[ eb#=OXYGEN ‘CONTENT ANALYSERS Thi's invention relates to oxygen content

i
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I ndustrial process anal yser. The use of oxygen sensors for, measuring oxygen

concentrations in natural gas fi re&ggﬁmﬁ : V\Rngkﬁcfrm ors
are used for processes fired with=* %g]fuels, errors i

accuracy can occur due to SQ2, [err] other conbustion by- products. The -
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much as 35% anckygehesenpersh| dmpartitudariexygen semsorsshichanayr bbisgitable for

descri bed algoveusé' tin HadsfGtiviAintd, i NCrease the operating tenperature of
t he sensor. “One approacﬁ to increasi n%Bt he sensor operating tenperature was

to increase the vol té&atent Ne. HSaber Dphibde (ande carnespending BP-AnR 399s104)n

vol tage was ef f@dci¥ged RhETU¥eNbBI &0 ali iR DAY &y PE UXyBES sehsdr, 86¢H ta80aidd-

severe reductionslig Teter-llfe. . . . . _
_ . calle ambda sensor, for sensing oxygen in an industrial process

analyser.

10 The use of oxygen sensors for measuring oxygen concentrations in
natural gas fired processes is known. When such sensors are used for
processes fired with coal or other dirty fuels, errors in accufacy can
occur due to SO,, NO, and other combustion by-products. The 50,, NO, and
other combustion by-products contaminate the sensing element of the

15 oxygen sensor giving rise to calibration shifts, reduced span (by as
much as 35%) and other problems.

In order to minimise .the problems described above, it is
desirable to increase the opefating temperature of the sensor. -One
approach to increasing the sensor operating temperature was to increase

20 the voltage to the heater inside the sensor. This increase in voltage -
was effective in minimising the above problems, but resulted in severe
reductions in heater life.

The use of ppeviogsly-proposed oxygén sensors in an industrial
process analyser hay give rise to an undesirable flashback when the

25 process is ignitable. Therefore, it is desirable thaf any modification
to the oxygen sensor Qﬁicﬁ increases the teﬁperature of the sensor
without decreasing its heater life should also act as a flash arrestor
thereby to prevent flashback.

According to a first aspect of the present invention there is

30 provided an oxygen content analyser for gas in an industrial process,
the analyser comprising an automotive type oxygen sensor in an analyser
manifold, the automotive type oxygen sensor having a sensor element
assembly including a sensor element and electric heating means,
characterised by:

35 a thin-walled perforated shield forming an outer wall of the
oxygen sensor assembly, the_sensor element being spaced inwardly of the

shield and connected to the automotive type oxygen sensor, wherébyt



Th:e use th:sl%e iqoﬁ proposed oxygen sensors in an i ndustri al process

anal.yser @dan undesirabl e flashback—ahen the process is

i gnitable. is desirable that any dWHl&gJLIEQﬁHIqQ gdtR gxygen
sensor wh he tenperature of the sersor wHErorpEgecreaging its
heater |ife should also act as a flash arrestor t frerci-to—prevent

fl ashback. SUMVARY OF THE INVENTION It is an object of the present

[ ti t I t . : di d { .
Accordi ng to oncabiationerife BB KR FRBRLEE T fa otk 2B SheRchimationo
of nodifying a sigtddedtaunhotmd hummmsp@ra&%en&le/amwabag an integral
heater to heat the sg(r&;s‘or t,0

predet er ni ned el evat 5%?“["55% &ﬂﬁ‘?faé:&c’? ﬁ 1*\%23%}8?"'% gls'??lvé\%dt’ﬁ’e the 6T ve
sensor act as amndnnchestd ithe gersoesslepsytgen sensor corrprl sing the steps of:

fepl aci ng the aut omDie QXXGRM.ECHS O oAkl Wkl dileRe Walyensltee ! g

packing a space between 'sal Re Sensor wh th
i nsul ati ng mat e@ubPnotiyehyiPRgOXNEERVeANSAYels Qoﬂﬁeeémmmv¢wgse¥%6‘ﬁlﬁ"€€?e¥

bel ow the predetgidg Ngrbtakemal eshived t aae Iﬂéblﬁ@ﬂfgm&t”mﬁhy ah/ eXbbenead thin
provi ding predetermined perforations in the thin wall shield to allow a

predet erni ned f PERLFQHP Gihighd I’FNF%@SQ%{‘F%%MP% °§nﬂm§]& batess ERSEANURAT ch
wll raise and rBkndsifisidit re€8S6F gas into the sensor. The inside of the thin

