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Functions of the lambda controller

The Micro Lambda controller is based on BL49 Hardware by tooly and
designed to work with a LSU 4.9 lambda sensor.
Sensor interface is internally done by the well-known CJ125 LSU chip from BOSCH.

e Sensor interface CJ125 from BOSCH (No free air calibration)

e 16MHz Automotive 8bit Microcontroller with can bus integrated
* PID Heat strategy according to BOSCH recommendation

e 2x Analog output (0-5V Wideband / Narrowband simulation, curve can be changed)
e 1x Digital input (Enable signal for the controller)

e 1x Can bus with selectable termination resistor

e Allin and outputs are short circuit protected

* TunerStudio user interface

e Cycle status and cj125 status display

e All settings can be changed by TunerStudio

* Can bus broadcast with different modes

e Automatic start when receive RPM over can

Credit goes to:

Ruzki (Hardware design, assembly)
Tooly (Hardware design)
Alfagta (Firmware design, assembly)

Megasquirt is a registered trademark from B&G
Tuner Studio is a registered trademark from Efi Analytics
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Functions in detail

Controller setup

& TunerStudio MS Ultra(Beta) v3.0.70.08 - TestLambdalfa { BL Lambda 2019.08 (c) TurboCorse Electronics

File Options DatalLogging Communications Tools Help

g Controller Setup

& General settings

H’ Graphing & Logging rDingncsti:s & High Speec
[

& Can RPM settings
&, Generic can stream settings

Wideband output curve
Narrow simulation output curve

General settings:
Can bus:

Ts Can ID: Id which TS takes to communicate

My Can ID: Id for this controller

If you use more than one lambda controller in one can bus
Network each controller should have it’s one ID.

Therefor connect one controller after the other and setup
unique id for each controller with setting “My Canbus ID”

Can termination: Turn on/off the can termination resistor.

A can bus network must be terminated on each end with 1200hm.

If you use a Megasquirt 2/3 then the Megasquirt terminates one end.
One device in the can network must terminate the other end, usually the
Device which is on the far end.

mR:WZU mR:WZD

Broadcast mode: Define the broadcast mode.
The controller is able to do different broadcast modes.
MS2 L1 = Megasquirt 2 as lambda sensor 1

MS2 L2 - Megasquirt 2 as lambda sensor 2

MS3 L1 = Megasquirt 3 as lambda sensor 1

MS3 L2 - Megasquirt 3 as lambda sensor 2

MS3 L3..6 > Megasquirt 3 as lambda sensor 3..6

AEM 4ch UEGO - as per AEM specification

AEM X UEGO -> as per AEM specification

KMS = as per KMS specification

BL49 >

GENERIC = User can define ID, FORMAT, ENDIAN (later more)
MS2 ADCO..7

....more can be added in the future or per request

Can RPM for start: Turn on/off to listen for a rpm signal on the can
This will enable an additional menu to setup the parameters

Bl B General settings

Eile View

Lol |

General settings ;J
Can bus I

'8 Ts Canbus ID E

'@ My can bus id ’ﬂiE

@ can bus termination on -

'@ Broadcast mode Ms2L1 -

'@ Can RPM for start Enable - |
General

'8 Idle Lambda value(L) hos  H

'@ stoich value 147 =

6 Output 1 usage Off -

'@ Output 2 usage Off -

'@ Configurable wideband curve |Enable -

'@ Configurable narrow curve Enable -
Narrow band simulation

'8 Use 0-5V output (Out 1) [Disable [+

Switch point H

Startup L

'@ Always enabled Disable -

'@ start delay(ms) looo

'@ Battery voltage confident count "Iuiz

'@ Cj125 multiple read confident count "Iu—g

Calibration

B Cj125 calibration samples 10 El

'@ Cj125 calibration period(ms) 150 E
Probe heating

'@ Probe condensate duration(ms) ﬁuuu E

'@ Probe preheat period(ms) WE
Fault detection

B Cj125 read error count 30 El

'8 Supply out of range error count 30 E
Limp mode

'@ Fallback lambda value(L) 1.10 E

Firmware Update
|

Define which format is used as can broadcast

LA L O | s ]

bus
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General:

Idle Lambda value: If the controller is in idle mode this lambda value is used.
This is useful for ecu’s where the user can’t set a start delay for the lambda controller.
During idle, condensate, preheat this value is used then.

Stoich value: This is the stoich value for the fuel type you are using.

