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WHAT IS THE ZEMULATOR?

Electronic control devices are everywhere.   Any device or system that employs electronic architecture to control physical things falls into the category.   Some are simple whereas some are highly complex.  Fortunately for us, the control system of focus probably falls somewhere near the middle of the spectrum, but it still demands that you fully understand its operation if you desire to manipulate its behavior.  When Nissan designed the engine control computer (ECU) for the 300ZX (Z32), they did it in such a way as to simplify the tuning process for themselves for production reasons.  Adjusting fuel delivery, ignition timing, or any other parameter is almost self-explanatory once you take a look at them (don’t worry if it doesn’t come right to you, that is the purpose of this documentation).  This works very nicely to our advantage as Nissan engineers are at the top of their class and the engineering that went into the ECU is simply amazing and amazingly simple.  There only happens to be one problem with a stock ECU;  there were no easy ways for us to modify these parameters in the stock design.  This is where the Zemulator comes into play.  The foundation of the Zemulator is the Nissan ECU. The Zemulator simply provides a method of ‘tuning’ that is easy to understand as well as friendly to use.

The ECU is a small computer that employs two processors, its own RAM memory I/O ports(for connections to the engine sensors), and its own power supply.  One of the processors is unique and designed solely for electronic fuel injection and ignition systems.  This processor can run the engine even if the secondary processor has a fault, but it will run in a severely limited fashion.  The secondary processor is responsible for performing calculations and determining exact outputs for the control devices such as injectors, ignition coils, and the array of other control mechanisms.  This secondary processor has a program that tells it how to operate and this program is stored on a device called an EPROM.  EPROM is an acronym for Erasable Programmable Read Only Memory.  It is the ‘chip’ commonly referred to in the performance aftermarket community.   In the stock ECU, this chip is soldered directly onto the main system board.  In upgraded ECU’s, this chip is removed and a socket is put in its place.  This socket allows the quick removal/installation of a chip so desoldering and soldering is not necessary every time you want to change it.  

The Zemulator takes advantage of the fact that the ECU uses this EPROM architecture.  Because the system requires a ‘program’ to define its functions, we can manipulate that program to make the system perform to our exact specifications.  Instead of the lengthy process of making a change to the program, burning it onto a blank EPROM and installing it into the ECU, we are using what is known as an EPROM Emulator. Hence the name, Zemulator.   It emulates, or ‘acts like’ an EPROM.  The Zemulator plugs into this socket in place of an EPROM chip.  To the ECU, there is a chip in the socket, but to us, it is a device that allows instantaneous changes to be made to the program without the ECU function ever being interrupted.  The Zemulator has been specifically designed for Nissan Z32 ECUs that employ EPROM technology.

To a large extent the guts of this device is in the windows based Zemulator software interface.  This software connects to our emulator and provides a graphical display of all control settings the ECU is using.  These parameters can also be edited in either real-time ‘on the fly’ while the engine is running, or you can make major changes and implement them all at once when you are finished. 

INTERNAL COMBUSION ENGINES

A car’s engine is a very simple and crude device – some agree that it is amazing they even work at all.  All they need to make power is air, fuel, and ignition.  The part that puts it all into a complex category is the specifics of exactly how those three components are controlled.  Too much fuel runs poorly with decreased performance and gets horrible gas mileage. Conversely, too lean also runs poorly with decreased performance and runs great risks with damaging internal components as temperature skyrocket in this condition.  A ‘perfect’ air to fuel ratio is 14.7 parts of air to 1 part of fuel.  This is what is referred to stoichiometry, defined as “The quantitative relationship between reactants and products in a chemical reaction.“  When a mixture of 14.7 parts air to 1 part of fuel is ignited, there is no remaining air and no remaining fuel.  The only thing left is byproducts of the reaction itself. These exhaust gases are composed of an array of different compounds unlike either normal ‘air’ or ‘fuel’.  Despite the fact that a ‘perfect’ mix of air and fuel sounds good to the ear, it is not actually the desired mixture ratio for every engine condition.  Slight offsets of this ratio are beneficial in a number of ways.

Low load condition

When the engine is running in any range of RPM, but under low loads, i.e. cruising or coasting, it is beneficial to run mixtures slightly lean.  Cylinder temperatures do not escalate excessively or cause damage because the content of air/fuel that is being burned is small enough that the cooling system can handle the dissipation of heat.  In the stock program, Nissan runs the engine as much as 7% lean which produces ~15.7:1 A/F ratio.  You can see that 7% enleanment in Nissan’s eyes is safe to run and obviously has a large degree of safety margin.  Even running at 80MPH with a 10% enleanment (16.1:1 A/F), exhaust gas temperatures were only peaking at 700C.  Typically one would not want to exceed 850C under any condition.   In any case, running lean causes EGT’s to climb rapidly so this needs to be kept in mind when tuning a system.  Do not forget this.  Fortunately for us, Nissan developed the ECU with very good low load parameters and it gets good gas mileage as well as excellent drivability. 

High load condition

This is the condition when the engine is consuming the maximum amount of air based on its intake and induction system. This is also referred to as WOT, or Wide Open Throttle.  Correspondingly, an appropriate amount of fuel needs to be added in order to create a mixture to burn and produce power.  It should be apparent that you would not want to use an A/F ratio higher (leaner) than 14.7:1, but what may not be apparent is that it should actually be significantly lower (richer) than 14.7:1.  The reason for this is temperature.  Although 14.7:1 creates a clean and complete burn with good power, the temperature of the burn will exceed the limits of the materials in the engine and it would quickly meet a hot and fiery death.   By running a richer mixture, the temperature of the reaction is lowered to safe levels at the expense of a little extra fuel.  Typically in a turbocharged application a 12:1 A/F ratio or lower is a good target to run as the extra fuel quenches the reaction’s temperature.   Naturally aspirated configurations can run a little less rich, around 12.5 – 13.0:1 without any issues.  EGT’s in these cases will not exceed safe allowable limits for the parts and you will be ok. 
Ignition timing is another configuration point that has a dramatic effect on engine performance.  Too little timing produces excessive EGT’s and reduced power.  Conversely, timing that is too advanced produces really good power but promotes detonation. 

Ignition Timing

Ignition timing is a dynamic parameter, meaning that the ECU changes this value based on engine condition.  The ‘ignition timing’ is the degrees of crankshaft rotation before the piston reaches the top of the cylinder during the compression stroke.   The technical term used to define when the piston is at the top of its stroke is Top Dead Center, or TDC for short.  Ignition, or when the coil delivers the energy to the plug to generate a spark, always occurs before TDC or BTDC for short (‘B’ meaning before).  It fires before TDC because the combustion process takes time to occur and its speed is dependent on a few factors.  

In order to maximize the conversion of the thermal energy from the combustion process into usable mechanical energy, the timing of piston and crankshaft position in relation to peak cylinder pressure is critical.  

When the air and fuel are ignited by the spark plug, the piston is still slightly moving upward, but only for a short period of time after ignition.  As the fuel and air burns, the pressure and temperature of the cylinder increases and this starts pushing on the piston. Typically you want to have peak cylinder pressure occur around 14 degrees ATDC. ATDC means After Top Dead Center.  This is when the piston is now moving downward in its stroke and the pressure is pushing on it with great force.  This push on the piston is transferred into rotational energy of the crankshaft. In order to time the peak cylinder pressure so as to convert as much of this pressure into rotational energy applied to the crankshaft, one has to take the combustion speed into consideration. 

There are a few key things to start with to understand the combustion process and what affects the speed of this chemical reaction.   The primary element responsible for the speed of combustion is the density of the air and fuel mixture in the cylinder.  Lower densities produce slower burning combustion.  On the other hand, a high-density mixture produces faster combustion.  Any variation in-between produces a proportionally different combustion speed.  Now you might be asking what makes the mixture density vary.  The explanation is just as easy and may even be obvious to you – it’s the quantity of air and fuel that the cylinder draws in on the intake stroke.  

As you press more and more on the accelerator, you are opening the throttle bodies, which allow more air to enter the combustion chamber.  More air and more fuel mean higher charge air densities in the chamber.  As you begin letting off the gas pedal, you are restricting the flow into the engine and thereby lowering the intake charge density.  Furthermore, you can run differing boost levels.  This also varies the charge density –  (stating simply) higher boost means higher charge densities and conversely, lower boost means lower charge densities.