10 shield is filled with a ceramic insulation material of controlled

weight and density so as to increase the temperature on the outside

surface of the sensor. The thin shield helps to maintain the heat

provided by the sensor heater at the sensor thereby to assist in the

increase of the operating temperature on the outside surface of the
15 sensor.

The foregoing modifications were found to be effective against
calibration shifts (offsets) while maintaining a broad measurement span
"and long useful life of the sensor. The modifications stabilised the
sensor output and reduced the errors caused by S0O,, NO;, and other

20 combustion by-products. It is believed that the modifications also act
as a flash arrestor for preventing flashback into an ignitable pfocess.

According to a second aspect of the present invention there is
provided an oxygen content analyser for gas in an industrial process,
the analyser comprising an automotive type oxygen sensor in an analyser

25 manifold, the automotive type oxygen sensor having a sensor element
assembly including a sensor element and electric heating means,
characterised by:

a shield forming an outer wall of the sensor element assembly anq
having.limited permeability therethrough, the sensor element being

30 spaced inwardly of the shield.

The permeable or porous material may be a ceramic, and insulation
material may be provided in the shield and around the sensor element if
requlred

The invention will now be described by way of example with

35 reference to the accompanying drawings, throughout which like parts are

referred_;o.by like references, and in which:



t enperat'ure above [err] while lowering the operating tenperature of said
heater below its usual operating tenperature w thout said predeterm ned
perforations at 2 said | ower voltage thus mnimsing conbustion

by- product errors and calibration shifts while increasing the |ife of the
sensor. According to another aspect of the PBresent invention there is
provided in a nethod of nodifying a shielded autonotive sensor assenbly
~having an integral sensor shield and heater operating at approxi mately
[err] to heat the sEiewe 4t dspehsuatie digeTan showingethsousreof @ngautomotive

predeterni ned elgyatadHoldads &f capRmeXismuety hBaddeidrdl p&sbrt Sudpl§ for
heater to thus have the autonotive sens% act as an industrjal process -

oxygen sensor f 8Ralyaing, the FyYEhERREtoRh @ 8RN 8 1ndusisdat iIRSACEHi®ocesses
whi ch require the oxygrbe$eDs @ side elradicnabeity bethé subinotive fgss oRpsenod

of time, the. i [ove b4 SOIP uﬁi C}Qe steps_of:. replacing the nornally
f ound aut onot i \r;rg ri?)?{‘]% B o{ slﬁFg‘f AW ehSE PR/ h wal | shiel d havi ng
packi ng between the Biguser3 dada Sapdpldn wievalwitshd ebritiohower away dbhia ebidlage
to the autonoti XF aa%nssgﬁsct}eaatsgémk}lg modified according to an embodiment of the
présent invention;
Figure U4 is a side elevational view of the sensor assembly shield
10 of Figure 3, with a portion cut away;
Figure 5 is a side elevational view of a ceramic sensor.assembly
shield according to another embodiment of the invention; and
Figure 6 is a top plan view of the ceramic shield of Figure 5.
Figure 1 is a schematic diagram of a system 10 for analysing the
15 oxygen content of an industrial process by using an automotive type
oxygen sensor 20 such as a lambda sensor, and is broadly similar to
Figure 1 of the above-mentioned EP-A-0 309 -104. In the system 10, a
gas sample is drawn from the monitored industrial process through a
sample probe . 12. The extraction of the sample is typically
20 accomplished through the use of an air powered aspirator (not shown)
within the system 10. The gas sample is directed through a passageway
14 in an analyser manifold 16 across a sensor element assembly of the
automotive type oxygen sensor 20 and is exhausted back into the gas
flow of the industrial process. The analyser maﬁifol@ 16 is controlled
25 at a substantially éonstant temperature above the gas stream dew point,
typically 300° to U400°F (150° to 205°C). The controlled manifold
temperature provides a substantially constant ambient temperature for
the automotive type oxygen sensor 20. .
The analyser manifold 16 is heated by heaters 22. A temperature
30 sensing element 24 is connected to a temperature control circuit 26.
The circuit 26 provides the voltage to the heaters 22. An integral
heater (not shown) within the automotive type oxygen sensor 20 is
-connected to a power supply 30 which is manually adjusted to provide
the desired operating temperatufe at the sensor element assembly 18 of
35 the automotive type oxygen sensor 20. For the environment in which the
sensor of EP-A-0 309 104 is typicaily used, the operating temperature