Fuel A/F Equivalence | Lambda
Ratio Ratio

Gasoline Stoichiometric 14.7 1.000 1.000
Gasoline Max Power Rich [ 12.5 1.760 .8503
Gasoline Max Power Lean | 13.23 1.111 .900

E85 Stoichiometric 9.765 1.000 1.000
E85 Max Power Rich 6.975 1.400 7143
E85 Max Power Lean 8.469 1.153 .8673

Output 1/2 usage: Turn on/off the output

If you send the lambda value over can and you don’t need any of the hardware analog outputs you can turn these off with

this setting. If analog output is off the voltage is 0.
So turn off the analog outputs which you don’t need.

Analog output 1 is normally for wideband signal, this is a real DAC with 10 bit.
Analog output 2 is normally for narrow simulation signal, this is a PWM DAC.
You can use the standard curve or set it up as you want.

Configurable wideband curve: Turn on/off the user configurable curve
Configurable narrow curve: Turn on/off the user configurable curve

With this you can turn off the 2d tables to configure the analog output as you want.
Standard wideband curve is lambda 0.68 =0V / 1.36 =5V

Standard narrow curve as per narrow sensor specification.

Narrow band simulation:

Use 0-5V output (Out 1): Turn on/off to use the real DAC for narrow simulation

This can be used when you send lambda value over can and feed narrow simulation to an oem ecu.

Then you can use the real dac to get better resolution.

Switch point: This is only selectable if you don’t use the configurable narrow curve
Define the switch point when the narrow simulation goes to rich / lean, normally lambda 1.0
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Startup:

Always enabled: With this setting you can force the controller to start directly when power is applied.

When this is setting is enabled the controller starts directly when power is applied and everything else is okay.

(Voltage in range, calibration done, no errors)

This is useful during setup the ecu, lambda controller is ready before you start so you can monitor the lambda value during
warmup.

This can also be used if the controller is powered through the fuel pump relay and you don’t want to use the enable input
or can rpm to start the controller.

Start delay (ms): The controller wait this time before start after the enable signal is applied.
Setup this time high enough to prevent miss start when the controller is powered through the fuel pump relay which is

maybe triggered for a short time during priming pulse.

Battery voltage confident count: The battery voltage must be for this read counts in range before controller go
to calibration mode. Normally the default value of 10 is good to go.

Cj125 multiple read confident count: The communication to the ¢j125 must be good for these counts before
controller go to calibration mode. Normally the default value of 10 is good to go.

Calibration:

Cj125 calibration samples: The controller read the default lambda and heater adc for this counts.
Normally the default value of 10 is good to go.

Cj125 calibration period (ms): The controller read the adc values from the ¢j125 with this period during
calibration mode. Normally the default value of 150 is good to go.

Probe heating:

Probe condensation duration (ms): The controller stays for this time in the condensation mode with reduced
heat power applied as per bosch Isu4.9 specification. Normally the default value of 5000 is good to go.

Probe preheat period (ms): The controller step time during preheat. As per bosch Isu4.9 specification the heat
power should be ramped up during preheat, voltage is then raised with 0.4V steps and this period.
Normally the default value of 1500 is good to go.

Fault detection:

Cj125 read error count: The controller go to error mode if he reads this count of messages in a row from the
¢j125 with error flags. Normally the default value of 30 is good to go. (30x16 = 480ms debounce)

Supply out of range count: The controller go to error mode if the supply voltage is out of range for this count in
a row. Normally the default value of 30 is good to go. (30x16 = 480ms debounce)

Limp mode:

Fallback lambda value: The controller use this value if an error occurs, this should give the ecu a lean lambda
value to prevent engine failure do to a odd lambda value (rich). So for safety the ecu would add fuel instead of
take fuel out.

Button:

Firmware update will force the controller to restart, Reset Error force the controller to restart after
error without power reset
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Can RPM settings:

Can RPM ID: Can bus ID to listen for rpm information.
The controller is listen for this id on the can bus.

If your ecu sends a message with this information you are able
to use it to automatically start the controller if the engine is
running.

MS2 / 3 can send this information simply turn on the broadcast
with 0x280 RPM x1

Can RPM ID format: Can bus format standard 11 bit (2.0A) or
Extended 29 bit (2.0B)

Can RPM DATA format: Endian within the message Big / Little. Big means high byte first.

Can RPM offset: Byte offset within the can message

Can RPM length: Byte length for the rpm info.

