Quick Start and Sensor Calibration

Starting a new calibration from File | New will usually set ALL values to minimum making a calibration difficult to create. Please contact GEMS for a suitable start-up map. There are many options and tables that need to be set in the background and are not covered by this manual and many that are not accessible by the user. The following is a guide to starting your engine after ECU installation to ensure all is working before taking it to be mapped.

Trigger Wheel

Every ECU needs at least one trigger wheel and positional sensor. Often two or three will be used, with one on the crankshaft and one on each camshaft. Trigger wheels are used to sense where the engine is in its cycle. Different manufacturers have produced their own variations of trigger wheel patterns some of which are detailed under the Tooth Synchronisation Strategies section of this manual. 

If producing you own trigger wheel ‘from scratch’, there are many strategies to choose from. The user may wish to consult GEMS as to whether there is an existing timing pattern.

If installing a crankshaft trigger wheel of the ‘Missing Tooth’ type, use the following notes.

· Accurately mark TDC.

· Turn the engine to approximately 90° BTDC.

· Mount your crank position sensor (CPS) anywhere around the perimeter of the timing wheel pointing towards the centre of the wheel with a sensor to wheel gap of approximately 0.5mm.

· Mount the trigger wheel with the missing tooth pointing at the sensor.

If machining a trigger pattern into the front pulley, then it is usually easiest to machine all of the teeth in, mount the front pulley and then remove the tooth pointing at the sensor at 90° BTDC. If mounting one or more cam trigger wheels it is HIGHLY RECOMMENDED that they are position so that no camshaft teeth pass the camshaft positioning sensors at the same time as a missing tooth passes the crankshaft sensor, otherwise the ECU will struggle to determine whether a tooth has passed or not, when travelling at high data rates.

Tooth Control

The teeth on the trigger wheel are counted individually by the ECU and each one may have an individual action, however to reduce processing power needed and because the ECU is quick and accurate at interpolation, not all of them should be processed. Instead the user should adopt a timing strategy using internal teeth and tooth control. 

Tooth control is the method used to identify the tooth pattern of the Crank trigger wheel. The values input into the [Tooth control] table, tell the ECU whether to process the tooth or not and the expected configuration in order that the Engine Speed can be correctly calculated. In the case of a Missing Tooth strategy, TDC (Top Dead Centre) can be identified to maintain injection and ignition accuracy. The [Tooth control] table also incorporates the cam sensing of the system. Contact GEMS for Details on Tooth control tables.

In order to improve timing pattern flexibility, the crank signal is processed by the [Tooth Control] table, accessed with the value of parameter A Tooth. The actions to be taken are encoded in 3 bits but represented as a number in the [Tooth Control] Table. 

All tables can be viewed as either a 2 dimensional graph or a table and both are useful in their own right. Grids tend to be easier to edit/modify, while graphs tend to make what’s happening, easier to follow but it’s a personal thing.

The numbers across the top of the [Tooth Control] grid (‘X’ axis in a table), when viewed in GEMS calibration software GWv4, represent the number of real physical teeth detected before the missing edge(s) or extra edge(s) are taken into account. So, in the case of a 60-2 timing wheel shown below, this range would be 0-59. The numbers in lower row of the [Tooth Control] grid (‘Y’ axis in a table), denote the action the ECU should take.
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Most of the teeth will require a ‘zero’ as they will not need to be processed. It is up to the user to determine how many teeth they actually process (i.e. how many internal teeth are generated) which should be anything from 4 to 12 per revolution.

In order to improve timing pattern flexibility, the crank signal is processed by this [Tooth Control] table. The actions to be taken are encoded in 3 bits:

Tooth Control 
Bits 2, 1, 0 
Function
0 

000 

do nothing
1 

001 

process significant edge

2 

010 

process alternative edge, used for crank alt fire mode

3 

011 

force reset of A Tooth, if loss of sync

4 

100 

only test for synchronisation

5 

101 

process significant edge and Test for synchronisation

6 

110 

process alternative edge and Test for synchronisation

7 

111 

reserved

These bits have the following actions:

Bit 0 
if =0, then ignore tooth so effective tooth divider.

Bit 0
if =1, increment Fuel and Spark teeth.