approximately 17 VDC, and providing predeterm ned perforations in the thin
wal |- shield to allow a predeterm ned free flow of gas through said thin
wal | shield and packing to the sensor which will raise and naintain the
sensor tenperature above [err] while loweri pg the operating tenperature of
sai d heater below its operating tenperature at 18 VDC with the normally
found shield to thus m nim sing conbustion by-product errors and

calibration shigfshutidngqd '&Qéxﬁ‘é}&' 09 16N& kid %aﬂge biFeatz R SPfoo° RESORIPH | (@h5°0F
THE PREFERRED ENMBODI MENT d% The invention will now be described by way of

exanpl e with rete6A&e -t dddHdonek dnapridyi srgcemningnds, onenasigmofitthrranshyserke
parts are refergggbgof&xdlirkgpr‘@joeg@qg@ and in which: 3 Figure 1 is a

schemati c di agram show ng the use of" an autonotive type oxygen sensor in

conjunction with an 4%s¥8f atd§CpRRer Aty wher oiel yarHysehe dggiperd in
content of & gagpigroagng DElSHs" uBéd Fo@ChidtesEdl iPed withacsdld@drebenedt aor3

view of the aut ?trxg)]:[sl Ve%rggg n %t ch(?ancy occur due to SO,, NO, and other combustion by-
products contaminating the sensor elexﬁent 40 shown in Figure 2 and
‘forming part of the sensor assembly 18. As was also described above,
one approach to minimise the occurrence of accuracy errors is to

10 increase the voltage to the heater inside the sensor thereby to
increase the sensor operating temperature to a range of about_‘l’-l50° to
1550°F (788° to 8.43°C). This increase in voltage and consequent
increase in temperature minimised the occurrence of accuracy errors,
but resulted in increasec:i heater failure.

15 The modification proposed by the preferred embodiment of the
present invention makes the sensor more efficient, minimises the
occurrence of accuracy errors and allows the operating voltage to the
heaters 22 to be reduced thereby increasing the life of the sensor. In
the preferred embodiment of the sensor system 10 described herein, the

20 voltage to the heaters 22 is reduced from 18 volts as used with the
sensor disclosed in EP-A~0 309 104 to 17 volts. It is the modification
described herein which allows the reduction in voltage without causing
the operating temperature of the sensor element 18 to f"all below the
lower limit of the 1450° to 1550°F (788° to 843°C) operating range. The

25 end result is that the errors caused by SO, and NO, and other combustion
by-products can now be less than two percent (2%).

In accordance with one embodiment of the present invention, the
usual shield provided around the_ sensor element is replaced with a.
thin-walled perforated shield 42, as shown in Figures 2 to 4. The

30 shield 42 is cylindrical in shape and has an outer diameter of about
0.499 to 0.512 in. (12.67 to 13.00 mm) and a height of about 0.685 to
0.695 in. (17.4 to 17.65 mm).

