GEMS Mini Engine Management System MINIZETA G1.32
SYSTEM OPERATION

The GEMS Mini Engine Management System uses a single timing sensor to generate outputs for direct connection to a pair of coils, typically a twin coil pack, and two strings of injectors. Each injector output is capable of switching four 16 Ohm injectors in parallel or two 2.5 ohm injectors with a 2.2 Ohm ballast resistor. Each coil driver has a current rating 6.5 Amps. An external 1 watt lamp or L.E.D. in series with a 100 Ohm resistor may be used to signal approaching rev limit and diagnostic features, tachometer or a fuel pump relay. The timing input is a multi-tooth type with a number of missing teeth that is used a crank reference. This timing arrangement allows a semi-sequential fuelling arrangement with wasted sparks.

VARIANTS

FUELMET is an ECU to support the old Rover K series tooth pattern of 18 teeth with one missing for 180 crank degrees. This cannot support semi-sequential fuelling or distributor-less ignition. See appendix c.

MINIJAG is an ECU to support the MINIEMS/MINIGN timing pattern, with a leading edge between 90º and 45º BTDC and in logic mode (Mag option off) the trailing edge at the desired cranking ignition advance. Both ignition outputs fire together. The injectors are split between the two drivers and fire alternately, every revolution. The oxygen feedback options have been disabled.

ZETACBR is an ECU to support crank teeth at 30 intervals for both missing teeth as Honda and one extra GEMS. See appendix for option differences.

SLOWZETA is an ECU to support low data rate, one pulse per ignition event timing inputs, with distributors. This could be expanded to low data rate distributor-less ignition.

MINIFUEL is a fuel only ECU for low data rate, one pulse per fuelling event. The timing pulse may be obtained from the low tension of an ignition coil.

ZETA3INJ is a fuel and ignition ECU to support the MINIEMS/MINIGN timing pattern, with a leading edge between 90º and 45º BTDC and in logic mode (Mag option off) the trailing edge at the desired cranking ignition advance. The injectors are fired every 120 degrees. Pin 8 is the ignition driver.

SENSORS

Timing Sensor Hall or Optical

Engine speed and timing are measured using a crankshaft mounted Hall Effect Sensor. The sensor generates a signal from cut-outs on the timing disk. The disk should be adjusted such that the metal to air edge is in the middle of the sensor, typically at 45 degrees BTDC and the air to metal edge is at the cranking ignition angle. 

Timing Sensor Magnetic Variable Reluctance

Engine speed and position are sensed with a crankshaft mounted magnetic/reluctance sensor. The sensor detects the movement of an iron tooth past its pole-piece.

Load sensing

An engine load sensing input throttle pot and/or an absolute pressure sensor may be connected to provide an input for 3D maps having 14 load sites including the full load line used in 2D map configurations. Or both sensors used in conjunction with the MAP switch in the SETUP option in earlier versions and Target Idle used in later versions. This allows the engine to start on throttle position to aid starting. When out of cranking, the MAP sensor is used to derive the parameter Load. If a 1-Bar absolute sensor is used then the barometric pressure can be captured at power on if the engine is stationary. The conversion of the map signal to Load uses MAP_min and MAP_max options. It is highly recommended that DELCO pressure sensors are used for this function. The Throttle pot is scaled using TPS_min and TPS_max and apart from generating a LOAD value is used to trigger the acceleration fuel enrichment.

Coolant temperature

An isolated thermistor conforming to Lucas type 3TT 73198A may be used to measure engine fluid temperature. This information will aid warming up a cold engine. 

Air Temperature

An isolated thermistor conforming to Lucas Type 3TT 73197A may be used to measure air intake temperature. This will allow for air temperature correction of engine fuelling, and ignition on some systems. 

Barometric pressure

An external three wire 0 to 5 Volt output sensor, with a full scale of 105 kPa absolute may be fed into configured AUX input. This may also be a MAP input if the MAP switch in the SETUP option is set on. If the BAR bit is set then the barometric correction of the engine fuelling will be activated this is not appropriate if the engine is boosted.

Battery Voltage

This parameter is sensed internally and is used to compensate for variable opening closing times of injectors [Battery comp] and saturation of the ignition coil. 

Exhaust Gas Oxygen

An exhaust gas oxygen sensor may be employed to control the fuelling to maintain a stoichiometric fuel mixture, to enable an exhaust catalyst to function efficiently and reliably.

NOTATION IN THIS MANUAL

There are four elements that combine to make up a calibration. They are user definable elements, such as Options, Tables and Maps, with Parameters showing the results of actions taken by the calibration. To aid the reader, this manual shows each of these elements in a different format to try to make the differences more obvious. Therefore:-

Options
These are user definable elements that govern the overall function of a particular area of calibration. They are shown as being in Bold Italics.
Tables

These are also user definable and show comparative relationships between different elements, such as extra fuelling as the engine warms up, so analysing Coolant Temperature and Fuel Pulse. They are shown as [Bracketed Bold Italics].

Maps
These user definable 3 dimensional graphs, or 2 dimensional grids, primarily for fuelling and ignition demands, are shown as [Bracketed Bold]

Parameters
These display the results of the Options, Tables and Maps (or Grids) and report on what the ECU is doing. These are shown as being in Italics. Note that one or two of these parameters, namely Fuel and Ignition modifications, are user definable and will be discussed in detail later in this manual
FUEL METERING 

The amount of fuel injected each cycle is dependent on the time the injector is open. This time period (or pulse width) is calculated by the ECU using factors for volumetric efficiency, air temperature, air pressure, cold start enrichment, injector flow rate and battery voltage.

Volumetric Efficiency V.E. is determined by the throttle position (or inlet manifold absolute depression) and engine speed using a three-dimensional look-up table. This 3D table is a simple grid with LOAD along one axis and engine speed along the other. 

The LOAD ranges, from closed throttle to fully open, is scaled to 130 points. The LOAD axis has 14 sites, one every 10 points from 0 (idle) to 130 (full throttle). The engine speed axis is divided into 22 sites, one every 400 RPM from 800 to 9200 RPM. 

At each intersection of an engine speed site and a throttle position site there is a grid value. This is the volumetric efficiency value or V.E. and is directly proportional to the pulse width and therefore the amount of fuel injected. 

