustibles and oxygen analyser comprising the
steps of:      . . . , :  .::: .. ;  .;  .    .             .  .   .
.   .: . providing a source otptdet rtnln'd time sequenced control sinals;
15        purging the analyser by baciflushing atmospheric air through the
analyser for a predetermined period .In response to the control signals;
establishing a signal Indicative of the end of the purge; Introducing a
zero callbration test gas to the analyser In response to the signal
Indicative of the end of the purge and providing a signal: indicative of
the end of the zero. calibration test gas Introduction; 20
Introducing a.maximum scale value calibration test gas to the analyser In
response to the signal Indi- cative of the end of the zero calibration
testgas'introduction and providing a signal indicative of the end of the
maximum scale-valuecallbration testjgas Introduction; and adjusting an.o
outputof.thqe an 1yseprto read zero.and maximum scale upon the signal
Indicative of the end of.the span gas.9000ro d4ictin.. 25      A preferred
embodimnent of the, present Invention descrlbed hereinbelow overcomqsor at
least alleviates the problems assodIated with tbe non-814tomated control
syste.ms for oxygen/combustibles sensors by prov1d- ing an improved safety
monitoringsystem ,or ,oxygen and combustibles analysers using automatic
calibration. The preferred system. oordinates an automatic periodlc
calibration system with a signal sensing and safety alarm system to.
proyldef anetirt--o#p reItrngtaiarm/callbration syste, foroxygen and
combustibles analysers. 30   The system calibratesboth the o.ygenand co
bustibles signals in. a. fully automated fashion. A calibration procedure
is in~itiated automatWcally o'n.apr~dptemiined interv,,als uchaa every
twenty-four hours. The calibra- tion is performred poncurrently onthe
x.gen,signal and the combustible.signal. Furt, an alarm function Is set
Into operation wherNeop r calpbrated. zper. and span values go,
beyonda,,preset ilmiLt.he preferred system then ensu~re$ th~at ,aqaccurate,
hds-oIff calibration wilt beperiodicaliy perormed.jT e preferred system Is
35   an accurate and re!iaie automnatic calibration system which
periodically calibrates theooxygen signal of the
oxygen/cjornbustIbleoarnalyse. 94 oordiat.es It into a total contrl.system
for monitor/alarm/calibration of an entire safety monitoring unit. Further,
the proeferrer system automatloaly"adjuste both thspan and zero values both
the .xygen.and combustibles signals to minimise the effect of drift on the
current analyser signal. The invention will now.fi-ther deoscribed, ,by way
of illustrative and non-limiting example, with reference 40  to the
accompanyinfg drawings, in.which: . Figure 1 is a sch.,Patic dirawlpf ,an,
automated calibration control system for oxygen and combustibles analysers
according tp a prefered e(mbodiment of.the present linvontio n; Figure 2 Is
a schematic view of control logic for a data control unit and a mechanical
unit shown In Figure 45       3is a~qd  aganfor. ao
sh~~owninfigure~l; 4 Fiure 4 is a loo'ic.diagram.    logicunit Figure:  Is
a loic diagramfor an oxygen signal unit shown In Figure 1; Figure 5 is an
o~ge!n .calibration.graph used by the oxygen signal unit of Figure 4;
Flgure 6 Is a logic diagram for.a combustibles (CO.) signal unit shown In
Figure 1; and Figure 7 is a cohmbustibles calibratlon'graph used by the
combustibles signal unit of Figure 6. 50     , Referring nowito
herawingsgenerally., witi particular reference toFigure 1, an automatic
calibration sys- tem orcalibratin .control systemI i naudes a known process
control computer 12, suc' as a Bailey Controls Company Model. N k 90, and a
known oxygen/combustiblesranalyser 14, such as a Bailey Controls Com- pany
Model OL230 as .analyser; All operations .and calculationskpoeormed by the
cornputer 12 use known hardware/firmward algorithms. Thqe aris  are called
funtion block units.orfunction blocks because 55   each algorithm p4rforrs
aspecifi.foctlon.i The h'ardware/firmtwar usedby the function blocks
includes com- bin, ations.. of microprocessors with Internwal.,
unchangeable opeoomands to perform the desired function and will
be.referredt'o, as' units. *  More particularly the systeM 10 incudes a
data control unit 16 which energbss a mechanical unit 18, by 3 



EP0242 946 B1'. way of a timer.unit 20, allowing a manual input of data to
be microprocessor memory unit 22. The mechanical unit 18 allows calibration
gases.tq be introduced into the analyser.14; The memory unit 22 provides
storage for and access to a l(i.necessary values:usedi. .by the entire
system 10. The timer unit 20.1. an Internal digital clock circuit which
controls all timing functions needed by the syste m. 10. A logic unit
24'receives Inputs from 5   the memory unit 22 Maid alerts an operatlor if
the Inputs go beyond preset limits for zero and maximum scale (hereafter
referred to as span) and: erforms calculatIons needed by a cornbustibles
(hereafter referred to as COJ) signaI unit 26 and an oxygon.(he
reafterhreferred to as.02) signal unIt 28-.The signal units 2 and 28 re-
spectively perform theactua caltibratio.n` on a.CO Indicating signal 30 and
an 02 Indicating signal 32, originating from the oxygen/combusitibles
anhalye 14... 10      Referring now to Figure 2,,.the data .control unit 16
has a.manua1 data input station 34. The manual data input station 34 may be
:a lnown otornputerlsed .diata Input keyboar.d'or a'ny other known manual
data Input ap- paratus. The manual~data input statlroni34 allows an
operator to selectively set the control unit 16 In an auto- matic mode 36,
or.tdstarta ca ibfatlon sequenc manually.throughi a manual start button 38,
to presetoptimum zero and span values for C'o: -(40,44) 'rid Oi(42, 48),
respectivel, and to preset alarm limits 50 for the afore- 15   mentIoned
optimum.zero and span values. The preset values 40,42,44,48, 50 may be
tuned or adjusted by the operator at any time through thermanual data Input
station 34. Usually, the control unit 16 will be set in the automatic mode
36. When In the automatic mode 36, the ana- lyser 14 will be calibrated on
a twenty-four hour interval 52. The Interval will be maintained by the
timer unit 20. The timer unit 20 provides that a calibration sequence will
be peformed on the analyser 14 every day to 20  ensure the accuracy of the
oxygen and combustibles signals 30,32 originating from the analyser 14. The
man- ual start button 38 may also Initiate a callbration sequency and will
override the timer unit 20 to enable a cal- ibration sequence to be
performed at any time desired by the operator. .When .a calibration sequeny
is in~itia.ted either.by actuating the,manual start button 38 or by the
timer unit 20, an energise signal 54 is sent to the me.chancal unit 18.