The shield 42 has a pattern of perforations best shown in Figures
3 and 4, which provide free flow of gas into and out of the shield.
35 The interior of the shield 42 is packed with fibres or other permeable

insulation material 44, for example'.KAOWOOL material available from 'Ihe



5 “sensor of Figure 1 with portions in section, Figure 3 is a top plan
viewwth a portion cut away of a shield of the sensor assenbly nodified:
according to an enbodi ment of the present invention; Figure 4 is a side

el evational view of the sensor assenbly shield 10 of Figure 3, with a
portion cut away; Figure 5 is a side elevatiSonal view of a ceram c sensor
assenbly shield according to anot her enbodi nent of the invention; and
Figure 6 is a top plan view of the ceramc shield of Figure 5. Figure 1 is
a schematic di aBgkwechf ard Hidrewm danpRpy. anBiey ¥ehy thickns ofxyhgertopoRf eblte of

an i ndustrial pém‘iaslmraﬁémlm&%wlsvt% bYeD %y%n%@%srws129m)suc’m@s

a | anbda sensor, and iIs broad fy simlar to Figure ove- nqwtloned
EP- A-0 309 104. insidendiasgser A Gheasfaééds’énﬁr%fergbbr #pput Oofft H8 HotCt Hred
i ndustrial process86hi®uaholp mayopl e probe 12. The extraction of the

2api rator (bt shouni™ (e PROETERY SPEM 15 ST anpiit®, SIarT o Ba ¢

t hrough a passagewsy of4 2iin hamesa.nal Bsdr hvdai had da 16iamweters ofa abent 08. Q’E*Eemant

assenbly of the(1.114 mm). There are four columns 41 of four holes each arranged.

essentially symmetrically about the outside surface 43 of the shiéld

2. Three of these columns can be seen in Figure 4. Vertical spacing

10 between the holes in each célumn 41 is advantageously about 0.1 in.
(2.54 mm). _

On the top 45 of the shield 42 as shown in Figure 3, four holes
are provided in a circle around a central hole. The circle has a
diameter of about 0.280 in. (7.11 mm). _ .

i5 Advantageously, the shield 42 may be fabricated from number 303
stainless steel. - The automotive oxygen sensor 20, prior to
modification, may'be a stock item provided by the Bbsch Company, such
as that available under stock number 9F-472, and is primarily used in
vehicles manufactured by the Ford Motor Company.

20 Referring to Figure 2, the pre-existing neck 46 in the sensor
element assembly is cut off to a height of about 0.140 to O.iSO in.
(0.36 to 0.38 mm) and provides the seat for the shield 42. The shield
42 does not have any perforations up to about 0.25 in. (0.64 mm) above
the lower end of the shield 42 where the first set of perforations are

25 located. . _ '

Alternative embodiments may provide a different number of
diffusion holes through a different shield made of the same material as
the shield described above, or of another material such as ceramic or
other non-metals. The shield may have a different shape than the

30 cylindrical shape or a diffgrent hole pattern than the shield shown in

' Figures 2 to 4. The shield may also be fabricated from any suitable
poroué material, such as ceramic, with or without any insulation
therein.

One example of an alternative embodiment involves a ceramic

35 shield 50 having KAOWOOL material 44 therein as shown in Figures 5 and
6. )

The following table shows in the first row the sensor-temperature



autonoti‘'ve type oxygen sensor 20 and is exhausted back into the gas fl ow of
the industrial process. The anal yser manifold 16 is controlled 25 at a
substantially constant tenperature above the gas stream dew point,
typically 300 to 400F [err]. The controlled manifold tenperature provides a
substantially constant anbient tenperature fgor the autonotive type oxygen
sensor 20. The analyser manifold 16 is heated by heaters 22. A tenperature
30 sensing elenment 24 is connected to a tenperature control circuit 26.
The circuit 26 pEd\Hed€sr tthEpatlttdd & ih0°r)NbbaRkEr froalthe Alnsdt A@EetivBa@aier
(not shown) within the autonotive tépe oxygen sensor 20 is connected to_a

power supply 30ER#H-Bn3Q% 10 {(SEaAazd] Ferser) oiph $hedwltage QEsthechediferatd ng

tenperature at g&e aserdsvrc eh& MNVDAS SEXE kib1kSskws3in thd Becdid powthy &sehydre
oxygen sensor 2

