
1 lIli 1111 IIN III lili! IlI III Nil III! iIIN hAll III Nil iii
US00885295032

(12) United States Patent
Hoyer et al.

(IG) Patent No.:
(45) Date of Patent:

Us 8,852,950 B2
Oct. 7,2014

(54) MEIIIOI)ANI) DEVIC‘IC IORME%SURING
NO CONCENIRA‘IION USING
NTEASURENIENTS OF NO, ANI) A SECONI)
GAS (‘OMPONENT

(75) Invenlors: I(nut hoyer, Schwenningen (DL):
Andreas 1< au fiu anti. Kirchznrt en (DL)
Rei nliold %I mich, Freiburg (1)1 j;
‘Iii Hrn :15 5 p rin gni an n. Kirchzarten (DL)

Assignec: isLo AG, Lcnzkirch (DB)

Not ice. Su hj ccl 10 any di sei Ui Hier. the 1 cnn 01 [bis
patent is extended or adjusted untIer 35
IJ.S.(‘. 154Q) hy 538 days.

(21) Appl. No.: 131062,068

PCI Ei lcd:

422/98:436/116:4361117:436/136:436/149:
436/151;436/172

(58) Field of Ciassilication Seareh
USPC 422/52. 83, 93, 98; 436/116- 118. 172.

436/136. 149, 151;204/424
See app 1 ical ion fiu lbr conip leie search bis to ry.

(56) Itefercitces Citcd

US. l‘.4FENl DOCUMIENES

3,909,204 A 9/1975 Alten 422/90
3,967,933 A • 7/1976 LIess ci al 436‘ 118
3,979.589 A 9/1976 Sternberg cl al.

(Cont inued)

FOREIGN l‘A1ENl DOCUMENTS

(86) PCI No.: I‘( ‘‘I‘/El‘2008/007 190

§ 371 (c)(l),
(2). (4) Date: Mar.3, 2011

0111ER PUBL1CATIONS

Black, F. M, et ;iI, I/nvirornncnlal Scicncc & [echnology 974. 8,
149.152 *

(87) PCI I‘uh. No.: VO2l) 10/025745

pCf I‘uh. Dale: Mai. II, 2010

(65) Prior PtiI,Ilcation Dat:,

US 2011/0165692 Al J01. 7,20)1

(‚PC GOIN 33/003 7(20l3.01)
US1‘C 436/118: 204/424: 422/52; 422/93;

/
22 23

8

24

(Continucd)

Prjn,isrt‘ Esa,niner Arien Soderqu ist
(74) .4ttornct Agent, er Firm — \blpe und Koenig. P.C.

(57) AI1S‘rit,C 1

:\ nietbod for deterni i ning an NO, concen trat ion in ti treu —

surenient gas is prnvided, where :i ineasurensent valuc lbr Ilse
NO, concentration is delermined fern the sensor signal nt a
gas sensor und a incasurensent valuc for the concentralion 0

a second coniponent in ilse neasurenient gas i s dcterniincd. A
corrected valuc Ihr tue NO, in Ilse rneasureinent gas is deter—

tnined Iroin die nseas urensent va itt es, und Ilse nseas urensenl

value und ilse corrected Ineasuretnenl vahe Ihr the NO, cnn—

centralinn arc displayed and/or nutput.

21 (:Ialttts, 3 Drawing Sheets

26

(73)

(•)

(22)
DL 19631002 7‘ 1998

Sep. 3. 2008 EI‘ 1715338 i0;2006

(51) litt. Cl.
G0lV 33/00
G0lV 21/76
G01N27/I0
G01N27/27
GUIN 27/407
G01N27/417

(52) U.S. CI.

(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2006.0!)
(2006.01)

2



US 8,852,950 B2
I‘;‘ge 2

(56) References Cilvd

* ciicd by cx;iniiner

US. I‘xI‘IENT DOCUMIFN‘I‘S

6,375,828 132 • 42O02 Antit, cl;,! 205/781
6,401,522 5! 62002 Kon ci al 73310.5
6,635,161 132 • 10/2003 Inngaid 204:425
6,773,565 132 • 8.2004 Kuniinolo ci al 204425
6,780.378 52 • 8:2001 Abbas) e 42278
6,787014 132 • 9:2004 lIasei ci al 21)1424
6,839,238 52 • 12005 Betr c 361/735
6,878.339 112 • 4/2005 Akiy;ona cl ai 42262
6,922,639 52 • 72005 Kawase cl il 70224
7,013,700 132 • 3:2006 konihach 73:1 06
7,029,920 52 • 1:2006 Lanier cl ii 416:116
7,297,549 132 • 11:21)07 I.anler cl al 436/175
7,321,287 132 • 12008 Di;, cl aJ 33825
7,442,555 132‘ 10:2008 Nair ci aI,.,.......,......, 436:113
7,469,53! 112 • 12/2008 Viola 60286
7.77! ‚654 131 • 8.2010 Moore elaI..,.......,........ 42262
7,816,73) 112* 122010 on13tclal .136116
8,177,957 [32* 5:2012 \laslin 205:!
8.527.179 [32‘ 9 2013 1thaxcscia‘ 701

2002 0106306 Al • 8 2002 Wa,r,v cl aI..,................... 422 9%
20(12 0106307 :\I 8 2002 (‘iyclc cl ii 4229%
20(13(8)82821 .\l • 5 2001 Lintei ci:,! 436! 1%
2004 (81721.6(1 A 1 • 4 2004 Naanun ci al..,..,..,.,..., 436 1 16
2004 0241868 A 1 * 12 2004 Cox cl a.....,.., 436 116
20(15 (1191754 A V 92005 Ao‘,iooia ciI 436116
2006.021319(1 ‚U * 10 2006 Nakainsin 43fr 116
2011 0016918 A1 1 2011 1:iharcsclal .‘ 73233!

3.996,005 A * 12/1976 Topol 4361 17
4.141.800 A * 2/1979 Bretter cl al 205‘779.5
4,236,895 :\ 12/1980 Siahl 436‘! 16
4,272.249 A • 6:1981 D‘Anionh, 436/136
4.31 5,751 A • 2/1982 IlruckensIcin cial.,..,.., 436/1 18
4.335.073 A • 6:1982 Shenvoo;i ei al 422/83
1.560.873 A 12:1985 MeGowan ci al,
4.822,564 A • 41989 1 lowars! 422‘52
1.829.183 A 5/1989 Mc(Iaichic ei ii
5.240,186 A * 8/1993 Spnogniaan cial.,.,.,,,,,,,55:320
5.3 ‘1.82% A • 5: 1994 DaIla [lena eI al.....,,..., 4361 8
5,34 1.643 .\ • 81994 hamburg ei al 60276
5.158.874 A — 10 994 Isiirumi 436116
5.418.366 A 5(995 Rtthin cl al.
5.569.83% A * 10 1996 Diode! c al ....... 73 23 3!
562464(1 ‚\ * 4 997 l‘oiilrnsi ei al 422 )0
.611.i70 A • 5 997 Sen 436116
5.705.129 A • 11998 ‘lakahaslnel al .........‚.... 42290
5.733.436 ..\ * 31998 l)einisch ei I............... 205 775

5,800,783 A • 9. 199% Nanaurni ei al................. 42194
5,540,83! A • 12 1998 SiMs .................‚‚‚‚.... 43655
5.847.26.1 :\ * II 199% Springm:rnn ci al 73 29.0!
5,872.305A * 21999 Sprinpn:mn............... 73 23.3!
5,873,252 A‘2.1999 Sprin8inanl 62 3.4
5.942.190 A * 8 19(‘3 Kaiocial ..............‚‚‚... 4229%
S.976,%S‘) \ * 1 11999 Ilirai ci ;LI 4361 16
6.022.510 A • 2:2000 Spriniiuiar.................. 422534
6.044.689 A * 4 2000 Y,sInsia ei ai 7331 (ii
6.062.064 t\

* 5.2000 Voshicla ei;,! 73 23.2
6.! 26,902 :\ • 102000 Kuninioio ci al 422 94
6.174.421 [ii 12001 Schumann
6.214,207 [II • 4:200! Miya!a cl ii 205781
6.214.208 131 • 4:200! Ansis, cl a‘ 205:7% 1
6.295.862 III • 10:2001 Korokawa ei al 73 31.05
6.319,177 [3! 111001 lIasei ci al

01111/lt l‘LiBLICAi‘[ONS

13!ack, F. 2.1 ei ai. lExs i ronincni:,I Scicncc & lcchnsiiagy 1974, 8,
149-152 *

Lar.amakr, J. cl;,!. Statur & .\eioaiors Ii 1997.41. 1
Yang. 2-0. cia!. Seniors & Acitialors 0 2007. 125. 30.39
Glalz, (‘eier, 50V Bulletin, No. 27. Sep. Dci.. Nov 1999. Vcty
Low Level N0Nox Mcasorcincni“.