These values are determined by running the engine on a dynamometer at each obtainable point and adjusting the V.E. values to obtain optimum performance. Values for unobtainable points, such as high speed low load and low speed high load, are normally selected to blend in with the obtainable values. 

If the engine is running at an exact engine speed and throttle position site, then the VE value at the intersection of these two sites will determine the amount of fuel injected.


Part of V.E Table

	Speed / Load→
	100
	110
	120
	130

	4800
	130
	130
	130
	133

	5200
	135
	135
	135
	135

	5600
	142
	143
	144
	145

	6000
	150
	152
	155
	160

	6400
	165
	170
	175
	180


If the engine speed is 5600 rpm and the throttle is 110 then the VE value will be 143.

If the engine is running at an engine speed and load between sites VE value is determined by interpolating the four grid values around the engine running conditions. So using table, if the engine speed is 5850 rpm and the throttle position is 118 then the four grid values are:



143 @ 5600 rpm 110 LOAD



144 @ 5600 rpm 120 LOAD



152 @ 6000 rpm 110 LOAD



155 @ 6000 rpm 120 LOAD  Thus the interpolated value is 149.

When starting, the VE value is obtained from the 0 rpm sites and is only variable with throttle position even if MAP is activated. 

Fuel Calculation

The VE value obtained from the Fuel grid, is first multiplied by option MSPB (microseconds/bit). This is the scaling factor appropriate for the injectors employed and then modified by the operator variable factor Fuel Mod, so that: 

VE(m) = VE  MSPB  Fuel mod
Parameter Fuel mod is set by the operator using the monitoring and display system. The user may vary Fuel mod to determine the optimum VE values. Under normal conditions Fuel mod = 0, Fuel mod has a range of 50%.

VE(m) is then modified with factors for air pressure (Air Pressure F), air temperature (Air Temp F) a cold start factor (Cool Temp F) and a user adjustable overall factor (Fuel Offset). 

VE(c) = VE(m)  Air Press F  Air Temp F  Fuel Offset  Cool Temp F 

Air Prsr F and Air Temp F have a range of +/-50% but Coolant has a range of 0 to 250%. The first two factors are calculated using an internal table, but coolant comes from the user defined [Warm-Up] table.

The oxygen feedback, barometric, AIT, warm-up adjustment and full load fuelling are included to form the final fuel value.

The final fuel pulse width is then calculated by adding a factor determined by battery voltage (Battery comp F). This factor comes from the [Battery Comp] table if the option Bat comp K is not zero, in which case an internal read only table is used. The characteristics for differing injectors should be supplied by the manufacturer.

FPW = Pulse width + Bat Comp F + Accel Fuel
This ensures the accuracy of the fuel metering at all battery voltages.

Fuelling is inhibited if engine speed is less than the Min speed option or greater than the Fuel Cut option.

OXYGEN FEEDBACK

The oxygen sensor signal, when within the functioning working limits, is allowed to modulate the fuel pulse width within the limits of options OX FB +ve and OX FB -ve. The proportional and integral controller iteration rate and error scaling are set by options OX FB Gain and OX FB Rate. The error signal OX error is derived from the oxygen switching history OX History and the [Oxygen Error] table. The most significant bit is the most recent condition of the oxygen sensor Oxygen raw, compared with the nominal stoichiometric point option called Stoich or OX switch. The four most significant bits are presented to the table and a raw error returned. The raw error is scaled by option OX FB Gain. The error is then processed by the proportional and integral controller, using the proportional and integral coefficients OX FB P and OX FB INT respectively.
Only if the coolant temperature exceeds option Coolant OK, will the feedback signal modulate the fuel pulse width. To disable oxygen feedback, set OX FB Rate to zero.  

Oxygen feedback is active if:

Engine speed < OX FB Speed and Load < OX FB Load and OX FB Rate ≠ 0 and Coolant > Coolant Ok. 

Outside of these requirements the OX Feedback is 0.

The oxygen feedback is frozen, i.e. the current value retained if:

Throttle > TPS_fulload or Accel Fuel > Min Acc Fuel or DFCO active.

The Ox error signal is derived by sampling the Oxygen raw signal, every OX FB Rate (typically 100 mS), and determining whether it is rich or lean by comparison with Stoich (typically 40). The history of transitions is used to access the [Oxygen Error] table and this value is divided by 2 raised to the power of OX FB Gain. The [Oxygen Error] table might contain 100 for values 0 to7 and –100 for 8 to 15, with an OX FB gain of 2 giving an OX Error of 25. Typical value of OX FB Int and OX FB P is +10.

New Ox Feedback = Old Ox Feedback + (Ox Error  OX FB Int) + (Ox Error  OX FB P)

TRANSIENT FUELLING 

The fuel map contains the fuel for steady state fuel transients such as acceleration and deceleration of the engine especially at gear changes can require different fuel. To prevent excessively lean or rich stumbles and emission control problems the E.C.U. has four functions: Deceleration fuel cut-off (D.F.C.O.), throttle triggered acceleration fuel enrichment, throttle triggered deceleration enleanment, manifold absolute pressure triggered acceleration enrichment.

D.F.C.O.

Deceleration fuel cut off. When this function is active, the engine fuel is dropped to a minimum. The trigger conditions for this function are:


Load < DFCO load option

and
Engine Speed > DFCO speed option

and
Coolant > Coolant OK option

and
Throttle < DFCO TPS (throttle closed or almost closed) 
The closed loop oxygen control is inhibited while D.F.C.O. is active.

ACCELERATION FUEL

When there is a large change in throttle position measured every 8 milliseconds, then some additional time is added to the base fuel pulse width. 

when +ve dTPS > Accel Trip option

Accel Fuel = Accel Fuel + (+ve dTPS  Accel Amount)

When the demand for acceleration fuel has passed, the Accel Fuel pulse width is decayed every injection event or 8 mSec back-ground event thus:

Accel Fuel = Accel Fuel  Accel Decay option

The decision to decay in background or every injection is dependent on option Timed AF. If set to ‘ON’, then the fixed 8mSec rate is used. These values are best tested in the vehicle. 

The filter for TPS allows for detection of smaller changes; with filter set to 0 there is no filtering, however the minimum filter value is 93% with 7% giving maximum filter.