104715 Typi cal | SEEEREEn g0 Br A PRRRSHRY g F) gobeathed prc & LeASS:
5 according to the embodiment of the present invention shown in Figures

2 to 4 having a shield insulated with 0.3% to 0.36 gm of KAOWOOL

material with the heater voltage respectively set at 17 VDC, 18 VDC and

19 VDC. The table shows in the third row the sensor temperature and

heater temperaturé (in °F) obtained from a sensor as shown in Figures

10 2 to 4, but without any insulation, for a heater voltage of 18 voC.



of -the sensor elenent 18 is in the range of about [err] to [err] (705 to
[err]). Additional details concerning the operation of the anal yser can be
found in EP-A-0 309 104. As was descri bed above, when the anal yser :

di sclosed in 5 EP-A-0 309 104 is used for processes.fired with coal or
other dirty fuels, errors in accuracy occur due to SO2, [err], and other
conbustion by- products contam nating the sensor elenent 40 shown in Figure
2 and formng part of the sensor assenbl¥ 18. As was al so descri bed above,
one approach to mnimse the occurrence of accuracy errors is to 10

I ncrease the voltage to the heater inside the sensor thereby to increase
the sensor operating tenperature to a range of about [err] to [err]. Thi s
i ncrease in voltage and consequent inqgagég in tenperature mnimsed the
occurrence of accuracy errors, but restl in increased heater failure. 15
The nodification proposed by the preferred enbodi ment of the present

I nventi on nmakes the sensor nore eff|C|ent n1n|n1ses t he occurrence of

accuracy OT S afto—ar rons -t e opera Vot tage—to—t e
reduced thereby |ncrem&nngpnrminnmnamﬂnm}mmsennOTEHPBRATURE '
SENSOR P
HEATER '
VOLTAGE S17 - 18 19
vDC vDC vpC \
SENSOR
CONFIGURATION
STANDARD - 141771947 1473/2044
PERFORATED
METAL SHIELD 150171836 155472032 1633/2134
AND INSULATION
METAL SHIELD - 1507/1940 -
ONLY

Initial Testing: 18 VDC and standard sensor.
Heater life OK, but sensor temperature
too low for good performance in a harsh
environment.

2nd Round: 19'VDC and standard sensor.

Sensor performance good but -heater life r
too short. '

3rd Round: 18 VDC and modified sensor. i
: Sensor performance good but heater life
too short (even though only 18 VDC).
Final Round: 17 VDC and modified sensor.
Sensor temperature still high enough for
good performance and heater temperature
low enough for good life.




the preferred enbodi mnent of the sensor system 10 descri bed herein, thé.20
vol tage to the heaters—22-is reduced from18 volts as used with the sensor

di scl osed i n EP-A- 104to 17 volts. It is t ri bed
herein which all u m, in vol tag? Wi t %hS?QHEEﬂGIABfﬁEW‘ rating
tenperature of t 18 to fall bel the gepacep Mt ¢gf the

Terr] to [err] operatlng range The 25. end re ~0r S
caused by [err] and other comnbustion by-pgg ts can now be | ess than two
percent (2% . In accordance with one enbodi ment of the present invention,
t he usual shield provided around the sensor elenent is replaced with a

thin-wal |l ed per{oratgdosiged orfdnt ahaSPperin £om ght Gur 85 iddistrdal pFbeess) the
shield 42 is cy Ilag.drlcal I n,shape and has .an outer di aneter of F?% ut, 0. 499
to 0.512 in. (13°87s¢D OPPEhHs & FUCRRY Rt t¥Pe aBBYACR0 568%°T ol D)6 dB iR

