
SSCL-N-832

PerformanceEvaluation of
Oxygen Sensorsfor Usein the

SuperconductingSuper Collider
PersonnelAccessSafetySystem

E. Luxhoj

SuperconductingSuperColliderLaboratory*
2550BeckleymeadeAve.

Dallas,TX 75237

August 1993

Operatedby the Universities ResearchAssociation,Inc., for theU.S. Deparunentof EnergyunderContract
No. DE-AC35-89ER404$6.



Table of Contents

1.0Introduction .1
1.1 Overview .1
1.2 Purpose .1

2.0 Test 1
2.1 ResponseTime 1

2.1.1 Methodology 1
2.1.2 Results 2

2.1.2.2 ResponseTimefrom 195% to 20.9% Oxygen 2
2.1.2.3 ResponseTimefrom 20.9%to 17% Oxygen 2
2.1.2.4 ResponseTimefrom 17% to 20.9% Oxygen 2

2.2 Accuracy 2
2.2.1 Methodology 2
2.2.2 Results 3

2.2.2.1 Accuracyfor a span gas of 19.5% oxygen 3
2.2.2.2.Accuracyfor a spangasof18% oxygen 3
2.2.2.3Accuracyfor a spangasof 17%oxygen 3

2.3Repeatability 3
2.3.1 Methodology 3
2.3.2 Results 4

2.4 Cost 4
3.0 Conclusions 4
4.0Data 5

4.lRawData 5
4.2 MeanTimeBetweenFailure Data 5
4.3 Graphsof TestResults 5
4.4TestData Tabulation 5



1.0 Introduction

1.1 Overview

A test wasperfonnedto detenninetheresponsetime, accuracyandrepeatabilityof
eight different sensorsincluding theKE-50 manufacturedby Figarowhich is
currently being usedin theAcceleratorSystemsStringTest ASST facility.

1.2Purpose

The testwasdesignedto characterizethe different cells. Comparison of the results
could lead to decisionson how to feasibly apply the cells, anddetenninationsof
which cells to utilize.

1.3 DescriptionofUnits underTest

SensorName Model# Serial# Manufacturer SensorType
MSA 485105 485105 Mine Safety

Appliances
Company

SelfContained

Crowcon ROD 90 S01-169 Crowcon
Instruments
LiD

SelfContained

General
Monitors S720

S720 45060-2 General
Monitors

SelfContained

General
MonitorsS72l

5721 N/A General
Monitors

SelfContained

SMC 4101-3 91-C-2171 SierraMonitor
Corporation

SelfContained

City
Technology

N/A 058256071 City
Technology
LiD

O2cellplus
millivolt
transmitter

ICE-SO N/A OXYFI000IO Figaro 02 cell plus
millivolt
transmitter

Drager 18315230 18315230 Dragex SelfContained

2.0 Test

2.1 ResponseTime

2.1.1Methodology

To testresponsetime, aspangasof 19.5%oxygenwasapplied until the
sensorreadwithin + / - 0.2% of 193%. The time for the sensorto reach
19.5%wasrecorded.Then,the spangaswasremovedandthe time for the
sensorto reachambientair wasrecorded.Ambientair wasdefinedas
within + I - 0.5% of 20.9%oxygen.



2.1.2 Results

Theresponsetime wasbroken into two readings:the numberof secondsfor
the sensorsto go from approximately20.9%to approximately19.5%,and
the numberof secondsrequiredfor the sensorsto go from approximately
19.5% to approximately 20.9%.

2.1.2.1 ResponseTimefrom 20.9% to 19.5% Oxygen

SensorName ResponseTime sec Rank
General Monitors S720 7.81 1
General Monitors S721 14.85 2
SMC 27.35 3
Drager 27.87 4
Crowcon 28.2 5
CityTechnology 53.17 6
MSA 99.32 7
KE-50 125 8

2.1.2.2ResponseTimefrom 195% to 20.9% Oxygen

SensorName ResponseTime sec Rank
GeneralMonitors5720 7.2 1
GeneralMonitors5721 . 13.12 2
SMC 15.94 3
Drager 16.36 4
Crowcon 18.67 5
City Technology 73.5 6
MSA 77.64 7
KE-50 157 8

2.1.2.3 ResponseTimefrom 20.9%to 17% Oxygen

[ SensorName ResponseTime sec Rank
[ICE-sO 105 N/A
NOTE: The KE-50wasthe only cell tested.