So, going back to ignition timing: In order to time the peak cylinder pressure so that it occurs 14 degrees ATDC, you need to take the density into consideration as it affects combustion speed.  At low loads there is a low charge density which requires that you fire off the plug a little earlier because the combustion process propagates slower.  A typical ignition timing value for low load ignition timing is around 38 degrees BTDC. This would be called ’38 degrees of advancement’. At this ignition timing with the density of air/fuel in the cylinder you will see peak cylinder pressure occur at 14 degrees ATDC; exactly where you want it to occur to optimize the energy delivered to the crankshaft. As the load increases there is higher charge density so the burn occurs faster and you wont need to ignite the mixture so early. So as the load increases, the ignition timing advance will decrease and it is not uncommon to see timing retard to as little as 18 degrees BTDC.   Higher density = higher combustion speed = less timing advance. 

Ignition timing is a critical adjustment as it has the ability to make drastic changes to engine performance.  It can effect power, emissions, fuel economy, as well as cause damage.  Excessively advanced ignition timing can literally blow the engine components to pieces as it generates detonation and overly retarded ignition timing will create excessive exhaust gas temperatures. 

Detonation is a more complex variant of abnormal combustion. It occurs AFTER ignition. You have to keep in mind that the burning of the fuel does not happen instantaneously, it begins at the plug when it fires and the burning process propagates from the plug outward towards the cylinder walls as well as downward towards the top of the piston. During this time, cylinder pressures and temperatures are increasing, the piston is moving and the crankshaft is turning. During normal combustion, the timing of all of these components creates an environment in the chamber in which peak cylinder pressure and temperature occur at ~14 degrees ATDC as we discussed earlier. However, detonation occurs when the initial heat and pressure generated by the air and fuel at the plug causes the fuel at the edges of the cylinder to also spontaneously ignite, which then further propagates to all of the air and fuel igniting. Now the fuel is burning from more than one end. Anyone knows that burning a candle from both ends will make it burn twice as fast. This analogy applies well to your combustion chamber during detonation but imagine the entire wick of that candle igniting and burning at once. It all goes up in flame very quickly in comparison to just burning it from one end. When this occurs in the cylinder, the pressure and temperature skyrocket in a quick flash. The sharp rise in pressure causes the cylinder to ring and you hear the 'knock' or 'ping' of detonation.  The shock-load of this event will break pistons and rings, and puts the bearings under extreme loading which will cause them to fail.  In addition, the intense heat generated can melt pistons, valves, electrodes and valve seats.

Conversely, excessively retarded ignition timing produces high exhaust gas temperatures.   The reasoning behind this is rather simple to understand though.  If the plug is fired off later than it needs to in order to produce peak pressure at 14 degrees ATDC, less of the energy released by combustion will be converted into mechnical energy to push the piston and more of it exits during the exhaust stroke.  This excessively heats exhaust valves and they can burn up if the engine runs in this manner for any excessive length of time.  It is fortunate for us that this is not a common occurrence primarily because the exhaust valves in the VG30DETT are made from a superalloy used in the hot end of jet turbines.  This material is called inconel and it contains a large quantity of nickel in the alloy that gives it excellent heat-resistant properties.  

One of the nice things about ignition timing that helps us in configuring the timing maps are the fact that there are some trends in the engine’s behavior.  We have spoken about the combustion velocity and the fact that the density affects that significantly.  The general trend we see in timing maps is a lowering of advancement from left to right - or as load increases.  This will always be the case.  However, one would think that the timing should advance as the RPM increases because the engine is spinning quicker but the fuel still burns the same rate so the timing should be advanced to more closely time the peak cylinder pressure.  While this is true to an extent, there is a degree of efficiency that goes out the window when the engine exceeds its volumetric efficiency.  The VG30DETT engines have peak volumetric efficiency around 5000RPM.  However, the stock turbos start losing their efficiency around 4500RPM. The As the efficiency drops, the intake charge temp increases.  Because of this, you are not able to run as much timing advance without detonation and you will need to drop the timing about a degree or two above 5800RPM.   

Aftermarket turbos are capable of pushing more air and doing this more efficiently.  Because of this you will note that you can run slightly more advanced ignition timing and be able to maintain it for higher RPM.  By maintaining the timing after the engine’s peak VE (~5000RPM) you can slow the fall of your torque curve.  Depending on how efficient your turbos are at this flowrate, there is good chance you can actually advance the timing a degree or two after peak VE.  The advantage here is if you can maintain torque, the horsepower just keeps going up with RPM.  The point here is that with bigger turbos you have changed the system (from stock) enough that you will see different trends in the ignition timing that you can run.  More specific information about this will be available in the tuning procedure, so keep this in mind for now.

Valve Timing Control

When Nissan designed the VG30DE and TT model engine, they employed a method of manipulating the intake valve opening/closing time with respect to the crankshaft position.  This is done via the VTC, or Valve Timing Control.  This system is powered hydraulically by the lubrication system of the engine and controlled by the ECU.  By manipulating when the intake valves open you can extend the torque curve of the engine.  

In the non-advanced intake camshaft mode, the intake valves begin to open 8 crankshaft degrees before the piston enters its intake stroke.  During the exhaust stroke the exhaust valves are open to allow the piston to push the burnt gases out. Since the intake stroke follows the exhaust stroke and the intake valves are opening 8 degrees before the piston is at TDC, the exhaust valves are also still slightly open too as this is the final few degrees of the exhaust stroke.  When both the intake valves and exhaust valves are open at the same time, it is called ‘valve overlap’, or the duration (in crankshaft degrees) when both the intake valves and exhaust valves are both open at the same time.  The reason this is done is because as soon as the exhaust stroke is almost over, there is still some exhaust left in the combustion chamber.  By opening the intake valves just a bit early, you allow the manifold pressure to blow clean air into the cylinder and clean out that last bit of unusable gas (exhaust gases do not burn again).  This allows you to fill the chamber with fresh air and fuel, which will make more power.  

In the VTC mode, the camshafts are advanced an additional 10 degrees.  This produces 18 crankshaft degrees of valve overlap.  This will allow even more of the ‘clean’ intake air to blow into the combustion chamber.  Now you may be wondering why you would want to advance it even more than 8 degrees.  

The stock VTC control system with Nissan’s parameters creates 18 degrees of overlap to occur at lower RPM but then returns to 8 degrees at higher RPM.  The reasoning behind this is because while the engine is rotating slower you will need more valve overlap to allow enough time for this clean air to evacuate the cylinder. When you start changing boost pressures or modifying any part of the intake or exhaust system, this parameter needs to be taken into account and tuned for so as to mesh the power curves associated with valve overlap.  If you were to not release the camshaft advancement at all you would see the torque curve peak and fall off. By releasing the advancement at high RPM you will optimize this overlap effect and maintain better torque. At high RPM there is sufficient pressure in the exhaust tract and instead of the burned gases blowing out of the cylinder, it actually reverts and the exhaust gases in the exhaust manifold push back into the cylinder, and into the intake manifold.  On the next intake stroke, the initial gas entering that cylinder is actually exhaust gas followed by clean air.  This will lower your power output as exhaust gas doesn’t burn again.  However, by releasing the advancement at an engine RPM just before this reversion occurs, you can continue to evacuate the cylinder of exhaust gas.  This parameter does not affect peak torque, but rather, it gives you an extended torque curve as it modifies the dynamics of the induction system.  Additionally, by clearing out as much of the exhaust gas as possible, you also reduce cylinder temperatures. This will lessen the chance of detonation.  Tuning this parameter will be further discussed in the tuning chapter so don’t worry if this doesn’t make perfect sense just yet.  In practice you will see the effect of this control parameter.

Now that we have explored the primary systems and theory behind our engines we can now get into the specifics of how the ECU controls all of these parameters and what kind of changes you can make for desired results.

HOW THE Z32 ECU WORKS

The design of the Zemulator interface is based on the design of the ECU’s code and operation.  When Nissan engineered the ECU for the Z32, they built it in such a way so they could easily understand and adjust the parameters for their desired results. This also means that it will be just as easy for us to reach our goals now that we have the ability to expand on this system.

