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Preface

CY series Zirconia Oxygen Analyzer applies to continuous monitor of oxygen content in gas of industrial furnaces and ovens, as basis of adjusting proportion of gas-to-air, or connection with automatic control system to realize hypoxic rational combustion to achieve the goal of cutting down fuel consumption, stabilizing technology, improving quality, reducing environmental pollution and so on. There is clear economic benefit and social benefit. 

CY series Zirconia Oxygen Analyzer detector adopts Japanese ion plating film technology so as greatly to prolong service life of zirconia probe, with average service life 18 months, normally used for 2 to 3 years. Sensor adopts the newest sintering technology to rectify big dispersion and poor heat quake property of domestic similar products. The whole reliability and stability of zirconia probe are both in leading position in home.

This instrument converter adopts 16 bit ATMEL series single-chip microprocessor with strong operation capacity, temperature control of zirconia probe within ±2ºC and measure precision of system within ±2 percent. Small signal processing and instrument power supply adopt multi-blocking circuit to isolate various interferences in industrial environment, so instrument runs more reliably. Based on the premise of ensuring measure precision, advanced 3-point calibration reduces maintenance working load of user. Binodal switching output more conveniently meets different demands of users.

Ⅰ.
Principle of oxygen measurement with zirconia
Zirconia material is a kind of zirconia solid electrolyte, which is stable zirconia ceram sinter formed by high temperature sintering of pure zirconia with certain calcia or yttrium oxide. There are oxygen ion holes in its cubic lattice, so in high temperature condition it is a good oxygen ion conductor.
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Fig.1 Concentration cell
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Fig.2  Block diagram of zirconia probe detection

By this specific property, in certain temperature, when there are different oxygen contents at both sides of sensor, it is a typical oxygen concentration cell. If pure platinum electrode is coated on inside and outside of zirconia tube, the zirconia tube is heated by electric stove, and its inner and outer wall contact gas with different oxygen contents, the zirconia tube is an oxygen concentration cell. The following reaction will occur on both platinum electrodes.

For electrode at air side (reference gas side): O2+4e→2O2- 

For electrode at low oxygen side (measured side): 2O2 - →O2+4e

After the two kinds of migration reach balance, an electric potential signal E related to oxygen concentration occurs between electrodes.

Oxygen electric potential E complies with Nernst equation:
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Where: R- gas constant,

      T- absolute temperature of zirconia tube,

      F- Faraday constant,

      PX- oxygen content percent of measured gas,

      PA- oxygen content percent of reference gas, normally 20.6%.

Ⅱ.
Specification of zirconia oxygen analyzer

* 
Measured object: concentration of gas or mixed gas of various industrial furnaces and ovens

* 
Measure element: zirconia tube

1. 
Oxygen measure range: 0~20.6% O2  or 0~10% O2

2. 
Precision of the instrument: intrinsic error of system measure within ±2% full range

3. 
Precision of transmitter: 1.0 class (within 1.0% full range)

4. 
Precision of temperature control: constant temperature point 700±2ºC

5. 
Response time: ≤ 3 sec, (reaching 90% response)

6. 
Alarming output: upper and lower limit outputs, “normally open” or “normally close” point optional

7. 
Analogue output signal: 4~20mA ADC (load 0Ω~750Ω) corresponding to oxygen content 0~10% O2 or 0~20.6% O2

8. 
Background correction range: -20 mV ~ + 20 mV

9. 
Digit display mode: LED four nixie light

10. 
Power supply: AC220V±15%

11. 
Power consumption: < 6W (non-including heating power)

12. 
Heating power: about 50W (average), able to supply 150W power output

13. 
Environmental condition: temperature 0~50ºC


Relative humidity < 90%

14. 
Weight: detector about 10 kg, converter about 5 kg
Ⅲ.
Composition of zirconia oxygen analyzer


This instrument consists of four portions of zirconia detector (probe), zirconia converter, transformer and gas device.

1
Zirconia detector


For structure of zirconia detector, see Fig.3. Oxygen sensor is installed at the head of detector and fixed by four stainless steel bolts. There are two gas ways, standard gas inlet and reference gas inlet, in detector. Different standard gas samples enter the standard gas inlet, and the system is on-line calibrated by converter. The “standard gas inlet” in the figure is used for calibrating operation. If no calibration is made, please plug up this “standard gas inlet” to avoid air from entering to bring observation error. The “reference gas inlet” should be open to air at all time.
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Fig. 3 Structure of zirconia detector

(Taking detector with standard length 400 mm as an example)


There are 8 leading terminals in junction box of detector, see Fig.4. There is temperature sensor (AD590) in detector, so when thermocouple signal is transmitted from detector to converter, compensation conducting wire need not be used.