2.1.2.4 ResponseTimefrom 17% to 20.9%Oxygen

SensorName ResponseTime sec Rank
KE-50 117 N/A
NOTE: The ICE-SOwas theonly cell tested.

2.2Accuracy

2.2.1 Methodology

The accuracyof eachsensorwasdetermined by applying a span gas of



19.5% oxygen. The sensorwas then allowed to stabilizeand the value
that the sensorreachedwasreconled.The test wasrepeatedfor 18% and
17% oxygen.

2.2.2 Results

2.2.2.1Accuracyfor a spangasof195% Oxygen

SensorName Accury Rank
MSA 19.5 1fle
SMC 19.5 1tie
Drager 19.5 1tie
GeneralMonitorsS720 19.49 2
KE-50 19.55 3
Ci Technology 19.6 4
GeneralMonitors 5721 19.66 5
Cmwcon 19.76 6

2.2.2.2.Accuracyfor a spangasof18% Oxygen

SensorName Accuracy Rank
SMC 18.03 1
Cmwcon 18.09 2
Drager 18.1 3
MSA 18.14 4
City Technology 18.16 5
GeneralMonitors S721 18.21 6
GeneralMonitorsS720 18.4 7
ICE-SO 18.64 8

2.2.2.3Accuracyfor a spangasof17% Oxygen

SensorName Accuracy Rank
Drager 17 1
Cmwcon 17.13 2tie
SMC 16.87 2 tie
CityTechnology 17.13 2tie
MSA 17.2 3
GeneralMonitors 5721 17.29 4
GeneralMonitors5720 17.39 5
KB-SO Not Available Not

Available

2.3Repeatability

2.3.1 Methodology

The repeatabilityof the sensorswasdefinedasthe differencebetweenthe
ambientair valuethesensorsreadinitially andthe ambient air value the



sensorsreadafter 19.5% span gaswasapplied and removed. The ambient
readingon the sensorwas recorded.Then, a span gasof 19.5%oxygen
wasapplied. The sensor wasallowedto stabilize at 19.5%. The span gas
was then removed and the sensorwas allowedto return to ambient air. The
final valueof the sensorin ambient air was then recorded.The results
weregraphedso that the graph reflectedthe difference betweeninitial value
of the sensorand the final value of the sensor.

2.3.2 Results

SensorName Initial Value Final Value Delta Rank
MSA 20.77 20.77 0.00 1 tie
Crowcon 20.93 20.93 0.00 1 tie
GeneralMonitors 5720 20.63 20.63 0.00 1 tie
GeneralMonitors S721 21.08 21.08 0.00 1 tie
City Technology 20.81 20.81 0.00 1 tie
Drar 20.7 20.7 0.00 1 tie
SM 20.95 20.96 0.01 2
IcE-SO 20.51 20.54 0.03 3

2.4 Cost

SensorName Cost per quantity 1 Rank
KB-SO $247.80 1
City Technology $257.80 2
Cmwcon $495 3
Drager
MM

$500
so

4
5

SMC $700 6
GeneralMonitors 5720 $910 7 tie
GeneralMonitors S721 $910 7 tie

NOTE: The sensorswererankedfrom least expensiveto mostexpensive.

3.0 Conclusions

The sensorcurrentlybeingusedin the ASST is the KB-SO manufacturedby Figaro. The
ICE-SOdid poorly in the responsetime test, and finishedlast in both the accuracyfor 18%
oxygenand repeatabilitytests. The KB-SO finishedwell in the accuracytest for 19.5%
oxygen. Notice that in the responsetime test for 17%, the KB-SOrespondedasquickly as
it did to 19.5%oxygen 125 secondsfor 19.5% versus 105 secondsfor 17%. This is a
very attractivefeatureandseemsto suggestthatthe sensor’sresponsecould be equally
quick in any level ofoxygen. In the accuracytest, the KB-SO displayedexcellentaccuracy
despite finishing last in the 18% oxygencategory. Certainly,adeviationof 0.64% was
acceptable.However, the accuracycould be improvedif the cell wererecalibrated. At the
time of the test, the KB-SO wascalibratedusingan unappmvedanduntestedcalibration
procedure.The KB-SO also finished last in the repeatabilitycategory with a deltaof
0.03%. The Figaro cell hada very attractive claim often years life expectancy. The cell
wasalsothe least expensivesensortested. The GeneralMonitors S720and S721sensors
did well in almost every category. The 5720 and 8721’smostattractive feature wastheir
responsetime 7.81secondsfor the S720and 14.85 secondsfor the 5721. Response
time is very importantfor a sensor,sincethe quicker the sensordetects a deficiencyof