U.S. Patent

-Ig.

Od. 7,2014 Slieetl of3 US 8,852,950 B2

J

Lt 3

5. 4G Fig. 1

‘1



U.S. Patent

c‘4
0
0

-c
Ii)

Oct. 7, 2014 Sheet 2 of 3 US 8.852,950 B2

r.-1
0

0

0

c%J

Lt

llIllhIIIIIIII 111111 IIIIIIIIIIIIIIIIIIIIlII‘IIlIIIIIIIII IIIIIIIIIIIIIIIIlIIIIIIIIIII‘

c)
0
0-c
1)

lIIIIIIIIIIIIlIIIIIllhIIIIIIIIIIllIhhIHhIIIIOhIIIIlIIHIIIIIIIIIIIIIIIIIIIIIIIIIIIllhIIIIillIF

c‘3
0

N

0

(“1
0

0

IIIIIIIIIIII,IIIIIIIIIl‘IIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIlIIIiIIIlIIIIIIIIIIIII

0—‘

0

IJIIIJJIJJIJ)IIJJIIIIJIIIIJIIJIJIJIIIJJJJJIJJJJJ)IJJIJIJIJJIIIIJflII)IJJJI)JIIIIJIIJIIJIIJJJ
t
0

0

-m
IIIIlIII‘IIIIIIIIlIIIIIIIIIIIIIIIIiIIIIIIIlIIIuhIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIII 0

[wdd) XON



U.S. Patent Oct. 7, 2014 Shect 3 of 3 Us 8,852,950 B2

/2

FIG. 3



US 8,852,950 B2
1

MIIl 101) ANI) l)EVI( ‘I FOR NI KASURING
NO, CONCEN‘l‘ltVl‘ION USING

N1IASURENlEN‘I‘S OF NO, ANI)A SECONI)
GAS (‘ONII‘()NICNl

1 IA( ‘1« « )U N 1)

1 lic i neent un rel at es to method tor determin ing a NO,
COIIC CII tra in II in a nicus Urenlenl gas, w herein a sensor signal

gas sens Dr t hat s sens live Ihr NR tind is 1, roiight mi o
conlacl wttli Ehe nicasurenlent gas is capturcd und a measure
inen 1 ca Inc II, r Ihe NO, enne eiitra 1 ion i s delerm med Irom ihe
sdnsor signal. und [0 a dcv ice Ihr carrv Dg nut lid s mci bnd

Suc Ii met bnd s arc a lready known, w herd n c benn 1 uni ines—
cence deleciors (Cl.D)areprelerablv used as ik‘ gi sors.
Lor exaniple. stich tiieilicids arc usa! Ihr testing legal limit
alaes. tor exaniple. ihr detennining Ehe sciIic nitrogen

oxide emission as an exhaust gas clmracteHstic ola conibas—
don engine. hoi these nsethnds arc also usa! in oiher appliea—
[ums.

Legal Ii mii vah ‚es Ihr ii trügen ox ide cont eni in a ifle:istirV—
mein uns. Ihr exaniple. 11w exhausl gas of a cotnhustion
e Dg hie have oft en heen es iahl is hed Ihr reasons of cli male
proiec: on or hr other political reasons. wherein sanelions
cnn he unposed Ihr non—comp Ii, ice Sn cli reunlai ions 0 den
reler Ion speeilieally predetennined ineasnrmneni :neihad. in
order tO rn le DLII legal u nceria mi es -

SUMMARY

Ilse invenl ion is hased cii 1 he ohj cci ive 01 creat ing an
iiproved mechod Ihr detennining a NO, eoneentr,ilion in a
ineastirnineni gas thai s sn ta hie Ihr ins pecH ng die comp 1 —

nec o 1 legal Dr ei her regu In (in ns.
• Dr mcc (ing this ohj cci ve, in a me hod o f the type noled 35

a 1,0 ve ii i s p mv ided ;hai a niea snremeni va l ne i s deicrmined
Ihr die eoncenlr,gion of a seconcl comnpeneni in ihe nieast:re
ne n ( gas ard thai a nunl erical va 1 ne ihr die NO, coneen trat ion

in Im nieasnrenieni gas is deiennmned from ihe measurement
val ue Ihr tl ie coneeninil ion o f ihe second componen t in ihe
nleas urenient gas Ehe mechod acconl ing to ire inventi nn
o Ikrs 1 he adva nage dm1 hv dci cnn i niog the ce-neenirat ion o
a sceond conipci:ciit in tlie measurenient 25. a legallv speei—
lied gas sensor, and Ilias a egallv specilied ineasurenient
nwthod cra gas ‚ensor type estahhshed as a reibrence er an
establislied relbrenec measure:ncni niehod can be simulatcd
or systcitl:itic ‚uc:isurensetsl errors ofa specs(ied incasurenietst
ni eihn d ca ii be e orrec led Ei, r 0 hier tnea snremenl s. wherein the
usah ‚Ii iv o 1 the niet bnd bei ig app lied Ihr cone 1 u si uns ui die
conipliance cia specified limit vahie er for die comparison
vhh oil,er nnniencal valnes is not negatively a!lbcied or is
enabled. Ehe nieihod according le 11w invention ecsuld also be
nsed advaniageously Ihr engine senings Ihr whicli a ieclini—
cian sl ton Id INC a compara hIe ‚neasnrenient device thai a l Iows

coniparisnn willi measureinent valnes recorded in oiher
wsiys Dr witli tillier measnremeni inethnds.

Aceording 10 one eonstntetion cIthe invention. lt conld he
prnvitled hat the second cnmponent is oxygen - l‘ests have
show n hai Ihr ihe frequendy nsed ehe,nilnniinescence detec
tors. a systetnai ic nieasnrenieiit error ihat cnn be caused. Ihr
example. hy the presence ofO, oeeurs when determining the
eofleentratjon n f NO,. lt lias Ii ccii show n Ihat the CL D melhod
that has proven eIlctive Ihr bw NO, concenlratit,ns exhihits
systeniatic deviations Ihr liiglI 02 und NO, eoncentradons.
The ineihod according tn tlw invention thits determines a
meas urenient va Inc ihr tlie NO cc ncentra t i nn und a ii umeri —

cal val ne Ihr the NO, cnnc entrat ion, wherein the nnmeri ca 1

2
vaitte can he used as ii correcied mncasnrelnent valne Dr as a
diflerence or Ihctor Ihr a corrected measurenienh valne Alter-
nil ice Iy or add iii o na II y, a s the scco nd conipo leni an o xygen

eomponnd. Ihr exaniple, CO.. could he nsed. tIere. Ihr
5 exaniple, die 0. percenlage cml he dctenni necl mdi rect ly cia

11w CO. pereeaiage and the X vulne o lIlie measnrdnicnt gas Dr
die di rec 1 i nIls, ence 0 f CO. ciii die NO, concen trat Ion deter—
mi tied willi a speci lied nwasu reinem niet lind is t aken mb
consideral oti.