A number of parameters make almost perfect intuitive sense like the engine RPM limit or the speed limit.   However, some engine control parameters don’t appear so simplistic at first glance but you will see how smoothly everything comes together and makes perfect sense.  The real-time mode will greatly add to the understanding of how the fuel maps and timing maps are accessed.

We have previously discussed mostly general and some specifics about engine theory to bring you up to understanding how that theory gets applied in the real world.  You know you need air and fuel to compress and a spark to ignite it and produce power by pushing on the piston, but how does the ECU know how much fuel to deliver and when to fire the plug under any engine RPM or load?  How does it know how much additional fuel to deliver when you suddenly step on the gas pedal?  It really does all of these functions the same way you and I do the things we do – through feedback.  The Z32 employs an array of various sensors to gauge the condition the engine is operating under.  Mass Airflow Sensor (MAS) to measure the amount of air coming in, the Cam Angle Sensor (CAS) to determine engine RPM and crankshaft position, the O2 sensors to gauge the mixture of air to fuel, and the throttle position sensor (TPS) – just to name a few.  In order to understand how the tunable parameters in the ECU work, you need to know how these sensors tell the ECU their status and how the ECU ties them all together to make the engine run.

Theoretical Pulsewidth

One of the primary calculations the ECU makes is called theoretical pulsewidth or TP for short.  This value represents a theoretical, mathematically calculated value that represents the duration the fuel injectors need to be opened in order to make a perfect 14.7:1 A/F ratio.  To calculate this value, the ECU reads from the MAS and from the CAS to determine airflow and engine RPM.   Because the ECU knows how much airflow is entering the engine as it is rotating at ‘x’ RPM, it can determine how much fuel to deliver and thus, TP is derived.  The beauty of this means that the ECU always knows how to generate a perfect mixture of air to fuel.  The only problem is that it does not apply in every engine condition.  Sometimes it is safe to run it leaner and get better gas mileage but sometimes it is only safe to run it richer as we have discussed before. Because the ECU knows how much fuel to deliver to make a 14.7:1A/F ratio, it makes it easy for us to revise the mixture and have a good idea of how that change will actually effect the A/F ratio.

Fuel Revision Map

Once this TP and RPM value has been determined, the ECU uses it to access a number of different tables to further modify the A/F ratio.  One of the tables of great interest to us is the fuel revision map.  This table specifies enrichment or enleanment from this 14.7:1 A/F ratio based on any engine condition. This map was employed by Nissan to allow for easy configuration of the fuel delivery under any engine condition.  Additionally the values in the maps specify the enrichment or enleanment in percentages, which makes it easy for us to understand.  As an example, say a cellblock in the fuel map that corresponds to 5500RPM with a TP value of 62 specifies a value of 30.  This means “add 30% more fuel from 14.7:1” so then the ratio is modified to produce an 11.3:1 A/F ratio for that given engine condition.  To calculate the air/fuel ratio from 14.7:1 with 30% more fuel, it is simply 14.7 parts of air to 1.30 parts of fuel, or 30% more fuel.  Dividing 14.7 by 1.3 gives you a ratio of 11.3:1. So, a value of “0” in a cellblock means to run 0% enrichment, which makes the mixture 14.7:1.   Additionally, a value of –7 would mean 14.7:0.93, or 15.8:1 A/F.  

Acceleration Enrichment

There is additional enrichment that takes place in much the same manner. As an example, all engines benefit from a quick burst of extra fuel when you step on the pedal suddenly.  This is because the atomized fuel coming out of the injector falls out of suspension and it becomes droplets of fuel that do not burn very well.  By increasing the fuel delivery upon quick opening of the throttle, you maintain the optimal amount of fuel that will ignite so as to produce immediate power. If you don’t increase the fuel delivery for this short burst, the engine will bog.  The process of adding a short burst of fuel during accelleration is called Acceleration Enrichment. 

Temperature Enrichment

Another point of enrichment control that occurs after the primary fuel revision map is the temperature enrichment.   It is well known that cold engines benefit from running in a rich condition, which is the reason for carbureted vehicles having a ‘choke’.  This device simply delivers more fuel into the carburetor while the engine heats up.  Since our vehicles are not carbureted, this control is handled by the ECU.  The ECU has the ability to deliver this additional fuel based on temperature so when the engine is cold, it will not hesitate and stumble. The table for this will be a configuration available to the Zemulator interface, however, the stock settings have proven to work very well with all hardware upgrades/configurations tested to this point.  This will come in a later revision of the software.

Ignition Timing Map

The ECU can dynamically control ignition timing just as it controls fuel delivery.  In fact, the maps themselves look strikingly similar.  They are the same size and have numbers in them that show a particular trend just as the fuel maps do.  They are also accessed in the same exact manner the fuel maps are.  The only difference between the maps is what the values represent.  In the fuel revision map the numbers represent enrichment above or below 14.7:1 in percentages, however, the ignition timing map shows values in degrees.  Recall the top dead center and BTDC and ATDC terms used before - these values represent the degrees of crankshaft rotation before top dead center that the plug is fired.   

Closed Loop and Open Loop Control

All of the parameters that have been explained so far have been parameters that are hard-coded and will not deviate from the value specified.  As an example, when you specify in the timing map for it to run 23 degrees of timing at 3200RPM and a TP value of 33, it will run 23 degrees of timing and not deviate from that value when run in that condition.  However, the ECU takes another step towards controlling some of these parameters in certain situations.  Referring back to the timing map: There is a sensor in the Z32 that ‘listens’ to the engine as it runs.  It is listening for the sound of detonation and is referred to as the detonation sensor, or knock sensor.  It is simply a microphone that the ECU uses for closed loop control.  The term closed loop simply means the ECU is monitoring a particular sensor to modify a hard-coded value seen in the maps we are configuring.  

As an example, if the engine is running at 3200RPM, TP value of 75 where the timing is specified to be 19 degrees and knock is detected, the ECU will actually start to retard timing until the detonation is eliminated.  

In the fuel revision maps there is a range of engine condition where the ECU monitors the O2 sensors to control the A/F ratio for emissions control and economy.  

The closed loop regions of these maps are finite – this feedback control does not operate in every engine condition.  In the fuel maps, the closed loop region only encompasses the low-mid RPM/low-mid load operating condition.  This is primarily because the O2 sensors used in the Z are narrowband sensors.  These sensors are only able to detect the change from slightly rich to slightly lean so they aren’t effective enough to use in high load conditions where the mixtures drop below 13:1 or so. 

In the timing maps the closed loop region, also called the ‘knock zone’, is only in a narrow stretch of RPM range in the high load area.  This is because the knock sensor cannot distinguish between detonation and normal engine vibration.   But in the event poor gas is put into the car or you are simply pushing the limits too far, the ECU will attempt to save the engine by retarding the timing when it detects detonation.

These are the two primary closed loop systems in the VG30DE(TT), however, the California model employs yet another feedback control sensor – there is an exhaust gas temperature sensor on the EGR system.  It uses this sensor to more effectively control emissions as California has very stringent emission laws.

There is also a degree of closed loop control associated with acceleration enrichment in which the ECU can learn the most optimized delivery of enrichment fuel.  

These areas of closed/open loop feedback control are editable to be either closed or open loop.  There are a few reasons one would want to do this, but for the most part all of these defined zones can be left alone.   In the fuel maps it is highly beneficial for both emission control and fuel mileage to leave these load bands in closed loop control.  The knock zone works well for vehicles that are not highly modified and it in most cases can simply be left alone.  For vehicles producing significantly more power than stock will probably need to eliminate the lower RPM row of knock sensing as this higher power output registers in the ECU as detonation on occasion, although detonation may not be present.  This is simply because this safety system is designed for only a specific range of engine condition.  When modifications are made to the hard parts, adjustments need to be made to the soft parts to keep everything in check.  This is where the Zemulator comes into play.

TUNING WITH THE ZEMULATOR: PRECAUTIONS!

Due to the nature of this device and the level of attention required to use this tool, it is HIGHLY recommended to use a chassis dyno such as a DynoJet along with wideband O2 feedback.  Do NOT attempt to tune your vehicle on the highways as it creates a very dangerous environment that puts your vehicle, you, and others on the highways at great risk.  