Generic can stream settings:

This is only available if broadcast mode is set to ,,GENERIC”

Can ID: Can ID for broadcast message.
The controller uses this id to send the broadcast message.
The message is defined like this:

Byte [0] = Stoich value x10 (147 = 14.7)

Byte [1] >Lambda x100 (100 = 1.0)

Byte [2] > Controller mode

1= Preset

2= Start

3 = Calibration

4 =|dle

5 = Condensate

6 = Preheat

7 = Running

8 = Error

Byte[3] = Lambda x1000 ( 1000 = 1.0) (high/low byte as per format)
Byte[4] = Lambda x1000 ( 1000 = 1.0) (high/low byte as per format)

Can ID format: Can bus format standard 11 bit (2.0A) or
Extended 29 bit (2.0B)

% Can RPM settings X
File View
Can RPM settings
'@ can RPM ID foxozsd [
'@ can RPM ID format Std 11 Bit -
'@ Can RPM DATA format Big -
'8 Can RPM offset 2 B
'@ Can RPM length 2 H
Can message |D which lambda controller is listening for
(% | & [ Own [ oo ]
<L Generic can stream settings *
File View
Generic can stream settings
'@ can ID(Id) X0780 ]
'@ can ID format Std 11 Bit -
'@ can DATA format Big -

Id which is used for the generic can message stream

[ ¢ [Oenl om]

Can DATA format: Endian within the message Big / Little. Big means high byte first.

©TurboCorse



This is only available if configurable wideband curve is ,,Enabled”
5 Point 2d table for wideband output

L. Wideband output curve X

File View

opme o
Voltage | 0.000 1.250 2.500 3.750 5.000
Lambda | 0.68 0.85 1.02 119 1.36

0 Burn Close

This is only available if configurable narrow curve is ,,Enabled”
13 Point 2d table for narrow simulation output

& Narrow simulation curve hed

File View

(=] O
Voltage | 0.900  0.886  0.874 0.837 0.784 0.700 0.500  0.300 0.216 0.162 0.131 0.094 0.090
Lambda | 0.80 0.85 0.89 093 096 099 | 1.02 | 1.03 | 1.04 | 1.07 | 1.10 | 1.14 | 1.18

0 Burn Close




Controller status

©TurboCorse

g4l Controller Status

¢ Cycle status

10 Ly jie——

&, Cj125 status

Cycle status:

Here you can see in which mode the controller is.
The actual mode is green highlighted

&k Cycle status %
Not in preset |

Not in start |

Not in calibration |

Not in idle |

Not in condensate |
|

|

|

Not in preheat
Not in running
Not in error

(2 | & ol o]

Cj125 status:
Here you can see the status from the cj125.

<L ¢j125 status b4

Heater no short to gnd
Heater no open load
Heater no short to batt

VM no hort to gnd
VM no short to batt

UN no short to gnd
UN no short to batt

IA / IP no short to gnd
IA / IP no short to batt

[ ¢ [Oen] oo |




Wiring

The controller can be ordered in 2 different ways, open end or with connector.
When ordered with connector a Deutsch DT series 6way connected is attached.

Connector at controller harness: DT04-6P-C015 / Pins: 1060-16-0622
Connector at car harness: DT06-65-C015 / Pins: 1062-16-0644

Power the controller from a switched power source (KL15). 10,8..16,5 Volt.
A maximum of 3A is needed per controller (3A Preheat cold sensor, ~0,7A Running)

When there is a connector attached to the controller only 6 wires are used.
The enable input wire is not available, so only 2 start modes are possible
e Always enabled , power the controller from the fuel pump relay to start when engine starts
Always enabled parameter must be set to “Enable”
e Can RPM start, controller starts when rpm > 500 is received over can bus.
Always enabled parameter must be set to “Disabled”

E Take in mind for the other end of the connector the can bus wires
SEe must be twisted with a minimum of 1 twist per 25,4mm.

+12V In (5A fused)

Can High

Out 1 (0-5V wideband signal ) OV = 0,68L / 10AFR | 5V = 1,36 L / 20AFR
Out 2 (0-1V narrow simulation signal)

Can Low

Gnd In

Table 1 controller with connector

UV A WN PR

Red +12V In (5A fused)

Black Gnd In

Purple Enable input, active when connected to gnd

Yellow Out 1 (0-5V wideband signal ) OV = 0,68L / 10AFR | 5V = 1,36 L / 20AFR
Green Out 2 (0-1V narrow simulation signal

Orange/Green Can High

Orange/Brown Can Low
Table 2 controller with open end

10

©TurboCorse



Can bus broadcast

Every 16ms a broadcast message stream is send to the can bus if enabled.
The message format is according CAN 2.0A 11 bit identifier.