Accordi ng ici eIle en nsi niet ion oft Im i iiventi oh, it Co 0 Id he
pnivided that tue itteasttrenienl valnc and die nunierical value
Ihr die NO, en acenirai io ii in tlie nleas urement gas arc cl is —

played. Ehus, tue nser uf ihe tuetliod am decide for lunisel f
whicli of the (wo dispIaed values Ite wants 10 use Ihr his
au tual appl i calion, ; herein die nssnierical ca tue cnn be a
cerrecied neasuremeni ‘akte er i diElerence valne ihat is In
beadded 10 ilie ineasitrenient nlne nr siihtraeted horn ihis
nieasorenieni valt:e or a hicior wiil, which the nleasnrc,ncni

:ilite i S 10 he in itli iplied.
20 1-nr moni 1 cir ng rein 1 al ions Ii, r eomnl,:t sinii engi nes. ii cnn

he provided 1 hai Hie in ca stm rement gas i s ta kcti I‘mm t lie
cxli: list gases o In comhii si nil engine. Ihr exanip lt. n Fa cl iesel
engine. 1-lere ii is advatnageous ihiai the niethod can also he
used whcn Ihe exhansl gas ins a hiiglm 0. perceni:ige.

2i Im deienn inat ioti ol ihe coneent fiu On of the sceond coni —

poiiciit in 1 lie meastl reinen 1 gas ciii he earri ccl ott! liv ii sepa —

nie atialvs is nwthod er hy sonle „tlicr i tip ni Dl hie re Ievanl
‘al ues - For an :‚ntetnated executien 0 f die niet lind aeeo rding
Ici tlie i nveni ion. Iiosvever. ii is advanhageo us when a seeotid

30 gas setisor i s prov ided Ihr the delen n fiat ion ci f ii ic cci neeti—
trat ion o 1 the mi her conipoiie tu in i he mneasurenient gas.

For deternunitig tIm nieasureinent value Ihr the NO, con—
ccii trat ion fro in t he sensor signal ol [Im gas sensor ii can he
p rnvided tha t tlie in ca stt retnetn val re ihr the NO, c oncenira—
[ion in the nieasurenient gas is dciernnned viih relerenee In a
5 tored first uhu r.t ci eris ii e line 1 in In tlie se nsor sign:h 1 n f tlie
lirst gas

iernai ivel o r add i t iotla liv it cDu Id hic prov dcd t hat die
nil nierical vii 1 ti e Ihr t he N (1, e oilccni rd Ii on in Im tiieasure—

4‘ nient gas is deterinined ‚ iih relbrence ici a stered second
chan,c:erishie ihm linin lIie setisor sigiutl o f Ehe lirst and/or
seond ucts sensor 1l,us. die nctn‘.erical valtte Ihr die NO,
cence:ilrat mi; cain hie detentuued as ii cnrrected nie:isureinent
val uc Us a lii nci um nt tlue I irs t od second Seils:, r signal ander

1‘ us a diflbrence v;ilue Ihr the nieasure,neni sahne dehermiiied
wilh ttie int gas sensor tor [Im NO, coticenu‘atinn Irnin tlic
seissor signal ui die sccomid gas semisor.

.\n esp cc in Iv simple deienn ina ii mi o f ihe in ca s urenien i
values nr mmumnerical values is produced ss lien ilie lirst cliarac—

So teristic inc andlorihe second charaeterishic line is/are lhrnied
bv itiuerpolahion Dr exirapcslai ion nf cahihratinn or snppori
puinis each nf u eharaeieristic line curve. In ihis way ii is
advani ageoa sly achieved i hai fo r seil ing np the methnd
aecnrdmng ici die inveniion, ihie recnrding nf nnly ii sniall

55 nuniher of calibralion poinis 5 rcqinred. Ehe eharaeieristie
lines arc advaniageonsly defined and/nr detennined hy cahi
bratinn andior coniparison nieasnremenis.

For achievi ng an improvetl measnreme,iI accoracy, it cnn
he prnvided that the lirsi charaeierisi ie 1 inc and/or Ihe seennd

60 uhu racieri stic 1 inc i s/are siored a s da in sen es. ihist 1 i s, w ith a
plnrality nfmeasoremetii points. TIns is especially advanta
gern‘s when. Ihr an inierpolaiion er extrapnlatioti hased on Ehe
speeilie properlies of die gas.senscsr type being used. undes
ired devialinns andior sysieniai ic errcsrs arc in he expeeicd

65 Aecording in nne advaniageosis enihodimenh of the inven
don, it cmi be pro vi ded tha 1 th e Ii rs 1 clia mcl eristic li1ie is die
ehiaracierislie line of an electrochieinical sensnr. an infrared
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scHier, ii 11V sensor, Dr a scm ion dtic tor sen so r. and [hat [1w
second c ha mc teris[j c line niap s die dcv ja tons o f u clteni In —

minescence deleelor frein dIL‘ firsi charac[erjstjc inc Jur di[
Ibrent values ei‘ concentrat hin ei‘ the oder componcnl in tIlL‘
nicasitremen: gasTesis have shewn [hat infrared sensors. LV
sensors. er elecirocheniical sensors that advantageously have
COIIS irtic 1 (ins SCIIS itive [0 NO, cxhih it a nieasurcin eilt
responsc dcviatinu froni fiequcnily spcciiicd chemilununes
ceace deieciors Ihr a high 0, percentaue in the measurenient

is. in tthieli all ttndesircd systeniatic errer solirec is elimi—
na:ed er al 1 is 1 red nced - 1 nstead ef [Ii ee Iectrochenijcal scii —

sors. senl,C(),ldtIctor sensors could ‚Iso he used.
Acco rd i Ltg (e LnlO ilier adt antageoa 5 enih odinlent. i t eoul d

be p mv ided 1 haI die 1 irs c hain ichs [je Ii ne is 11w chanicier—
isljc inc ola cheiniluini iescence deicetorand [hai the sccond
ha nie [erl st ic luic nlaps die dcv jat 10135 o f the clvi rac leni c

liiie ef all e lect rtscliei n ca 1 seiiso ran ii ifnired seitsor. I‘I‘\ -

sen ser. er senii ce nduc 1 Dr 5Cfl snr Im in 11w Ii rsi cha rd c ich 01
Ii ne Ihr di fleren 1 va Ities of tue Co ncentrat ion o [[110 t,llier
cliii) p1) leni in 1 Im ines sil reinen 1 gas. In [bis Way it 15 Lid van —

lagts ii ps lv ic hi cved 111111 cv‘n Ihr 11w tise ei Lt ehem III ni ines —

cence delecler hat is freqneni Iy specilied legaliy or for ollier
reasons. CtilTeC IL.‘d nieasiircilieilt valnes 1cr [110 NO, cencen
trat ion ihat lake i nt e cons idci-iil ion die dose rihed sy stenial je 25

errors ean be previded willi hie nwihed according 10 Ihe
invention.

‘1 ‘1w iii frared 5(11 sen i 5 advantauee tIsIy conslrue led US ii

nen-dispersive 1k 50115cr. ‘Ehe CLI) sensor is advanlageouslv
eonstrueled sensilive 10 NO,

One especialiv advanlageous consiruetion 5 predueed
when an eleelnieliemical sensor is esed Ihr hie lirsl charac—
eri stic line Dr Ihr die sece od chaniel cr151 je liiic.

1 or a s i nip 1 j lied nie njtoring ef the legal regu ui ions i t can

he previded that ihe exceeding and/or Ibiling belew of limit 35

va Ittes for tue niea 5 urenien t va Inc andJor nu nerica 1 ta Inc ihr
die N (1, co ncenlra i oH in die ineaslirement gas arc sj gna led
sepani tely. Ehe s j gna Ii ng can hie real i zed ep tical Iy, acousti —

ca 1 lt‘ er hit‘ p ruft eilt in a eg er in seine cl her way. ‘Ihn s, die
User ca ii t dvantagcxi II 51 y 11111 1 Iii in sei f tc iii lerinat iii Dc tue
NO, ctiocentral jun corrected hit‘ systeniadc errors, wliile [1w
niethod aceording ie die invent ion ensures IhM ihe exceeding

‚lid/nr liiIling be!ew ei‘ linie talncs that arc specilied legallv
or Ihr same eiher reasons is si naled independeni of thjs
limitation.

Pur exanp le. fo r a censl niet ion of die mcl hod ac cerdir.g In
the iiivcntioi lt cmi hie previdcd that 11w difference hetsveen

aieasttrenient vaitte &nd nunierical vahne lor the NO, coneen

tration in die lnea 511 renielit gas ncreases er decrea sei wit Ii
increasing concentration of the second compenent in Ihe
nleas [‚reihen gas.