Oxygen feedback is inhibited when:

Accel Fuel > Min Acc Fuel
IGNITION TIMING

Ignition timing is controlled by a three dimensional look-up table addressed by engine speed and load. The speed axis has 22 sites 1 every 400 rpm from 800 to 9200. The load axis has 14 sites one every 10 points from 0 to 130. At each site the timing can be set from 0 to 45 degrees BTDC. Interpolation is used to ensure smooth curves. 

There are no compensation factors for ignition timing but there is a user controlled factor Spark Mod which is used for reprogramming the ignition curves, except in the idle condition. 

Spark Out = Spark (mod) = Spark ADV + Spark mod
While cranking the ignition is determined by the Start ADV option. 

When in the ‘Idle’ condition:


Spark Out = Spark (mod) + Idle Spark
Idle Spark is made from:



>12Volt Idle (if Battery is less than 12 Volts)

+ Hi Idle ADV (if Coolant is less than Hi Idle Cool)

+ Low Idle ADV (if Engine speed is less than Target Idle speed)

+ Hi Idle ADV (if Engine speed is greater than Target Idle speed)

 Hi Idle ADV is normally negative to slow the engine.  

IDLE

When the engine is at a minimum stable speed, the engine is in the idle condition. The entry conditions for idle are:

Throttle < TPS Idle On and Engine speed < RPM Idle On
The exit conditions from idle are:

Throttle > TPS Idle Off and Engine speed > RPM Idle Off
The ‘off’ conditions should be higher than the ‘on’ conditions. When in idle, the spark advance may be adjusted to compensate for coolant temperature, battery voltage and engine speed, see ignition timing section.

MONITORING AND DISPLAY SYSTEM (IBM PC CONFIGURATION)

To allow the user to monitor the operation of the engine management system and to reprogram the user data, the system interfaces with any IBM PC or compatible computer using GEMSCOM, GWv3 or the most recent and up-to-date GWv4.

To connect the IBM PC to the ECU, a special cable is required. A three pin connector (binder) is required at one end of the cable and the lid may need to be removed to access the internal serial connector JP2. The binder may also be on a ‘flying lead’ or mounted on the case itself. A serial connector on the other end connects to the PC. 
JP2 is numbered clockwise from the key: 
9 way serial


1 E.C.U. Tx





PC Tx PIN 3


2 E.C.U. GROUND




PC GND PIN 5 

3 E.C.U. Rx





PC Rx PIN 2


Note this cable should only be used in a controlled electro-magnetic environment as these signal lines are not filtered. The lid must be refitted for normal operation.

Setting up the IBM PC using GEMSCOM.

Place the GEMS floppy disc in drive A: and copy the contents to a directory and sub-directory on your hard disc. Then type GEMSCOM to run the application. Note the gems directory should be pathed.

The Directory structure should be:

C:/GEMS
This library contains GEMSCOM.EXE, HELP.HTX and GEMS.EXE.

With at least one sub-directory:

C:/GEMS/MINIZETA


This contains


GEMSCOM.CFG
Configuration file lists files use. 


MINIZETA.INI
Initialisation list Parameters, Maps, Tables Options.


MINIZETA.KEY
User key files keyboard functions.


????????.HEX
Calibration file.


????????.SCR
Screen file of display parameters.


MINIZETA.POT
Optional "pot box" alternative to keyboard. 

Parameter display

Up to 20 parameters may be displayed, use F3 to select parameters, and F2 to save the screen configuration.

User input functions

There are various functions and modes that can be initiated by the IBM PC, that allow the user to control the operation of the management system and to reprogram the calibration data, the F10 function will show the .Key file functions. 

On line engine control

Ignition advance and fuel mixture can be controlled using the arrow keys. F10 will list the functional keys. 

The "up arrow" and "down arrow" keys control the fuel mixture by modifying the volumetric efficiency value using a factor called Fuel mod. One press of the up arrow key will increase Fuel mod by 0.39% and one press of the down arrow key will decrease Fuel mod by 0.39%. If the SHIFT key is pressed at the same time as the up and down arrow keys then Fuel mod will be increased or decreased by 3.9%. 

The "left arrow" and "right arrow" keys control the ignition timing by modifying the advance using a factor called Spark mod. One press of the right arrow key increases the parameter Spark mod by 0.18° and one press of the left arrow key decreases Spark mod by 0.18°. 

Programming functions.

There are 3 keys that will reprogram the calibration data.

s 

The ignition advance curve is reprogrammed using s. With the engine running at a speed site, pressing s will program the advance value in Spark(mod) into the curve at that site. Spark mod is reset to zero. If the engine speed is not within 100 rpm of a speed site then it will not be reprogrammed and the PC will give an audible warning.

f

The fuel map can similarly be programmed using the f key, with Fuel mod being adjusted. 

C

The checksum, which is used to check that the calibration data has not been corrupted, is reprogrammed by pressing c. This will recalculate the checksum using the present calibration data and will program this value into the checksum location. If any changes are made to the calibration then c should be used to correct the checksum.

If changes to Maps, Tables, or Options are made with the ECU powered and connected to the PC, then these changes will alter the ECU. Care must be taken while altering values especially if the engine is running!

If there is no serial communications then the off-line flag is set and only the WORKMAP.HEX is altered.

Cal_Name allows the end user to set up to eight alpha-numeric characters to identify the ECU and or its’ calibration.

Setting up a PC using the GEMS GWv4 calibration software

It is a total re-work of the company’s old software GEMSCOM and GWv3 however it is surprisingly easy for customers who are used to GWv3 to adapt to this latest software.
It is the new interface and advanced visual representations that are intended to make the calibrating experience easier, quicker and more precise.
There is a user manual for GWv4 that is available to download but users of GWv3 will have no problem understanding the principals behind its operation. Like its predecessors the GEMS Software must be installed on to the PC hard disk before it can be used.

The GWv4 software can be downloaded from WWW.GEMS.CO.UK or is available on CD however you will always require a dongle to be present in order to connect a PC to an ECU. A dongle is usually a small USB device which will need to be purchased from GEMS and unlocks the fully working version of the GWv4 software.
GEMS developers are continually updating and improving the software. Newer versions may be downloaded from the web site at no charge. To install the software after downloading from the website, double click on the Setup file and follow the instructions.
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Once installed, connect the ECU to the PC with the serial cable provided and under the ECU tab, select the Connection port and baud rate that you require. MiniZeta ECUs use 9600 as a baud rate but the port is selected by you. There is a comprehensive explanation of use in the GWv4 manual as well as some trouble-shooting, should you need it. Tech Support is only an email away should you need further assistance and there is help available, from the Support section of our website.