Here you can see the layout of the broadcast messages.

B2U =  Big Endian (Motorola Format), 2 Bytes, Unsigned
B2S = Big Endian (Motorola Format), 2 Bytes, Signed
1U= 1 Byte, Unsigned

ID (Hex) Offset (Bytes) Format Comment

5C3 (BL49) O 1U Stoich value x10 (147 = 14.7)
1 1U Lambda value x100 (100 = 1.0)
2 1U Mode

1= Preset

2= Start

3 = Calibration

4 =|dle

5 = Condensate

6 = Preheat

7 = Running

8 = Error
Table 3

11
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Configuration to act as a can device within tuner studio

Connect the lambda controller as can device in TS to your existing Megasquirt 2/3 project.

Following steps are required:
* Openyour TS project.
*  Project Settings. File>Vehicle Project>Project Properties, or by press CTRL + P.
e Menu,,CAN Devices”.
e With button ,+“you can add a new device.
e Fillin the device description.
e Under ,Connected Device” choose the can id. (Normally = 13)
¢ Under ,Device Configuration File” choose the ini file.
e Click , Ok” to finish the settings.
e TSrestarts the project then you have a drop down list on the left menu bar

Configuration Settings | CAN Devices N

Projects Main Controller

Main Controller CAN ID

serial Protocol: |Firmware Defautt v
CAN Devices
[0 Board (cANZ) [
I X
[4]
| [¥]

Device ldentifier (short)
[l Device description |l/0 Board

I Disable Runtime Data

Can Expander

IE‘ Connected Device TurboCors hd

Device Configuration File:
|udi0F‘r0jeds\.I'u'I83 Test EculprojectCiglCAMZ.ini

Configuration Settings

No settings of this type.

' )

©TurboCorse
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Setup Megasquirt 2

The following steps are required to work with Megasquirt 2 Lambda 1 or 2

Lambda controller:
Broadcast mode:
Select ,MS2 L1“ for controller as 1** Ego Sensor port

Select ,MS2 L2 for controller as 2™ Ego Sensor port
(One micro lambda controller can act as one lambda channel on the can bus)

After that press “Burn” setup finished for micro lambda controller

Megasquirt 2:
Go to ,Fuel Settings“ = “EGO Control” to get the following menu:

EGO Sensor Type:
“Single Wide Band” if you have on micro lambda controller
or “Dual Wide Band” if you have 2 controllers.

1*' EGO Sensor port: “Set to Remote ADC0”
2" EGO Sensor port: “Set to Remote ADC1”

Go to “Tools” = “Calibrate AFR Table” to get the following menu:

Select Innovate LC-1 / LC-2 Default
Press ,Write to Controller”

Settings for MS2 finished.
If Micro Lambda controller is on and can bus is correctly connected
you should see the lambda values at the gauges.

B General settings

FEile View
General settings =]
Can bus
@ Ts canbus ID >
@ My can bus id ,‘IJ—E
@ can bus termination on -
@ Broadcast mode Ms2L1 -
@ can RPM for start Enable -
General
© Idle Lambda value(L) o5 &
8 stoich value ,TE
0 Output 1 usage off -
6 output 2 usage off -
B configurable wideband curve |Enable -
B configurable narrow curve Enable -
Narrow band simulation
© Use 0-5V output (Out 1) [Disable [+
Switch point B

. EGO Control

Eile View Help

EGO Centrol
@ EGO Sensor Type

|puat wide Bana

B 1st EGO Sensor port Remote ADCO

B 2nd EGO Sensor port Remote ADC1

4

@ Use 2nd EGO Without Dual-Table|On

@ ignition Events Per Step
Controller Step Size(%)

@ Controller Auth +/-{%)

B Active Above CLT(°C)

@ Active Above RPM

0 Active Below TPS(%)

B Active Below MAP(kPa)

@ Active Above MAP(kPa)
Narrowband EGO target(Lambda)

B Controller Settings

B Aigorithm

@ EGO Delay After Start(s)

@ PID Proportional Gain(%)

B PID Integral(%)

@ PID Derivative(%)

B

LT B G FE B EE F FEL 4

!‘

il

Disabled - No EGO sensor enabled.
Narrowband = Enable narrowband sensor/s.