\ :irthcr jtnpro ved inethod i s git eo in (hat al least one

addi t in na 1 me:isore,nen t and‘or charac (eh St C va Inc tor h1e
co:Ic eilt rat ie II 01‘ an addi [emIl c otnpoeciit in tue nieasUre—

uleat gas ii ca 1 ul atcd andie r Hp [lt and tha t a correcl ion value 55

1er t 1w N ( ) ‚ ceoce itt ri lt (Iii iii tue 111 casu reinen 1 gas j s dci er—

itii ned trum the add Iki nal ineasttreitt eilt and‘or cha nie te ris t c

vahic. Per example. ii cnnid be provided ihm thmngh the

encen tra (ion ei‘ the addi t innal Co mponent in the incasitre—

Den t gaS. [1w tnm st Lire con teilt in h e Ineas ttrcnicnl gas i
delerniined. espccislly the itdditionah componcnt is tvater er

tvater vipnr. Ailcniaiively Dr addiiionally. it cettld he pro—

vided [hat the aldi [ j onal coinp enent is CO,. ‘I‘hmugh [Im
considerat ice ei‘ Ltddu ienal ceniponents. syslematic enrers
dne tu the prcscnce of additional coniponcn[s arc takcn mb
acco ttnt evet) heiter er 11w inilnence of the nie is tttre content (in

the ineasurenicnt valne is taken into accetlnt. ‘Ihe dctcrmina—

4
iHn er tlie at 1 ca sie ne c ein pti tie ii i s ca ‚‘med e ttt. Ihr exa nip le.

by a cerrespendingly censtructed gLts

1 11w hirt her in pmvenl eni ef the n;cihed ii ca n be pro —

vided ihm the determination of [Im nunwrical vdne [er the
5 NO, concenlrahien in die minisurenient gas from i je meastire—

nient valne 1er 11w concdntrat:on of tue second cempenent

und er iii ca d di :i Dna 1 campenent is ca n‘jcd Du 1 as a htnc iii In eI‘
th c nich 51 ure content cl‘ die nich surement gas. Hie ne is ([Ire

cent ciii ef the iticastiremeni ca s can hic ca rried 001 hcrc. Ii
1] ewinp le. hy tUe inptit cia nttmenical ta ne und/er bv t Ite inpttt

ol a detv pe mi iii t lic incas urenient gas andie r by ii measure—

inent opi t he in casu reinen [ gas. Ihr exatn pl e. t i di a / rO—
probe. - tests ha cc shown [hai tUe in II nence ef tlse itte is tu re
centent in che measurenient gas is censidcnthle whcn

1 s increased requirenienis arc placcd en the meastiretnent accli

mey, hecause oxygen cml disselve in hirn ‘vater centai ned in
the measerenient gas. tvherein a cerreetien oi‘cress—scnsitit i
Ii es lt 1 et 11er sti hst a nces i s a d ‚-an iagcous litt] re 1111111 eve r. 1 ‘er u

inip Je real iza 1 ion, ii c an be provided 1 hat 11w mc st Lire ren—

2 1 leni 1sf i he ei eas Ii rein ent gas i s 1 aken min mi ceni nt eiilv in
steps. Ihr exiiniple. in two. ihree, er niere than ihrec steps.

1 ‘er i he tise ei‘ n gas dehydrat ion uni 1, Ihr exLi nip Je., i gas
eeoler cennecled hel‘ore [Im gas senser, tUe censideraiien of

III C nie i 51 Lire c entent iii thc Ineas Lt renient gas is requ ircd “-11011

hic NO, eencentnitien Ihr meist measurement gas is ie hie
emil nil ited - Co nvcrsely, the mc isltirc ceiitent ecu Id hic uscd ie
cal CLII dc a NO, cc neenhral ion Ihr dried nieasurenien[ gas 1er

a ineas ii reinen i w ii Iie Lii gas dehydni[ i cii,

[III c neu surenient gas invol ccs die exhaust gas ef a celn—
in best ion engine, (Im nich stern cenleill cet,d d a Ise hic eule eh md cd

frem 1 he paramel cr5 e[ ihe ehem ieal 5 Lihs Imnices Ibd tu 1 Im
cenihostien engine, especially die Ihei und/er ibm air, und
l‘rein ii ie cenihust ion pmduc is All ernat ive ly, in 1 Ins way‘. 1 Im
meistere cenlent eeuld also hie nieasured direcily.

Fer tak ing i nte acceunt [Im Inc stern c untcnl ef [Im neu —

sLtreinent gas, here it coeld hie previded [hat, fer [hic Ibd
c hein ca 1 se bs tu nces, clemeniary ennipenen Is, in partiell 111 r.

1 mind/er C, Can he detcrniined hy means of all eleincntaty

au‘ lys iii a ncI/er 1 Iie lilo islii re cccl eilt ef die mei SIl relneni gas

is eulen 1 atcd, in part ice la r, fnsm 11w dctcnii i ned elementa ry
Cellipe [wels Ad vantagco cd y. in die e lenientan‘ analysis -

cenceilinn ons eI‘ die eieawnian- ceniponenis ire determiried

frcni t hich the maislure centent ren be calcnlaled. Alterna—

iivcly or ‘a dd ii 1011 md ly. tlie cmi St ure c antent ef die ai r Id te 11w
45 ceinbustion engine can be deicmiined.

Per inee[ing hie ehjective and especially fer carrying eIlt
tEe ineihed ‘aecerding 1° tue inveelien. Ihr i dL-viee Ihr deter—
nun ing a NO, Concentral ion iii mi inease rement gas [um, 1 Ii-as
gas seliger tlt:ii is sensitive Ihr NO, und ren be brueglit mb

5[i ccli [act it i lii die nwusurement gas mmd an eva nation Unit fo

deterntining a nleastircmenl valec Ihr tlie NO, cencentratior.
iii [110 lnc:iserenuen[ gas frcni ihc 501:5er signal of [Ite gas
50115er iL is provided that an additionul gas senser is previded
[hat is censtnicled hhr detemuning tue conccti[ratieti of mi

secend ceinponent in [hie mcase reinent gas und [um, t [lic ea e
LII ion Lili t lias nire us [er dcl cmii :iing a ntincrical vii Ice fort Iie
NO, cencentration
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wliercin a lirst eh a racteris 1 c line ihr 1 hc oval uatto 0 0 ihe
sdnsor signal ofilie first gas sdnsor und a second characioristic
Ihm tor hic evaluation ofiiio sucond sonsor signal arc slored in
Ihis slorune moans. vhcroin a ditkrcnco vaitio hy wliich tho
ninnerical valne dcv ja los irom hie nloas tirement val ne ihr the
NO co ncenl ruhion in hie nieasurelnonl gas or a lido r vil h
‘vii ici iiiie lima 511 rcinenl valuc ihr Um NO, eonccnlratio ii s In
he inoll iplicd ihr dolcrniining a correcicd inoasurenienl vaiuo.
Ihal IS, lilo nuinerical value Cmi Im inferred korn 11w socond
chanieteristic iine. Thus, hic correehion of sysieniahic Inoa—
snrenlenl errors due in Ihe influenees hy the second coinpo—
nein o r tho statut al ion o Fa tabu surornent niethod thal is toga II y
speeiiied or already eslablished can be carried 0111 in an espe—
eialiy oasy way and the device according In lilo invenhion can
be ca si iv a da plcd In ella nging legal regn ia 1 ions or the sclec—
tion o Fa di fibrenl reibronce nieihod. hic stored characionslic
Ii nos arc advantagcous 1 y obhut ncd lhrougli reforonce ‚neu—
surernenl s md slored as da la sen os andlnr as iki 0dm na
dependencies in a nielnory.