oxygen,the soonera personcan leavea hazardousareaunhanned.This made the S720
and 5721 very solid sensors. However, one thing not reflectedby the testsis that the S720
and S72l could not be zerochecked.This could causeoffseterrors that would skew
sensorreadings after a period of time. Also, the sensorsdid not offer flexibility as far as
calibration is concerned. The sensorshadto be calibrated using 20.9% span gasin order
for them to be perfectlyaccurate.If there were not any20.9%spangas available, the
reliability of the sensorreadingswould be compromised. The 5720and 5721werealso
the most expensivesensorstested. Thesenegativesmadethe S720and 5721 sensors
unacceptable. The City Technologysensorwasvery similar to the KE-SO sensor. The
City Technology sensorfinished closeto or better than the IcE-SO in the tests. The City
Technologydata,in section4.2, showedthesecells have an averagelife expectancyof
approximately 73 weeks,much lessthan the Figaro cells. The City Technologysensor
wasalsoslightly moreexpensivethan the Figaro sensor. The SMC and Crowcon sensors
were very similar andfinishedcloseto eachother in every test Bothsensorswereeasyto
calibrateand hadaboveaverageaccuracy,averageresponsetime and excellentrepeatability.
A big negativeon bothof thesesensorswas that they were bulky and costlyandwere
thereforenot recommended.The MSA sensorhadaverageresponsetime, goodaccuracy
and excellentrepeatability. However, it wasa very bulky andcostly sensor,but more
importantwas that it wasvery difficult to calibrate. This made it an unacceptablechoice.
The last sensorwasthe Drager. It had a goodresponsetime, excellentaccuracyand
excellentrepeatability. The sensorwasvery easytocalibrate and could be calibratedusing
any span gas20.9%, 19.5%, 18%,etc.which madeit very flexible. The LCD that
displayedthe percentoxygenwasvery convenientand the sensorhousing wasdurable and
attractive. The only negative the sensorhadwascost

4.ODakz

TableofContents:
4.1 RawData
4.2 Mean TimeBetweenFailureData
4.3 GraphsofTestResults
4.4 TestData Tabulation



4.1 Raw Data



ODH Formal Test - Raw Data

Raw Data

Sensor Name: ISMC Sierra Monitor Corporation

Response Time

Time: 27.35 sec.

1

Repeatability of Sensor

% Oxygen Start ReadinLLow end reading Returned to
19.5
18
17

2.095v
NA
NA

1.953v
NA
NA

2.096v
NA
NA

Time: 15.94 sec.
% Oxygen From To From To

19.5 2.092v [ 1.95v 1.95v 2.092v
18 NA NA NA NA
17 NA J NA NA NA

Accuracy of Sensor

% Oxygen Start Reading Low end reading Time to return Returned to
19.5 2.094v 1.95v 19.24 sec. 2.094v
18 2.093v 1.803v 25.82 sec. 2.093v
1 7 2.086v 1 .687v 38.99 sec. 2.086v

Page 1



ODH Formal Test - Raw Data

Sensor Name: ICrowcon

Response Time

NOTE: The readings in the table are the actual readings.
To obtain a percent oxygen reading from the table reading, subtract
0.57 from the reading. Then multiply the result by 5 and divide
by 4. This procedure should only be used for the readings taken
when 19.5% oxygen was used.

Time: 28.20 sec. Time: 18.67 sec.
% Oxygen From To From To

19.5 17.28 ma 16.38 ma 16.38 ma 17.28 ma
18 NA NA NA NA
17 NA NA NA NA

Accuracy of Sensor Recalibrated for 18% Oxygen

% Oxygen Start Reading Low end reading Time to return
19.5 17.3 ma 16.38 ma 18.06 sec.