There can be many causes of connection problems but the most common causes are usually straight forward and easy to solve:

	·
	Does the ECU have power?


	·
	Is the cable connecting the ECU to the PC securely attached?


	·
	Have you selected the correct port in your connection settings?


	·
	Are you using the correct baud rate?


Once the connection process has finished, the screen templates last used with this ECU are loaded and parameters, options, tables and maps can be viewed on-line.
OPTIONS
>12Volt_Idle will increase the ignition advance in idle if the battery voltage is low.

      Accel Amount or Accel Extra sets the amount of acceleration enrichment fuel added to the base fuel from the fuel map. This value can only be determined by track testing. A value of 0 will disable acceleration fuelling. Typical values are 20 to 70. 

      Accel Decay sets how quickly the acceleration fuel decays away. If set to zero the acceleration fuel would be zero after one injection event, if set to 99% then the acceleration fuel will have a long sustain. Typical values are 80%.

      Accel Trip is the acceleration fuel enrichment throttle threshold. It is the value that Throttle must change in 8.2 milliseconds to trigger acceleration fuel enrichment. This value can only be determined by track testing. Range 1-15. Note zero is non-sensical.

Air Rtd Rate is the amount of retard due to air temperature. This is close to AIT as the sensor is usually located in the engine bay. Specified in ° per °C.

Air Rtd Strt is the min temperature (°C) that the air temperature retard should start. 

Alt AF if set to ‘ON’, will calculate the Accel Fuel relative to the current fuel pulse rather than an absolute amount, independent of engine speed and load.


Always Inj if set to ‘ON’, will cause an injection pulse for every timing event.
Battery comp K is the pulse width scaling factor for the Bat comp table. If set to zero then a default internal read only table is used.


C Rtd Rate is the amount of retard (°/°C) should the value of Coolant Rtd be exceeded. 
CDI Invert if option set to ‘ON’, then CDI amplifiers that fire on the falling edge may be driven from the ignition coil outputs. When ‘OFF’, normal constant energy coils may be driven or ‘points compatible’ CDI amplifiers such as MSD may be used.

Coil Fact controls the coils charge time. For Lucas part DLB 198, a value of 14 should be used as this will prevent excessive thermal dissipation. However for coils that cannot saturate with a normal battery supply then this value may be increased up to 255.
Coolant Ok this is the minimum warmed up engine temperature used to enable the deceleration fuel cut-off feature and Oxygen feedback.

Coolant Rtd defines the upper temperature (°C) limit after which, ignition retard starts. 

Cylinders determines the number of timing input pulses before the output sequence of ignition and injection repeat (the number of timing input events to complete two revolutions). In systems with a single timing point per cylinder, this represents the number of cylinders. If not set, defaults to 4.
Delay Angle is the angle between the selected timing tooth and a point 90°BTDC. This is in degrees. Note, this now has the range of 45°, so it now more flexible. If high ignition advances at high speed are required then reduce the value of Miss to MAM and increase Delay Angle accordingly. See Appendix C for setup details.
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This is in effect an electronic adjustment of timing.

DFCO Load is the maximum load at which the DFCO will still operate. Note, if MAP is used then the scaled throttle must be less than DFCO TPS.

DFCO Speed is the minimum speed at which the deceleration fuel cut-off will still operate. To disable DFCO set this to 25,500 rpm.

DFCO TPS is the throttle position below which, the fuel cut off is operative.

Double Cycle if set to ‘ON’, spark timing calculations are over the last two events for uneven firing engines.
Fuel Cut if engine speed exceeds this value fuelling will cease.

Fuel Offset is an overall fuelling offset, should normally be set to zero.

Fuel Pump it set to ‘ON’, will use the LED output to drive a fuel pump relay rather than tacho or tell tail light function. The relay coil winding is grounded by this output line.

Fulload Fuel is the extra fuel added when TPS Fulload value is exceeded.

Hi Idle ADV is the ignition advance value, usually negative, to slow the engine at Idle time.

Hi Idle Cool if the coolant temperature is low then the Hi idle ADV will be increased by >12Volt_Idle degrees.

Ign Offset is an overall ignition offset, should normally be set to zero.

Key on Pulse if set ON, the fuel from the [Crank Pulse] table is initiated, to aid starting.

LD0MPC this is a fuel map compression factor used to improve the dynamic range of the fuel map. 255 is an uncompressed map.

Low Idle ADV and Hi Idle ADV are timing settings, used to stabilise the idle.

MAP_min is the minimum value of the MAP in normal operation. Set in ROM to 15.

Magnetic if set if set to ‘ON’, uses magnetic type input which only uses one edge of the crank sensor input signal. Then it will use the starting ignition from the full load 800 rpm ignition map location while cranking or speed is low. If set to ‘NO’, a logic type input is assumed, as obtained from a Hall or Optical sensor. This changes the timing input switching point from the 0.5 volts appropriate for a variable reluctance sensor to 2.2 volts, suitable for a logic type sensor.

MAP for Load is set to ‘ON’, then LOAD will be calculated by scaling the pressure signal with MAP min and MAP max. If a 1 bar DELCO sensor is used, then MAP and BAR are set together, so that when the engine is stopped a barometric correction is applied and when out of cranking, a LOAD derived from the MAP signal is used.

MAP_max is the maximum value of the MAP sensor in normal operation. This was set to 250 in ROM. This is slightly above atmospheric pressure on a DELCO 1 Bar sensor.

If a 3 Bar sensor was used with a boosted engine with a wastegate set at 1 Bar gauge (2 Bar absolute) then the MAP_max value may be calculated:

MAP_max = 255  2/3 = 170….. However, 185 may be a better choice to make sure that the engine did not run lean if the wastegate was slow and filling the full load line with a generous amount of fuel (VE=255). The MAP min value is harder to assess but 15 for 1 Bar and 5 for 3 Bar would be a good starting point. The raw MAP value is called Pressure RAW.

Max Tooth is the maximum permissible missing tooth time in milliseconds, typical value 100mS for 36 teeth or 50mS for 60 teeth.