In o ne reilneinon t, di deren 1 cha rachens Ii c 1 ines arc slored
inr di ileronl rel eronce nieastl reinonl nietiiocls. so thal ihr a

p In rat ily of ineasuronienl nie thods dIe app rup niate rcsu lt ing
nioastircrncilt va inc cai he ass igncd ior lilo NO conc 001 na Ii on.
Vor s imp 1 ii Ca i on, a cham ci enis Ii C 1100 or 115 paranc lers aver—
aged across diikrenl nleasuroinenl nielhods conld also he
slored.

Vor ach 1ev Ing ail i rnpro ved considora Ii on o f hirn iniluences
eaused hy addil o na compone las nil he rneasu ronien 1 gas ii
can h o prov idod lilat mea ns ihr lilo inp u 1 tnid/or detormi mit ion 30

0 f Ihe 0 oneenlralio 1 0 Fan add t inna 1 coniponon 1 in the [neu—
suromcnl gas arc conslniclod und ihal, Ihr di fbrcnl nurnoncal
va 1 ues o f liii 5 CO neenlrul 00 0 f 1110 addil ionai ceinponen 1,
diikrent chamclcnisl je ijnes arc slorod Front euch o fwliicil lilo
di lieronce va tue or ihctor hy wh CII 11)0 II nnlenieal va Iue dcvi —

a los ironi hie nieasuronionl val ne tor Ihe NQ concenlral Ion in
lilo nloasurolnenl gas can be infi2rred. iltis dii1irolloo value er
iacto r can Im giv cli ihr 1 he 1 nvenl Ion, in general, in tlnil Ihe
nlcasllwnl eilt va Inc ach ioved willI lilo moasureiiien 1 ni 01110(1
and 1110 nunierical valuc eorrootcd hy syslelnatic illeaslIre
mcm errors arc slored, wheroin 11w diffironee is prnduced by
lilo Formation of a diffcrcncc or liial a ihctor is slored wilh
viliCh hie nloastlrenwnt vaine is lo be muilipliod, in order tu
acliiove hie correcied nleasuremenl vaine, wllercin lilo laclor
is p rudueed hy hie ihrnla 1 ion of a qu client, or thah die di lkr—
ende vaiue or lilo ihclor is slored direchiy. For nlany applica
Ii on roqu irenwnls, il is a Iroady so flic 10111 ii‘ lilo 0l ul of the
concentralion of an addihional conipoiicnl in the ineasure
Inont gas is aliowcd in discrolo slcps. For oxainpio. hIe addi
lionai componellt couid be Ihe walor content in lilo lneaslIro—
1110111 gas und thus tlw nlolstihre conlonl of tue nloasuronlcnt
izas.

one conslniction of Lilo invellhioll it can be pmvidcd hIng
a gas cooler 25 and/or a condensato Irap 26 in tue gas llow of
Ihe rneasureinonl gas is armnged hoihro lilo gas sensor 22 or
hIe gas sensors 22. 23. I-lere ii is advantagoous thac a deiined
nloisturo conlonl of 11w nwasorernenl gas is sei by lilo
upstroanl gas cooier 25 or 11w upshream condensate lrap 26.
‚vilereill sysleinutic nieasurenwnl elTors arc reduced. 50

For lilo cons jderat iOn 0 f lilo III iluence 0 f lilO 111(1 isture cOn—
10111 in lilo 01 easurenionl gas il can be prov ided Ihal nleans Ihr
lilo idenliiicalion 27 of lilo presence of :i gas coolor 25 or
condensalo Irup 26 in lilo gas ilow of lilo nmasuronlent gas
andlor means ihr lilo idenl ificahion and/or input of ihe Oper— 65
ahing loniperaluro of die gas coolor or hie condonsalo trap arc
prnvidcd. Througii lilose nlcans, a concltision 0111110 nloistOrO

6
nii Ion 1 tIit 1 Ca 0 ho ii sed für th 0 CO mccl iOn 0 f sysle mahic

nioasuronlenl orrors is passihlo in Ihe nleasurenlenl gas al

leasl in coarso steps.

Vor deiennining lho ifloisluro conlcnl in lilo nieasureinenl
5 gas. a moislun2 sensor, ihr exampie ‚a ZrO, probe could he

brniighl 1010 contach wjth dIe nloasurenlent gas bcihrc lilo gas
cooIer Or. in general, a gas dohydmation device or inslead o f
hie gas dehydral ion dovice. Wihh lIlo nleasurecnenl valnes Ihr
llie nioishtiro, Ihe correclod nleasuronlenh values Ihr hic NO,
cohicentratioll in dry measurelnent gas can he converled to

lan ish [neu su renlen 1 gas und vi cc v ersa.

lt die device aceording 10 hie invenlion is usod tor deter

ninling hlle NO, porceillage in 11w oxliaust gas ofa cotnbusiion

15 engine, thon sonsors und/nr inptit means could he provided ihr

deiomnnning lilo nloi sluro conlonl. wherein paranlelors of lIlo

1101 heing used, Ihr oxampio. the 1-1 er C percontage. and o [lilo
fed air. Ibrexa,nple. Ilic 0, percelilage, could bo calculated or

i np LII wil 111 liese 501150 rs er iiipu 1 nwa ns. In Ihis das 0, nlcans

o Ihah all 0w a eule nation ei‘ lilo [n0l sturo cnnlonh in 1 ho exha us 1

gas fruni llioso parainelers Lire cunstruclod Dli lilo device.

BRIEF DESCRIP]loN 0V THE DRAVINGS

25 The invenhion will 00w he deseribed willi reirence In

einhodinionls, hut is aol hnlited In these onibudiinents .Addi—
Ii ona 1 Cnlhod inwn ts ii ne given 1 hrn IlgIi IIie cern bin:‘ 11011 0

iba LII res o f lilo ciai ins w i th oach ohlier undior vihh feal uros 0

11w enihodinienhs.
Shown Lire:
FIG. 1: an amrangorncnl accondi ng 10 Ihe i nvont ion i‘o

detornnning lilo NOx conconlnil ion in tue exiltiLl St gas of an
engine,

FIG. 2: 11w inlluence 0 f Ihe oxygen 0 oncenlnti 1011 011 Ille
35 NOx es nconhna 111111 deternnned willi di ficwni illeas llrOliIOnl

mothods Llild
FIG. 3: a partial schemalic repnescntation ei‘ tlto devioc

llown in Ihe arningeinenl o f FIG.

4° DV 1AILED DESCRIPTION OF Ti‘IE PREFFRRED
FM13OD IM IENIS

FIG. 1 shows a skchched pninciple coniigunihinn ofil gen

eral arrangonionl designated vilh i vilh a dovice 2 ihr deher—
45 tninilg a NO, concelltmal ion in ii nioasunemonl gas 3.

‘Fiic amningenlonl tIere hasa probe 4 tvilh whieh a portion o
Wo nloasurelnent gas 3 Culi be extnicled und tod viti an
uniloalod hose 5 lo hic dcvico 2. 11w feoding of hie Ineasune—
mcm gas 3 via the hose 5 is carnied 0111 as descdhed in DV 196

50 31002 C2, inparlicuiar,onPago3, Line 29 In Page 4. Line 10
und in Ihe palent claims of tNs puhlicahion.

In unohlier elnbodinwnl, 1110 lioso 5 cmi he hoatod,
Pur extniching the measunernent gas saniple in FIG. 1, lIlo

probe 4 is attachod wihh its Ihstoning hange 6 in 11w hlue 7 korn
55 which lilo nieasurcmenh gas 3 is exlracted,

Ihedevice 2 isequippedaccording to Ihe requiremonts ihr
dolennlining the enneentralion of 02. C0, NO. NO,. und SO,
vil h the 1101 p 0 f oiec trochenaca 1 sensors und :i lso lilI 5 ava ii —

ahloa CO, IR sensor including absoluic pressure nleasure
malI

‘Ihe deviee 2 has availabio an evaluation unil 8 willI Ineans
Ihr delomiining :1 numerical vaiuo tor the NOx conconlnihion

in hho nleasurelncnl gas Irom Ihe nleasurenlent value deler
mmcd willI Ihe fnst gas sensor 22 ihr 11w NOx collcenlnjhlnn
in hhe measnnenwnl gas 3 und 11w sensor signal o fIhe second
gas sensor 23 ihr HIe 0, conceninition III the nlcasllrcnlenh
gas 3.

in
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8
11112 evaluation unil 8s connectcd via Lt dati line 9 tu tue

hase hody 10 ofihc device 2 that cncloses, f mang a housing,
thc scnsors Ihr detcnnining 11112 concenlralions of 11w conipo—
nenls in the portion ofthe nicasurcnwnl gas3cxtracled via tue
probe 4.