There are six kinds of standard length for detector, 180mm, 400mm, 600mm, 800mm, 1000mm and 1200mm.
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Fig.4  Detector terminals

2
Zirconia converter

2.1 
According to installing mode, CY series zirconia converter is divided into two models, CY-2YB (disk type) and CY-2YB (hanging type), where for disk type there are two kinds of specification optional.


The converter adopts 16 bit ATMEL single-chip micro computer system to process data with strong function and high precision. Advanced menu operation management is adopted so as to be convenient and fast to look up data and calibrate on-line. Because 3-point calibration mode is adopted, and condition points can be corrected and calibrated at any time, so as to reduce maintenance work intensity of operators and maintainers. Besides accurate 4~20 mA output, converter also provides optional upper/lower limit output or 485 communication output for user to operate simply. 

2.2 
Disk type converter (CY-2YB)
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  Rear terminal of CY-2YB zirconia converter
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Fig.5  CY-2YB converter size

2.3 
Hanging type converter (CY-2YB)
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Fig.6  Terminal of CY-2YB (hanging type) zirconia converter
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Fig.7  CY-2YB converter size

3
Gas device


Gas device may be divided into dustproof tube, diversion tube, dust cover, metal filter and high temperature gas device.
4
Transformer


In order to prolong the service life of ISG-C zirconia probe, the instrument is equipped with a separate transformer T100, see Fig. 8.

4.1 
T100 transformer
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Fig.8  Overall size of T100 transformer 

Ⅳ.
Installation

1
Converter

1.1
Installed portions of converter should meet the following requirements

* 
To avoid mechanical vibration as far as possible

* 
To avoid high humidity condition

* 
Environmental temperature within standard range

* 
To avoid strong magnetic field interference
* 
To avoid interference of power line, motor, exciting relay, pump and so on.

* 
To provide enough maintenance room

* 
Converter installed as close as possible to detector with the distance no more than 200m

1.2 
Installation of disk type converter (CY-2YB)


According to the arrangement of instrument cabinet, select horizontal or vertical mounting holes on panel of the cabinet. Size of the open holes in the panel of the cabinet to mount the converter is 75+1×150+1

1.3
Installation of hanging type converter (CY-2YB)
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Fig.9 Installation diagram of CY-2YB converter

* 
Watch case installation: take out fixing boards from both sides of the converter, insert it into the panel of the cabinet, the size of open holes per the figure, and fasten it with the fixing boards.

* 
Wall installation: turn the fixing boards upside down and fix the converter with the bottom of converter shell against wall.

2
Installation of stove body flange: According to Fig. 10, make an opening with diameter no less than 110mm in stove wall, first weld built-in stove wall buried tube. When installing oxygen analyzer, stove body flange (supplied by manufacturer) is welded on the stove wall buried tube. There L>20, D>110 and K=90 in the figure.
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Fig.10 Stove wall buried tube and stove body flange

3
Installation of detector, diversion tube and dustproof tube


Before installation, prepare M12×50 bolts, corresponding nuts, filler sheets, gaskets and seal ring in the flange and connect tightly with stove body flange (seal ring, bolts and so on supplied by manufacturer).


If dust cover or metal filter is used, dust cover or metal filter has been installed on the top of detector before leaving factory.


Notice: During installation, do avoid knocking, bumping or mechanical vibrating. Bolts must be fastened to ensure leakproofness.

4
Selecting position and type for installation

4.1
Selecting position for installation


Select such position to make gas flow easy and typical gas sample taken to check. Do not install the instrument in the inner corner, whirling corner or neck portion of stove to avoid oxygen content fluctuation, gathering dirt much or responding slowly. Taking boiler of power plant as an example, installing position should be at inlet/outlet of economizer or air pre-heater.

4.2
For selection of detector length following methods may be adopted.

* 
Length of direct inserting type: over 300 mm + thickness of stove wall, i.e. the front end of probe extends 300mm from stove wall.

* 
Diversion tube type: length of diversion tube is more than 300 mm + thickness of stove wall, and length of probe should be no less than thickness of stove wall


The installing method of diversion tube type is recommended. This method can improve use effect of zirconia probe and prolong its service life.