Min Acc Fuel is the minimum throttle position to trigger acceleration fuelling.

Min Speed is the minimum engine speed for fuel and ignition to be active.

Miss to MAM (Missing Tooth to Most Advanced Marker) is the number of teeth from the tooth after the missing teeth to a point less than a tooth angle from the most advanced ignition point at 45°BTDC.
MSPB, Microsecond/bit or microseconds per bit is the injector flow rate scaling factor. This value is dependent on the size of the injector and the power of the engine. Ideally it should be adjusted so that the maximum value of VE in the VE table is between 200 and 220. The map manipulation can be used in conjunction with microsecond/bit to optimise the dynamic range of the fuel map, or the automatic LD0MPC in built feature can be used.
OX FB +ve and OX FB -ve are the limits for oxygen feedback control.

OX FB Gain is a multiplier applied to the values from the OX Error table to produce the OX error value. This is scaled as a binary mantissa, so 0 gives 1 and 4 give 16.

OX FB Int is the oxygen feedback integrator constant.

Ox FB Load and OX FB Speed define the conditions where oxygen feedback is active.

OX FB P is the oxygen feedback integrator proportional constant. 

Ox Feedback = (Old Ox Feedback + (Ox Error  OX FB Int) + (Ox Error  OX FB P)

OX_FB_Rate is how often the feedback PI loop is run in milliseconds the lower numbers mean faster so the gain may need to be adjusted accordingly. Zero will disable this function giving an OX_Feedback of 0%.

Pickup Fact is used to compensate the systems timing pickup and ignition coil delays. All sensors have a small electrical delay that can cause a timing error at high speed. This error is particularly noticeable with magnetic detectors; this error is subtracted from the nominal timing point to give a virtual timing point, so the user need not compensate in their map for this sensor error. The pickup delay is in units of 2 microseconds thus maximum delay is 511 µS, just over half a millisecond. Typical value is 50µSec.

Rev Inj If this option is set to ‘ON’, the injectors will pulse once per engine cycle. When set to ‘OFF’, there will be only one injection event per engine cycle.

REV Light is the speed at which the LED output will come on if tacho is off.

RPM Idle Off If Engine Speed exceeds this value, then the idle condition is not active.   

RPM Idle On If the Engine Speed is below this setting, then Idle will be active if Throttle is less than TPS Idle On.

Spark Cut is the engine speed at which the ignition cut commences.

Start ADV is the ignition advance angle BTDC while cranking.

Stoich is the value of parameter Oxygen raw, the raw value of the exhaust oxygen sensor at which the transition between lean and rich occurs. A typical value is <50, but is best found by halving the maximum (rich) value of display variable Oxygen raw. A typical value is 35-40.

Tacho if set to ‘ON’, will use the LED output to produce a tacho pulse for every timing event. If set to ‘OFF’, then the LED output will perform the LED limit function rather than produce a tacho pulse for every timing event. Note the Tacho will show 3,800 rpm if the engine is stopped and the throttle is at TPS min, this is a maintenance aid.

Target Idle is the desired idle speed when in the idle condition.

Teeth is the number of teeth on the crank timing wheel including missing teeth.

Timed AF will decay the Accel Fuel over time rather than over engine revolutions.

Tooth Edge if set to ‘ON’, then the rising rather than falling edge of the input signal is used as the significant edge at 45 degrees BTDC point. 

TPS Filter is the filter for amount of the current Throttle value, the complement is used for the preserved value. Note if TPS Filter is zero then no filtering is used as previous software version.

TPSFILT = Throttle  TPS Filter + old TPSFILT  (1 – TPS Filter)

TPS Fulload is the scaled throttle value that if exceeded, will disable oxygen feedback and introduce the option Fulload Fuel, if the engine coolant temperature is fine.

TPS Idle On If parameter Throttle is below this value, then idle condition will be active if engine speed is less than option RPM Idle On.

TPS Idle Off If parameter Throttle exceeds this value, then the idle condition is inactive.

TPS max should be programmed with the value of TPS raw at wide open throttle. 

TPS min should be programmed with the value of TPS raw with the throttle in the idle or fully closed position.
ERROR CODES

When a sensor error is detected by the system, the error warning light will give an indication of the failure. When the engine is running the light will be off if there are no errors and on if the Engine Speed is at the light limit speed. When the engine is not running, the light will be on if there are no errors. If there are errors when the engine is not running then the light will flash a coded message to indicate which error has occurred.
Each error code consists of two numbers counted out in flashes thus for code 2 3 the light will flash twice then be off for 1 second and then flash 3 times. If there is more than one error then each code will be flashed in sequence with 5 seconds between codes.
GEMSCOM / GWv3 and GWv4 display Error bits from left to right, Bit 7 to Bit 0, in the parameter Error.

Code

Reason
Bit 0

1 1

Throttle position sensor 

Throttle position incorrectly adjusted or not connected. 

Bit 1

1 2

MAP sensor

The manifold pressure sensor is faulty or not connected.

Bit 2

1 3

Air Temperature 

An Air temperature sensor has a short circuit or sensor low.

Bit 3

1 4

Coolant Temperature

A coolant temperature sensor high or air temperature sensor has an open circuit. 

Bit 4

2 1

Air Pressure

An air pressure sensor output low or not connected. 

Bit 6

2 5

Oxygen Sensor

The oxygen sensor has failed to switch when enabled.

Bit 7

2 4

Checksum Error

Fuelling and ignition data has been reprogrammed without resetting the checksum or data memory has been corrupted and should be uploaded again or a comparison made.

TABLES

INJECTOR BATTERY COMPENSATION TABLE

The value of the Battery comp option is the scalar for the Battery comp table. If this option is zero then the old table in ROM (not a user variable) is used. If you wish to view the shape of the table, press F5. The injector battery compensation table is determined by the model and type of injector you are using. If you change injectors or fuel pump pressure you may need to change this table and or microsecond/bit, and re-scale the VE tables, this may also affect the optimum settings for injection open angle.

Battery comp F= table value  Battery comp (option)

If we use the Weber IW 058 (43005.010) as an example of a contemporary high impedance injector:

R = 14.5 ohms L = 7.2 mHenrys 

Flow rate 384 millilitres per minute at 300kPa

Battery Volts
Offset time mSec

6.0

5.387

8.0

2.028

10.0

1.217

12.0

0.806

14.0

0.558

16.0

0.391

If 8 volts is the minimum battery supply for normal operation, then we can scale the system thus:

2.028 mSec/255 for finest resolution = 8 µSec per bit

With the overall scaling of 2µSec per bit then we may chose 5 (10µSec/bit) for convenience.