Oti 1 lic eva bat ion uni t 8 flti 1 ca n he separaicd from tue hase
bodv 1(1 1 hc rc arc input nicans 1 1 ihr 11112 inptit o 1 cont iii!

coni niands and/or n urne rical val ues. display means 1 2 Ihr the
display o fcontrol steps. input rcquircmcnts. or rncasurcnicnl
val ucs andJor calculated ntmierical values, and outpui nieans

1 3 Ihr thc ott tp ut o f in casurenient bgs und Inca sureiuciit

in tue e‘ a(ualiou unil 8 Ilierc is a storagc n,cans 24 or
nieniory iii wh cli a ii rs 1 c liaractcri St ic line i‘o r i hc eva! ii iii ion
of um sensor signal of Ihe NOx izas scnsor 22 and a sccond
elinracien slic inc Ihr hic eva Itiai ioii of the sccontl sclisor
siDirn! ol‘ tue 0. sensor 21 arc siorcd.

:\nnlhcr nicasarenient devicc 14 is conncclcd via :inoilicr ScusOr 21.

‚1 1 inc 15 o the eva bat ion miii 8 for detennininta arnb i eIlt

nil ist ‚Ire :‚‚id :‚mh eLt C lcnipcr.il 0 rc - 2C

For 1112 Juilier proccssing ui thc calculaled measurcnie,3t
ii es a nd/or 11112 flicas ii reinem og. a 1 ‘C 1 6 i s conncc cd ‘-ia

connec [ion 1 inc 1 7 tu die eva 1 mii ion unil 8. 11112 coniponenl
al‘ ihe arrangement 1 cnn he siured in an aeccssorics cabinet
18 ihr transport.

Int lic dcv ice 2 sliown in I IG. 1 an clcctrochcni ical scnsor
is pniv :dcd ihr dc lcmii inog ihc NO, component in the inco —

5 tlfCIilcli 1 gas 3 und :i c Imrac :ciist ic 1 i:ic is St ured in tue eva 1
Ii 013 0 ‚ii t 8. herein tbie sensor s iglitil o 1‘ :1w 0, sen 51W cnn he

cval uatcd t.i Ii ilu s c hart, c icris tic linc ihr ilic 511110 lation ui die
nwastlrcm clii ei [Im NO, conce nlrul ion willi a CL!) scnso r.

In anotlier enihodi mcm ii can he pmvided that tlie evalua —

ion 01111 8 in l IG. 1 co nt ains a C‘ I_ 1) scnsn r lor dctenii i Hing
:!ie NO concenlra [ion a nd 1 hai a cham ci eris 1 je inc i 5 st nd
in tI:e eaIuauon unil 8 lorevaluating the sensorsignal oithe 35

0, sensor vith wI,ich the dcscrihed measurcnient valuc
dev,attnci ui 11312 CLL) scnsor can be correclcd ihr a Iiiiah 0,
percenta Cc in 11112 niea so reinem cas. In 1 Ins emhod inient. tue
ose 5 is 1112:11 cd Ihr i ecdlng 11w meas 0 rcmenl gas und a gas

coobcr is pnivided lor n‘easurclneni on drv exliaust gas in tue
nicasureiuciit g:ts llow and na gas coolcr is providcd ihr
‚‘Jens tlreiileli t Lili 11111 ltioisl exhau 51 12115 in 1 Im ii:casuremcnt

‘1 im device 2 also (las avai (ahle. in t!ie hase hody 10. a gas
coobcr Wut is not visibbe in die illustration und is connecicd

hefore tue gas sensors in the nieasurcliicnt gas flow. Ilitis, ihc

gas sensors in tue base body 10 measure 11112 dn‘ lneasurelneni
5 gas Ilow. With hie know!edge ol hic inoislure coritent ol the

measurenient gas 3 hefore entiy into the mis cooicr. [Im NO,
ceucentral 0i Ihr iiio ist II jeusurel 1112111 gas cnn he ca Ic ulatcd
ironi this knowledge.

In anotlier elnhodlnient. 11112 gas ceoler Inis a separate colt
siruction.

1:1 ( i. 2 shows 11w resu!i of a sccs of measurenienis in
whi cli 11112 NO, concelil ratio ci i tiLl :1112:150 renicll ( gas was deter—

nuned ihr dl i‘lrent o x yge it concc n [ratio ns ‘vi th di librent
tucasurclneni ineil:ods. Shown arc tue dcicmiincd NO, etui

ceniral ions willi a non—d 5 pors ivc inira rd senso r 1 9. v,ih a
chemiluminesccncc dcleclor 20. und willi an ebeelnichenlical

1 lere. th;c :‚hscissa represcnls Ihe va 111125 nieasnred ‚vi ah im

dilibrent nie:hnds ihr 11w NO, concentr,ilion al diflLrcni oxy
gen conccnl ra tioii s in ilic neas urenien t gas. De in thii

incrcasing oxvgcn coniciit can he scen elcarly.

lt cnn be cl carlv seen 1 hai 1 Im UI ca sorenicnl tu Iles ach icved
with thc non—dispcrsivc inl‘r.,red sensor 19 agree viih ihe
‚ncasurcn)eat ca Ines a,cI,i evcd In‘ tu ca as o 1‘ 1 he cl ectrochcuni—
cal sensor 21 in lhc scLi 0 J‘ sl;‘l i si i e ii dcv inC ions. ‘viii Ic
desialions to ihe nieastirelncni valucs 20 uI the CLI) sensor

arc produceti that increase iCi niagni ode w iih i ncrca Sinn oxv—
gen conieni.

(:roln tbns in ih rniat ion, a cham e icrist je lilie cnn b e derived
t ilh w Ii ich tim NO, ct,nceni ml ion dc cmli ncd fnuti a CLI)
senser cnn he corrcetcd willi knovicdge ui 111120, coneenira

tion er vith which the lncasurcnlcnt willi a CII) senso r cail Ie
siniulaled on the basis oft, nieasuren:enl of the NO concen
trat ion ‚v iih all 1 P. tw cl cci ro chci ii ical secisor

hic tncnt i oncd in lor:na t ion i s s Iorcd in hie fomi of chur—

act eristie Ii nes in 11w cval 00 tion mut 8 and is oscd for deter—
nlinilig die nuniencal valoe Ihr tha NO, conccntralion thal is
tlisplayed on 11w display means 12 :tnd is op:ional 1>‘ oulptit
Willi tu 112 0111 p111 ineulis 1 3.

In theevabuanor. unit 8, liniit valocs specifled legahlv oras
O rcicrcncc arc slorcd ihr NO, coticentraticilis und tlic excccd
ing a nci‘or laIb Ing bcbot o f these 1 ilil 1 va lo es ihr eoc ii oft lie

4‘ ineusu reinem ca b uc and 11112 nIl tlicrica 1 tal uc fo r the NO,
coticcntr,jtion in the ineasurctneni gas is signaled sepanitely
011 11w display nlcans 12 Dr logged in ‘a ineasuircmcni log. In
11w eva it,al ion tun ii 8. for add i 1 iona 1 eoniponcni 5, cspccial by
CO. and waicr, in die niensurcunelit gas 3 anabogotis tu FIG.2,

5o 11w dcviahion of ibm diflbrcni rneasurcmcnt metbiods fmni
cach olhcr arc siored. so ibal ihc inlloenees eauscd hy 11w
addi i onab conlponetli 01111112 deierininat Ion 0 film NO cnn—
ceniral ion can b c haken mb accnunt.

in thc evalualion onil 8. Chc sensor signabs of gas sensors
5,5 arc Jinablv processcd in the base hody II) such ihat ii cabcula—

ii on 0 f the nin i sl lire conlen 1 o f 1 Ii e ni eas u reinen 1 gas 3 is

possihie beihre eai‘ mb the gas cnober.

