32B MAF Tuning guide 





Copyright 2004

Authors are not responsible for usage of this document.  User Discretion is advised.  The information herein is for Off-Highway Use Only.       Use At your Own Risk.

This document will describe the necessary tuning guidelines for use in a GM ECM 1227165, 1986-1988 $32B Mask available for Camaros, Firebirds, and Corvettes utilizing tuned port injection. Each table available in binary editors such as Tunercat and Tunerpro will be described in functionality and example.

This document assumes knowledge with common EFI terms, and general chip burning and diagnostic terminal scanning.  Please make sure you understand the basics before utilizing this document.

Information herein is founded on the knowledge base at www.thirdgen.org, www.diy-efi.org TUNERCAT, TUNERPRO, the internet as a whole, books and documents generally available, as well as on my own engineering background and opinions.  The general hope is to accumulate the available knowledge for use to further the DO-IT-YOURSELF engine tuning audience.

Basic engine tuning strategies

The MAF based engine control system utilizes the Mass Air Flow sensor for its primary fueling routines.  The ecm assumes that a set mass of air will equate to a specific requirement of fuel, based on the ecm’s coded air/fuel ratio, based on multiple terms and load conditions.

The Mass Air Flow device in this application utilizes a hot wire element to create a transfer function based upon the relationship of current flow though the element (temperature rise) to airflow (cooling effect of airflow).  As the airflow increases, more current through the element is required to maintain a set temperature.  This current change is converted to a voltage range of nominally ~0-5 Volts full scale in this particular sensor.  This relationship of heating to current flow is known as King’s Law.  The formula(s) is available on the internet if more technical detail is of interest.

One item to note is that the MAF sensor measures effective cooling of a heated wire, so in reality, humidity will also affect the MAF voltage reading.  The tune should not vary greatly due to this (this depends on engine modifications, and how tightly the engine is tuned), but if you encounter weird engine operation, and can account for large changes in humidity, this may be responsible.  This is one of the downfalls of this type of load measurement device.
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The typical response curve of the MAF sensor used with the 1227165 ecm is as below.  This airflow curve is literally reconstructed based on the transfer function in the actual ecm code.

MAF TABLES and SCALARS

The ecm works within an 8 bit word limit (in most cases), and as such, you can see that the airflow in grams per second conveniently ends at 254 for the last few entries in the curve. 2^8=256: Using a 0 based numbering system, the max number is 255, the above table ends at 254 due to the conversion math.  This happened to be a matter of convenience, and it should be reinforced that these tables are merely a transfer function, more plainly put, there is nothing written is stone that this system is limited to 255 grams per sec.  It could easily have been written to be 255 units per second, where each unit was 2 grams, but resolution is lost.

In order to gain even better resolution, this coding scheme utilizes 2 dimensional tables along with scalar multipliers to efficiently model this curve while minimizing code space.

The math works as follows.

There are 6 MAF tables.  Each MAF table has an associated Scalar.  This value is multiplied by the table values to determine the conversion from volts to grams/sec.


(MAF Table Value*Scalar for table)/255= Grams/Sec airflow

Example, MAF table 2, value 4 = 163.  Multiply by scalar (48) = 7824. Divide by 255 = 30.6 gms/s

This grams/sec value is then used to determine the load, based on RPM, called LV8: Load Variable (8 bit).


Load Variable (8 Bit) = airflow*scale factor*inverse RPM factor

LV8 = (gms/sec/ 256) * (Scale factor / 64)*(Distributor Ref Pulse Count)

For an engine at 3000 RPM and an airflow of 90 gms/sec with a scalar of 80: 

LV8 = (90/ 256) *(80 / 64) * (328)


LV8 = 144

The Distributor Reference Pulse Count value is determined by the internal 16 bit pulse counter. 2^16=65536 bit counts per second.  65536 multiplied by some time/4 stroke conversions gives you the formula for an 8 cylinder application:


DRP=983040/rpm

This is the term used the equation above (328).  For 4 and 6 cylinder the constant 983040 changes.

The Scale factor of 80 is hard coded in the firmware, and could be calibration specific.  For 32, 32B and 6E masks, the factor is 80.
This LV8 term is then used for all load calculations.

Base Pulse Width calculations

Ultimately, these variables are needed to determine the amount of fuel required to maintain 14.7:1 AFR (Air Fuel Ratio).

The ECM determines this based on calculations below:


PW = (((((DRP * gms/sec) / 512) * AFR) / 256) * InjFlwRate / 128) * 0.01526


As an example:


2000 RPM, 20 gms/sec., 445 AFR, 441 secs/gms Inj:


PW = ((((((492 * 20) / 512) * 445) / 256) * 441) / 128) * 0.01526


= 1.76 msec.