4.3
Introducing several sampling methods as follows

* 
Direct inserting type, for high dust occasion, dustproof tube should be put over detector, or use dust cover directly, see Fig.15.
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     4(a) Horizontal installation                  4(b) Vertical installation

Fig.11  Dustproof installation

* 
Diversion tube type: standard length of detector is 180 mm, 400 mm, 600 mm, 800 mm, 1000 mm and 1200 mm; because of thicker stove wall and shorter detector, sampling distance should be prolonged, equipped with ZDL-L diversion tube. For installation, see Fig. 12.
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Fig.12 Diversion tube type installation

* 
High-temperature type: Gas device is divided into draught type (see Fig.13) and extraction type (see Fig.14). The latter is used for the occasion with negative pressure more than -50Pa, equipped with jet pump. Gauge range of air source used for jet pump is from 0.05MPa to 0.15MPa. Jet pump is adjusted with air filter regulating valve.
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Fig.13  High-temperature draught type installation
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Fig.14  High-temperature extraction type installation

4.4 
Wiring and pipe fitting 

4.4.1 
When selecting power cable and signal cable for the instrument, consider environmental temperature of the installed place, resistance of conducting wire, other signal source, and wiring path between detector and converter. For cable to be used, refer to the following table.
	
	Below 60ºC
	60~80º C
	80~150ºC

	Signal cable

(1)oxygen cell signal

(2)thermocouple signal

(3)compensation signal
	Six-lead cable, with 1 square mm cross section of each lead, with polyvinyl chloride insulation protective layer
	Six-lead cable, with 1 square mm cross section of each lead, with heat resistant polyvinyl chloride insulation protective layer
	Six-lead cable, with 1 square mm cross section of each lead, with 600V class silicone rubber and glass fiber protective layer

	Heating furnace cable
	Two cables each with 1 square mm cross section 
	Two cables each with 1 square mm cross section 
	Two cables each with 1 square mm cross section 



For signal cable, it would be best to use shield cable with shield lay grounded. If signal cable is not shield cable, it should be installed as far as possible away from the wires of process heater or the power cable of large motor.

4.4.2
Cable channel


It is recommended to use tube with 22 mm outer diameter or flexible conduit with 19 mm outer diameter as cable channel. Power cable channel or ground channel should be away from signal cable channel to avoid signal interference.

4.5 
Complete set and spare parts table
	No
	Description
	Model and type
	Unit
	Specification

	A01
	Zirconia analyzer
	Low- temperature A model
	1 set
	Detector: 180mm, 400mm, 600mm, gas resistant temperature < 600ºC

Converter: A: CE-2D, output 4-20mA.

B: CE-2C, output 4-20mA.

Showing range:0-20.6%.

Heating power 80W (max 150W).

Dustproof tube: insert length 250mm, 500mm, 700mm

	
	
	
	
	See installation diagram 11

	A02
	Zirconia analyzer
	Low- temperature B model
	1 set
	Detector, converter, transformer are the same as the above (adding dust cover or filter): 800mm, 1m, 1.2m

	A03
	Zirconia analyzer
	Middle- temperature M model
	1 set
	Detector, converter, transformer are the same as the above, diversion tube: 800mm, 1m, 1.2m, gas resistant temperature < 900ºC

	
	
	
	
	See installation diagram 12

	A04
	Zirconia analyzer
	High- temperature H model
	1 set
	Detector, converter, transformer are the same as the above, gas device: three-way + carbon silicide tube, gas resistant temperature 900-1400ºC, insert length: 800mm, 1m, 1.2m

Jet pump: input pressure 0.05 - 0.15 MPa (obtained through reduce valve), output pressure 20 – 200 mm water column

	
	
	
	
	See installation diagram 13 and 14

	A05
	Detector
	ISG-C
	1 piece
	180mm, 400mm, 600mm, 1000mm, 1200mm

	A06
	Zirconia tube assembly
	CSG-2
	1 set
	Zirconia tube, seal ring, filter net, bolts, diversion tube

	A07
	Converter
	CE-2D

CE-2C
	1 set

1set
	Oxygen content: 0-10%, 0-20.6%

Output 4-20mA, upper/lower limit output (optional) 485 output (optional)

	A08
	Transformer
	T100
	1 set
	Input 220VAC, output 90-110VAC

	A09
	Low-temperature dustproof tube
	DFC-L
	1 piece
	Gas resistant temperature ≤ 600ºC, length 250 mm, 500 mm, 700 mm

	A10
	Low-temperature diversion tube
	DDL-L
	1 piece
	Gas resistant temperature ≤ 600ºC, length 800mm, 1m, 1.2m

	A11
	Middle-temperature diversion tube
	ZDL-L
	1 piece
	Gas resistant temperature ≤ 900ºC, length 800mm, 1m, 1.2m

