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FOCUS APPLIED TECHNOLOGIES
AIR-FUEL RATIO DISPLAY
Manual Rev. 2-0618
WIDE BAND O2 SENSOR PUMP AND POWER SUPPLY
FOR AFR OR LAMBDA DISPLAY
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INTRODUCTION










The Focus Applied Technologies AFR display is a wide band oxygen sensor and display unit for internal combustion engines. It is a self contained device including the power supply, pump and probe tip for easy exhaust pipe sampling. This is used in engine tuning and emissions measurements, as well as diagnosing engine troubles on both carbureted and fuel injected engines. The display can be set up for Air Fuel Ration for spark ignited engine testing or Lambda (excess air) for compression ignited engines. There is an analog output of the AFR or Lambda value for logging to a data recorder or dynamometer controller. 
A 12V DC power supply in the unit provides electric power for the wide band O2 sensor which requires power for the heater and display unit. Additionally there is a low-noise air pump  which draws exhaust gasses from the probe tip (inserted into the exhaust system of the engine being tested) to the O2 sensor located in the handle of the unit. The O2 sensor determines the AFR or Lambda based on the oxygen content of the exhaust gasses, and this is displayed on the front of the control unit. Exhaust gasses are then expelled from the pump at the back of the controller. The AFR or Lambda value is available on the back of the instrument as an analog voltage (0 to 5V). This can be programmatically set to any typical range of AFR or Lambda. 

WARNING: The O2 sensor gets warm when powered on and the exhaust probe can become quite hot while testing. Care should be taken to prevent burns when handling the exhaust sampling system.  
The heart of the system is Oxygen sensor which estimates the Air Fuel Ratio, or Lambda, based on the amount of oxygen in the exhaust gasses. In a rich condition (more fuel than the available air can consume) there is very little oxygen left in the exhaust system. In lean operation, the amount of fuel is insufficient to completely consume the oxygen in the mixture, thus there is a large amount of excess oxygen. The Wide Band Oxygen sensor measures the amount of residual oxygen in the exhaust gasses to calculate the AFR or Lambda of the original mixture entering the combustion chamber. 

FRONT VIEW
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CONTROLLER REAR VIEW
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Sample Vacuum

Electrical Connection

Tube (to controller box)
(to controller box)
The sample probe should be inserted at least 70cm into the exhaust pipe. If the exhaust pipe is very large (greater than 50mm diameter) or the probe can not be fully inserted, then an extension pipe should be added to the exhaust pipe to prevent fresh air from mixing with the exhaust pipe near the probe tip. Fresh air mixing will make the readings appear to be very lean, especially at idle conditions. 
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AIR FUEL RATIO OVERVIEW









Air/Fuel Ratio control is one of the primary tuning parameters of any engine. Power is maximized at slightly rich settings, while fuel economy is maximized slightly lean. In 3-way catalyst systems the AFR is operated near stoichiometric, varying slightly lean and rich at around 1Hz. Below is a graph from John B. Heywood’s famous book “Fundamentals of Internal Combustion Engines” with additional overlaid data. BSFC is Break Specific Fuel Consumption. 
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NOTE: Engine temperature climbs rapidly as the AFR is leaned out. Rich mixtures result in lower engine temperatures as the additional fuel helps cool the combustion chamber via vaporization and disassociation. When operating at lean settings care must be taken to avoid knocking, and overheating the engine. 