It’s important to understand the relationship between all of these terms.  Changing the MAF tables will ultimately affect a lot of operating parameters, so subtle tweaks to improve your fueling is OK, but large changes should only be attempted by those with lab grade equipment that can be used to recalibrate the intake system (no average backyard tuner)

Additionally, in the MAF airflow chart, you can see how the curve is nice and smooth.  This is because the tables are carefully calculated to provide seamless transitions from one table to the next.  Since the tables are made using a scalar multiplier, it is important to realize that if you need to tweak a table at the last entry, that you affect both the table, the scalar, and the next table and its scalar.  Below is a chart that shows the airflow in grams per second in the same manner as the ecm would calculate.

	Scalar
	23
	48
	83
	135
	207
	255

	
	
	
	
	
	
	

	Gms/sec
	0
	22.3125
	47.66016
	82.26563
	134.2266
	206.1914

	
	3.234375
	24.9375
	51.22656
	87.53906
	142.3125
	212.168
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	254.0039


You’ll notice that the last value in each column and the first value of the next column match very closely.  This relationship must be maintained if modifying these tables.

The MAF system is effective in it’s simple relationship between airflow to required fuel.  If X amount of air is flowing, Y amount of fuel is needed.  Because of this, you will not see any parameters dealing with engine displacement, since it will always try to maintain 14.7:1 AFR in closed loop (Non Power Enrichment) based solely on airflow.

! A few last details about these values!

There is a minimum gms/sec limit which the ecm uses for fueling: 3 gms/sec.  If it calculates something less than this, it uses this value.  Ordinarily, this is not an issue.

There is a table of Maximum Airflow VS RPM. This table will become apparent when you are running a MAF system with large displacement engine, which will use large amounts of air at lower RPM than anticipated.  You will find that the engine will always scan and show a specific gms/sec even if you determine that you should be using more.  If you find yourself in this case, you can increase the entries (usually the upper entries) to avoid ‘pegging the needle’.  It’s not commonly known exactly what purpose this table serves (the development engineers obviously know); there are theories that it prevents large engine modifications; or that it serves to help prevent false air readings/fueling calcs based on throttle transients/plenum filling.

Below is a listing of the various tunable elements typically available in Tunercat and TunerPro, and any other ECM editor.  A brief description follows in some cases to help understand the interactions with all of the other variables.
ECM Switch Parameters

VATS Select

VATS Diagnostic

Knock Diagnostic

Vehicle Speed Diagnostic

EGR Diagnostic

MAF High Diagnostic

Base P.W. Calibration Method

32B has an additional table vs. 6E that will override the load calculations, and instead use the table for the pulse widths necessary based on RPM and LOAD.  This table was probably in place initially for use in characterizing the MAF sensor and the airflow curve, and was a left over from development, assumed, since it is removed from later code.  Can be useful for modified sensors or weird induction systems.
Normally Open Fan Request Input

Manual/Auto Transmission

This switch will change the idling logic for engine load differences between a manual and automatic transmission during coast and street idle.

Overdrive Default Off/On
ECM Constants

Initial Spark Advance

This constant is used for determining the true spark advance of the engine.  It is also called spark reference angle.

This value should be set to whatever the distributor is hard set to on the engine.

For example:

Unplugging the set timing connector, you set the distributor advance to 6 degrees.  You then change the initial spark advance to 6 degrees in the prom.

This makes the overall spark calculations accurate.

Max Spark Advance

This value is the limit that the code will allow for advance.  For a V-8 engine, maximum timing advance possible mechanically will be 45 degrees (360 degrees/8cylinders).  This value should be set slightly less than maximum mechanical.

DIS ignition and Coil On Plug are not limited in this respect, and will vary.

Highway Mode Spark Enable Coolant Temp

This value will determine when Highway spark mode will activate based on engine temperature.  Highway mode is a special condition that allows the engine, under light load and high speed, to add in more timing to provide more fuel economy.  This mode can be very damaging if not carefully monitored.
Highway Mode Spark Max Load Threshold

Highway Mode Spark Enable RPM Threshold


Highway Mode Spark Enable Delay Time

Knock Retard Enable RPM Threshold

Knock Retard Enable MPH Threshold

Knock Retard Enable Cool. Temp. Thresh.

Max Knock Retard (Not in P.E.)