In the nieihod ihr delermining n NO, eoneenlr,llioa in [1

nieasurcnieni gas. ii is providcd ihat tl nicnsorcnienl vaIut2 ihr
so 11w NO, conceniration i s deicrmined I‘rom the sensor signal of

ii gas sensor and that a nieasurcment vabue Jur 11w concenlnt
iion ofa seeotid componcnl in Ibic measurcmctii gas is dcter—
niined, wherein. a correcbed value Ihr ihm NO, concentnulion
in the nicasurenient gas i s dci cr111 ned froun die nietl surenient

5 vabues and wherein tlic mcasurcnienl v:uloe and the corrccled
nicasurclnent value fnr the NO, concenirution arc di splayed

Wihh the described arrangement. a meihod ihr detemuning
a NO. coiicentratuon in tue rneasurcrnenl mis 3 cnn be carried
oot :hat will hc desc rihed in detail be!ov.

In 11w cvah,ation ank 8. a sen sor signal o f a gas scnsor 1
eaptured, vherein tlns seulsor is arr.ungcd in the base bodv II)
and is sensiiive tu NO, and is brooglit into conlact xviiI, 11w
ineasorcmcni gns 3 via 11w probe 4 und ulm hose 5.

Froni luk delecied sensor signal. a measurenwnl valuc Ihr
hic NO, concenirailon is Wen deiertnined.
I3y nieans ol‘tun addnional sensor in die base hody 10 ofthe

devicc 2. a measurenmnt value for the conccntration ofO, in
thc nlcasurelnent gas 3 is deicnnincd.

1 toun Ihe 1 wo dcteniii ned nieasu ninient ca bes Ihr the con —

cenlration of NQ and 0,, a numerical valuc for ibm NO,
conceniralian in tbm rneasurcnient gas 3 is now deieniiined
thatwoubd Im produced ibrthcusc ofa C‘L.Dsensorinsteadof
Ibm e(ecirocheniical sensor

‘hie measuretnent vabue nicasured vith the clectrochenn—
cal seuisor ihr thc NO, conceniration in ilic measurenient gas
3 and the determined nutnericab w,iue that would he pnidueed
Jur lbie use ol‘ CLD sensor Lire displayed on tlic display
nicans 12 of the evaluation unii 8,

[‘or dci cmi mi ng 11w nleasorcllielit va bes und numenca 1
values. characicri stic lines arc storcd in the evaltiation unit 8, aadior out put.



US 8,852,950 B2
9

Ilse invenllnn claimed is:
1. Medsod tor deiernnning ti NO, Concentralion in a nsea—

stireinenl gas. Cnmprising:
providiisg a seasor signal frens a tirst gas sensor that is

sensi live Ihr NO, and Ilsal is hrn nghl 1 nI n cnn act w 1 h
ilse oseasurement gas ard detersuining a isseasuremenl
valt,e Ihr ilse NO, concentralion Irom Ilse sensor signal.

determi ning 0 nseas ii rein ent va Inc Ihr a conceniral ion n 1‘
second Co apo nent in 11w nseas tireinent gas freiss a sec —

ond gas scnsnr. Ilse second enisspenent heing oXygen.
detenn i ning a numerical VL, 1 ne Ihr 1 he NO, concentral Ion in

die ines‘s n rcnsenl gas fron 11w nseastiremenl va Iue Ihr
tue cs xy gen concenlnil ina in hic nle:ls ‚‚reinent gaS, und

display ilig cl ic In cas ii reine ist va 1 ne a nd 1w nil nsericu 1 “alt, e
tor ilse NO, concentralioss in Ilse ssseasuressseri gas
“herein Ihe meas,,reme,si value tor Ilse NO concent ni
[ion in ilse isseasurensent gas is deiernsined willi reftr—
enceio a slored ku elsaracieristic inc mm the w 115er
signal ei ilse lirst nas sensor.

hcresn 11w nIl mcii ca 1 viii ne fo r 1 he NO, c enceatrat ion iii 21-
Ilse isseashireissent gas is deiermined willi referenee to a
sIe rcd sec anti elsa Inc ieri sI i c Ii ne lhnn the senso r signal
of ai least one of the lirst or ilse second gas sensor.

2. Kl elli od accordi Ig in cia im 1 . ihriher cnmpris ing rcinov—
ing tlw isseastirensent gas fi-om exhaust gases o fa co,nhnstinn 25
engine.

3. Melhod accord Ing ‘.e cIa im 1 . herein al least one n 1.11w
1 irst e Isaracierist ic Ii ne (19, 20. 2 1) tsr tlw second chaniet eris—
Ii c 1 inc is Ib rmed hv inleipa lat Ion tsr extrapolation ol cal ihn,—
tinn or supptirt poiots euch ofa churacterisiic line curve. 30

4. Mc tlsod accord Ing 10 CIa ins 1 . iv herein a 1 least one er the
tirsl characieristic line 19. 20. 21) or 11w second chanicleris—
tic bw is slored as a dma series.

5. Method Ltceording tu claim 1. wlserein Ilse lirsl cisarac—
terislic lnie (19. 20,21) 5 che eharacieristic line elan infnired 35
4ensor, LV sensor. electrucl:ensical sensor. er semicnnduclnr
seissor er a cheasilnmi,:escence detecior

6 Mc tlsod acearding In cl im 1 ‚ wherein ilse sec und cha r—
er, st i c ice nsap s dcvi so ion o ta characteri st ic iren ta NO,

sensiti‘te eleeirochensical senser. infrared sensar. LV seissnr. 4
Dr seissicojiducior sensor er a chensiluminescence deseelor
‘rom the first cl,aracieriscic line für dilherer.t values oft cnn—

Cels[rsIIioil of ilse second conspoisent in Ilse ineasaremeal gas.
7 .Me ihod aceordnig tu clains 1, furdwr consprising sepa

racelv signal [Ig so least one nf excecding er ihlling below
linnt values ihr the ireasnrensenl valne snsd numericul value
Ihr Ilse NO, conceislr.ssiois in Ilse nseasur-ensenl gas.

8. Meihod uccordiisg Io claim 1, wherein a d,fft‘rence
heI wec,s ii ie is scsi su rensessl a1 ne aisd nuinerical va Inc Ihr ihe
NO, conceniralion in Ilse measureinent gas increases or 50

deereases willi increasing concesstnition nt Ilse second cons—
ponent in Ilse Ineas urement gas.

9. Meilsod siecording In clains 1. wherein at least (Inc addi
nonal neasurensenl nr characteristic value fnr a eoneenlra—
[ion ei‘ ihird coissponent in tlse measurensent gas is al least one
o 1‘ dci cnn, ned er i isp ii t sind a co rrec Ii nil va Inc Ihr Ilse N ( )‚
coiscentrs,Iion in ilse Ineasurensent gas is delernsined fron at
least eile n 1 Ilse addi ii nnal nseasu renseist er clsara c Ierisl 1 c

ID. Metlsnd a cconiing tn claim 9, wlsere in Ilse thi rd co ns—
p0 reist i 5 vvater and tlse delerns inat ion o f Ilse nil nserical value
tor Ilse NO, cnncenlral mis in cIsc measureisseni gas is carried
nut frnm Ilse rneasuresssenl valne Ihr Ilse cencentration dat
least one of Ilse secnisd coisspoisenl er die Ihird eonspniseisl as
a I‘unclion nf a nsoistnre conlenl el Ilse nseasurenseisl gas. s

II. Meclsod accnrding tu clsiins 1, wlserein tl,e nseasnre—
nsenl gas is an exlsaust gas of a cn,sshnslion engine aisd ihr

10
clsensical snhstances kd in Ilse conihuslinis engt ne, a cnncen—
trat ion cfe lementary Co I5IO iseins. itsel od i Isg so leasl nne n f H
er C. er a nloisiure eonieist ofair Id io hIe ctsnsbnstio,, engiise
arc delenssined by an elenseistary atsalysis or Ilse Issoislnre

5 c nntent o f ilse neu so re nie ist gas i s ca Icii laled Ihoss ddr—
m med co ncentral iots 5 0 f Ilse e le,sseist an‘ cn isp ohsents Dr a
issO is lore cont eilt ci sü r lijd tu Ilse eoinlsnst 015 c ngi ne.