aong a line 56 from the process control computer 25  12. The
mechanical**nit18 is physically attached by any known method to the
analyser 14. , ,The mechanical unit I8egins the callb.ration sequence by
performing a cleaning operation 58 on the ana- lyse!r 14. The
cdeaningq.operation 458is called a .puffbackc. In this. operatlon, the
mechanical unit 18 forces air back through the analyser14 to clean.tfhe
analyser 14. The deaning operation 58 Iscontrolled by the timer unit 20 to
continue for. a perlpd of ten. .cond      .. 30   ,When the
clean.og.operatioin 58 Is cplete, known solenoid vai.ves60 and 62 were
energised to open by a control signal 64 ailowing a zerOqalbratlon gas.66
toflow' through a flowmeter 68 Into the analyser 14. The gas 66 flows
throughthe analysferA1_4for a.seven minute Interval 70 as controlled by the
timer unit 20. The timer unit 20 s   ends acntrol ,igna-7-i Jpennrglse the
valve 60.q Wn th eseven mIunte Interval 70 Is over. The gas 6,6, used fo
zero .calibration, sua.y .consists of 1.0%. 02 and0 ppm COPt 35      During
the sevein-minute. nterval!7Q zero value signals for COa an6 d 0 as sensed
by the analyser 14 are sent along a lIne. 72 to the t.Mputh'412. Whe6nthe
seven minute Interyal 70 is over, siggnals 74, 76 (Figure 3) indicative of
aone minute movingave rge of zero values for bothC O. (74) and 02 (7.) are
calculated by an internal averaging fqnptlon blocK unt 78 of the.computer
12. The signals 74 and 76 are then sentto the memory unit 22.along a
line.80. .                  . 40      At the end of the seven minute
interval.7., a third solenoid. valve 82 is energised by a control signal 84
originating from the timer unit 20, aiowing a. span gas 86 to flqow through
the flowmeter 8 to the analyser 14. The span, gas 86 usually contains 0.
,02 and 250 ppm CO.. The span gas 86 flows through the analyser 14 for a
five minute interval 88.At the end of the five minute Interval 88the timer
unit 20 sends a control signal 90 to deenerg!se the .alves 68 and 82. ...
45      Dur1ng the flive.n1inute nterval 88, span yalues for CO. and 02 as
sensed by the analyser 14 are sent to the                       72. When
the fife miute Interval 88 lapses, one minute moving averages of span
values 92, 94'Figur6 3) for CO. (92) and 2 (94) as sensed. by the. analyser
14 are calculated by the aver- aging function .bkiock .b nit 78,-of the
comter 1'2: The averages 92 and 94 are then sent to the memory unit 22 of
the computer 12.along the lIne. 80. TheIahnalyser 14 then returns to
analysing a sample gas 96 from a coal 50                         and    th
of COrndnd 02 cont, 3Q and 32 respectively, to the CO. signal pulveriser98
pog~ng tesgnals hIndiativd fCad0  ot unit 26 and the 0z signal unit 28,
respectively. Referring nowt Xigure 3, when the idat cojntrol unit 16
energisee the mechanical unit 18, it also energises the memory unit 22WTlis
allowas i e CO. and 02 zero values, 74 and 76 respectively, and the CO. and
02 span values, 92 and 94 respectively, to be1stored in.thq memory yunit
22. 55   ;  When the mein .o~ry. purit ,22 redeivsthe zero, values 74, 76
and the. span values 92,94, the logic unit 24 accesses themn. The logic
uriit.24 first' op ares the values :74, 76, 92, 94 to the preset alarm
limits 50 in a 



compare function bikk unfit 100ifQ. any ofthez6ero or span values 74, 76,
92, 94 for CO. and 02 are above their respectiveaar l   s 50 a  m02 wIll
alert the operator to aI Inferior calibration condition and he 4 Ii~,
.   -           .:    : .    :EP 0.242 946 B1 will take steps necessary
to.C  Cot it, including but not limited to a. manual adjustment of the
analyser. These instances are rare due to daily calibration and! the daily
cleaning operation 58. The logic unit 24chen performS S' acalculation using
the values 74, 76, 92, 94; the preset optimum zero val(ues for CO. and R.
40 and 42 resp~ee-tively; and the preset span values for CO. and '2, 44 and
48 respec- 5 tively. The preset valups 40,42,.44, 4.are accessed from the
memnory unit 22. The calculationsare performed in difference functl blocc b
units'-104ianed 1 06 and a dividing fun'ction bloc unit 108. The same
ealculation Is performed on 'both the CO.Ialues 74,92, 40, 44 and the 02
values 76,94,42, 48 according to the following equation.