Battery Volts
Offset time E.C.U. units 8µSec multiplier

8.0

255


Always interpreted as 255

10.0

153

12.0

101

14.0

 70

16.0

 49

The missing values for odd voltages are best blended using the graphical editor.
The original internal table would look like this:

18 µSec multiplier option Bat fact k

8.0

255

9.0

139

10.0

79

11.0

52

12.0

30

13.0

20

14.0

11

15.0

9

16.0

7

WARM-UP TABLE

This is a table that controls how much additional fuel to use at any engine temperature from -17°C to 127°C, specified as a percentage increase.

OXYGEN ERROR TABLE

This table converts the Oxygen history of transitions to the oxygen error signal applied to the proportional and integral feedback loop.

CRANK EXTRA TABLE

This is an additional amount of fuel added, dependent on coolant temperature, while the engine is starting, specified as a percentage increase.

CRANK DECAY TABLE

This table determines how quickly the additional crank extra fuel is decayed over time. This decay is a linear decay in seconds after cranking commences.

CRANK PULSE TABLE

This is a single shot of fuel that may be injected into the engine at Key on if the option Key on Pulse is set to ‘ON’, or at the start of cranking if the Key on Pulse option is set to ‘OFF’. The value in the table selected dependent on temperature is multiplied by MSPB to give the parameter Start Pulse in micro-seconds.

DISPLAY PARAMETERS

+ve dTPS is the current positive change in the value of Throttle. This is used to trigger acceleration fuelling.

Accel Fuel is the additional fuel pulse width, due to an acceleration fuel request, in microseconds.

Air Pressure is in the range 0-107 kPa.

Air Prsr F is the barometric correction factor. Range +/-15%.

Air Temp is in degrees Celsius.

Air Temp F is the correction of fuel due to air temp +/-30%.

Battery is the current battery voltage 0-16 volts.

Bat Comp F is the additional injector open time in µSec.

Charge Time is the ‘coil on’ time in microseconds.

Cool Tmp F is the correction of fuel due to coolant warm-up 0-250%.

Coolant is in degrees Celsius.

Crank Fuel is the extra fuel from the [Crank Extra] table 0-250.

Crank Time is the time for which the [Crank Extra] fuel will be applied. This is valid when the engine is stopped.

DEBUG1/2 are used by GEMS personnel to interrogate internals

Engine Speed in rpm. Resolution is 4 rpm.

ERROR is a binary encoded byte where the leftmost bit, if a 1, means that the check sum of the non-volatile memory that holds the configuration data, options tables and maps does not tally. Use the compare function in GEMSCOM / GWv3 / GWv4 to check if no errors then correct if necessary.

The rightmost or least significant bit indicates a throttle position sensor failure. The next right most bit is a MAP sensor failure. Next is the Air sensor followed by Coolant sensor. In summary:

Checksum,OX, ,BAR,Coolant,Air,MAP,TPS

Fuel (AIT) is the fuel pulse after air temperature modifier, range 0-131,070µS

Fuel (baro) is the fuel pulse after barometric modifier if required, range 0-131,070µS.

Fuel (Fmod) is the final fuel pulse.
Fuel (Ld) is the fuel pulse after the load factor from LD0MPC is applied.

Fuel (map) is parameter VE(MAP) multiplied by MSPB, so now scaled in microseconds. The range is 0-131, 070µSec.

Fuel (Ox fb) is the fuel pulse after Oxygen feedback applied, range 0-131,070µS.

Fuel (warm) is the fuel pulse after warm-up modifier, range 0-131,070µS.

Fuel mod is the parameter that is affected by the up and down arrow keys to vary the current fuelling and has a range of 50%.

Fuel Pulse#1 shows the final pulse for injector bank 1. 
Fuel Pulse#2 shows the final pulse for injector bank 2. 

Fuel trim#1 shows the value from [Inj #1 Fuel Trim] table as a percentage

Fuel trim#2 shows the value from [Inj #2 Fuel Trim] table as a percentage
Idle Spark show the ignition modifier when the engine is in IDLE mode

LOAD is the engine load used for maps range 0-130.

MAP as LOAD is the MAP signal scaled for load, range 0-130.

Ox Error is the error signal from the oxygen error table.

OX Feedback is the output of the PI loop, range +/-50%.

OX History is the bit pattern history of Oxygen raw transitions.

Oxygen raw is the unscaled amplified oxygen signal 0-255.

Pressure Raw is the unscaled MAP/BAR/AUX input 0-255.

Pulse width is the final pulse width including any [Crank Extra].

Spark (mod) ignition value after any Spark modifications (Ait Temp, Baro, Coolant etc.).

Spark adv is the current ignition map value, range 0 to 45°.

Spark mod is the parameter that is affected by the left and right arrow keys to vary the current spark advance and has a range of 22.5°.

Spark Out includes any Idle Spark.

Spark Rtd displays any retard values introduced eg. Low Idle ADV

Start Pulse shows the one shot pulse width at start using the [Crank Pulse] table 
Throttle is the scaled signal range 0-130.

Timer shows a constant looping 1 sec pulse. Reference only. 
TPS raw is the unscaled throttle position sensor range 0-255.

VE(MAP) is the current fuel table value, range 0-255.

VE*FMOD is the current fuel modified by FMOD, range 0-255.

.

LOGGING DATA STREAM

	1
	
	HEADER
	$55

	2
	Engine Speed
	ERPM
	50 rpm/bit

	3
	LOAD
	LOAD
	0–208

	4
	Throttle
	TPSVAR
	0–208

	5
	Air Temp
	ATEMP
	signed degree/bit

	6
	Coolant
	CTEMP
	signed degree/bit

	7
	Battery
	BATT1
	0–16 Volt

	8
	Accel Fuel
	AFUEL
	MSB 512S/bit

	9
	Fuel Pulse
	RESULT
	MSB 512S/bit

	10
	Spark (mod)
	ADV2
	0.39 degree/bit

	11
	Error
	ERROR
	bit encoded

	12
	
	check sum
	


When the ECU is started without a P.C. connected to RX, a data logging stream will be generated with one character every 4.1 milliseconds transmitted at 9600 Baud 8bits no parity two stop bits. This stream is suitable for most GEMS data loggers such as the DA1 / DA2 / DA50.