	A12
	High-temperature diversion tube
	GDL-L
	1 piece
	Gas resistant temperature ≤ 1400ºC, length 800mm, 1m, 1.2m

	A13
	Correcting air source
	XV-1
	1 set
	User must be fitted with correcting air source, multiple instruments may be equipped with one source

	A14
	Stove body flange tube
	
	1 set
	

	A15
	Jet pump
	PSB-1
	1 set
	

	A16
	Technical service
	Manufacturer supplies site service of adjusting, trial, setting and running for instrument, with service charge 


Ⅴ.
System adjustment and trial
5.1
Connection diagram of CY-2YB disk type instrument system


Disk type instrument system consists of ISG-C detector (probe), CY-2D converter, T100 transformer and connection wiring, see Fig. 15.
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                                                                   ISG-C zirconia probe terminals

Fig.15   Connection diagram of CY-2YB (disk type) zirconia analyzer system

5.2
Connection diagram of CY-2YB hanging type instrument system


Hanging type instrument system consists of ISG-C detector (probe), CY-2YB converter, T100 transformer and connection wiring, see Fig. 16.
CY-2YB converter terminals 
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ISG-C zirconia probe terminals

Fig.16  Connection diagram of CY-2YB (hanging type) zirconia analyzer system

5.3
System adjustment

5.3.1
Function of panel key

For panel of CY series zirconia converter, see Fig.17.
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Panel of CY-2YB (disk type) zirconia converter 
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Fig.17  Panel of CY-2YB (hanging type) zirconia converter

* 
Display: consists of 4 nixie lights and 8 LED indicator lights.

Nixie lights are used to show oxygen content, temperature, oxygen electric potential and other parameters.

LED indicator lights show current work condition including “oxygen content”, “oxygen electric potential”, ”temperature”, ”correct”, ”run”, “communication”, “upper limit”, and “lower limit”.
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* 
Panel keys: including “enter” key, “return” key, and “▲” key, “▼” key,  “   ” key.

* 
Enter key: press this key to enter adjusting and correcting menu or confirm calibration value.

* 
Return key: press this key, operation returns to upper menu.

*
▲key: press this key, perform “plus” operation on current submenu or value.

*
▼ key: press this key, perform “minus” operation on current submenu or value. 

*
   key: press this key, perform “plus” operation on current main menu. This key also has “shift” function. Through this key, select figure place to be adjusted.

5.3.2 
Operation instruction and adjusting method
If press any key for more than 10 seconds, the system will restart.

Run

1. 
When zirconia temperature is lower than 600 degrees, zirconia temperature is shown.

2. 
When zirconia temperature is higher than 600 degrees, oxygen content is shown.

3. 
In normal working condition, if press “▲” and “▼” keys, “oxygen content” and “zirconia temperature” displays are switched. Zirconia temperature shows for over 2 seconds, the instrument will automatically switch to “oxygen content” display.
Calibration

1. 
Press “enter” key, input code “0001” with  “▲”, “▼”, “   ” keys, press  “enter” key again to enter calibration interface. The instrument displays as follows.

	1 
	-
	-
	1


Main menu       submenu

2. 
Press “  “ key to make the instrument show the following interface:
	1 
	-
	-
	1


Main menu       submenu

3. 
This interface is on-line interface of oxygen content. Perform oxygen content air calibration (the instrument shows     ), oxygen content range calibration (the instrument shows       ), and oxygen content user condition point calibration (the instrument shows       ).

In its flashing condition, press “▲” key to select submenu. “      “, “      “, “      “ separately are shown in menu. Press “enter” to enter the condition confirmed.

Oxygen content calibration (note: ensure the temperature of zirconia probe within 700±2ºC.)


              oxygen content air calibration [i.e. correcting zero electric potential]: Open “standard gas inlet” of detector to make air enter. Wait for stability. Then press “enter” to confirm. 20.6 is shown.

            oxygen content range calibration: Open “standard gas inlet” of detector to make 0.5 – 2.5% standard gas enter. After stability, input the value of standard gas. Press “enter” to confirm. See Fig.18.

oxygen content user condition point calibration (3% - 18%): Confirm the instrument  runs normally. After stability, input the value of oxygen content in correct condition. Press “enter” to confirm. See Fig.18.


Fig.18  Connection diagram of standard gas and detector

Note: Output flow of standard gas should be no more than 1 liter per minute.