(17.4 to 17.%5 an’élysél'dnaaﬁ:tﬂoaﬁd(léﬁa hetee aupaiotibven tghe paykar athsors (@S hasingwn
hi el d. 35 T schedt i Yestnly Shctishe 3 o 80s el 0N baf o1blfite
per meabl e i nsul lattatong MREDS |(32)44:hat%ﬁteei<%ﬁﬂpbb KAOWOOL naterial avail abl e
from The a thin-walled perforated shield (42) forming an outer wall of the
oxygen sensor assembly, the sensor element (40) being spaced inwardly.
10 of the shield (42) and connected to the automotive type oxygen sensor
(20) and insulation material (44) being provided in the shield (42) and
around the sensor element (40). whereby calibration shifts due to

contamination by SO,, NO, and other combustion by-products in the

industrial process are avoided.
15
2. An analyser according to claim 1, wherein the shield (42) is

cylindrical and has a plurality of holes therethrough.

3. An analyser according to claim 2, wherein the holes are provided
20 in a plurality of vertical rows (41) on the side of the shield (42) and
'a pattern of holes on the top (45) of the shield (42).

4, An oxygen content analyser fér g;s in an industrial process, the

analyser comprising an automotive type oxygen sensor .(20} in an

25 analyser manifold (16), the automotive type oxygen sensor {20) having

a sensor element assembly including a sensor element (40) and electric
heating means (22), characterised by:

a thin~walled perforated shield (42) forming an outer wall of the

oxygen sensor assembly, the sensor element (40) being spaced inwardly

30 of the shield (42) and connected to the automotive type oxygen sensor

(20), whereby calibration shifts due to contamination by S0,, NOy and

other combustion by-products in the industrial process are avoided.

5. An analyser according to claim 4, including insulation material
35 (44) in the shield (42) and around the sensor element (40).

———

A




“Babcdck and -WH-eox Cenpany——-—Fhe wall thickness of the top of the shield

Is preferably a 20 in. (0.38 to 0.51 nn) The |nS|de
- di aneter of the ﬁﬂiﬂ ﬂﬂﬁt ably about 0. 467 ga=t B
11.94 my. 5 di ment shown in Hi-HHSSEET QS

42 has a total of 21 holes ~ Each hole had a dig ,5.@ﬁ~w
(1.14 mm). There are four columms 41 of four hekes=Eaeh-ariy ]
essentially sympe trlcaII aboué the utside surface shi el d %
Three of t heseOtol uARCAYERS HENLey SpatvERE TPE &S w{‘ﬁ@grseﬁs@%@cw s
bet ween t he holaeslystereaohpmllugmaﬂlaueomdﬁmtmeomygemmsoﬂ 120)n. ix 2am4

. On the 1 ORadR.Bk SHS s8I Q18) 1 2n@adtBRNvE LBl Al Berd sch QB (B6) RBhe

provided in a circle aroun a ce tra Cir
about 0.280 i na genspr erheylent assembly including a sensor element (llO) and electric

5 heating means (22), characterised by:
a shield (50) f‘ofming an outer wall of the sensor element
assembly and having limited permeability therethrough, the sensor

element (40) being spaced inwardly of the shield.

10 7. An analyser eccording to claim 6, including insulation material :
(44) in the shield (50) and around the sensor element (40).

/ eﬁlaced
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15~ - * Advant ageously, the shield 42 may be fabricated from nunber 303

~stainless steel. . The autonotive: oxygen - sensor 20, prior to

- nodi fication, nmay be a stock item provided by the Bosch Conpany, such as

t hat avail abl e under stock nunber 9F-472, ?8d is primarily used in vehicles

manuf actured by the Ford Mitor Conpany. 20 Referring to Figure 2,

the pre-existing neck 46 in the sensor elenent assenbly is cut off to a

hei ght of about 0.140 to 0.150 in. (0'3q¥g%%@§?8 nm) and provides the seat

for the shield 42. The shield 42 does no any perforations up to about

0.25 in: (0.64 mm above the |lower end of the shield 42 where the first set

of perforations are 25 | ocat ed. gf¥deRr A nts may provide a

di fferent nunber of diffusion holes through a different shield made of the

sanme nmaterial as the shield described above, or of another material such as

ceram c or ®ther nomnngf ak$gen ahBbysei €bfl afiByndud¥Lisl d'bééeeserﬁn shcaptitan