Returned to
17.3 ma

18 167.2 my 144.7 my 1.41.46 mm. 167.2 my
17 167.7 my 137 my 2.14.36 mm. 167.3 my

Repeatability of Sensor

% Oxygen Start Reading Low end reading Returned to
19.5
18
17

17.31 ma [ 16.39 ma
NA NA
NA NA

J 17.31 ma
NA
NA
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ODH Formal Test - Raw Data

Sensor Name: jCity Technologies

Response Time

Time: 53.17 sec. Time: 1.13.5 mmn.
% Oxygen From To From To

19.5 16.64 ma 15.60 ma 15.60 ma 16.84 ma
18 NA NA NA NA
17 NA NA NA NA

Accuracy of Sensor

% Oxygen Start Reading Low end reading Time to return Returned
19.5 16.64 ma N/A 1.01.34 mm. 16.64

to
ma

18 16.64 ma 14.53 ma 1.34.10 mm. 16.64 ma
17 16.64 ma 13.70 ma 1.21.32 mm. 16.64 ma

Repeatability of Sensor

% Oxygen Start Reading Low end reading Returned to
19.5
18
17

16.65 ma
NA
NA

N/A
NA
NA

16.65 ma
NA
NA
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ODH Formal Test - Raw Data

Sensor Name: IGeneral Monitors S720

I calibrated
adjustment
To convert
then divide

the device using 19.5% oxygen instead of 20.9% oxygen. So I had to use an
factor of 1.93. The readings in the tables are actual meter readings.
the readings to % oxygen, subtract 1.93 from the table entry and multiply by 5,
by 4. This procedure only holds true for the 19.5% oxygen tests.

Response Time

Time: 7.81 sec. Time: 7.20 sec.
% Oxygen From To From To

19.5 1843 ma 17.53 ma 17.53 ma 1844 ma
18 NA NA NA NA
17 NA NA NA NA

Accuracy of Sensor The sensor was recalibrated using ambient air
for the 18% and 17% oxygen tests.

% Oxygen Start Reading Low end reading Time to return Returned to
19.5 18.44 ma 17.52 ma 6.87 sec. 18.43 ma
18 1740 ma 15.40 ma 13.91 sec. 17.40 ma
17 1740 ma 14.59 ma 31.05 sec. 17.40 ma

Repeatability of Sensor

% Oxygen Start Reading Low end reading Returned to
19.5
18
17

18.43 ma
NA
NA

17.52 ma
NA
NA

18.43 ma
NA
NA
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ODH Formal Test - Raw Data

Sensor Name: IGeneral Monitors S721

I calibrated the device using 19.5% oxygen instead of 20.9% oxygen. So I had to use an
adjustment factor of 1 .57. The readings in the tables are actual meter readings.
To convert the readings to % oxygen, subtract 1.57 from the table entry and multiply by 5,
then divide by 4. This procedure holds true for the entire test.

Response Time

Time: 14.85 sec. Time: 13.12 sect
% Oxygen From To From To

19.5 18.30 ma 17.30 ma 17.30 ma 18.30 ma
18 NA NA NA NA
17 NA NA NA NA

Accuracy of Sensor The sensor was recalibrated using ambient air
for the 18% and 17% oxygen tests.

% Oxygen Start Reading Low end reading Time to return Returned to
19.5 18.30 ma 17.298 ma 14.51 sec. 16.73 ma
18 18.28 ma 16.13 ma 25.16 sec. 18.29 ma
17 18.29 ma 15.40 ma 25.24 sec. 18.29 ma

Repeatability of Sensor

% Oxygen Start Reading Low end reading Returned to
19.5
18
17

1843 ma
NA
NA

17.52 ma
NA
NA

18.43 ma
NA
NA
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ODH Formal Test - Raw Data

Sensor Name: jMSA Mine Safety Appliances

Response Time

-I

Time: 1.39.32 mm. Time: 1.17.64 mm.
% Oxygen From To From To

19.5 16.54 ma 15.66 ma 15.66 ma 17.23 ma
18 NA NA NA NA
17 NA NA NA NA

Accuracy of Sensor

% Oxygen Start Reading Low end reading Time to return Returned to
19.5 17.29 ma 15.6 ma 2.16.04 mm. 16.61 ma
18 17.15 ma 15.61 ma 2.44.78 mm. 17.14 ma
17 17.15 ma 15.01 ma 2.12.86 mm. 17.15 ma