Tuning in a controlled environment at a dyno is not only safer for life, limb and property, but it also offers an additional level of feedback you will not get on the roads.  Hearing detonation on a dyno is by far easier than at highway speeds.   You will also be able to tune your vehicle with greater success as you will be without the distraction of having to pilot the vehicle in traffic.  For drivability tuning purposes, a closed circuit course should be used.

THE ZEMULATOR SOFTWARE INTERFACE

As was previously mentioned, this is the ‘guts’ of the Zemulator.  It allows you to view the current parameters that the ECU is using to run your engine, allows you to make changes to those parameters on-the-fly, and also shows you what parameters are currently being used while everything is running.   For tuning purposes it allows datalogging which will record what points in the configurations were used over a period of time so you can review them and make appropriate modifications for desired results.   Additionally, all of the parameters displayed are in a format that is easy to understand such as percentages, degrees, and in a few other standardized units.  None of the parameters will require any translation on your part from hexadecimal or any sort of computer code.  Using proper units simply adds to the ease of configuring your setup.   Additionally, there is a help menu that has both a search tool as well as pertinent information to the topic at hand so if you aren’t sure about something don’t forget the help.  We have done our best to make this an actual usable help rather than something that just makes you ask more questions.  Menu bar icons also have pop-up descriptions when you hover the mouse cursor over them so if they don’t make intuitive sense to you by the picture, this will help you discover all of the controls.  The right mouse button click over cells in the timing and fuel maps will allow additional control functions and the pull-down menus also contain all of the functions as well if you prefer that method.

The design of the Zemulator interface is primarily based around the design of the ECU’s code and operation.  When Nissan engineered the ECU for the Z32, they built it in such a way so as to easily understand and adjust the parameters that define the engine control so that they could easily tune it for their desired results.  This also means that it will be just as easy for us to reach our goals too.

A number of parameters make almost perfect intuitive sense like the engine RPM limit or the speed limit.   However, some engine control parameters don’t appear so simplistic at first glance but you will see how everything comes together and makes perfect sense once everything is up and running.  The real-time mode will add to the understanding of how the fuel maps and timing maps are accessed so once you have the application up and running things will make a lot more sense than they may after just reading this manual. 

Connecting and Using your Zemulator

The third button from the left on the menubar will connect you to the Zemulator.  Click this button to proceed. Another prompt appears as follows, press yes to download settings.
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You will see a window asking you to ensure your vehicle is not running.  At any time this window comes up you will need to ensure your engine is off.  Click YES here.


[image: image3.jpg]I S





An additional window will appear briefly showing the status of the download process.  Once this process has completed (~1s) you will have all of the parameters available to you in the interface.  
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As you can see here, all of the parameter window options are on the left in the treeview menu.  Global settings provide you with configuration windows for mostly single point variables, but there are also a few 2 dimensional maps for other parameters you can modify.  All of these parameters are available to view, however, you will not be able to make any real-time changes to the configuration until you have entered real-time (RT) mode.   *PLEASE NOTE: You CAN change values while not in real-time mode, but those changes will not be made within the hardware so be sure you are in real-time mode if you want the hardware to be updated on-the-fly.  If you choose not to edit values in real-time there will be no problems, just keep in mind that you will need to upload the settings to the Zemulator when you are finished.

File Menu

In this menu you have the option to open and save configuration files, as well as exiting the program.  When you load or save a file, this is the complete configuration and all the parameters of your setup.  You can also download .zem files from our website. These have configurations for a lot of the common hardware configurations and they can be used as base mappings to start your car up and drive around. Additionally, they offer a good deal of safety as well as performance.  We encourage you to download a mapping for your vehicle as you upgrade your car and use these configurations as the base mappings to build your custom program on.  We also encourage people to share these mappings they generate with the community.

Load Stock Program: This function will allow you to re-flash your ZEMulator with a base mapping in the event you make a modification such as a twinturbo conversion or a 5spd to auto conversion.
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View Menu

You can toggle on/off the Toolbar. This is located just below the pull down menus.

The Status bar can also be toggled on/off and it is located at the very bottom of the window.
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Options Menu

The items in this menu are primarily the hardware communications options. 

· Connect/Disconnect from Zemulator.

· Read From Zemulator – this will download all parameters in the hardware.

· Write to Zemulator – this will write all current settings in the parameter windows.

· Real-Time Mode can be enabled/disabled in this menu.

· Connection Settings – This selects the COM port that the Zemulator is connected to.

· Set Fuel/Timing Grid Font – Allows changes to font type and size to optimize viewability.
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DataLogging

Since the device has the ability to record real-time data, we have also given you the option to save these streaming datapoints into a file.  The Save Current Datalog option allows you to save these parameters into a comma separated format file.

“Clear Real-Time Datapoints” will simply remove the highlights from the traced points and continue the acquisition.

“Highlight Mode” has two options:

· Single Point Trace – This mode highlights the point in the map that is currently being used by the ECU.

· Multi Point Trace – This mode highlights the point in the map which is currently used, but also leaves it highlighted so as to show a historical plot of the points used over the time that this mode was enabled.
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Help Menu

Nothing would be as complete as it would not be used if it did not have a help section. For the BETA version, the help file has not been implemented but there are other selections in this menu.

· Registration information contains the unique identifiers for your software.
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THE TREEVIEW SELECTION WINDOW

Global Settings

In this treeview breakdown there are several parameter windows with single point and some multi-point maps. 

General Settings:  (See screenshot above) Contains the speed limiter, RPM limiter, VTC release RPM and the version string of the ECU program.  The maximum speed allowable is 314.96MPH, but you can specify any MPH below this.  The maximum value for the RPM limit is 12,750RPM.   The VTC release RPM also has an upper limit of 12,750RPM. 
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Injector Sizing:  Contains a drop-down menu with preset injector sizes and ‘K’ values already configured for the injector flowrates.  Simply select the injector size you have in your vehicle and rescale the TP values of the maps and you are ready to startup. (Rescaling the TP values will be covered later).
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*PLEASE NOTE. The injector values cannot be modified in real-time.   When you make this change to the parameter you will need to upload the settings to the Zemulator.  Uploading settings to the Zemulator is available through the Options drop-down menu and also the upload button on the toolbar.

When an injector size is specified, you will see a greyed value appear in the override window.  This value is the actual value being specified in the ECU code.  It is possible to override the preset values if you have an injector size not listed in the drop-down selection window or if you want to more finely tune your injection system (this process will be covered later).

Dual-Filtration: This option is available to those who have a dual-intake system.  You simply select the injector size you are using and select the Dual Filtration option.

Injector Void & Injector Blast:  These parameters specify time durations for injector opening and closing latency, or delay.  Since an injector doesn’t instantly open or instantly close, these values are added into the pulsewidth calculation of the injector so as to properly meter the fuel delivery.  The preset values shown have worked with all injectors tested without any problems.  It is not suggested to alter these parameters.

TTP MAPS 

These parameters specify minimum and maximum pulsewidths for specified engine condition. 
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TTP Min 

This specifies the Total Theoretical Pulsewidth Minimum based on engine RPM and it covers from 0RPM up to 3200RPM. Each cellblock represents a 200RPM increment starting from left to right.   The purpose of this map is for deceleration control.  When the engine is at high RPM and you let completely off the gas pedal, the calculation for fuel delivery will be very small if it were only reading from the fuel map.  If a minimum value in this condition were not specified, as soon as you get back on the throttle, there would be a slight ‘bogging’ of the engine as there is no available fuel in the cylinder that moment you hit the gas pedal.  By specifying a specific amount of fuel to be delivered even when the accelerator pedal is not pressed, this ensures there will be fuel in the cylinder the moment you crack the throttle open.  The values you see in the screenshot below are based on a 370cc injector setup (stock TwinTurbo injectors).  These values are preset for every configuration file available for download and have proven to be well tuned from the factory.  These parameters typically will not need to be altered.

TTP Max  

This table works a lot like the TTP Min table, however, it specifies the maximum TP for the RPM in the same condition specified above.  It is also not recommended to alter these parameters.