the 30 cylindrical shape or ﬁggbfﬂerent hol e attern thgf §¥shielg

shown in Fi gur &8 %85 s?ﬂﬁm‘s d ¥y 5?’&9%8 TUE5Fi BSRBAY MO TR outer

sui t abl e por oushirevelleal shieddcti2)scareradning ingullation (Wi)hand sarmpunding e on
' sensor element (40) of the sensor (20). The shield (42) is either

perforated with holes, or is made of a porous material such as a

10 ceramic.

Figure 2



tamcty . :
therei.n. -One exanple of an alternative enbodi ment involves a ceramc 35
shield 50 having KAONMOOL naterial 44 thereéin as shown in Figures 5 and 6.
The following table shows in the first row the sensor tenperature 6 and
heater tenperature (in [err]) obtained fromthe sensor described in EP-A-O
309 104 ("Standard" Sensor) with the voltage of the heaters 22 set at 18
VDC and 19 VDC. The table shows in the second row tlhg 8ensor tenperature
and heater tenperature (in [err]) obtained froma sensor 5 according to
t he enbodi ment of the present inveltion shown in Figures 2 to 4 having a
shield insulated with 0.34 to 0.36§bn10f KAONOOL material with the heater
vol tage respectively set at 17 18 VDC and 19 VDC. The table shows in
the third row the sensor tenpera®yft and heater tenperature (in [err])
obtained froma sensor as showj 1 n Fi gurles
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10 2 to 4, but wthout any insulation, for a heater voltage of 18 VDC.
7 TABLE SENSOR TEMPERATURE/ HEATER TEMPERATURE SENSOR HEATER VOLTAGE 17

18

STANDARD
METAL SHI ELD
METAL SHI ELD

19 vDC

1501/ 1936

VDC VDC SENSOR CONFI GURATI ON
1417/ 1947 1473/ 2044 PERFORATED

1554/ 2032 1. 633/ 2134 AND | NSULATI ON
1507/ 1940 ---

2/ 2




y(\j'\lL‘Y'LI nitial Testing: 18 VDC and stahdard sensor. Heater life OK, but

sensor tenperature too |ow for good performance in a

BEREACEMEN P

"Bl ile0 BED1997

hnuﬂh ONryTTy
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Round: 19 VDC and standard sensor. Sensor per
heater life too short. 3rd Round: 18 VvDC and
Sensor performance good but heater life oo short (eve
VDC) . Final Round: 17 VDC and nodi fied sensor.

still high enough for good QEVGEN«CONTENT ABAEYSERSper at ure | ow enough
good li feThis invention relates to oxygen content analysers including oxygen sensors, in

f or

Sensor tenperature

particular oxygen sensors which may be suitable for use in harsh environments.

US Patent No. US-A-5 037 761 (and corresponding EP-A-0 309 104) discloses the
use of an automotive type oxygen sensor, such as a so-called lambda sensor, for sensing
oxygen in an industrial process analyser. _

The use of oxygen sensors for measuring oxygen concentrations in natural gas fired
processes is known. When such sensors are used for processes fired with coal or other
dirty fuels, errors in accuracy can occur due to SO,, NO, and other combustion by-
products. The SO,, NO; and other combustion by-products contaminate the sensing
element of the oxygen sensor giving rise to calibration shifts, reduced span (by as much
as 35%) and other problems.

In order to minimise the problems described above, it is desirable to increase the
operating temperature of the sensor. One approach to increasing the sensor operating

“temperature was to increase the voltage to the heater inside the sensor. This increase in
voltage was effective in minimising the above problems, but resulted in severe reductions
in heater life.

The use of previously-proposed oxygen sensors in an industrial process analyser
may give rise to an undesirable flashback when the process is ignitable. Therefore, it is

desirable that any modification to the oxygen sensor which increases the temperature of

the sensor without decreasing its heater life should also act as a flash arrestor thereby to
preirent flashback.

' SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

According to one aspect of the present invention there is provided a method of
modifying a shielded automotive sensor assembly having an integral heater to heat the
sensor to a range of 705°C to 760°C (1300°F to 1400°F) in response to a predetermined
elevated voItage applied to the heater to have the automotive sensor act as an industrial
process oxygen sensor comprising the steps of: replacing the automotive oxygen sensor

- shielding with a thin wall shield; packing a space between said thin wall -shield and the
sensor with an insulating material; lowering the voltage to the automotive sensor heater
below the predetermined elevated voltage to approximately 17 VDC; and providing
predetermined perforations in the thin wall shield to allow a predetermined free flow of
gas through said packing and to the sensor which will raise and maintain the sensor
temperature above 788°C (1450°C) while lowering the operating temperature of said

heater below its usual operating temperature without said predetermined perforations at
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oxygen sensor for harsh environments comprising coal combustion processes which

require the oxygen sensor to operate above 816°C (1500°F) for extended period of time,

the improvement comprising the steps of: replacing the normally found automotive

oxygen sensor shielding with a thin wall shield having packing between the sensor and

said thin wall shield; lowering the voltage to the automotive sensor heater to

approximately 17 VDC; and providing predetermined perforations in the thin wall shield

to allow a predetermined free flow of gas through said thin wall shield and packing to

the sensor which will raise and maintain the sensor temperature above 816°C (1500°F)

while lowering the operating temperature of said heater below its operating temperature

at 18 VDC with the normally found shield to thus minimising combustion by-product

errors and calibration shifts while increasing the life of the sensor.

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
The invention will now be described by way of example with reference to the
accompanying drawings, throughout which like parts are referred to by like references,
and in which: '
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as an industrial process oxygen sensor comprising the steps of:

replacing the automotive oxygen sensor shielding with a thin wall shield;

packing a space between said thin' wall shield and the sensor with an insulating
material;

lowering the voltage to the automotive sensor heater below the predetermined
elevated voltage to approximately 17 VDC; and

providing predetermin_ed perforations in the thin wall shield to allow a
predetermined free flow of gas through said packing and to the sensor which will raise
and maintain the sénsor temperature above 788°C (1450°C) while lowering the operating
temperature of said heater below its usual operating temperature without said
predetermined perforations at said lower voltage thus minimising combustion by-product
errors and calibration shifts while increasing the life of the sensor. |
2. A method as set forth in claim 1 where said insulating material is a ceramic fiber.
3. A method as set fourth in claim 1 wherein said thin wall shield is made from a
porous ceramic material.
4 A method as set forth in-claim 1 wherein said thin wall shield comprises number
303 stainless steel having four cblumns_ of four holes each arranged symmetrically about
the outside surface of the shield and four holes circularly arranged along the top of the
shield.
5. In a method of modifying a shielded automotive sensor assembly having an integral
sensor shield and heater operating at approximétely 1064°C (1947°F) to heat the sensor
to approximately 769°C (1417°F) in response to a predetermined elevated voltage of
approximately 18 VDC applied to tl_le heater to thus have the automotive sensor act as an

industrial process oxygen sensor for harsh environments comprising coal combustion
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packi ng to ‘thé sensor which will raise dnd maintain the sensor tenperature
above [err] while lowering the operating tenperature of said heater bel ow
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i ncr easi ngxtérted Ipefiod of tihdes tircingovement comprising the steps of: -

replacing the normally found automotive oxygen sensor shielding with a thin wall

shield having packing between the sensor and said thin wall shield;

lowering the voltage to the automotive sensor heater to approximately 17 VDC;

and

providing predetermined perforations in the thin wall shield to allow a

predetermined free flow of gas through said thin wall shield and packing to the sensor

which will raise and maintain the sensor temperature above 816°C (1500°F) while

lowering the operating temperature of said heater below its operating temperature at 18

VDC with the normally found shield to thus minimising combustion by-product errors

and calibration shifts while ihcreﬁsing the life of the sensor.