- Da= - 10 where:, Da  drift adju'tm       '".. P'. preoet spOaJn IvalueI
(CO.44-48); ..02.4 *   presetzerovalue ( 0.-40 Or42): 16,:           As=
acatual span value (C:O.-9'2 02 94); and The '    A. 0 actual zerovalue
:'(CO.-74 02-76). The logic unit 24 sends calculated drift adjustments
DaCO. 110 and DaO2 112 to the CO. signal unit 26 and the 02 signal unit 28,
respectively The drift adjustments DaCO. 110 and Dm02 112 are drift
adjustments to-be applied to the CO. and 02 sample signals 30 and 32,
respectively. The drift adjustments 110 and 112 20   minimise the drift of
the zero values 74,76 and span values 92,94 from their prese values 40,42
and 44,48, The 02 signal unit 28, which may be embodied as shown In Figure
4, takes the DaO2 calculation 112 from the logic unit 24, the Q2Pz.vafluA
many. theeOzvalue a78from the memOry unit 22, and the. 02 uncalibrated
sgnal .32 froom the anilyseri4Ad.P ndte following calculato1 n on them; 25
-       ;              . .  O2C5al = Da(02s) ' .P -  Da(A: where: -   2.. .
. - *: 2C~al  c!ibrated 02 output 114; . .:   . .. . Da
-driftladustmle~nt:112.  ........:; ..  ;i ....-; 02s -;2saMple signal-32?;
-.-. 30                = preset 02 value 42 'and A= actual 02 zero value 76
- ' 'n-: The calculation to arrive at the' calibrated '02output 114.is
achieved by proportional function block units 116 and 118, a summation
function block unit 120, and a differenc function block unit 122 The output
114 Istcoptino~us!y.Wofiltored in a compare function block unit 124 to
ensure that the coal pul- 95  verlser98 being monltrvd doesotgo into
a-ptentiallY dangerous situation. When the output 114 goes above its preset
alarm value, the oppr0ralrted of the dangerous situation by an alarm 126
and can take nec- essary steps to stabiisS the coal pulv.eris& 98. The
output 14  sent to a knowb chart.recorder 128 and also may be displayed on
a known cathode ray iube. monitor 130.. 40      The 02 signal unit 28
Qreatesa calibration line graph 132, depicted In Figure 5, through its
calculation. The Raq2 value 112 is. actually a proportion of error between
the preset optimum scale and the scale the analyser 14 is outputting. The
Ia02 value li2Js thi@ multiplied by the analyser 02 output 32 to arrive at
the calibrated 02 output 114 with an offset added in for the preset zero
value 42. The calibratin graph 132 depicts the call- brated output 114,.
equql to .17.6250/%n 02 content, for the.given unpcalibrated
.nalyser.output 32, equal to 19% 45  Oz. This calculation1! performed
continy on the uncalibrated output 32 to give the. continuous calibrated
The CO. signal unit 26 which may be embodled as shown in Figure 6, operates
in the same fashion as the 02signal unit 28. The CO.signal unit26uuses the
samecalculation used inthe 02signal unit28, butperforms this calculation
using tb'e.'G  'value- 30, 74, 1i O. This calculation hasi no zero offset
added in, however, be- 50  cause the preset zerovalue 28is always zero;
This calculation is performed In a difference function block unit 134 and a
proportional function block unit 136. The CO, signal u'nit also uses a
compare function block unit 138 to monitor a calibrated GO sIgnal.1'40 and
alert the operator to a dangerous condition by an alarm 142. The.calibrated
CO. signal 140 may.also be displayed on the cathode ray tube monitor 130 or
the recorder 128. A Co. calibration graph 1.44s sshown inFigure 7. 55 



~~~~~~~~~~~5                        5     U;^..j.....      .....:-.:    ;
-   - -. . .EP0 242 946B1   : Claims        . 1. A automatilc, periodically
calibrating system for continuous output Of calibrated signals from a
combined oxygen and coibustibles analyser compreising: n pa combined:oxygen
and combustibles analyser (14). for sensing a level of oxygen and a level
of combustibles in, a volatile atmosibtiere and for producing a first
sample signal Indicative of the oxygen level and a second sample signal i
dicative of th combustibles level-1 means (18) for itroducng zero and span
calibratin test gases into the analyser; means for periodically calzbroting
tle analyser lncluding: 10       (a) a data control unit(1,6)
forautomatncally controlling the .calibration of the analyser, for
presetting .optimum zero and span valuesfor oxygen and combustibles, and
for presettingalarm limits for oxygen and combustibles;-I  iceet (b) a
timer unit (20) connected to, the data control unit for. setting discrete
time Intervals to activate the ^.    means for introducing the zer"o and
span calibration test gases into the analyser, 15        (c) a mechanical
unit (i 8) connected to the timer unit and to the analyser for Introducing
zero and span callbratioA.t'st gases Into the analyser;, (d) means (24,26,
28) f6r calculating zero and span values for oxygen and combustibles while
the cal- ibration test gases, are introduced.Into the analyser; (e) means
(24) for comparing said calculated zero and span values for oxygen and
combustibles to the 20         preset alarmr ijnits for oxygen and
combustibles; (f means (24). for activating an. operator alarm If the zero
and span values exceed the preset alarm limits for oxy gen. and.