APPENDIX A
PIN OUT

The 15 way AMP connector is a junior timer type. It is numbered with the longer 8 insert line at the bottom. Numbering is left to right when viewed from the ‘entry’ aspect. 

9      10      11       12        13      14       15

1
2
3
4
5
6
7
8
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Connector entry view

PIN

FUNCTION
1

Ignition 2 output to coil

2

Timing pickup input

3

LED output or FUEL PUMP relay low side drive 

4

Throttle pot wiper input

5

Sensor power a nominal 5.0 volt output

6

Injector drive 1

7

Air temperature sensor input

8

Ignition 1 output to coil

9

Injector drive 2

10

Oxygen sensor input optional

11

Coolant temperature sensor input

12

M.A.P. sensor input

13

Analogue ground return for sensors

14

Power input from battery

15

Power return to battery also ground for timing pickup and timing signal

APPENDIX B
MOUNTING

There are some environmental considerations to be taken into account when selecting a mounting site for the unit. 

Since the unit is small and can dissipate up to 25 Watts the unit should be fixed ideally to metal of the chassis away from any other heat sources. 

Since the case is not sealed it should be kept away from the weather and other contaminants. An ideal mounting location would be the driver’s side of the engine bulk head with the internal light emitting diode visible. 

APPENDIX C 
Setting up Missing Tooth Timing
Setting up the ignition timing requires that the ECU can determine when 45 degrees BTDC occurs. To do this, it uses the first tooth after the missing tooth as a reference marker. The reference marker is moved round by a number of teeth determined by the value of the option 'Miss to MAM’ (Missing Tooth to Most Advanced Marker). The reference marker is then moved further round a number of degrees determined by the value of the option 'Delay Angle'. This reference marker should then be at a point 45° BTDC.

Note that 45 degrees BTDC is typical of a GEMS system but can vary depending on the system.

The value of option Delay Angle should be set to a minimum of 10° for a 60 tooth pattern and 5° for a 36 tooth pattern. If this value is too small, the value of ‘Miss to MAM’ should be decreased and delay angle increased. For example, if using a 60-2 tooth pattern, decreasing ‘Miss to MAM’ will require an increase in delay angle of 360/60 = 6 degrees. For a 36-1 tooth pattern this should be 360/36 = 10 degrees.
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Example #1:

Given:

· The timing pattern is 60-2. 

· The ignition range is 45°.

· The first tooth after the missing teeth is at 100° BTDC.

Each tooth equates to 360/60 = 6° of rotation.

We require the reference marker to be at most 45 + 10 = 55° BTDC (since Delay Angle should be a minimum of 10° for a 60 tooth pattern wheel). So ’Miss to MAM’ should be set to a maximum value of (100 - 55) / 6 = 7.5 

Setting ‘Miss to MAM’ to 7, sets the reference marker to 100 – (7 * 6) = 58° BTDC

Hence the value of ‘Delay Angle’ required is 13.00°, resulting in the reference point being set at 58 - 13 = 45° BTDC as required.

Example #2:

Given:

· The timing pattern is 36-1. 

· The ignition range is 45°.

· The first tooth after the missing teeth is at 90° BTDC.

Each tooth equates to 360/36 = 10° of rotation.

We require the reference marker to be at most 45 + 5 = 50° BTDC (since Delay Angle should be a minimum of 5° for a 36 tooth pattern wheel). So ’Miss to MAM’ should be set to a maximum value of (90 - 50) / 10 = 4 

Setting ‘Miss to MAM’ to 4, sets the reference marker to 90 – (4 * 10) = 50° BTDC

Hence the value of ‘Delay Angle’ required is 5.00°, resulting in the reference point being set at 50 - 5 = 45° BTDC as required.

Now the ignition event will occur exactly where stated by the software.

APPENDIX D 
VARIANTS

MINIECS

MINIECS is a similar product but uses a simpler timing pattern of just one tooth per ignition event. Obviously this cannot support distributor-less ignition or semi-sequential fuelling. However it does allow for tooth profile tracking if the option Magnetic is switched ‘Off’. The two ignition coil outputs IGN1 and IGN2 carry the same signal that may drive a pair of distributors for twin plug cylinder applications. The injector drives a driven alternately this will reduce pulsing in the injector fuel rail. If required then the two injector outputs INJ1 and INJ2 may be tied together for completely even fuelling if inlet charge steeling is a problem.

The options Teeth and Miss to MAM are not available.

ROVER K (old) FUELMET G1.25

The fuelling is as MINIZETA with alternating injection pulses on the INJ1&2 outputs to reduce pulsing in the fuel rail. The ignition has separate retards for inlet air, and coolant temperatures, as well as barometric pressure if MAP_as_Load is off.

Retard = Retard rate (Parameter - trip point)

If Parameter > trip point.

Bar_Rtd_Strt and Bar_Rtd_Rate make Bar_Rtd

Air_Rtd_Strt and Air_Rtd_Rate make Air_Retard

Coolant_Rtd and C_Rtd_Rate make Cool_Rtd

Launch control

If the oxygen feedback is disabled by setting the Ox_FB_Rate option to zero and the Launch option (Replaces Timed_AF) to ON, Then when the Oxygen sensor input is greater than 4 volts a retard related to Engine_speed is produced. If Launch is OFF then the Switch_Rtd value is added to the spark advance, when switch is active. Note Switch_Rtd may be positive or negative, the positive mode may be used to temporarily run past the Knock limit for more power while overtaking, as found in F3 racing.

Launch_Rtd = Rtd_Launch (Launch_Off - Engine_Speed)/Engine_speed

If Launch_OFF>Engine_speed>Launch_ON and Oxygen_raw>200

else Launch_Rtd=0

Electric Supercharger 

The unused IGN#2 output may be configured to activate an electric super charger.

IGN#2 active low if TPS_S.C._ON>Throttle and MAP_as_Load<Max_Boost.

ZETACBR

Separate options for Spark and Fuel rev–limiters.

Dwell Speed when on will not compensate for coil charge storage often not an issue on motor cycle coils. And turn off delta speed compensation for unequal firing.