Fuel Cut Off, (Speed)

Fuel Resume (Speed)
Fuel Cut Off, (Engine Speed)

Fuel Resume (Engine Speed)

Fan Off Coolant Temp Threshold (A/C On)

Fan On Coolant Temp Threshold (A/C On)

Fan Off Coolant Temp Threshold (A/C Off)

Fan On Coolant Temp Threshold (A/C Off)

Injector Flow Rate, (Single Fire)

Injector Flow Rate, (Double Fire)

These two Injector flow rates should be set to the same value, in Lbs/Hr, at 43 PSI.  For MAF based systems, you can twiddle this value to affect the overall fueling calculations, to center your BLM values.  

For example, you are using 24lb Ford SVO injectors.  They are rated at a lower pressure for this flow rate, and you find that your average BLM values are low when using a value of 24 lbs.  The ECM is compensating for the error in flow rate by using less fuel, since the injectors are actually bigger than the ECM thinks.  By adjusting the constants to 25.6lbs, your BLM values move to give you an average of 128.

Max Accel. Enrich. Async Pulse Width

Minimum Delta TPS For Accel. Enrich.

By changing this to a lower value, Acceleration Enrichment will be enabled sooner, which will provide more fuel.  Useful if your car is experiencing hesitations on initial acceleration.

Minimum Delta LV8 For Accel. Enrich.

Provide the same function as Delta TPS, but based on load instead of throttle position.  Experimentation will provide the best results.

EGR Off (TPS)

EGR On (TPS)

Min. MAT to Enable EGR

TCC Unlock Speed (Low Gears)

TCC Lock Speed (Low Gears)

TCC Unlock,Speed (Higher Gears)

TCC Lock Speed (Higher Gears)

TCC Unlock Prevent/Auto O/D Engage Speed

TCC Enable Coolant Temp. Threshold

Min. Load Limit for TCC Lock, Low Speed

Min. Load Limit for TCC Lock, High Speed

TCC Min Load Limit Hysteresis

TCC Min Load Limit High/Low Speed Thresh

Shifter Kickdown Prevent RPM Threshold

TPS Kickdown/TCC Unlock Prevent -1st Gr.

TPS Kickdown/TCC Unlock Prevent-Not 1st
Hot Engine O2 Timer

Warm Engine O2 Timer

Cold Engine O2 Timer

Idle Speed Adder in Park/Neutral

Idle Speed Adder for A/C On

IAC Startup Park Position

IAC Startup Delay Time

IAC Control Deadband RPM Error (in P/N)

IAC Control Deadband RPM Error (Drive)

Maximum BLM Value

Minimum BLM Value

Min. Coolant Temp for BLM Update

Max. Coolant Temp for BLM Update

Decel Enlean Enable Delta TPS Thresh.

Decel Enlean Enable Delta LV8 Thresh.

Decel Enlean BPW Multiplier

DFCO Enable RPM Threshold

DFCO Disable RPM Threshold

DFCO Enable LV8 Threshold

DFCO Disable LV8 Threshold

DFCO Disable TPS Threshold

DFCO Enable Cool Temp Threshold

DFCO Disable MPH Threshold

DFCO Throttle Follower Default %TPS

DFCO Stall Saver T/F %TPS Correction

DFCO Stall Saver T/F %TPS Corr. Duration

DFCO Stall Saver Async Inj. Pulse Width

DFCO Stall Saver Async Inj. Pulses

Stall Saver Spark Correction Enable RPM
Stall Saver Spark Correction Disable RPM

MAF High Diagnostic (Error 33) Threshold

AIR Control Enable Coolant Temp. Thresh.

Shift Light Enable Coolant Temp. Thresh.

Shift Light Enable Vehicle Speed Thresh.

Shift Light Enable %TPS Threshold

Shift Light Enable LV8 Threshold

Shift Light Enable RPM Threshold

Shift Light Disable RPM Threshold

Shift Light Force On RPM Threshold

Shift Light Force On Disable RPM Thresh

Number of Cylinders

Exactly how it’s described.  However, for an 8 cylinder, this value should be set to 0.  Just the way the code was implemented.

PROM ID
Tables

Spark Advance Vs. RPM Vs. Load

This table is the complete spark advance table for the engine, while in normal operation (not PE).  Small adjustments should be made here to avoid detonation.  The best method of tuning spark would be elapsed time runs (1/4 mile), or dyno, but only after fueling requirements have been roughed in.

When tuning on an engine close to a stock TPI motor, the stock timing values are a good start.

Another option would be to mimic the mechanical and vacuum timing advance typical in a non-computer controlled application.  In fact, if using EFI with this ECM and mask on a non-standard engine (NOT a SBC TPI motor), this would be a good place to start.