Repeatability of Sensor

% Oxygen Start Reading Low end reading Returned to
19.5
18
17

17.29 ma
NA
NA

16.53 ma
NA
NA

17.29 ma
NA
NA
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ODH Formal Test - Raw Data

Sensor Name: jDrager

The Drager sensor is equipped with an LCD that displays the % oxygen 1 to 1.
So, the values in the table are all % oxygen.

Response Time

% Oxygen Start Reading Low end reading Time to return Returned to
19.5
18
1 7

20.70%
20.60%
20.60%

19.50%
18.10%

17%

17.82 sec.
23.07 sec.
22.58 sec.

20.70%
20.60%
20.60%

Repeatability of Sensor

% Oxygen Start Reading Low end reading Returned to
19.5
18
17

20.70%
NA
NA

19.50%
NA
NA

20.70%
NA
NA

Accuracy of Sensor
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ODH Formal Test - Raw Data

Sensor Name: IKE-SO, manufactured by Figaro

Response Time

Time:2.05 mm. Time: 2.37 mm.
% Oxygen j From To From To

19.5 16.34 ma 15.63 ma I 15.60 ma I 16.34 ma

Time: 145 mm. Time: 1.58 mm.
% Oxygen From To From To
L 17 16.37 ma I 14.16 ma I 14.16 ma I 16.37 ma

Accuracy of Sensor

% Oxygen Start Reading Low end reading Time to return Returned to
19.5 16.34 ma 15.64 ma 1.12.60 mm. j 16.38 ma
18 1643 ma 14.91 ma 141.79 mm. 16.54 ma
17 N/A N/A N/A L N/A

Repeatability of Sensor

% Oxygen Start Reading Low end reading Returned to
19.5
18
17

1641 ma
NA
NA

15.70 ma
NA
NA

1643 ma
NA
NA
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4.2 Mean Time BetweenFailure Data
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4.3 Graphs of TestResults



Graph 4.1

Response Time of Oxygen Monitors from 20.9% to 19.5% Oxygen
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Graph 4.2

Response Time of Oxygen Monitors from 19.5% to 20.9% Oxygen
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Graph 4.3

Oxygen % in 19.5% Oxygen Atmosphere after Calibration
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Graph 4.4

Oxygen % in 18% Oxygen Atmosphere after Calibration
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Graph 4.5

Oxygen % in 17% Oxygen Atmosphere after Calibration
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Graph 4.6
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4.4 Test Data Tabulation



Test Data Tabulation

105
118

19.5
19.76

19.6
19.49
1 9.66

19.5
19.5

19.55

Response Time - from 20.9% to 19.5%

St 27.35
Crowcon 28.2
City Tech. 53.17
8720 7.81
S721 14.85
MSA 99.32
Drager 27.87
KE-5O 125

Response Time - from 19.5% to 20.9%

St 15.94
Crowcon 18.67
City Tech. 73.5
S720 7.2
8721 13.12
MSA 77.64
Drager 16.36
XE-SO 157

Response Tim - from 20.9% to 17%

20.9 to 17
17 to 20.9

Accuracy - for 19.5% Oxygen

Sc
Crowcon
City Tech.
S720
S721
MSA
Drager
KE-50
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Test Data Tabulation

St
Crowcon
City Tech.
5720
8721
MSA
Drager
XE-SO

1 8.03
1 8.09
18.16

18.4
1 8.21
18.14

18.1
1 8.64

Accuracy- for 17% Oxygen

St
Crowcon
City Tech.

16.87
17.13
17.13
17.39
1 7.29

1 7.2
17

Accuracy- for 18% Oxygen

Repeatability - 19.5% Oxygen

St 20.95 20.96
Crowcon 20.93 20.93
City Tech. 20.81 20.81
8720 20.63 20.63
S721 21.08 21.08
MSA 20.77 20.77
Drager 20.7 20.7
XE-SO 20.51 20.54

S720
S721
MSA
Drager
KE-50 N/A
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