TP Limit 

This is also known as the ‘fuel cut’ table.  It specifies the maximum TP value allowed based on engine RPM.  In the stock program, these values are set relatively high and it would take a serious boost overrun to trigger fuel cut, but typically in high load tuning, the values in the map are set to 255 or 254. This is the maximum value you can specify and it is simply an impossible TP value to achieve.  This is a demonstration of eliminating the fuel cut simply by setting it to an impossibly high value.  If you want to configure this table to actually provide boost-overrun protection, this will be explained later.

Ignition Dwell Duty

This map is a 32-block gradient of engine RPM.  Each cellblock represents 200RPM increments.  The values in the cell specify the charge time of the coil packs so as to deliver an appropriate amount of charge to generate a spark. The values are the millisecond time X10, so a value of 25 means 2.5ms charge time.  When the engine is at lower load/rpm, it is not required to have excessive charge time as it will shorten the life of the coil pack as it generates more heat.  At high RPM/high load it is necessary to increase the charge time so as to avoid misfire.  This is due to the fact that as load/RPM increases, the additional air and fuel in the cylinder requires a hotter spark in order to ignite.  If you are experiencing misfire at any point in the RPM range, you can simply increase the charge time for the coil packs to remedy the situation.  

The values in this map have already been altered to accommodate for higher boost conditions using a stock plug gap of 1.1mm or 0.044”.  It is still recommended to decrease the gap of the plugs to about 0.035” to ensure that your engine will not misfire if your coil packs are not up to spec.
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Fuel Revision Maps

At this point of exploring the interface, it should be apparent that there is more than one fuel revision map.  These different maps are used only when specific conditions are detected.  The first two maps shown are the “High Octane Fuel Map” and “High Octane High Gear Fuel Map”.  The High Octane Fuel Map is used when there are no sensor faults detected and the system is running in ‘normal’ mode within 1st through 4th gear in manual transmissions and 1st-3rd gear in automatic transmissions. As you are driving and you switch into 5th gear (or overdrive in automatics), the High Octane High Gear Fuel Map is the current map in use.

The Low Octane Fuel Map and the Low Octane High Gear Fuel Map are used when there is a sensor fault or excessive detonation has occurred.   
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The legend at the bottom of the map indicates the state of the cellblock in terms of open or closed loop control.  Since closed loop control has the ability to control A/F ratios above 14.7:1, you will note that only negative values exist in this closed loop region and not in open loop.  However, closed loop is not constrained to negative numbers as you see in the upper left corner around the idle area.  There is 10% enrichment in this range of this fuel map.   The maximum value allowable for closed loop control is +/-64.  The open loop region cannot have negative numbers and its range is from 0 to 190. These values represent enrichment or enleanment from 14.7:1 so positive numbers make the mixture richer and negative numbers make it leaner.  With a wideband O2 sensor you will see very clearly how these values affect the A/F ratio. It is a direct correlation from the map to the actual A/F ratio the engine runs at.

RPM Scale 

Along the left of the map you will note the RPM labels for each row. These values are editable in 50RPM increments and you can scale them in any span you desire.  Keep in mind that the upper limit is 12,750RPM and the values must increase as you move down the column.   This map shown is specifying from 400RPM up to 7000RPM with approximately 400RPM increments.  These values do not have to be evenly spaced from row to row, but remember that they must only increase in value.  

TP Scale  

Along the top of the map are values that represent the TP value, or specifically, the load the engine is under.  These values are somewhat arbitrarily set, but there is a general trend to them.  You will note that they increase from right to left in about the same intervals. These too must increase in value from right to left.  The maximum value in this map is 64 and this value corresponds to about 15psi of boost with 555cc injectors.  

Closed/Open Loop  

Any cell in the fuel map can be switched between open or closed loop.  There are two methods to do this.

· Right click the cellblock and a properties menu appears.  There is an option to switch between modes.

· In the “Cell” menu, there is also an option to switch modes for the cell that is currently selected.  Be sure the cell you want modified is the current cell selected.

Increment/Decrement Cell Value  

· Using the + or – key will increase or decrease the value of the cell.

· Right click menu has an increment/decrement option.

· The “Cell” pull-down menu has an increment/decrement option.

· A double click will allow you to type in the value you desire.

Ignition Timing Maps

Just as there are multiple fuel maps that are used in differing conditions, the ECU also employs two ignition timing maps which function much the same way as the alternate fuel maps.  There is a High Octane Fuel Map selection in the treeview menu that is used when there are no problems detected.  The Low Octane Fuel Map is used when there is a sensor fault or excessive detonation has been detected. 
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Open/Close Loop Control  

The red region in the timing map defines the ‘knock zone’ in which the ECU will monitor the detonation sensor and retard timing if detonation is sensed within this engine condition.  The function to switch between modes is identical to the fuel maps.  Incrementing/decrementing the values is also the same.  

Increment/Decrement Cell Value  

· Using the + or – key will increase or decrease the value of the cell.

· Right click menu has an increment/decrement option.

· The “Cell” pull-down menu has an increment/decrement option.

· A double click will allow you to type in the value you desire.

VQ Table 

This table represents the quantity of air vs. MAS voltage output.  VQ stands for “Volumetric Quotient”.  This table exists simply because the MAS is non-linear.  As the voltage signal coming from the MAS increases, the airflow quantity that has passed through the sensor increases to about the 3rd power.  It is highly exponential so this table exists to specify exact parameter so the ECU knows exactly what amount of air is entering the engine.  It is NOT recommended to alter any of these values.  In future revisions of the device, this map will prove very useful which is why it is available for the time being, but do not alter the parameters.
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Data Acquisition Setup

This page is intended for configuration of the data acquisition device, covered in a later chapter.


REAL TIME MODE

Now that you are connected and have downloaded the parameters into the interface, you can enter into real-time mode.  This mode will allow you to view engine parameters as well as the currently used values within the 3-dimensional fuel and timing maps. On the toolbar there is a button that looks like a watch, it is the 6th button from the left.  By enabling this option, you will see the real-time data at the bottom of the window below the parameter display window.   
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At this point you will see the RPM, MAS voltage and TP value displayed and running in real-time.  If you press the accelerator you will see these values change as the engine condition changes.  

Single Point Trace  

You may note that the current RPM is 600 and the TP is 7 (as seen in the real-time display window below the map), but the point in the map that is highlighted corresponds to 400RPM and TP of 6.  This is because the highlighted point is showing the closest point in the map that is being used.  The ECU is actually processing an average of the 4 cellblocks in that region to more accurately deliver the fuel.  This process is known as 4-point interpolation.  For viewing simplicity, only 1 block is shown in this mode.

Multi-Point Trace

On the toolbar you will note a button with the letter “D” on it.  When this button is pressed, the application enters multi-point trace mode. This will retain the highlight on the points that were used.  It will continue to operate in this manner until the “D” is pressed once more. The highlighted points will clear back to their blue/red state and the system will reenter single point trace mode.   

Datalogging

As soon as you enter real-time mode, the system will store all runtime parameters into memory.  You can save this data to a datalog file for review.  The data is saved as a comma separated value format that can be imported into Excel for further review/graphing, etc.  In a future revision of the Zemulator application, graphical viewing of this information will be available.
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While in real-time trace mode in some circumstances you may not see continuous highlighted points.  This is simply because the acquisition and calculation rate required to process this information does not provide every point along the plot.  However, it is quite obvious where the ‘in between’ plots would be.  In a future revision of the application the plots will be continuous.  This however does not present a problem while dyno tuning the vehicle.  When making a dyno pull, the points will be continuous as the rate of change of RPM and TP are complimentary to the trace function.  Tuning only on a dyno with wideband O2 sensing is the ONLY suggested method of tuning.  Do not attempt to do this on the highways.

You will find the datalog mode very useful in determining a number of different things above and beyond what points are used.  These points of data will be thoroughly discussed in the dyno tuning section of this documentation.

DATA ACQUISITION

What is DAQ, or Data Acquisition?