1 2. Mci so d a ccord ilsg 10 c Is, ins 1 1 . iv lserei,s Ilse ‚sIels [Lire
coistetst i is Ilse nieasurensen 1 gas is nseasti red.

10 Device ihr detenniising a NO, conceitlr.icion ‚isa nsea
snrenseisl gas, coissprising:

o first gas seissor Iliat is scilsitive tu NO, conligured for
eontact willi Ilse nseasurensent gas In produce a first
sensor siessal.

a secnisd gas seitsnr sensitive In a seeor.d ennspeneisl 0 fllse
ineasnreissessl gas (3) cccl igu red tor co,sI act w th Ilse
Incasnrenieso gas In pradLiLe a scco,sd sigissil.

an evaluation tttsil (8) cotslignred so deienss,r.e:,‘.neasnre
nseisl vii In e Ihr Ilse NO, coiscenl r.i Ii in ii) Ilse isseas lire
sw isI gs (3) lro,ss 11w Ii na sen s,sr s i gisa 1 Ins in II ie irsl gas
sen ser sInd ii snjss eries 1 ah le Ihr Ilse NO, Co 1W Cal ciii 055

iii Ilse nseasurensenl gas fns,ss Ilse ns eilst‘ rensenl val ne
deiersssi,sed [min Ilse lira seissor sigisal und Ilse secnisd
seissor siessal.

a d isplav Ibsat di spl avs Ilse isa nseric al in 1 ne sind ilse issea—
surensent value. und

5 Inruge device in ilsicls a lirs i clsar-,,c 1 erisi i c 1 ilse Ihr
csi nah o so f Ilse se ‚ssn r sig sau e f Ilse Ii rs: gs 5 seils tsr sind
51 seco ad elsa niceris Ii c Ii ‚se Ihr eva 1 na 1 ils is eI‘ a sec ond
sensor signal arc stored,

i Iserein Ilse eis, lttsi 1 ion ii :si t dcl ems i ises a ii: tIhreisce isil ne
er thelor hy iiIi icls a isa islerica 1 val ne dcv iates fre 55 ilse
nseasureiss ciii val ne Ihr Ilse NO, eo neenira Ii na 5 ilse
isseas ureisseni gas usiisg tlse sccoisd cisaracieristic line,

wlserssiis diflireist cI;s,racteristic lines Lire siored [miss wls,cls
a diikwnce value er Ihclor csu, bc tsikets by ivisiels ilse
ist, nseriea 1 va 1 ne deviales trum 11w nseas Ii rei IIeiI1 i-s,I ne
Ihr Ilse NO, co sceist nil io 5 Es ilse Eises‘s 0 re IiseisI ßiIS

14. Device accomditsg Iii clsiins 13. fuotsereoisiprisiiiu Lt gas
cooler er a coadensale trap is arranged. npslreaiss of die lirst er
secoisd gas seissor. iii die gas iknv e f the nsea so wisse ist gas -

15. Dc‘- ice ueco nli csg Io c lains 14. fndller CO isipfls im ml

s ideiisiticatiois device. betwecis cisc gas ceoler or co,sdensate
Irap aisd Ilse flrsl or second gas sensor, ilsat ide,shi fses a pres
elsee of Ilse gas cooler um ilse condeissate Inip in ilse gas hew of
Ilse nseas 0 renseist gas.

16. Device aecnrding 10 clsiiis, 14, I‘nrslier eoi,spiisiisg 5,15

idcntificatints devicc. belweeis Ilse gas ‚maler er coisdensale
trap sind Ilse firsl er seeond gas senser. tlssil s,llnws identihica
1Km er iispul ei an operatnig Lensperalnit ol Ilse gas ennler er
Ilse condensate Inip.

17. Device accordiisg tu clains 14, ftirtlser eninprisissg an
ss ident ifical ion device. helween tlse gas cnoler er cendensale

trap aad Ilse hirst er secnisd gas seIssnr, lissil deiernsiises Ilse
ninistnre content iii Ilse ineasnreissenl gas.

18 Device according le clsnns 13. vvlsereiss Ilse second gas
seissnr is an 0, seisser

60 19. Device accnnliisg In clains 13 wlserei,s Ilse device (2)
has si portahle cons Irnc Ii ‚sn.

20, Methnd ihr deiemnsiisiisg a NO, cniscesslnoion in a nsea
stirenieni gas, cnnsprising:

providiisg a seissnr signal heiss a tirsl gas sensor tlsal is
sensitive for NO, and Ilsal is breugist iislo coislacl witls
tlse isseasureisseisi gas and delcnssinissg a nseasnreisseist
valne Ihr Ilse NO, cencentralinn Frons Ilse sensor signal.
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detenn Ui ig a nieasu re inent val iie tor a c Oncentratio n o ta
second cotnponent in Ihe measurenieni gas frons a sec
ond gas sensor, Ilse second component being oxygen,

dc cnn 11 ing :t nil Er criCa 1 val ne lor Ilse No concentrat ion in
die nicasureinent gas froni die nieasurenient vahte for
die o xyuen concentni 11011 iii the nieastirensent gas, und

d sp I:,v mi Ilse meastirement vii] ue und tue nnmerica] “al ne
tor ihe NO, concentralion in ilse nieasurensenl gas,
ivherein Ilse neastirensent valne Ihr the NO, concentra—
11011 1 t he neus o reinem gas i s d denn nec] ‚vi th relbr—
dcc Co a storcd (irst clsaracieristic Unii froin the scHier
s gital ef the firs t gas sdilsor.

wlterei,, die tat cslcnc:, 1 val ne fo r Ilse NO, concetsiration in
die incasurenseist gas 5 determined witis retirence 10

siored secoiid eharactcrisiic liiie trum hie secisor signal
of iii least ene nt ilse first er the second gas sensor und 1.5

i herein Ilse ßrsi characierjsiic line (19. 20. 21) is die
elniracierist ic line of: an infrarcl scnser. UV sensor. an
eleclroclienhical sensor. or ii senuconducior sensor.

21 . Niet bnd tor dci ermin Ing ii NO, coneentra ci cii in a mc:‘ —

siiremenl gas. CO:nprisinu:
prnv ‚di ne :i sen sor si eisa 1 frisin a First gas senso r t hat i

sensilive Ihr NO, ard bat is hmught inco conlact willi

12
Ilse nseasnreiuenI gas und delcrtssi,n ng a measurenienl
valne for ilse NO, conceitimlion fein die scHIer signal.

delennini ng ii nseas Lireinent va 1 tie Fa r ii concen ‚ratio n o Fa
second cciiipuiieiil iii 11w nse:isliremcnc gas horn ii sec—
ond gas serssor, Ilse second coniponent being oxygen,

delenssi ‚u ng Z1 numerical val ue hr die NO • eo necnirai ion in
die nicasurell teil 1 gas fron‘ die ineasu rel iieilt v:, 1 ne Ihr
t lic o xgen Co 1K eist ra 11015 ci the nicasitre meist gas und

display ing tue nseasu rensent val ne :nsd Ilse na nlerica 1 vii Inc
Ihr die NO, eoneeiltraiioii in die ineasureitient gas,
wherein (1w neasurcinent value Ihr die N( )‚ eoiseent rd.

ii eis in 11w me:,s urenseut gas i s dcl cnn i ned wi th re Ihr—

e,lCe 10 ii stored dritt citaracieristic line Cmiii the sensor
signal cl‘ Ilse limit gas sensor.

whcre in Ilse nil nseri c:il ‘ii Inc Ihr ilse NO, e sneen trat :5 H in
Ilse nseasurenient gas is deterrnincd wiih relhrenee In a
stored second el,aracieristie line fruiss die seissor signal
ol‘ iii least one of the Iirsl er ilse second gas sensor an:]
wlsereics Ilse lira char,tcier.sitc line (19. 20, 21) is ilse
elcaraeicrisiic litse cia chenniunnnescecsce deiecior.

* * * * *