com~bustibles; li(g).mits.4) for calculating oxygen and combustibles drift
adjustments based upon the zero and span values for oxygen and combustibles
obtained from the calibration test gases, and upon the preset 25     ~~zero
and'span values for oxygen: and,.combustibles; and 25  -,  .zr( awl
(2, cntd haa control unit1 and to the means set forth in (d), (e), (f) and
-~~~ ~~~ 2.  ok                                       3 6  6t tem -a
medmto, sai.   coe ignaod to s04aid control unit, ,sgniunt (g) 40oVO, 3or
storing the pre3,toptimuzero and span Values, and the alarm limits; and
otear 2     ,8r        nto and combustibles drft  adtnts oncurrently to
thefirst and aecond gampea for aligngs according to a prednetmined
mathematical relnip, to  tai 30          calibrated  output signals
indicative of -the oxygen and combustibles levels In the volatile
atmosphere. 2. - A system according to ilaim 1i,.wherefl the means forcal
cuatingizero and span values for oxygen and combtistiblSwiletecflrts  ts ae
are Int  u.roducedinto the ainaly'ser comPW!es: an oxygen signal unipti (2
ese) for calulating acalibatedutputsigna    ce oxygen lnevel in the  IbIon
test gases andloutputtiw g the same, acomb~tibles sinal unit (26)for
calculating a calibrated output signal Indicative of the combutbe lee
ntelbaints  ae  n  uptig thie same, and a logic unit (24) con- nected
tosadoynsinlui ntisadcmutbesgal unit. 3. A system according todclaim 2
wherein the oxygen signal unit (28) and the combustbbles signal unit (26)
each. further comprisea comparng unit (124, 138) for coMParitug the
calibrated output signals Indicative ofteoye4n0obutbe eest h preset alarm
limits for oxygen and combustibles, respec- of~~    ~; the AkyCOn aif
AdoliiCObei 'Id, to the          AO >~~~~~~~~~~~~~~~0
ofwherc m e.in    unt    In iae :tha:t.......-. tively, and'Alarming- means
for alerting an6 operator wheflever eteroftecmangutsIdaesht
thecalibratedoutput signalustidctive, of theoxygen
andcombustibleslevelsareabovethepresetlimits. 4.. A system according to
claim, 'Whjerein the data control unit has manual Input means for Inputting
the 45    ..optimum preset Zero ard; span values of oxygen and combustibles
ard a manual override capability to allow an opertator to commences
aidallbrdtlon sequence., S. A systeimaccordingtoqlpi  we     h ens for
calculatin the oxygen and combustible signals drift ..adjustments applties
the folwng mathematical relationships. 50                          -P~~~~~~
PCa*  P  PCOO.  D~p802 P-  2 DaC~e~A~  - A~C0.              A02  Az02 '
where: D PCOe       Drift Adjustment for Combustibles (Co.) D.02   = ~Drif
t Adjustmcent for -xy. n 02 PCQ,  ~ Preset  Span verve (fr O. PAO
i~ee  pan Valvre (for O2 



PC0.    - preset Zero Valve (fr Ca J. 6    EP 0 242 946 51
11111131111111111111111111 lII *   C   L  M   S P02       = Preset Zero
Valve (for 02) A3CO.     = Actual Span Vatve (for CO.) A,02      = A6tual
Span Valve (for 02) A1CO.     = A       rtual Zero Valve (fo' GO.) 5
AP02       = Actual Zero Valve (for 02). 6.  A system according to alam 5
wherein the oxygen and combustibles drift adjustments are applied to the
first and second sample signals according to the following mathematical
relationships: -:02Cal =.X02 x (028) + PA02 - D.02 X (Az02) 10
.C. GO. Cal - D CO.(CO.s) - D    xCO. x (A.CO.) where: 02 Cal
calibrated Q2 output CO. Cal  -  ;=caolbratedCNd output DCO.       -  Drift
adjustment to CO. 16   D.02   -:=.Drift adjuiitnfentto 02 CO's           C
Co. sample slgnal 028          =02 sample signal Pz02         = Preset 02
zero valve AzCO.        - Actual CO. zero valve 20      AzO2          -
Actual 02 zero valve. 7.  A system according to claim I wherein the means
for periodically calibrating the analyser further com- prises a puffback
cleaning unit for performing a cleaning operation In the analyser for a
duration long enough to purge said analyser before Introducng the zero and
span calibration test gases Into the ana- 25      lyser. 8. A method of
automatically and peribdiCally calibrating output signals from a combined
combustibles and oxygen analyser c riprising the steps of. providing a
source of predetermined time sequenced control signals; purging the
analyser by baciflushing am  Usphericairthrough the analyserfora
predetermined per- 30      lad in response to theerconttor signals;
establishing a signal idicative ofthe end of the purge; introducing a zero
calibratin tes-t gas to the analyser In response to the signal Indicative
of the end of the purge and providing a signal indicative of the end of the
zero calibration test gas Introduction; introducing a maximruh scale value
calibration test gas to the analyser In response to the signa 35
Indicative of the*end of the zero calibiaton test gas introduction and
providing a signal Indicative of the end of the maximum scale-value
calibration test gas Introduction; and adjusting an oututut othei analyser
to read zero and maximum secale upon the signal indicative of the end of
the span gas intrbduktion. 40  9.  kmethod according to claim 8 Wherein the
zero calibration test gas is concurrently made up of a gas con- tent of 0
ppm combustibles and 4.0% oxygen. 10. Amethod according to claim 8 wherein
the maximum scale value calibration test gas is concurrently made up of a
gas content of 250 ppm comibustibles and 20.9% 'oxygen. 11. A method
accorrnding to clairm8 wherein a-first sample signal indicative of a level
of oxygen in a volatile atmosphere and a second sample- signal indicative
of a level of combustibles in a volatile atmosphere are adjusted
concurrntly. 50 Patentansprche -- 1.  Automatisches; periodisich ehendes
System fOr kontinuierliche Abgabe geeichter Signale von einem kombinierten
Saue~rstoff-: i~~~iitbf~lsnea mit: einem kombinierstenf ngeuritoff- und
8~zumtoffAnalysn t (14) zumn Abfl'hlen sines Sauerstoff- gehaltes und sines
Bronnstiff gebgites.in einerflflchtign AtospdhAre und zur Erzugung sines
den Sau- erstoffgehalt 0!1llgenden er~ten rbensigfals und eines den
Sthrlnhtoffgehalt anzeigenden zweiten Proesina.        -        -
7 -: .  : --       . :7; :   



6~~~~~~~~~E  0 242 913.1                      :        L  . einer
Elnrichtung (18) zur Ehfqhrung von Null- und Spannweiten-Elchtestgasen In
das Analysen- gerat,       -                                            S
..  .. Elrichfungf.lzunm periodiscienl Elchen des Analysengerates mit ({a)
einer Datensteusreifiheit (16) zum automatischen Stbusm der Echung des
Analysengerates, zur 6          Yoreirstellung optimnaler Null- .und.