Data Acquisition is the process of collecting data.  In this case, we are using a computer with a set of electronics that allow it to gather and store specific types of data. The ZEMulator employs a data acquisition device that has multiple channels of analog and digital input and output.  This allows us to monitor electronic signals and display them, as well as send specific signals out to any electronic device.  The ZEM’s DAQ device has (8) 12-bit analog inputs, (1) 32-bit timer counter, and 4 digital I/O lines.  The analog inputs can read voltage from a maximum range of +12V to –12V, but this range (gain) can be modified to improve accuracy.  The analog input line(0) is used to read the MAS sensor and the counter is used to read the RPM.  The other 7 inputs and 4 digital I/O lines can be user defined to work with any sensor you wish to connect.  This is useful for connecting things like EGT sensors, wideband O2 sensors, temperature sensors, pressure sensors, or any sensor you desire.  All data from these user-defined inputs is logged with all other default data and can be reviewed in the datalog file.
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You can see here the default input for the MAS.  This input cannot be deleted, but you can change the input line number if you wish to do so.  

To create a new input, click the “NEW” button.  You will be able to enter a name, correction, type, input channel, and gain selection.  Once you have entered all information, click the “UPDATE” button.  In the window below, you can see an input called EGT-1, for Exhaust Gas Temperature 1.  It is using +/- 0.0v correction, and the scaling formula is multiplying the voltage by 24774 to convert the voltage signal from the EGT into degrees Celsius. The input type is differential using channels AI4-AI5 and a gain of 20 (+/- 1.0V range).

Correction: This window allows the user to zero-out the signal.  In automobile electronic systems there exists an enormous amount of electrical noise and uncommon grounding.  In some cases it is necessary to zero-out your signal to achieve the most accurate results.  Command line syntax is simple: to add 0.2V to the input signal, simply enter +0.2 or if you want to reduce the input signal by 0.2V, simply enter –0.2.

Scaling Formula: This window can be used to convert the voltage signal into an actual unit of measurement.  For any sensor out there a formula exists to convert the signal into a unit.  All manufacturers have information like this about their sensor and some are available while some are not.  Fortunately, 90% of the automotive sensors out there have this information readily available.  In the case of these EGT sensors, the formula is relatively simple.  The syntax for this uses simple algebraic expressions. Ex:  v*27735, or (v*3.5)+9.1.

Type: For sensors that use a broad output voltage range, such as 0-5V, a single input can be used.  Even for devices operating within 0-1V, a single input can be used and still maintain good accuracy and resolution.  However, for devices such as EGT sensors, which operate within a small range of 0.002V-0.040V, a differential input must be used.  A differential input requires both + and – terminals of a device to be connected to the data acquisition device.  A single input only requires the (+) terminal of a sensor and it uses a common ground.  The idea here is that low level signals are more subject to noise affecting the accuracy of the measurement and by using two input lines to differentiate between, it can more accurately detect the voltage of the signal.  Single inputs are only 12-bit resolution, but differential inputs are 16-bit.  This increases the resolution of the measurement by a factor of 16 and allows for measuring such small changes in voltage much more accurately.

Input: This specifies which input lines are used for the specified input.

There are three buttons on the bottom right of this window:

Reset DAQ Device: This will reset the DAQ device.  Same result as disconnecting and reconnecting the device.

DAQ Info: This displays firmware information of the DAQ device.

Advanced: This option opens a window that allows the user to specify sampling rates:
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This window allows the user to specify sampling rates so as to more accurately collect data.  The preset values offer reasonable accuracy for tuning, while also providing quick display refreshes of acquired data.  

DATALOGGING: All of the DAQ information displayed as well as the calculated information and map information is written to the datalog file.  When you exit out of real-time mode and re-enter real-time mode, the UI will ask you if you want to save the last datalog.  If you choose to save the information, a file-save window will open and you can name the file and place it in your desired directory.  An example of the file:
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You can see that the information relating to real-time data is logged to this file.  In a future revision of the ZEM it will have a built-in means to display this file in text or graphical form as well as allow user definable threshold limits.   Any input you define will be added to a column to the right of the information you see here.

ENGINE TUNING THEORY

Tuning your engine is probably a lot easier to do than you may expect.   It is simply a methodical process involving only a few steps and there is no guesswork to it when you run in appropriate conditions.  Appropriate conditions for tuning is going to be in a controlled environment where you are able to run the engine through its operating range and gather real-time feedback of torque, horsepower, and A/F ratio.  A chassis dynamometer provides you with all the tools you need in order to facilitate safe and reliable tuning of your engine.  DynoJet has a very accurate chassis dynamometer that has extensive capabilities to monitor and datalog an array of different sensor information.  It has been stated before and it is now stated again, ONLY tune your vehicle in this condition.  It is simply too unsafe to drive around town with your laptop in your Z and trying to fiddle with engine parameters.   Please use good judgement.

Check with your local dyno shop to ensure that they have wideband oxygen sensing capability.  This sensor datapoint is required to properly tune your vehicle.  You should not attempt to tune your vehicle without this device.  Aftermarket wideband O2 sensor kits are available if you want to have one permanently in your vehicle.  You should also check with your dyno shop to ensure that there will be no problems with you being in the vehicle during the dyno session as you will be making all of your modifications from the driver’s seat.

Since you have configuration files available to you that already have excellent mappings, the level of modification to the parameters to optimize for your vehicle will not be drastic.  Be sure that the configuration you have loaded into your Zemulator is configured for your car’s current hardware setup. 

There are complete books dedicated to this subject of which will only be elaborated on in this documentation for as much as we feel is necessary to successfully and properly use the device.  We do want you to feel confident that you are capable of tuning your vehicle safely and effectively so a good deal of caution will be expressed throughout this process.  It is vital to follow these procedures closely and only make small adjustments at a time and perform a full range dyno run between each change to acquire feedback from the changes made.  This process typically will take about an hour or two on a dyno to finely tune your mappings so be sure to allocate sufficient time for this procedure.  

You should also completely familiarize yourself with the Zemulator interface AND this tuning procedure ahead of time.  This process is not complicated and you will pick it up quickly.  

TUNING PREPARATIONS

Code 55

It should be obvious that you will want the car to be in perfect working order.  It should become a routine test every so often to check the ECU for any error codes and correct the situation before you take it to a dyno and try to tune it.  There are also a few other systems you should test in which the ECU does not have the ability to diagnose.  

· Intake plumbing: You should ensure that all of your hose clamps for the intake system are secured and that there are no leaks.  Start at the air filter and work your way through each side to ensure that everything is tight and sealed.  You should also inspect the intake plenum’s vacuum lines for any cracked/cut/missing hoses as any leaks in this system will affect A/F ratios and power dramatically.

· Fuel Pressure: An inline fuel pressure gauge should be installed and the fuel pressure should be verified.  At idle the fuel pressure should be ~35psi.  At 0 manifold pressure it should be 44-45psi.  For twinturbo Z’s you should see a proportional increase in fuel pressure as manifold pressure increases.  I.e. At 10psi of manifold pressure, the fuel rail pressure should be ~55psi; at 15psi of boost there should be ~60psi of fuel pressure.  This condition should be tested across the entire engine RPM and should not fall off at high RPM.  If it does not reach these pressures or the pressure falls off at high RPM, you will need to correct the problem before you start tuning.
· Spark Plugs: NGK plugs should be the only plugs used in the Z32 for best results.  Twinturbo models should have a gap size of 0.035”, should be one step cooler and should be in good shape. Non-turbo models can run stock gap settings, but should also go one step cooler in the heat range.  Platinum plugs should not always be used in every situation. Vehicles that employ any nitrous oxide system should only run the NGK copper series plug.  
· Air Cleaner: The air cleaner should be cleaned prior to your dyno session and inspected for any holes which may allow debris to be ingested by the engine.
· Engine Oil: It is not necessary to change the oil in your vehicle before a dyno session but it is recommended especially if the oil in your vehicle is conventional oil (non-synthetic) with considerable miles on it.  Synthetic oil is highly recommended.
· Engine Coolant: Coolant level should be checked.  A vehicle that has been experiencing some periods of overheating from time to time should have this condition corrected before dyno tuned.  
· Tire Pressure: It is important that you have proper tire pressure on the dyno.  It is beneficial to have your tire pressure up as much as you can safely fill them, but do NOT over-inflate the tires.
A dyno session is hard on the engine and you should take as many precautions as you can to ensure that your session will not end in a catastrophic event.  These are just some of the major checks one should make but there are a number of other things one should inspect the condition of.  Engine/transmission mounts, transmission fluid, differential fluid and every part of the powertrain/drivetrain/suspension should be inspected prior to a dyno.