Bit 1
if =0, process significant edge
Bit 1 
if =1, do not increment Fuel and Spark teeth but may use tooth for cranking ignition. If parameter Crank Alt Fire is set to ‘ON’, then any coil output which is charged, will be forced 
to fire when this tooth is reached.

Bit 2 
if =0, do not check synchronisation, if Test Not Sync'd is ‘ON’ and Stat Sync'd is ‘OFF’, a synchronisation will be performed.

Bit 2
if =1, check for synchronisation.

Most users can ignore the actual value of the bits and simply familiarise themselves with the tooth control number and its function. For each real physical tooth, there is a representative number beginning from 0 to 59. At each tooth, an instruction should be given in the form of one of the numbers above and entered into the Tooth Control Table.
This process of using the tooth control table, allows many high data rate crank tooth patterns to be translated in to a lower data rate, equivalent to a 12 tooth crank wheel. The 12 teeth per rev may be further processed by a user scalar to absolute crank degrees. Thus after synchronization (if any), parameter A tooth is translated into parameters Fuel Tooth and Spark Tooth. It is strongly recommended that if there is any doubt, or as a confidence check, that Tooth time internal crank tooth period is approximately constant when plotted versus Fuel tooth. This can be done when cranking if the spark plugs are removed to reduce the compression of the engine.

Spark and Fuel Synchronisation Teeth

It is important to realise that the Ignition 0 tooth and the fuel 0 tooth, are offset from the crank 0 tooth and offset from each other. However, the starting position of the Ignition 0 tooth and Fuel 0 tooth can be changed by the options Spark Sync and Fuel Sync respectively. Below is an example of what the timing pattern would look like on a 36-1 crank trigger wheel with a single cam tooth.

So: Tooth Control table is repeating 1,0,0,1, till 30 then 4, 4, 5, 4, 3
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The initial section acts as a divide by 3 so that internal tooth scaling is 1 tooth= 30deg. The final section is looking for the missing teeth.
Sync Cam Count = OFF, Sync Crank S Count = OFF, Sync MX = ON, Sync Teeth = 1, MX Sync Test = 34, MX Time = 75%, MX Time Start = 50%, Missing = 1. Test Not Sync'd must be set ‘On’, so that while cranking, all opportunities are used for timing synchronisation.

In the example above the centre of the missing tooth on the crank wheel is 80 degrees before TDC and the centre of the cam tooth is at TDC. This is a fairly common arrangement hence why it is given as an example.

Throttle/Pedal Position

Every TPS (Throttle Position Sensor) sensor needs to be calibrated as a priority after connecting to the ECU and before starting the engine, regardless of the load input used. It is assumed from here on in the manual that the user has read the GWv4 (or GWv3) manuals.

· Connect to the ECU and open the parameters window.

· From the highlighted drop down box select the parameters Pedal raw shown as a percentage and Pedal1/2 raw shown as a voltage. Dependent upon version, Act T Raw has replaced this parameter. 
· The Parameters window shows a value for Pedal raw. At the idle position, the throttle pot needs to be physically turned (if possible) until this number is around 0%. Tighten the throttle pot then open to WOT (wide open throttle) and check the Pedal raw number. This number should be less than 100%. If the number is 100, then the throttle pot is at its stop so needs to be turned back until it reads less than 100. As mentioned, dependent upon version, this parameter might be Act T Raw.
· The number for Pedal raw or Act T Raw need to have a safety margin added to it and then input in to the options box as Pedal error min/max. These options need a safety margin to be added or subtracted. Your Pedal parameter should now read approximately 1% when at rest and around 98-99% when fully depressed. Your values must never reach 0% and 100% as if the ECU sees a full scale value it will identify a TPS failure.

Sensor Test
The ‘parameters’ window shows all of the sensor inputs. Check that these are all showing sensible values. Sensors you should consider verifying with an external gauge are:

Coolant (temperature)

Engine Speed

MAP as Load

Throttle

Air Temp

Battery

Air Pressure

Suggestion: Create a window with these sensor values displayed in you template, so as to monitor them whilst running. For details on how to do this refer to the GWv3 or GWv4 Manual.