Note: If calibrate only one point, the other two points still retain the last calibrated values. If calibrate two points, the converter will automatically produce operational slope on the two points, and the last calibrated value of the other point will produce small deviation. It is recommended that when calibrate two points, use as far as possible standard gas similar to your condition for the calibration of oxygen content user condition point calibration (      ). After calibration, do press “return” key to return to running condition.

4. 
When there is error in system connection or signal input, CY-2YB or CY-2YB converter automatically shows a series of error codes to indicate current error condition.

Error code set

EE01  electric stove wire short in sensor

EE02  electric stove wire open in sensor

EE02  non-matched sensor (made by non-original factory)

E000  calibration menu code input error

E101  temperature zero calibration input signal error or signal not connected yet

E102  temperature range calibration input signal error or signal not connected yet

E201  oxygen electric potential zero calibration input signal error or signal not connected yet

E202  oxygen electric potential range calibration input signal error or signal not connected yet

E301  oxygen content zero calibration input signal error or signal not connected yet

E302  oxygen content range calibration input signal error or signal not connected yet

E303  oxygen content user any point calibration input signal error or signal not connected yet

Ⅵ.
Maintenance and repair

In order to make the instrument in good running condition, the instrument must be maintained and repaired, according to the special installed environment, preventive maintenance should be made monthly or at least once a year.

6.1 
Maintenance item

6.1.1
According to operating method on the panel of converter, check every function.

6.1.2
Check the filter at the top of detector or the inside of gas device tube for dirt. If too dirt, clean it away, otherwise measure precision and response time will be affected.

6.2 
Common problems

6.2.1
Working temperature of zirconia tube lower than 700ºC

	Cause
	Solution

	Broken fuse
	Replace fuse

	Broken leading wire of electric stove
	Repair or replace

	Broken electric stove wire
	Resistance of electric stove should be about 80Ω. If electric stove wire is broken, it should go back to the factory to repair.

	Faulty thermocouple 
	Normally, resistance of thermocouple wire is no more than 5Ω. If abnormal, it should go back to the factory to repair.


	Broken thermocouple wire
	Confirm thermocouple wire is broken (not faulty contact). It should go back to the factory to repair.

	Temperature rises too slowly, reaching 700ºC within 1 hour
	When temperature is tens of degrees lower than 700ºC, maybe electric power of the electric stove is not enough. Adjust output connection of transformer to improve output voltage.

	Thermocouple wire connection in an opposite direction
	Check thermocouple connection. Exchange “+” and “-“ connection.


6.2.2
Working temperature of zirconia tube higher than 780ºC


Check working voltage of electric stove. If the voltage is always higher than 90 VAC (the output voltage of transformer), that means there is fault in the temperature control circuit of the instrument. First replace double-direction silicon-controlled rectifier.

6.2.3
Faulty temperature compensation circuit


If “E - - -“ is shown, that means faulty temperature compensation circuit. Now first check temperature sensor (AD590) and its leading wire for good contact and correct polarity. Next probably replace temperature sensor (AD590).

6.2.4 
Abnormal oxygen content display

* 
If the following cases occur, i.e. loose screw of standard gas hole, no asbestos pad on the detector, loose mounting screw of detector, disturbance produced by air inleakage will make display of oxygen content abnormal.

* 
When zirconia tube used reaches its service life and the inner resistance of the zirconia tube is more than 800Ω, display of oxygen content will be abnormal.

Appendix 1. Reference table of nickel-chromium/ nickel-silicon (nickel-chromium/nickel-aluminum) thermocouple
K thermocouple index R

(Temperature of free junction ºC)

	Temperature of working junction ºC
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	
	Millivolt (abvolt)
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—30 |—1.44|—1.18 v & —1.32
—20 |—0.77|—0.81 . . —0.96
—10 |—0.39|—0.43 5 —0.59
—0 |—0.00{—0.04 ). ) —0.20
0 0.00 | 0.04 0.20
10 0.40 | 0.44 0. 60
20 0.80 | 0.84 . 00
30 1.20 | 1.24 .41
40 1.61 1.65 .82
50 2.02 | 2.06 . 23
60 2.43 | 2.47 . 64
70 2.85 [ 2.89 . 06
80 3.26 | 3.30 . 47
90 3.68 | 3.72 89
4.14 . 31
4.55 . 72
4.9 13
5.37 . 53
5.77 . 93
6.17 33
6.57 . 73
6.97 .13
7.37 .53
TR, .93
8.17 33
8.57 . 73
8.97 11
9.38 . 51
9.78 9.95
10.19 10. 35
10.60 10.77
11.01 11.18
11.42 11.59
11.84 12.01