ENGINE TUNING GUIDELINES – AFR NUMBERS






These numbers are for Spark Ignited, Naturally-Aspirated Engines running Gasoline.
AFR
Vwide
Comment







9.0:1 
0.5
BLACK SMOKE (NO POWER)
11.5:1 
1.4
RICH BEST TORQUE @ WOT
12.2:1 
1.6
SAFE BEST POWER @ WOT
13.3:1 
1.9
LEAN BEST TORQUE @ WOT
14.6:1 
2.5
STOICHIOMETRIC AFR ( CHEMICALLY CORRECT )
15.5:1 
2.7
LEAN CRUISE
16.5:1 
3.0
BEST FUEL ECONOMY 
18.0:1 
3.5
CARBURETED LEAN LIMIT
22.0:1 
4.9
EFI LEAN LIMIT

Cruise speed you want to run slightly lean for fuel economy: 15.5-16:1

WOT on the same engine you want more power: 13:1

Engine Breaking (high speed, low throttle) Fueling goes to zero

Idle is tuned for most robust idle, generally richer at lower speeds

In “Open Loop” systems, to be conservative we run ~0.5 richer than above

Speed – Throttle (N-Alpha) Fueling Map for Fuel Injected Engines:
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Low Speed/High Throttle and High Speed/Low Throttle part of map is rarely used
When LOGGING with the WideBand O2 the map should be adjusted by the % Adjust

Factor shown at right. For Example: if you read an O2 voltage (wide band) of 1.7V

Then you need to take the fueling in that cell times 0.83 (reduce by 17%) to get Sroik.

If you are reading 3.0V and want stoic, then multiply by 1.09 (9% increase).  

CARBURETOR TUNING – TYPICAL NUMBERS

CONDITION
TARGET
ADJUSTMENT
Idle Speed
1400-1800 
Adjust Throttle Stop for best speed

Idle AFR
12.5-13.5
Adjust AFR screw and/or Pilot Jet

¼ Throttle
13.5-14.5
Change Pilot Jet 

½ Throttle
14.5-15.5
Adjust Needle Position

100% Throttle
12-13.5

Main Jet

Throttle Pop
<15

Adjust Throttle Cutaway

OPERATION











The AFR/Lambda display unit is a very useful tool for engine tuning and trouble shooting, but requires proper calibration and usage to insure the best results. Generally the goal of tuning in spark ignited engines is to insure that the fueling system delivers to proper AFR for the given operating condition. This may vary from fairly lean (say AFR~16) at low-load points, to quite rich (say AFR~12.5) at high power points in spark ignited engines. Diesels will generally run very lean (Lambda ~7) at idle, down to just slightly lean of stoichiometric for high loads (Lambda ~ 1.5) depending on the engine design.  
TEST PROCEDURE
PROBE INSERTION

To measure the AFR or Lambda of an engine the sample probe tip must be inserted as deep as possible into the exhaust system of the engine. Generally the probe tip should be at least 70cm from the exhaust outlet, or deeper. If the probe is not inserted deep enough, fresh air (which flows back into the exhaust system between exhaust pulses) will dilute the readings, making the engine appear to be running lean This is usually a bigger problem at idle, as the exhaust pressure it relatively low. If there is an obstruction in the exhaust system (such as muffler baffle, or bend) and the probe tip cannot be inserted sufficiently, then there are two options for:
1) Extend the exhaust pipe with an additional section of pipe or hose. High temperature silicone hoses of various sizes are available for this purpose. 

2) Add an exhaust gas sampling port in the exhaust system. There are small weldable “bungs” designed for Exhaust Gas Temperature sensors which are available for this purpose. The sample probe can then be inserted through the bung hole, which can be sealed with a threaded cap after testing is completed. Alternatively, if the exhaust system is large enough, a large M18-1.5 bung can be welded to the exhaust system for direct insertion of the O2 sensor (it will have to be removed from the “pistol” for this) as shown at right. 