Sannweitenlweru  f hr Sauerstoff und Brennstoffe und zur Vorein- steliungS
von Alarmgrenzen f r Sauerstoff Ynd Brennsltoffe, *(b)
einerZeitgebereinlhelt (20),.die mit der Datensteuerelhweitverbundel bst,
urn elnzeilne ZeitintervailO ;           oejnzustellef undso die
Elnrlchtufl9 zurnEnffhrulg derNull-.und Spannwelbn-Ekhtestgase Indas Ana-
lysengerat zu akstivierenz   a :  , r ' . ,  .t'n:eval' 10         (c)
Siner mechaniSsc h  Einheit (ISY, die rit der Zeitgebereniflh5 und dem.
Analysengerat verbueden ist, urn Null- uhrld Spanriweitenchtestdase in darn
st aiyreigno ft t ernzufshrefI, (d) einer EinlchtUgbg.(24,; 268 hzur Bersch
nung von Null- ufd Spannwelten-weten fOr Sauerstoff und Brennstoffe,
wjhrend die . ichtestgisS .In das Analysengerat eiflgefflhrt werdenl, (a)
.einer Einrltulg (24i z~um Vergieichefl dieser berechne.tenI Nul- und
Spannweitenwert ffr Sau- fS         erstoff und B~rennistoff~e mitli~en
voreingestalitofl Aiarmngreflz.en f Or. Sauersetoff und Brennsatoffe, (f
eilner Einrictung (24) zuiri Aktivieren sines Personalalarms, wenn die
Null- und Spannweflbnwerte die voreingesttellbn Alarmgrenzen fr Sauerstoff
und Brennstoffe Gberschreibt, *. (g) einer Einrichtung (24) zur Berechnunig
von Sauerstoff- und   demffltoffabweiheinsbiungsn auf der Basis der Null-
und Spannweiten Ine f~r Sauerstoff und Brennstoffe, die man von den
Eichtestgasen 20         erhlt, und auf der Basis der voreingestellten
Null- und Spannweitenwerte fhr Sauerstoff und Brenn- stoff e und  . :- ..
. .(h) ener Speichereinheit (22) die- mit der DatenstUerefheit und mit den
In (d), (e), (f) und (g) oben apgEgilr Pfl -, i lrjchtIngef!. verbunden
ist?,urn .die v.  e igesteiltb  optimilen Null- und SpannweiteflwOetS und
die AiarmlgrenIzeln zu speichern, und 25             . :einer  :Einrichtu
ng . !' 24,.  26,:-  28)   zur . Anbringusg   der   Sauerstoff-   und
BrennstoffabYwichehifteilungenf geilchzsitig an den ersten ynd zwieibn
Probesignaleni gemfiB dlner vorbestimmt* ; cmatbetiemcjef Bezie iung, urn
die Sauerstofef-   und Bre nnstoffgehalb in derfl~chtigen .(spha I .
ansigfen. geeic0htergnng ssignaten zu erhalteni. ertmof8Pnd B
nzzn ffir.Sgu- 2.  System nachA tnspruch i, beT de'm die Elnrichtung zur s
aeremhnung von Null- und Spannweltenweren fOr Sauerstoff und
irrennstoffe,:wahreno die Eichtestgase in ?di AffaIye elfrachtung
erngefOhrtWerdert sine Sauestoffsignarleinheit (28) zur Berechnung sines
den Sauerstcuffgehan t in den o ichtestgasen anzeiger- den geeicliten
Ausgangesigflaie und zurAbgab5 desseibeni, sine 5brefl~toffslgign8ehfheit
(26) zur Bersch- nung sines die Brennstoff          indeif Eichtetgfseun
anznelgen dei geelchtenv Ausgane gssignas s 35 undhzurAbgt be ddereBsisoder
eoreinesLogteinheit (24)N udi Sne wrf Sauerst        offi  nleinheund der
Brenn- stoffeigfaiindheWYvrbundeh lt uLt; 3, System nach Ansprucii 2, bel
dein die Sauerstoffsigflniflehelt (28) und die Brennstoffsignsleifinheit
(26) jeweis weiterhirsine V2ergle2hsedhiet (124, 138) zun Verginicheni der
die Sauerstoff- und Brennstoff- gehalte anze~genlden geeicfti
kusgalgssigflale mit tien voringestbiten  larmgrenzlen fOr Ssuertoff bzw.