	Temperature of working junction ºC
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	
	Millivolt (abvolt)

	[image: image7.png]SUO | 12,21 ) 12,25 | 12.29 | 12.33 | 12.37 | 12.42 | 12.46 | 12.50 | 12.54 | 12.58
310 | 12.62 [ 12.66 | 12.70 | 12.75 | 12.79 | 12.83 | 12.87 | 12.91 | 12.96 | 13.00
320 [ 13.04 ] 13.08 | 13.12 | 13.16 | 13.20 | 13.25 | 13.29 | 13.33 | 13.37 [ 13.41
330 [13.45| 13.49 | 13.53 | 13.58 | 13.62 | 13.66 | 13.70 | 13.74 | 13.79 | 13.83
340 [ 13.87 [ 13.91 | 13.95 | 14.00 | 14.04 | 14.08 | 14.12 | 14.16 | 14.21 | 14.25
350 | 14.30 | 14.34 | 14.38 | 14.43 | 14.47 | 14.51 | 14.55 | 14.59 | 14.64 | 14.68
360 17.72 [ 14.76 | 14.80 | 14.85 | 14.89 | 14.93 | 14.97 | 15.01 [ 15.06 | 15.10
370 [ 15.14 | 15.18 | 15.22 [ 15.27 | 15.31 | 15.35 | 15.39 | 15.43 | 15.48 | 15.52
380 | 15.56 | 15.60 | 15.64 [ 15.69 | 15.73 | 15.77 | 15.81 | 15.85 | 15.90 | 15.91
390 | 15.98 ) 16.02 | 16.06 | 16.11 | 16.15 | 16.19 | 16.23 | 16.27 | 16.32 | 16.36
400 | 16.40 [ 16.44 | 16.49 | 16.53 | 16.57 | 16.62 | 16.66 [ 16.70 | 16.74 | 16.79
410 | 16.83 | 16.87 | 16.91 | 16.96 | 17.00 | 17.04 | 17.08 | 17.12 | 17.17 | 17.21
420 7.25 | 17.29 | 17.33 | 17.38 | 17.42 | 17.46 | 17.50 | 17.54 | 17.59 | 17.63
430 | 17.67 | 17.71 [ 17.75 | 17.70 | 17.84 | 17.88 | 17.92 | 17.96 | 18.01 | 18.05
440 (18.09 | 18.13 [ 18.17 | 18.22 | 18.26 | 18.30 | 18.34 | 18.38 | 18.43 | 18.47
450 | 18.51 | 18.55 | 18.60 | 18.64 | 18.68 | 18.73 | 18.77 | 18.81 | 18.85 | 18.90
460 | 18.94 | 18.98 | 19.03 | 19.07 | 19.11 | 19.16 | 19.20 | 19.24 | 19.28 | 19.33
470 | 19.37 | 19.41 [ 19.45 | 19.50 [ 19.54 | 19.58 | 19.62 | 19.66 | 19.71 | 19.75
480 | 19.79 | 19.83 | 19.88 | 19.92 | 19.96 | 20.01 | 20.05 | 20.09 | 20.13 | 20. 18
490 | 20.22 | 20.26 | 20.31 | 20.35 | 20.40 | 20.44 | 20.48 | 20.52 | 20.56 | 20.61
500 [ 20.65 | 20.69 | 20.74 | 20.78 | 20.82 | 20.87 | 20.91 | 20.95 | 20.99 [ 21.04
510 (21.08 | 21.12 | 24.16 | 21.21 | 21.25 | 21.29 | 21.33 | 21.37 | 21.42 | 21.46
520 | 21.50 | 21.54 | 21.59 | 21.63 | 21.67 | 21.72 | 21.76 | 21.80 | 21.84 | 21.89
530 | 21.93 | 21.94 [ 22.01 | 22.06 | 22.10 | 22.14 | 22.18 | 22.22 | 22.27 | 22.31
540 | 22.35 [ 22.39 | 22.44 | 22.48 | 22.52 | 22.57 | 22.61 | 22.65 | 22.69 | 22.71
550 | 22.78 | 22.82 | 22.87 | 22.91 | 22.95 | 23.00 | 23.04 | 23.08 | 23.12 | 23.17
560 | 23.21 | 23.25 | 23.29 23.38 | 23.42 | 23.46 | 23.50 | 23.55 | 23.59
570 | 23.63 | 23.67 | 23.71 23.79 | 23.84 | 23.88 | 23.92 [ 23.96 | 24.01
580 | 24.05 | 24.09 | 24.14 24.22 | 24.27 | 24.31 | 24.35 | 24.39 | 24.44
590 | 24.48 | 24.52 | 24.56 24.65 | 24.69 | 24.73 | 24.77 | 24.82 | 24.86
600 | 24.90 | 24.94 | 24.99 25.07 | 26.12 | 25.15 | 15.19 | 25.23 | 25.27
610 | 25.32 | 25.37 | 25.41 25.50 | 21.54 | 25.58 | 25.62 | 25.67 | 25.71
620 | 25.75| 25.79 | 25.84 25.92 | 25.97 | 26.10 | 26.05 | 26.09 | 26. 14
630 | 26.18 | 26.22 | 26.26 26.35 | 26.39 | 26.43 | 26.47 | 26.52 | 25.56
640 | 26.60 | 26.64 | 26.69 26.77 | 26.82 | 26.86 [ 26.90 | 26.94 | 26.99
650 | 27.03 | 27.07 | 27.11 27.20 | 27.24 | 27.28 | 27.32 | 27.37 | 27.41
660 | 27.45 | 27.49 [ 27.53 27.63 | 27.66 | 27.70 | 27.74 | 27.79 | 27.83
670 | 27.87 | 27.91 | 27.95 28.01 | 28.08 | 28.12 | 28.16 | 28.21 | 28.25
680 [ 28.29 | 28.33 | 28.38 28.46 | 28.50 | 28.54 [ 28.58 | 28.62 | 28.67
690 | 28.71 | 28.75 | 28.79 28.88 | 28.92 | 28.96 | 29.00 | 29.05 | 29.09