READING LATENCY

When reading the AFR or Lambda, the displayed value will always lag the instantaneous combustion chamber value by a small amount of time. This is because the gasses must first exit the engine, pass through the exhaust system, and then be drawn through the sample tube to the O2 sensor before the AFR can be measured. Generally, as the O2 sensor is quite near the engine in this configuration, the delay is only about one second or less. In exhaust gas analyzers, or AFR measurement systems where the sensor is located in the controller/display unit with several meters of hose between the sensor and engine, this delay can be 10 seconds or longer. 
MISSFIRING

As the sensor is an Oxygen sensor, it is estimating the Air Fuel Ratio, or Lambda, based on the amount of oxygen in the exhaust gasses. In a rich condition (more fuel than the available air can consume) there is very little oxygen left in the exhaust system. In lean operation, the amount of fuel is insufficient to completely consume the oxygen in the mixture, thus there is a large amount of excess oxygen. Thus when the sensor detects large amounts of oxygen it reports this to be a lean condition. When an engine misfires (either because of an ignition problem, or running overly rich or lean) the fuel is not burned properly, leaving much or all of the oxygen in the exhaust gasses. The wide band O2 sensor will thus report a miss fire as “lean”, even though the mixture may in fact be rich. 
NOTE: The AFR meter will not read properly in the event of a misfire. Insure that the ignition system is working properly before beginning testing. 
CALIBRATION

The wide band O2 sensor is calibrated in fresh air. To calibrate the unit, disconnect the electrical cable at the back of the controller and power up the unit. It should display “E2”. Keep power on for at least 30 seconds. Now power down the unit, and reconnect the electrical cable. Make sure the sensor is in fresh air (the sensor can be kept in the pistol grip, but make sure the sample probe is in fresh air). Power the unit back on. Initially the display will show “Htr” while heating up the sensor, and then switch to “Cal; after about one minute. Once the unit has finished calibrating, it will display the appropriate AFR (22.4) or Lambda. It is now ready for use. 

ALTERNATIVE DISPLAY SETTINGS
In addition to typical AFR or Lambda display settings, the unit can also be programmed to display custom ranges (often used with alternative fuels, or special engines) and the analog output can be programmed for different ranges. Changing these settings will require opening the control unit to access the programming port, and connecting it to a computer loaded with the appropriate software. 

For more information on this please download the full manual:

https://www.innovatemotorsports.com/wp/content/uploads/2022/05/MTX-AL.pdf
or contact Focus Applied Technologies for more information or help reprogramming your display. 
ERROR CODES

Error codes are presented as “E#” on the screen where # is the number as listed below. 

[image: image8.png]Error Error Likely Root Cause Fix
Code Message
Error 1 | Heater circuit | Short in sensor Replace sensor.
shorted
Error 2 | Heater circuit | 1. Damaged sensor 1. Verify that all sensor
open cable or sensor. connectors are fully seated and
2. Sensor connector not | locked into position.
fully seated and locked | 2. Replace sensor
into position. 3. Replace sensor cable.
Error 3 | Pump cell 1. Short in sensor 1. Replace sensor cable.
circuit shorted | cable 2. Replace sensor.
2. Short in sensor 3. Perform sensor recalibration.
3. Sensor calibration
incorrect
Error4 | Pump cell 1. Damaged sensor 1. Verify that all sensor
circuit open cable or sensor. connectors are fully seated and
2. Connectors not fully | locked into position.
seated 2. Perform sensor calibration
3. Sensor calibration 3. Replace sensor cable.
incorrect 4. Replace sensor.
Error 5 | Reference cell | 1. Short in sensor 1. Replace sensor cable.
circuit shorted | cable 2. Replace sensor.
2. Short in sensor
Error 6 | Reference cell | 1. Damaged sensor 1. Verify that all sensor
circuit open cable or sensor. connectors are fully seated and
locked into position.
2. Connectors not fully | 2. Replace sensor.
seated 3. Replace sensor cable.
Error 7 | System error System error Reboot MTX-L by cycling
power.
Error 8 | Sensor 1. Sensor over-heating | 1. Perform sensor calibration.
Timing error or over-cooling (error 2. Move sensor bung as far
(typically a condition only occurs downstream as possible.
damaged at wide open throttle ) 3. Add an HBX-1 (p/n 3729) to
'sensor). isolate the sensor from the
2. Sensor is damaged pipe.
4. Replace sensor.
Error 9 | Supply Supply voltage too low | 1. Verify you have 12V at your
Voltage too for sensor regulation power source and the circuit
low can support a 3 amp draw.