Brennstoffe sowi dine Alseflminreitung zum Aiarmierinu von Personal, wann
Immer eln der Ver- gleich2ei5h tEin anzeigt, dag dide dje Saurertoff- und
i~renstoffgehalt5 anzelgenden geelchten Aus- gangssignlale ojerhalb der
vorein~estel~ten Grenzenl Iegen, umfas~sen. 4. System nach Anspruch 1, bei
diemdtie tyatensteueerenheit ein'e manuellS Eingsbeeilnhelt zum Eingebenl
der optimaleb t.*.reingsteltel bNull- und Spannweitenwerte v. Sauerstoff
und Brennstoffel und sine manuelle s tpaigerunlgsfI11igke i'tieuzi es sinem
Betatigerzu erlauben, sine Eichsequenztzu beglneigen. 5.  System nach
AnspruCh 1, be demdie Ehrichtung zur Berechnung der Alcn     der
Sauerstoff- u   nnstafrfsignaie die faigenden matheflatisahen.ezlehulgef
anwendet 50            .                    a:=PDcO. - PZCCOe;o          P8
=A02 - P/2 ...:-i;.. .            - :. AO. --      ,: ,C .    ,,:.=::,:
DuCOe         undsernd-dii ficr Brenlstoffe (CO. ) DSO2   -
feihurSauestoff(02).. 5s  P CO.   . . =vcrgesteliltr pafnweftnwet (fur
CO.). P502     :-var,,ngesteiltet S panhlW ntOflet (fu Or  i:-) PrCOic. .
A voreingstelitetNullwirt (furWt.)  :  . . .,.gc t ' ,  ,  ,,  ...... '  ,
j,  .:   . '-'',';. ,  F'  i.'''on *  .  :   .  .;    :; . -;      .     ;
> ,u   *           .      ,         d1'E .,, ....en.. ,z* ,,,. .,
..g.el..t.. -A-,gang-s..g. .. - ~~~~~h~t2).d . .  . .......t f.8.gn. -
,he.nd.e .en-  :... 



EP 0 242 946 B1         I '             "-" *   C   L  M   S   * PzO2
= voreingestelitr Nuliwert (f Or.02) A.COO    'tatsachlichir
Span"lweitenwert (fOr COJ: A.02      i- tatchchilohir Spannweitenwirt ffOr
02) A.CO0     =tataichlicher Nullweirt(fOrrCO.) Kr  5       Az02 . .
=tatsa~hllchir Nullwert (ftOr 02)         -               -: 6.  System
nach Anspruch 5, bei dem die ,A~beichungseinstillungenifOr Sauerstoff und
Brennstoff auf die ersten und zweiten Probensignalii genifi den folgenden
mathematischen Beziehungin angewendetwer den:          -       . - to10: '
.:: - ...... 02 C~a- =. D102 X   (02S) + PzO2 -  Dm02 X (AzO2) 1,
COe Cal. DCO.(CO.) - D.CO. (AzCO-) worm: O2Cal     = geeichb'r 02Ausgn;..
CO.Cal   =geelchtir COq sgafg: D.CO.    o bweichungseinstellungfOtCO. D02 '
'= Abweichunfgseinstillung f r 02 CO. '  = CO6-Probnsignall 02S       =.
Q2Probensignal Pz02      = voreinigistelibr 0tNuIlwirt 20      AZOS =.
tatsachlicher C0.-Nullwirt AzO2      = taotchlicheir O2Nulwet. 7.  System
nach Anspruch 1, be dipm die Einrichtung for periodische Elchung des
Analysengeraits welterhin elne Riickbsr6ifigufg8sllh'ei't Y'Ur D-
rIhfihrung einer Relnigungsarbelt In der Analysifgilt far ein 5 genfigend
iange 'Dauer'- umfalt una dms Analysngerat vor der ElnfOhrung der Null- und
eSpannweitni'chtisteas  'n das Anaiysengirat zu spAlyen. 8.  Verfahfe
zureiutoniatischesf und periodiscnhn Elchung von Ausgangssignalen von elnem
kombinlerten Brernnstoff- und 5auestoffanailysengerdt-mit den Stufen, in
denen man: elne Quele fOrvorbestimnht Ii Zeltsequenz geordonote
eteuirsignal vorsieht, 3.            das jflaly'singirttdur'h Spuhen mit
atmospharischir Luft durch das Analysengerat whrend elner vorbestimmtn t
Zeitdauer in Reaktion auf die Steuersignali spult, ein das Ende'der
Spiilung' anzeigeidim Signal erzeugt, ein Nullechtistgas In' das
Analysengerit In Reaktibn' auf'das'da Ende der Spillung anzelgenlde Signal'
einffhrt und'ein das Ende. dir ' N johtestgaseinfOhrung anzeigendes Signal
llefert, sin Skaleaxi'mumWrnti'c estgas In das Analysingerat in Reaktlon
auf das das Ende dir Nulleichtestgaseit    'anielgendi Signal einfOhrt und
esn das Ends der Skalenmaximalwirtichbtrt gaselnfOhrung anzeigiides Signal
.Refert und einen Ausgang des Araysengerati5 einstellt, um dle Null- und
Maximumnkala an dem das Ende der Spannwitengasinf;hryng anzelgenden Signal
abzulesen. 40 9.  Verfahren nach Anspruch 8, bel dim das Nulleichtbstgas
gleichzeitig elnen Gasgehalt von 0 ppm Brenn- staff und 1,0 % Sauerstoff
bikommlt.' 10. Verfahren nach An pruch 8, bel dem das
Skalenmaxlmunmwerteichtestgas gleilchzeitig elnen Gasgehalt 45      Aon 250
ppm-Brenstfd 20,9 /o Sauerstoff bekommt. 1i. Verfahren nacitAnspruCh 8,
el-dim ein den Sauerstoffgehalt in einer flfchtigen Atmosphire anzelgen-
des erstes Probensignal und e lneinen Brennstoffgehalt.in einerflOchtigen
Atmosphire anzelgendes zweites Probensigiinl gleichzeitg 'eingestellt
werden. 50 Revendlcation's':':           :" :'-: 1.  Systbme d'etalonnage