Pump fuels vs. Race fuels

The Z32 TwinTurbo and non-turbo model both require high octane (91 and up) to be run in order to avoid detonation.  The harder you push the envelope, the greater the need for high octane fuels.  When tuning your vehicle it is strongly advised to build configurations based on differing fuels and run those configurations when you use the fuel you developed the configuration with.   This is vital for engine longevity as running an aggressive configuration that works well on race fuel will not work well on pump fuel and you will risk damaging the engine due to detonation.

Engine and Intercooler Ventilation
Typically, dyno shops have several high-output cooling fans to keep a large amount of air moving over the radiator, but don’t forget about the intercoolers.  Having sufficient cooling over the intercoolers is vital to engine safety as well as engine performance.

TUNING PROCEDURE

95% of the tuning you will be doing will only be in the fuel and ignition timing maps.  Additionally the parameters of interest are going to be the cellblocks mostly on the right half of the maps as this represents the high load condition. All of the parameters on the left half of the maps represent the low load condition and these values are not responsible for controlling the engine in the load condition we will be tuning within on the dyno.

Since the total amount of timing you will be able to run is in a large way dependent on the A/F ratio you are using, the first step is to stabilize the A/F ratio at a safe and consistent level.  If the car has no ECU error codes, it will be using the High Octane Fuel Map and the High Octane Timing Map.  This is where we will be making adjustments. 

Getting Started In The Interface:
Once you have launched the ZEMulator interface, you will see only a grey and blank page.  The initial step you need to take is to connect to the ZEMulator hardware and download the current settings.  The third button on the interface will begin this process.  Once you have downloaded the parameters, your screen will appear as such:
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At this point you can select the various options in the treeview menu to review the configuration.  

On the buttonbar there is an icon that looks like a clock – this is the real-time option which will enable real-time changes as well as open a display window at the bottom of the interface that shows you real-time engine information as well as information on any of the additional inputs you have configured.  You will also note in the fuel and timing maps that a cell is colored green.  This is indicating which point in the map is currently being used and it acts dynamically to always show the currently used block.  In the datalogging menu, the option for displaying the highlight can be changed from single point to multi-point trace.  The multi-point trace is the tuners key to success as it retains the highlighted cells until you turn it off.  When you make a dyno pull, you will want to enable this parameter so that you can see which cells were used during the course of the run, and thereby make changes to the appropriate sections of the map.

Tuning Air/Fuel Ratio

Since the maps are dependent on both engine RPM and engine load, there will be several pulls in which the A/F enrichment values will be modified over several different boost settings. The higher the boost level achieved, the higher the measured load is and you will note that the highlighted points in the maps will shift to the right as boost increases. Once a pull is complete, the dynamometer display will show the torque, horsepower, and the A/F ratio.  Each of these points will be plotted in reference to engine RPM. The key to building a map is to start with the lowest boost setting, perform several WOT pulls while using the multi-point trace and dyno feedback to adjust the parameters.  Once the load range is optimized for that boost level, raise the boost 1psi at a time and continue modifying the map values to optimize for the new load range.

The purpose of the multi-point trace mode is to allow you to see what points in the map were being used through the entire pull so that you can now make appropriate changes to the fuel enrichment values to stabilize the A/F ratio.  At 9psi of boost, a 12.5:1 A/F ratio is a good target mixture to use.  The boost is low enough that the parts will not experience enough heatsoak to produce detonation even on long highway pulls.  Make adjustments to the values in the fuel map to bring the A/F ratio closer to your target ratio.  Changing by 5% increments is a safe step and will give you a feel for how the A/F is affected by making these small changes.  Once you have made your changes, select the trace mode button twice (“D”) to clear the highlights and re-enter the multi-point mode.  You are now ready to perform another pull.  Repeat this process until you have stabilized the A/F ratio at 12.5:1 for this boost setting.  

Tuning Ignition Timing

Now that the A/F ratio has been set, you are ready to move on to the ignition timing table.  You will note that when you switch to the High Octane Timing Map, you will still see the multi-point trace highlights in this map (if you were previously in the same mode while in the fuel map).  

The key to ignition timing is to find the upper limit of timing advancement until you hear the first audible knock.  Keep in mind the trends in ignition timing that we discussed earlier and increase all of the values by a value of 1 or 2 degrees for that load column being used.  They should all be close to the same values from about 3200RPM up to ~5800RPM and then drop a degree after 5800RPM.  At the point you hear audible knock, you are at the ragged edge and you should back off on the timing parameters by 2 degrees for a good safety cushion.  

At this point you have optimized the parameters for this load range and you are ready to move on to a higher boost setting. You will need to perform another multi-point trace pull and stabilize the A/F ratio for this higher load band and then move on to the ignition timing table and find your limits and buffer accordingly.  Keep in mind that you are NOT trying to achieve ‘x’ horsepower in these pulls.  The engine can only produce as much power as its parts will allow and you have to cater to those limits.  All you are doing as the tuner is optimizing the conditions to allow the engine to produce the most power it can, safely.  

The ignition timing has a lot of control over power, much more than A/F ratios do but they are both important variables that need to be properly set.   With the timing you can add in a degree of safety although it comes at the expense of power.  Engine safety should be your primary concern closely followed by performance, but these are two conflicting objectives so finding the timing point that offers the best power and best safety simply does not exist.  You should place yourself on the safety side of the margin and the guidelines addressed above will not steer you wrong.

Scaling Your Maps

One of the things you need to determine for yourself is what your maximum boost level is going to be.  The TP values along the top of the maps are correspondent to engine load so as your boost increases the TP value achieved will also increase.  It is possible to generate a higher TP value than the last column of the map.  The ECU will not fault and stop the engine when this happens, it simply begins to ‘guess’ on what it should do.  This condition is not optimized and you should strive to scale your maps appropriately.  As you are building your mappings through your boost levels, you will be able to determine what your maximum TP value needs to be.  The datalog file will also records the TP values so you can review that file to get the actual TP value you were achieving in a run if you are going beyond the bounds of the fuel map scale.  It is a good idea to set the last column’s TP value to within 10% of your maximum TP.   

*** Keep in mind that the fuel maps have different TP and RPM  scales from the timing maps, so you will need to modify the values in both the fuel and timing maps independently. ***

It is advantageous to a degree to actually set that last TP column value slightly less than your peak TP.  This makes it very easy to adjust fuel and timing when at your peak output as the ECU will simply use the values in the last column.  You can take advantage of the TP Limit (fuel cut) if you want to configure the vehicle for the maximum allowable boost.  Most people with this device will likely have electronic boost controllers that are reliable – at least a lot more reliable than a manual boost controller.  It is advised to take advantage of the TP limit in either case though as it instills an additional layer of safety into your configuration.

Take a look at the spread of the TP values across the map and you will note that they are generally spaced out linearly.  Recall that we do not really want to affect the low/mid range values in the map and correspondingly, we do not want to affect the TP values for that region of the maps either.  You only need to adjust the TP values for the last few columns of the map to spread out the coverage area if you are pushing higher TP values than your map is scaled for.

Correspondingly, your RPM scales should cover the range of RPM that you are planning to operate the engine within.  

Building Your Maps

This is the moment you have been waiting for!  While we have gone through all of the pre-dyno precautions, there are additional things you need to monitor throughout the dyno tuning process.  Engine temperature, oil pressure, fuel level, boost pressure and any dash lights should be monitored during your dyno session.  Do NOT perform a pull if there are any issues – there is no reason to expire an engine just because you don’t think its as hot as it says it is.  Common sense should tell you these things but it needs to be stated.  Just pay attention to things, listen to the engine, go with your instincts and if something doesn’t seem/feel right, don’t press your luck. It just isn’t worth blowing an expensive engine.

It has been mentioned before that the process of tuning will (should) cover more than just one boost setting.  The stock configuration in the mappings for the low/mid load regions will provide good response, fuel economy and low emissions so it is not recommended to alter these values, or not to any significant amount without a wideband O2 sensor, EGT sensors AND a 5 gas analyzer.  On a chassis dynamometer the configuration changes you will be concerned with are in the high load areas of the maps.  