LA ] [ @ |_gose]

B Calibrate AFR Table... X

Help
Calibrate AFR Table...
Table Input Solution

EGO Sensnr‘lnnovale LC-1/LC-2 Default

4

Custom Linear WB
Volts AFR

Point 1‘ |

Point 2‘ |

Select settings, click
"Write to Controller"

Write to Controller

13
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Setup Megasquirt 3
The following steps are required to work with Megasquirt 3 Lambda 1..6

Lambda controller:

B General settings

I

Broadcast mode: e 5
Select ,,MS3 L1“ for controller as 1* Ego Sensor port A e
Select ,MS3 L2“ for controller as 2" Ego Sensor port © My can bus id ENC
O can bus termination on -
Select ,MS3 L3“ for controller as 3™ Ego Sensor port R = =
Select ,MS3 L4“ for controller as 4t Ego Sensor port vt [Enable I3
Select ,MS3 L5“ for controller as 5t Ego Sensor port 0 2 Lamocs xun 105 f
Stoich value 14.7 =
Select ,,MS3 L6“ for controller as 6™ Ego Sensor port © Output 1 usage o |~
(One micro lambda controller can act as one lambda channel on the can bus) BUCUIBLEZES S o |~
O configurable wideband curve |Enable M|
L. . 0 configurable narrow curve Enable v

After that press “Burn” setup finished for micro lambda controller Narrow band simulation

© Use 0-5V output (Out 1) Disable =

Megasquirt 3:
Go to ,,Fuel Settings“ = “EGO Control” to get the following menu:

&L AFR/EGO Control

File View Help
AFR/ EGO Control
@ Algorithm @ EGO Sensor Type \Wide Band AFR/EGO Sensor Mapping
Injector - Uses Sensor
@ Use EGO Delay Table Use IGN events |~
@ Ignition Events Per Step 16 E ms3xinja @
EGO Sensor Response Time(ms) E
= ! @ Number Of Sensors 3 H
© controler step ize(h) — S
@ Use Authority Table ot -
Combined or separate +- authority tables|[Combined UESE
BlRemember to Calibrate and set Project Properties|
@ Controller Auth +/-(%) s E CEmmE T ]
@ only Correct Above:(Lambda) os1z [
@ And Correct Below:(Lambda) ETTINNC MS3X Inj E
@ Active Above Coolant(°C) Zx] EGO ports
@ Active Above RPM 1300 B EGO 1 Port cAN EGO ~| MmsaxinjF
@ Active Below TPS(%) 70.0 EGO 2 Port CAN EGO - = B
MS3X Inj G
@ Active Below Load(%) f10.00 EGO 3 Port CAN EGO - d
0 Active Above Load(%) 20.00 EGO 4 Port CAN EGO v mssxmnH
@ EGO Delay After Start(s) 30 RO CANEGO -
@ EGO Delay After Fuel/Spark cut(s) 2.0 EOE RREED) S| vamj1
PID Proportional Gain(%)
! EGO7P EGO
PID Integral(t) corren Vo2
PID Derivative(’) EGO 8 Port EGO
Ell I IT»
None - no fuel changes are made in response to oxygen sensor readings. =
Simple - This method of closed-loop EGO control is well-suited to use with a narrowband O2 sensor. ~
EGO Sensor Type: “Wideband” (A | @ [Oun] om ]

Number of Sensors: “Number of controller you have installed”

EGO 1..6 Port: ,CAN EGO”

Ill

AFR / EGO Sensor Mapping: ,Map the correct EGO sensor to the injector channe
(This is also covered in the MS3 manual)

B Calibrate AFR Table...

Go to “Tools” - “Calibrate AFR Table” to get the following menu:

Help
Calibrate AFR Table...
Table Input Solution

Select Innovate LC-1 / LC-2 Default EGO Sensur‘lnﬂovale LC-1/LC-2 Default M
Press ,,Write to Controller” Custom Linear wB

Volts AFR

Point 1‘ |

Point Z‘ |

Settings for MS3 finished. I Gl
If Micro Lambda controller is on and can bus is correctly connected e to Gontroliart

you should see the lambda values at the gauges.

14
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Specification

Supply voltage 10,8..16,5 Volt

Current 3A during cold sensor heat up, ~0,7A Running heated
Temp range -10..85°C

Table 4

15
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Revisions

V1.0 30.12.2019 First edition

V1.1 05.01.2020 Updated Table 1 con layout
V1.2 21.02.2020 Updated function description
V1.3 09.04.2020 Added ms2/3 setup help

16
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