If your sensors are not showing sensible values it is most likely you will need to set your calibration table for that sensor. This is a table that tells the ECU what value should be displayed for the sensor voltage being received by the ECU. Temperature sensors are generally resistance based.

One pin of the sensor will be connected to the sensor signal wire (see the Wiring section for details) and the second to a sensor ground on the ECU. Because the sensor is resistance based, it does not matter which way around the pins are connected at the sensor end. The ECU has an analogue to digital signal converter which converts the voltage analogue reading across the sensor into a digital number the ECU can understand. 

Different sensor manufacturers produce sensors with a differing resistance at the same temperature, so the temperature sensors will have to be calibrated within the ECU. GEMS have some common sensor tables in their database but it is worth calibrating for your individual sensor anyway.

To calibrate the temperature sensor tables:

· Remove the temperature sensor from the car and connect it to your wiring loom.

· Place the temperature sensor into an environment that is heated to the maximum temperature the sensor is likely to need to measure with a thermometer placed as close to the sensor as possible but not touching the sensor surface used for measuring. A cup of hot water can be used for this as long as the tip of the sensor is completely submersed and the connector is held out of the water.

· Power on and connect to your ECU.

· Bring up the temperature sensor table you are concerned with, such as [Coolant Temperature Sensor], as a grid.

· Bring up the sensor raw parameter you are concerned with, such as Coolant Volts/Cool raw.
· The user can now see the coolant volts on both the table and the Parameter window. The user may wish to bring up the raw value as a number gauge. When the Voltage reaches a point on the table (verified by the volts displayed in the parameter window) the temperature can be entered below it.

· Once all the concerned/obtainable sites are entered the table can be viewed as a graph to make sure the gradient looks correct and there are no abnormal results. Be sure to extend on sites you didn't reach making sure they match the overall shape of the graph. Some 'Look up tables', as they are sometimes called, are available from the sensor manufacturers and can be supplied with the sensors.

All the sensor calibration tables are listed under the Views window and can be selected by clicking on the Tables option.
Injector scaling 

When attempting to start the engine for the first time, you may need to change the injector pulse width, as the fuel requirements, injector flow rates and fuel pressure will vary between engines. The cells in the [Fuel] map can be specified in pulse width mS (milliseconds), Raw or duty cycle so no conversion from the earlier ‘MicroSec/bit’ feature is needed. 

Ignition timing 

The ECU recognises the engine position by a missing / extra tooth on a pattern of evenly spaced teeth or by a pattern of cam teeth. Different manufacturers have this reference in a different place on the trigger wheel so the ECU needs to have adjustment for this. The numbers are known for most manufacturers and will be set in the start-up map but if they are unknown or if you are using a GEMS external 36-1 wheel, you will need to find this value yourself. To find this value you will need a strobe light and an accurate TDC mark on the engine.

The process will be:-

Press the start button 

Attempt to start the engine. The ignition timing may be wrong by a large amount so it may not start. If the engine will not start you will need to alter the option Spark Sync until it does. As this value is specified in an internally calculated figure (internal teeth) a change of 1 in Spark Sync, will adjust the timing by 30°. 

Once started, hold the engine at 2000-3000 rpm, somewhere out of the idle condition to where the ignition timing is stable. 

Check the engine speed shown on the strobe light. Some strobe lights will see the wasted spark on DIS systems and so will show double engine speed so doubling the ignition timing. If this is the case, halve all ignition timing figures shown on the strobe. 

Check the ignition timing with a strobe light and compare this number to the number in the parameter Spark Total. 

If the strobe light shows an ignition timing number lower than the ECU then decrease the value of option Spark Sync. If the strobe light shows a number higher than the ECU then increase the value of option Timing Alignment. Timing alignment is measured in internal units a change of 1 is a change of typically 30 crank degrees, so changes to Spark Sync should be very small. 

The value for Spark n Total on the PC will not change, but the timing mark on the engine will move, so each adjustment will require that the strobe light be reset.

Repeat these changes until the strobe light timing figure agrees with the timing figure shown by parameter Spark n Total.

Cylinder Assignment

Be consistent, connect Ign’n’ Coil’n’ and Injector’n’ (‘n’ = 1-8) to same cylinder or rotor, as knock control is sensitive to these numbers