autobMatit ue, piodlque, pour une sortie continue de signaux calibr6s
provenant 55       d'un analyseur combin' d'oXyg6 it eE'di combustible
comprenant: un anslysti'r combin''doxygene it de combustible i(14) pour
d6tecter un niveau d'oxygbne et un niveau di combustible.dariisune
atmogphhli volatile it pour produire un premier signal d'6chantillon In-
dicatif du niveau. d1Oxyg&hn it ui sictaid signal d'6chantllonl ndicatif du
niveau de combustible; * -,  s .. -. ; .9    



* . 0EP 0 242 946 B1 un moyoi d'introductilo (1,8) pour i~ntroduire dans
i'analyseur des gaz d'essai d'etalonnage de zero et d'6tandU de.rnesure un
moyen d'etailonag pour _talonner de fagon p6riodlque d'analyseur induant:
(a)un module do commande de donne6s (16) pour commander automatiquement
l'6talonnage de l'ana- 5    .    Iyseur, pour pir6gler deasalaursuoptimales
de zero et d'6tendue de mesure pour l'oxygene et pour Is combustible, et
pour prer6gler des limites d'avertissement pour l'oxygefne et pour le
combustible; (b) un module. horloge (20) connacte au module de commande de
donnees pour fixer des Intervalles de temps discrets pour activer le moyen
d'introduction de gazd'essal d'etalonnage de zero et d'etendue de mesure
dans l'analyseur.: 10        (c) un module mecaniq ue    m(1) cohecte au
module horloge at a l'analyse ur pour introduire dans l'ana- lyseur des gaz
d'eseal d'etaionnage do zero at d'tebndue do mesuroe (d) un royen do calcu,
1(24, 26, 28)  W u eralcular des valeure doezero at d'eteneiue do mesure
pour l'oxy- geno etpour ls combustibie p'endandt qu* les gaz
d'essaild'htaloflnage sont presonts dans l'analyseur; (a) un moyende
comparailson (24) pour comparer lesdites vaiaurs de zero et d'etendue de
mesure cal- 15        culees pour.l'oxyge  at-pour i. combustible aux
limites d'avertissemeft prbrbglees pour l'oxygene et pour le combustible:;
(f) un moyen..d'activatiof  (24) pour activer un avertissement d'op6ratbur
ei les valours do zbro at d'Otbn- due de mesure depassent les limites
d'avertiseement prereglees pour l'oxygene et pour le combusti- ble; 20
(g) un moyen de calcul .(24) pour calculer des ajustements de dbrive
d'oxygene et de combustible en se basant sur les valeurs de zbro
etdieterndue de mesure pour l'oxygene et pour le combustible obte- nues b
partirdes gaz d'essal d'4talonnage, et sur les valeurs prdrdgIbes de zbro
et d'btendue de mesure pour l'oxygIe at popuriecombustible; et (h).un
module'de memoire (22), connecte au module de commando de donnbes, et aux
moyens indl- 25        ques ci-desesyen (.d) , (e),  et (g);,pour memoriser
les yaleurs de zbro et d'btendue de mesure op- timalee pirergl6es et les
miltes d'avertissement; et-' un moye-n (24, 26, 28). pour apptiquer les
ajustementi de derive d'oxygene et de combustible concurremmient .ax     A
preniifret second signaux d'echalntillon, en fbnction d'une relation
mathematique pridte rfiflAOpoir obtbnir doc ignaux de sortie etalonnes
Indicatifs des niveaux d'oxygene et de 30        combustibia dan, l'amep r,
volatile. 2.  System  selonia revendicationr 1, dans loquel le moyan de
oalcul. pour calculer les valeurs de zero et d'6tendua de mes'ure pour
:oxygone:etie combustible pendan.t quo lee gaz d'essai d'balonnage sont
prA- sents dans l'analyseur comrd wi:un module de signal d'axe  2) pour
calculer un signal de sortie 35      gtalonng indicat'f du m  veaul+
lid~ansies gazdcssaldw1tatna.ge etpoursortircelui-ci; un module de signal d
ignal do sortiesItionn indicatif du niveau de combustible dans les gaz
d'essai d'Atalonnage at pour sortir celui-ci, at un roduile loglque (24)
connectb audit module de signal d'oxygenS ,at audt module do signal do
combustIble. 3.  Systeme selon Ia reve'ndication 2; danisilequel ie module
dodsignal d'oxygene (28) et le module de signal de combustible
(26)icomprennenten outre, chacun, un mroduie de comparaison (124,138)
pourcomparer les signaux de sortie Mtalonnes indicatifs des niveaux
d'oxygene et de combustible aux limitos d'avertis- sement prereglees pour,
respOctivement, lvoxygbne at fe combustible; et moyen d'avertissement pour
alerter un op6ratur chaque fois 1uO l'un ou l'autre des modules do
comparalson Indlque que les signaux 45      de sortle etalorins Indicatifs
des hiveaux d'oxygene et de combustible sont au-dessus des limites pr6-
reglbes.   - .-   .x    - ..'.    .- ,. 4.  Systeme selorl l.revendicaticnh