Teeth M/X
if negative indicates missing tooth/teeth pattern, positive for 12+1. 

Two independent sets of Trig Tooth and Delay Angle for spark placement.

Fuel Sync used to offset injection events from ignition events, useful in minimising exhaust hydro–carbons and charge stealing.

Timing range increased to 0 to 60.

Crank timing patterns

               Extra Tooth

 ┌─┐ ┌─┐ ┌─┐ │ │ ┌─┐ ┌─┐ ┌─┐ ┌─┐ ┌─┐ ┌─┐ ┌─┐ ┌─┐ ┌─┐ ┌─┐ │ │

─┘ └─┘ └─┘ └─┴─┴─┘ └─┘ └─┘ └─┘ └─┘ └─┘ └─┘ └─┘ └─┘ └─┘ └─┴─┴─┘   

Tooth No

  8       9      10    11  0    1      2       3       4       5      6       7       8      9     10   11  0 






 70° BTDC trig tooth=3





         
        Delay Angle






                    TDC

                              Missing Tooth

  ┌─┐ ┌─┐ ┌─┐     ┌─┐ ┌─┐ ┌─┐ ┌─┐ ┌─┐ ┌─┐ ┌─┐ ┌─┐ ┌─┐ ┌─┐ ┌─┐

 ─┘ └─┘ └─┘ └─────┘ └─┘ └─┘ └─┘ └─┘ └─┘ └─┘ └─┘ └─┘ └─┘ └─┘ └─┘   

Tooth count No

    8       9      10               0       1       2       3       4       5      6       7      8       9      10     





     70° BTDC trig tooth=2





   

  Delay Angle






              TDC

SLOWZETA

This uses all the same inputs as MINIZETA, however both ignition coil drivers and injector drivers are driven at the same time.

There are four specific options:

Rev inject
This will attempt to fuel once per engine revolution.

Always inj
This will produce an injection with every spark.

These require Microsecond/bit to be adjusted if changed.

Double cycle
Spark timing calculations are over the last two events for uneven firing engines.

Cylinders
May now be set from 1 to 8.

There are two redundant options: Teeth and Miss to MAM.

Timing Diagram

 ┌───┐   ┌───┐   ┌───┐   ┌───┐   ┌───┐   ┌───┐ 

 │   │   │   │   │   │   │   │   │   │   │   │

─┘   └───┘   └───┘   └───┘   └───┘   └───┘   └─ 

        50° BTDC

                    10° BTDC for crank ignition if Magnetic option OFF

        

 
Delay Angle 5°







TDC 

MINIFUEL

This ECU has four injector drives, two of the MINIZETA ignition coil drivers are replaced with transistors suitable for driving injectors. So all features associated with ignition control have been removed.

Additional Features

Speed Table, this defines the engine speed for the load sites in the Fuel Map. They must always increase in speed for increasing site number. Maximum speed is 12,700 rpm.

Crank Fuel Table

This table is used to determine the base fuelling while cranking, and throttle is used to access the table. Note it is often usefull to set the top 2 sites to zero to flush a flooded engine. 

TPS Accel Table

This is used to modulate the amount of accel fuel dependant on engine speed for throttle triggered acceleration enrichment.

MAP Accel Table

This is used to modulate the amount of accel fuel dependant on engine speed for MAP triggered acceleration enrichment.

TPS Decel Table

This is used to modulate the amount of decel fuel dependant on engine speed for throttle triggered deceleration ‘enleanment’.

Temp Sensor Table

This table is used to develop the temperature characteristic of the thermistors used to sense AIT Air inlet temperature, and coolant temperature sensor. Raw cool is used to access the table and the equivalent for the AIT. Once a sensor type has been selected then these 33 valuable EEPROM sites could be liberated for other secondary features such as idle motor control. Note temperature range has been extended to run from –40 to +120 degrees Celsius.

OPTIONS

Double cycle useful for uneven firing angle engines otherwise set to Off.

Alt Inj will alternate the injection events between paired drivers to reduce fuel rail pulsing.

Always Inj will cause an injection pulse for every timing event.
Rev Inj. The injectors will pulse once per engine cycle if set to On. When Off there will be only one injection event per engine cycle.

Cylinders, is the number of timing input events to complete two revolutions.

TRANSIENT FUEL

The fuel map contains the fuel for steady state fuel transients such as acceleration and deceleration of the engine especially at gear changes can require different fuel.  To prevent  excessively lean  or rich stumbles and emission control problems  the  E.C.U. has   four  functions:  Deceleration  fuel  cut-off   (D.F.C.O.), throttle   triggered  acceleration  fuel   enrichment,   throttle triggered  deceleration  enleanment, manifold  absolute  pressure triggered acceleration enrichment.

D.F.C.O.

Deceleration fuel cut off, improves engine braking and fuel economy. When this function is active, the engine fuel is dropped to a minimum. The trigger conditions for this function are:


Load   < DFCO load option 

and
Engine_Speed > DFCO speed option
and
Coolant > Coolant OK option

and
Throttle < 2 , throttle closed, or DFCO TPS ON 

The closed loop oxygen control is inhibited while D.F.C.O. is active.

ACCELERATION FUEL

When there is a large change in throttle position, measured every 4 milliseconds, then some additional time is added to the base fuel pulse width. 

when +dThrottle  >  TPS_Trip option

(+dThrottle ×Acell_M)+Accel_C)TPS_Accel_mod ×TPS_Accel_Amount×Fuel_Pulse

 when -dThrottle >  TPS_Trip option 

(-dThrottle × Acell_M)+Accel_C)TPS_Accel_mod ×TPS_Decel_Amount×Fuel_Pulse

when  MAP > + MAP_Trip option

dMAP×MAP_Accel_mod×MAP_Ammount×Fuel_Pulse

These three potential sources of transient fuel are summed together with any Accel_Fuel from the previous calculation. Accel_Fuel is decayed every injection event or 8 milliseconds back-ground event thus, or if Fast Accel option is on then every 4 milliseconds.

Accel_Fuel = Accel_Fuel × Accel_Decay, ( or Decel_Decay if Accel_Fuel is negative)

The decay action is applied every injection event. The filter for TPS allows for detection of smaller throttle changes; the minimum filter value is 0% with 99% giving maximum filter.
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