	Temperature of working junction ºC
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	
	Millivolt (abvolt)

	[image: image8.png]700 | 29.13 L17 1 29.21 | 29.26 | 29.30 | 29.34 | 29.38 | 29.42 | 29.47 | 29.51
710 [ 29.55 [ 29.59 | 29.63 | 29.98 | 29.72 | 29.76 | 29.80 | 29.84 | 29.89
720 | 29.97 [ 30.01 | 30.05 | 30.10 [ 30.14 | 30.18 | 30.22 | 30.26 | 30.31
730 | 30.39 [ 30.43 | 30.49 | 30.52 | 30.56 | 30.60 | 30.64 | 30.68 | 30.73
740 | 30.81 [ 30.85 [ 30.89 | 30.93 | 30.97 [ 31.02 | 31.06 | 31.10 | 31.14
750 | 31.22 | 31.26 | 31.30 | 31.35 | 31..39 | 31.43 | 31.47 | 31.51 | 31.56
760 | 31.64 [ 31.68 [ 31.72 | 31.77 [ 31.81 | 31.85 | 31.89 | 31.93 [ 31.98
770 | 32.06 [ 32.10 | 32.14 | 32.18 | 32.22 | 32.26 | 32.30 [ 32.34 | 32.38
780 | 32.46 | 32.50 | 32.54 | 32.59 | 32.63 | 62.67 | 32.71 | 32.75 | 32.80
790 | 32.87 | 32.91 | 32.95 | 33.00 | 33.04 | 33.09 | 33.13 | 33.17 | 33.21
800 | 33.29 | 33.33 | 33.37 | 33.41 | 33.45 | 33.49 | 33.53 | 33.57 | 33.61
810 | 33.69 [ 33.73 [ 33.77 | 33.81 [ 33.85 | 33.90 | 33.94 | 33.98 | 34.02
820 | 34.10 | 34.14 | 34.16 | 34.22 | 34.26 | 34.30 | 34.34 | 34.38 | 34.42
830 | 34.51 | 34.54 | 34.58 | 34.62 | 34.66 | 34.71 | 34.75 | 34.79 | 34.83
840 | 34.91 | 34.95 | 34.99 | 35.03 | 35.07 | 35.11 | 35.16 | 35.20 | 35.24
850 | 35.32 | 35.36 | 35.40 | 35.44 | 35.48 | 35.52 | 35.56 | 35.60 | 35.64
860 | 35.72 | 35.76 | 35.80 | 35.84 | 35.88 | 35.93 | 35.97 | 36.01 | 36.05
870 [ 36.13 | 36.17 [ 36.21 | 36.25 [ 36.29 | 36.33 | 36.37 | 36.41 | 36.45
880 | 36.53 | 36.57 | 36.61 | 36.65 | 36.69 | 36.73 | 36.77 | 36.81 | 36.85
890 |36.93 | 36.97 | 37.01 | 37.05 | 37.09 | 37.13 | 37.17 | 37.21 | 37.25
900 | 37.33 | 37.37 | 37.41 | 37.45 | 37.49 | 37.43 | 37.57 | 37.61 | 37.65
910 | 37.73 | 37.77 | 37.81 | 37.85 | 37.89 | 37.93 | 37.97 | 38.01 | 38.05
920 | 38.13 | 38.17 | 38.21 | 38.25 | 38.29 | 38.33 | 38.37 | 38.41 | 38.45
930 | 38.53 | 38.57 | 38.61 | 38.65 | 38.69 | 38.73 | 38.77 | 38.81 | 38.85 | 38.89
940 | 38.93 | 38.97 | 39.01 | 39.05 | 39.09 | 39.13 | 39.16 | 39.20 | 39.24 | 39.28
950 | 39.32 | 39.36 | 39.40 | 39.44 | 39.48 [ 39.52 | 39.56 | 39.60 | 39.64 | 39.68
960 | 39.72 | 39.76 | 39.80 | 39.83 | 39.87 | 39.91 | 39.94 | 39.98 | 10.02 | 40.06
970 | 40.10 | 40.14 | 40.18 | 40.22 | 40.26 | 40.30 | 40.33 | 40.37 | 40.41 | 40.45
980 | 40.49 | 40.53 | 40.57 | 40.61 | 40.65 | 40.69 | 40.72 | 40.76 | 40.80 | 40.84
990 | 40.88 | 40.92 | 40. 961_41,00 41.04 | 41.08 | 41.11 | 41.15 | 41.19 | 41.23
1000 | 41.27 | 41.31 | 41.35 | 41.39 | 41.43 | 41.47 | 41.50 | 41.54 | 41.58 [ 41.62
1010 | 41.66 | 41.70 | 41.74 | 41.77 | 41.81 | 41.85 | 41.89 | 41.93 | 41.96 | 42. 00
1020 | 42.04 | 42.08 | 42.12 | 42.16 | 42.20 | 42.24 | 42.27 | 42.31 | 42.35 | 42.39