Wdans:1quel Ie module deocommande de donnbes possede un moyen d'entree
manuelle pout entrerles, vaelurs do zero et d'6tendue do mesure pr~regloes
optfmales d'oxygene et de combustib!0, -et une possibiit' do.priorite
manuelle pour-permettre a un operateur de lancer une sequence
d'etalonnage.. 5. Systeme selon la revendicatbono 1, cian.s lequl le moyen
de calcul de reglage de la derive des signaux d'oxygene et de combustible
applique les relatlons mathematiques sulvantes 5 C,.- ,                 PI,
P 02 - PZO" 55                         *DCO,                 ;       ,2
D.CO.  ~~~~~    ACO.-A1CO.   is(CO t~ eie r~aeg   do drw pour le
combustIble  O :  ,..   ....  :. ..   .    10.: 1r  "     d ':    ' i - t
. -  .;- ".ItEP 0 242 946 51 3    1111111 111111 11111 11111 1111 



5           *   C   L  M   S DmOg: est- l r6glage de dlrive pour l'oxygene
(02); P5CO. ost la vale-ur d'btendue de mesure prbr6glee (pour CO.); -P.O2
est la valeur d'etondud do mesuro prer6glee (poure02); P2CO. est la valour
do zro prerbglee (pour CO)  :. s--P02 ostivalour do z6ro pwrbglAeO (pour
02); :- AsCO. test  valour d'etendue do mosuro reelle (pour CO.); A,02 est
la valeur d6tendue de mesure r6elle (pour 02); AZCO. est-la yaleur de zero
{eoioe (pour COJ); A102 oat lavaleur de zero reelle (pour 02). 6.  Systeme'
soon Is rovondication 5,rdan8 Iquel los rbglageade derive d'oxygene et de
combustible sont appliques aux premier et tecond signaux d' 6hantillon en
fonction des relations mathematiques suivan- t-Coal = D02X (02S) + P102 -
Dm2X(A:02) 15                                Cal = D.CO.(CO.S)  D.CO. x
(AzCo.) 00 02 Cal est ia sortie d'02 6talonnee; CO. Cal est la sortie do
CO. btalonnee; DaCO est le reglage de dbrive pour CO.; 20            DaO2
est 1l reglage doe d6rive pour 02; COes est le signal d'6chintillof ed CO.;
028 est le signal d'6cheantillon d'02; -P102 ost Iavaleur de zb&ro d'02
preregl6O 1CQ. est la valour de ziro do CO. rbelle; 25   -        Az02 ost
la. valeur do zbro rd'O2 ree.. .    . 7.  Systeme solon la revendicatlon i,
dansiequel le moyen d'Atalonnage pour etalonner de fagon pbriodique
l'analyseur comprend em outro un module ,d nettoyage par chasse pour
effectuer une operatbon de net- toyage dans l'dnalyseur pendant une durls
suffisamrnnt longue pour purger ledit analyseur avant d'in- troduire dans
ranialyseUri 1e gaz d'essai dIetalonnage do z6rot d'etendue de mesure. 30
... 8.  Procede d'etalonlnage automatliue et prbodlque de signaux de sortie
d'un analyseurcombin6 de combus- tible et d'oxygene comprenant los btapes:
de mise en place d'une source e signaux deo commiiando predbtrmines
sequences dans le temps; -do pu~rge do i'analys6eur en-falsant bouler en
retour de lair atmosphbrique dana l'analyseur pen- dant une plrlode
pr6dbterminb6e en rbponse a des signau de commando; .d'btablisterlent d'un
signal indicatif do la fin do Ia purge, d'introduction d'un gaide6ssai
d'6W1onnage de z6rodans P'analyseur en reponse au signal Indicatif de le
fin de la purge ot oe dflevrance d'un signal Indlcatif de la fin de
l'introduction du gaz d'essal d'eta- lonnage de z6ro'; d'introduction 4
dessai detalonnago de valeurs d'lchello maxlmale dans l'analy- seur, en
r6ponfss au signw; indicatif do lafin de l'lntroduction du gaz d'essal
d'Atalonnage do zero, et do d6livrance d'un signal ndicatif do Ila find
l'introduction du gaz d'essai d'otalonnage do valeur d'chelle maximale et'.
de reglage d'une sortie deiranlyseur pour lire is zlro et l'echelle
maximale, apr1s le signal indicatif 45
ded   eue do Ia fln do l'intr.oiu~ctlon do gaz d'essai i'etendue do mesurd.
9. Proc6d solon Ia revondication. 8,.dans lequel le gaz d'e~ssai
d'btalonnage do zbro ost constitub concurremment d une teneur de gaHz cie
combustible de 0 ppm et d'oxygene do 1,0 %. 0   10. Procede
seionri~areveldlcation 8, dansliequel le gaz d'essal d'etalonnage de valeur
d'echelle maximale eat constitu6 concurreomment d'unem teneur de gaz de
combustible de 250 ppm et d'oxygene de 20,9 %. 11. Proc6d6 selon Ia
reven-dication 8 dans lequol un premler signal d'6chantillon Indicatif d'un
niveau d'oxy- gene dans uno atmrosphere volatiie ot uu second signal
d'echantillon: hndicatif d'un niveau de combustible 55       dans une
atmosiphete volatilo s rWg  concurremment -   .. :; , n.   : .:  z .:  .
::  ,    -..       :    .  ...  :.1..1    