There are a few basic things to remember when tuning more radical combinations

-Better breathing cylinder heads with efficient combustion chambers may require less total timing overall, but full timing ramped up more quickly, with higher initial timing than a stock motor.

-Camshafts with higher duration will require more initial timing, also ramped in quickly to max total timing over RPM.

-Supercharging and turbocharging will require less total advance as boost increases.

-Flattening out the shape of the timing area around idle can provide smoother idle, and make fueling a little easier.

Spark Advance In WOT Vs. RPM

This Table will add or subtract timing when in PE mode, to achieve maximum power without detonation.

Highway Mode Spark Advance Vs. Load


When Highway mode is enabled, this table determines the added spark advance.

Knock Retard Attack Rate Vs. RPM

Knock Retard Recovery Rate Vs. RPM

Maximum Knock Retard, (In WOT)

WOT %Change To Fuel/Air Ratio Vs. Coolant Temp.

WOT %Change To Fuel/Air Ratio Vs. RPM

%TPS To Enable WOT vs RPM

Open Loop Fuel/Air Ratio %Change Vs. Coolant Temp

Open Loop Fuel/Air Ratio %Change Vs. Load

Startup Fuel/Air Ratio %Change Vs. Coolant Temp.

Warm IAC Park Position Vs. Coolant Temp.

Desired Idle Speed vs Coolant Temp.

Mass Air Flow Table #1-6

These tables together form the airflow curve, which all fueling is based on.  More detail has already been spoken to at the beginning of this document.

Max. Air Flow Vs. RPM

This table provides an upper limit for airflow based on RPM.  In large cubic inch engines with efficient induction, this could prevent the true airflow reading from being used for fueling.  If this is the case, changes the upper entries to higher values from the affected range up.

BPW Fuel Vs. Load, (msec)

This is the table that takes place of the Base Pulse Width calculation if the BPW flag is not set.  Fueling will then be directly related to the pulse widths in place.  If this is used, it is best to monitor logs carefully for a baseline fuel curve and changing the values to reflect what the logs show for various load/rpm points before the flag is switched.

For example, if you look at the table, you will see the same values repeated in the RPM columns.  These are obviously just placeholder values. Datalog using the BPW calc method, and determine what these values are at various load/rpm.  Fill the table with the values that closest match the cells, then smooth in the rest.  From that point, datalog and see how the BLM and INT values have changed, and correct in the proper cells.  To truly achieve 128(no corrections) with a MAF system, this method of fuel tuning is necessary.

Injector PW Correction Vs. Battery Voltage

This table is necessary because injectors are electromechanical devices and have physical limits to how fast the pintle valve can open and close.  This is related to fuel pressure, voltage at injectors (which directly affects current), and heat.  Current is what makes the solenoids open, so having a higher voltage guarantees proper operation by generating the correct current.

When battery voltage drops, the injectors begin to have slower opening and closing times, which can be a sizeable fraction of the required pulse width.  This table will account for this time difference and modify the pulse width to allow proper fueling at low voltages.  This table also allows you to tweak the fuel tables slightly, without affecting a lot of other variables dependent on load variables (LV8).

Accel. Enrich %BPW Factor Vs Async Pulse

No. of Accel Enrich Async Pulses Vs. Coolant Temp.

This table provides the necessary acceleration enrichment (with additional asynchronous pulses) to prevent lean popping as the accelerator is pressed, based on the engine temperature.  Colder engines may require more pulses than ones that are up to temperature.  This table also plays a role in systems that require more fuel due to intake design (large plenum/runner geometry)

Accel. Enrich. Async Factor Vs. Coolant Temp.

LV8 Accel. Enrich. Factor Vs. Delta LV8

LV8 Accel Enrich Coolant Factor Vs. Coolant Temp.

LV8 Accel. Enrich. Decay Rate Vs. Coolant Temp.

Crank Fuel Pulse Width Vs. Coolant Temp.

Crank Fuel Multiplier Vs. Reference Pulses

Crank Fuel Pulse Width Multiplier Vs. TPS

Fan PWM Duty Cycle Vs. Coolant Temp.

EGR % Duty Cycle Vs. LV8 Vs. RPM

TCC Unlock Speed Vs. %TPS (Not In 4th)

TCC Lock Speed Vs. %TPS (Not In 4th)

TCC Unlock Speed Vs. %TPS (In 4th)

TCC Lock Speed Vs. %TPS (In 4th)

Shift Light On %TPS Threshold Vs. RPM

Shift Light Off %TPS Threshold Vs. RPM

Shift Light On Delay Time Vs. %TPS