1030 | 42.43 | 42.47 | 42.51 | 42.55 | 42.59 | 42.63 | 42.66 | 42.70 | 42.74 | 42.78
1040 | 42.83 | 42.87 | 42.90 | 42.93 | 42.97 | 43.01 | 43.05 | 43.09 | 43.13 | 43.17
1050 | 43.21 | 43.25 | 43.29 T 43.32 | 43.35 | 43.39 | 43.43 | 43.47 | 43.15 | 43.55
1060 | 43.59 | 43.63 | 43.67 | 43.69 | 43.73 | 43.77 | 43.81 | 43.85 | 13.89 | 43.93
1070 | 43.97 | 44.01 | 44.05 | 44.08 | 44.11 | 44.15 | 44.19 | 44.22 | 44.26 | 44.30
1080 | 44.34 | 44.38 | 44.42 | 44.45 | 44.49 | 44.53 | 44.57 | 44.61 | 44.64 | 44.68
1090 | 44.72 | 44.76 | 44.80 | 44.83 | 44.87 | 44.91 | 44.95 | 44.99 | 45. 05 | 45. 06







Appendix 2. Contrast table of oxygen electric potential and oxygen content
	E (mV)
	Oxygen content, %
	E (mV)
	Oxygen content, %
	E (mV)
	Oxygen content, %
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Appendix 3. Contrast table of output signal
	Oxygen content (percentage)
	Output signal

	
	4 – 20 mA

	0

3.25

5.15

8.40

10.3

13.55

15.45

18.70

20.60
	4

6.25

8

10.52

12

14.52

16

18.52

20
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Gas





Standard gas inlet 





Reference gas 





Cable hole





Oxygen cell output





Electric stove power supply HTR





Compensation output CJ





Thermocouple output TC





Standard gas input





Reference gas input
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   bolt for cover





Reference gas inlet





A-A cross-section
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1 Cell 2      3 Couple 4     5 Temperature  6


+    -      +       -     + compensation  -
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output
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input           input         HTR                                            output
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L: according to thickness of stove wall
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Gasket
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Stove body flange





High-temperature diversion tube





High-temperature sampler





Gasket
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High-temperature diversion tube





Stove wall flange





Compressed air
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Jet pump
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Transformer terminals





+Cell- +Thermocouple- +Temperature compensation-





output





HTR heating output





Transformer input
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Transformer terminals
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+Cell- +Thermocouple- +Temperature compensation-





output





Upper limit      Lower limit





input





Transformer      HTR


input       heating output
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