SPECIFICATIONS








DIMENSIONS (Controller box only)







HxWxD: 

12 x 15 x 20 cm
Weight:

1 kg
O2 SSENSOR







Type:


Bosch Wide Band O2

Power:

12V, 2A Maximum

Threads:

M18-1.5

POWER IN









Voltage: 

120-240 VAC +/- 10%

Frequency:

 50 to 60Hz

Current Draw: 
1A max 
OUTPUTS










Analog Output:
0V @ 7.35 AFR, 5V at 22.39 AFR (in petrol mode)




0V @ 1 Lambda, 5V @ 7 Lambda (in Diesel mode)


12V Output:

12V +/- 10% @ 1A Maximum

ENVIRONMENT









Temperature:
10 to 40°C Operational





0 to 50°C Non-Operational


Humidity:

5 to 90% Non-condensing


Shock/Vibe:

<10g 
 TROUBLE SHOOTING GUIDE






The AFR display unit is a relatively simple instrument, with only a few basic components to fail. In the event of a failure the following simple tests should help you diagnose what is wrong with the system and correct it. 
POWER TEST
Applying power to the unit should light up the display. If it fails to light, either the mains power is not connected, a fuse is blown, or the 12V power supply is dead. First insure that the AC mains have power and are properly connected. If all is well there, check the 12V output at the back of the unit. If 12V is present then either the display had failed, or become internally disconnected. Is 12V is not present, then the power supply has failed or is disconnected. In either case the unit requires repair. 
AIR FLOW TEST
To get a good reading, the pump must suck exhaust gasses past the O2 sensor. The pump can be tested at the controller. When powered on there should be a humming noise and suction at the “Air Inlet” port, and pressure coming from the “Air Outlet” port. If any of these is not happening, then the pump had failed or is disconnected and must be serviced. 

If there is good air flow at the controller, connect it to the sample tube and check that there is suction at the probe tip. If there is not then the sample tube is clogged, and must be cleared. 

. 

O2 SENSOR TEST
Generally if there is a problem with the O2 sensor, the display will show an error code. In the event of miss firing the O2 sensor will read lean, regardless of the actual AFR. Also an improperly inserted probe, or leaking sample tube will tend to read very lean. Insure the sample tube is tight, not leaking, and fully inserted into the exhaust system of the engine. If the O2 sensor is out of calibration, then the displayed AFR may be stuck either high or low, or jump erratically from high to low. If this occurs try removing the probe tip from the engine, and recalibrating it according to the calibration procedure described earlier. If upon recalibration the unit is still unresponsive, remove the O2 sensor from the “pistol” handle and inspect and clean it. Try recalibrating again. 
WARNING: The O2 sensor will get hot during calibration! Use caution to avoid burning yourself or other objects. 
If the sensor gives invalid results, then it may be damaged and requires service or replacement. 

 CONTACT INFORMATION






As there are so many factors outside of our direct control, Focus Applied Technologies can not assume any liability for accidents caused by the use of this equipment. Use of this equipment is at the users own risk. If any problems or accidents occur, we wish to be informed so that we may improve our products, and fix any issues they may have. Please send us any feed back you have regarding the use of this equipment.
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For further information on this or other products please contact us via the following:

Web site:
www.FocusAppliedTechnologies.com 

Email:

Sales@FocusAppliedTechnologies.com
Post:
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AFR, Analog Voltage and suggested adjustment to achieve stoichiometric operation.





*	            F O C U S		MODEL  AFR-1     


                   A P P L I E D		SER #  5-000   


T E C H N O L O G I E S		MFGR 04-2018








INPUT POWER 	220VAC  50HZ


   	1A MAX





ANALOG OUT: 	7.35AFR		0VDC  


22.39AFR 		5VDC    
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