The theory behind building the high load region 1-2psi at a time, starting at your lowest boost setting (~7-9psi) is that you will build a continuous fuel map which will always run the correct A/F ratio while you are running the car in real-world conditions.  You are not always at WOT running up to redline so you need to configure the high load mappings for every condition.  Turbos do not instantly make boost pressure so there is a period of time when the load is sweeping across the map as RPM is increasing.  When shifting through the gears there are times when you will hit boost levels at certain RPM that you cannot possibly achieve in just a long WOT pull on a dyno so you need to build these mappings over differing load intervals.  Granted, this only really works for those who have a boost controller.  For those with boost jets or manual boost controllers, there is some degree of guesswork you can do which will keep things safe, but a BC is highly recommended to use for the reasons listed above.  You will also benefit from quicker spooling and elimination of boost spikes when using a quality electronic boost controller.

Those who do not have a boost controller will only be able to tune the high load parameters that their car uses.  However, there are trends in the fuel maps that one can take advantage of to build their maps from the midrange up to the high load region.  Typically to achieve an 11.0:1 A/F ratio, there will be about 40-45% enrichment (with 93 octane pump fuel) in the high load region. Your last column in the map should be set to a TP value as close to your peak TP achieved in your runs.  Once you have configured the A/F ratio and you see the trend of the parameters through the RPM at that boost setting, you will get a good idea for how well the fuel system delivers fuel and how well the engine burns it.  From this trend you can base your mappings for the load columns just under the level your car achieves and slowly taper off the enrichment as you move from the high load columns towards the midrange loads.  At the point where the map switches to closed loop you should have values around 8-16% enrichment in the open loop (blue) region. 

It is always a good idea to ‘smooth’ your map parameters.  You don’t want large variations in value from one cell to the next since this will affect the ‘smoothness’ of the engine operation.  This also applies to the timing maps.  An engine has smooth variations in efficiency and operation and there are no abrupt changes in the dynamics of how it works.  Correspondingly there should be no large jumps in the configurations of the ECU because the ECU is catering to the requirements of the engine.  The engine’s ultimate output will be dependent on how the ECU is configured, but as a tuner you are optimizing the performance of the hardparts by way of the ECU.  The ECU will not make an engine that is only physically capable of producing 300HP magically develop 400HP.  

VTC Release RPM

Once you have stabilized the A/F ratio and ignition timing, it is time to adjust your VTC release RPM. 

Twinturbo models will also find benefit in adjusting this parameter from the stock setting as it is very unlikely you will be performing this level of tuning while running only at 9.5psi.  

Going a bit more into detail about how adjusting this parameter actually works, we hope to enlighten you on this rather complex subject.  

Turbochargers are typically built with similar sized wheels for the compressor and turbine section.  This is done to match the flowrates of gases moving through them so that they both operate within the same efficiency ranges. A small turbine will spool quickly but it will also generate excessive backpressure at high RPM. The stock turbos are small enough that around 5000RPM there is enough backpressure in the exhaust that this becomes an issue.  The VTC system is designed to allow valve overlap through the low to mid range RPMs to help clear out the exhaust gases in the combustion chamber.  It actually works because the intake manifold is usually under more pressure than the exhaust manifold is. Then it is simply a matter of higher pressure blowing lower pressure through the cylinder.  However, at higher engine RPM when there is increasingly more gas flow through the engine, the stock turbos become restrictive.  This restriction becomes great enough that the exhaust manifold is now at a higher pressure than the intake manifold is and instead of the clean intake air blowing the exhaust gases out of the chamber, it works just the opposite.  Now you are blowing hot exhaust gases into the combustion chamber for that short period of valve overlap. When the exhaust manifold is at greater pressure than the intake manifold, the valve timing advance needs to be released to reduce the valve overlap.  Finding out where that point is at can be determined by monitoring the torque curve displayed on the dyno machine.  It should also be configured while running at the maximum boost setting you safely run.  Set the VTC release to 500RPMand perform a dyno pull.  By setting it to 500RPM, it will never be in VTC advancement mode.  Observe the torque curve.  Let the car sit for a few moments to drop back down to the temperature it was at for the previous run, and increase the VTC release value to your RPM limiter + 500RPM and repeat the process.  In this mode, the VTC advancement will never turn off.   Compare this dyno run to the previous run, paying attention to the torque curve.  All dynojet software will allow you to overlay two runs and see them on the same graph.  You will note that there is a point where the torque curves intersect at high RPM; one curve will peak sooner and the other later.  The RPM at which they intersect is where you want to set your VTC release RPM value.  If you make another pull and compare it to the previous two, you will see the torque curve follow the peak of both runs and your horsepower will be higher.  This is the empirical method of determining the VTC release RPM and it will work every time.

Letting Things Stabilize

These ‘open loop’ parameters we are changing have a direct effect on the system and you will notice immediate changes in engine performance each time you alter a parameter. However, there is benefit in performing a few final runs without any alteration once you have configured everything. There are several reasons for this.  For starters, performing a few pulls back to back with little time between pulls allows the engine to experience a degree of heatsoak.  By doing this you are pushing the engine to the upper limits.  If you have buffered your settings with enough safety, you should not experience any detonation.  Never should you build a configuration on a cool engine as this is not a real-world scenario and it can come back to haunt you on a really hot day where you are having a bit too much fun.  You have to keep this in mind while tuning. There will not always be optimal conditions to run your car in so you, as the tuner, must properly setup your configuration to handle when these conditions may arise.

Beyond The Dyno

After you have left the dyno and proceed to take your car out into the real world you need to keep in mind the fact that you have just finished performing what amounts to as brain surgery on your car.  You should be very keen on what is going on under the hood and observant of all your gauges.  Leave your radio off so you can hear the engine.  Weather permitting, leave your driver’s window all the way up and drop your passenger window all the way down.  This will allow you to hear any detonation if there is any as there are usually hard objects along the right side of the vehicle while driving. Curbs, walls, etc, all reflect sound and you will be able to hear detonation very well if it occurs.  By leaving the driver’s window all the way up, you eliminate a lot of the air turbulence in the vehicle so you can hear the engine much better.  You should drive the car as you normally would in daily driving to ensure that everything is good. 

Be aware of the environmental conditions too, especially on hot days.  The engine and the induction system can experience heatsoak and this can produce conditions that can cause detonation to occur.  The easiest and safest thing to do is simply to lower the boost a pound or two on these hotter days for added safety.

Not all fuel is created equally!  There is actually a good bit of variation in the actual octane of the fuel you get from pump to pump.  After refueling you should pay some attention to the engine for the first 10-20 miles and give it a few good runs.   If you hear any detonation after refueling and nothing else has changed, it is likely that the fuel you just bought is sub-standard.  Buy a bottle of octane booster and observe the engine again under heavy load.

As with any high performance machine, there is always something to be done to them.  There will never be a time when everything is ‘finished’.  There will always be bigger turbos, this bolt-on or that bolt-on you want and then there’s the need for the time to install it.  But one of the biggest parts of a high performance machine is maintenance.  A strict maintenance schedule should always be stuck to religiously.  Oil change and new oil filter is the single, most important maintenance of them all.  If it were not for about 0.001” layer of oil on the bearing components in your engine, it wouldn’t last even for one full load dyno run.  Bearings would quickly overheat and seize, likely breaking a connecting rod stud and stuffing it out the side of the block or through the oil pan, so CHANGE YOUR OIL & CHECK YOUR OIL LEVEL.  Use high quality synthetic oil – it is designed exactly for the extreme conditions that your engine will put it through.  Turbochargers get incredibly hot, hot enough to glow, even in your car.  Turbos are fed a supply of oil too and when oil is passed through them, it is exposed to much higher temps than in any other part of the engine. This is also why you have an oil cooler, but the oil still has to go through the turbos and it takes a beating in the process.  The harder you run your car, the quicker the oil gets broken down so be sure to change your oil!  This is only the tip of the mountain of maintenance associated with a car producing a lot of power.  At this level you should own a Nissan service manual for your Z, without question.  Follow the maintenance schedule and add to it.  There is no such thing as too much preventive maintenance.







