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IntelliJect is more than a simple fuel injection system. It was designed for autonomous aerospace 
applications and contains features that can improve the performance and reliability of aerospace 
systems. This document highlights some of the more important, but sometimes overlooked, 
features of IntelliJect that can improve your system. Refer to the IntelliJect User’s Manual for 
details on all features of the IntelliJect fuel injection system. 
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I. THROTTLE CONTROL 

Perhaps the most useful feature of IntelliJect is the ability to separate the throttle command from 
the throttle control. Throttle command can be received via communications (serial or CAN) or a 
PWM input signal. The throttle output can be sent over CAN to a servo, or via a PWM output to 
a servo. The ability to interpret the commanded throttle allows for advanced behaviors: 

• Enforce minimum and/or maximum throttle limits. 

• Limit the rate of change of the throttle. 

• Curve the throttle to linearize the engine power response versus command. 

• Enforce RPM limits or allow for direct RPM command. 

A. Minimum Throttle 

Minimum throttle is determined from two tables: the limit comes from the table that has the 
largest minimum throttle. If the engine is cold, or the air density is thin, you can use these tables 
to prevent the throttle going low enough to stall the engine. An example of two minimum throttle 
tables that encode these behaviors is below. 

 
Figure 1. First minimum throttle table – prevent stalling due to cold temperatures. 
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Figure 2. Second minimum throttle table – prevent stalling due to low air density. 

B. Maximum Throttle 

Like the minimum throttle the maximum throttle can be set using two tables. When setting these 
tables consider: 

• If the engine is cold limit the throttle because high loads and cold temperatures could 
cause thermal stress to the engine. 

• If the engine is hot, limit the throttle to prevent catastrophic overheating. 

• If the air density is high, you may want to limit the throttle to prevent knocking. 

• Knocking can be further mitigated by limiting the low-speed throttle, only allowing the 

engine to reach full throttle output at high engine speeds. 

 
Figure 3. Maximum throttle table – limit throttle for air density or overheating. 



Page 4 

 
Figure 4. Second maximum throttle table – prevent high load at low speed. 

C. Throttle Curve 

The power produced depends on the throttle position and engine speed. However, even 
increments of throttle position do not result in even increments of engine power. In most 
applications the throttle is commanded by a flight control system whose control laws will perform 
much better if the throttle to power transfer function is linear. Use the throttle curve feature to 
linearize the response. This is easily done for fixed pitch propeller applications using tools built 
into IntelliJect Display. 

 
Figure 5. Chart of engine test data used to compute the linearized throttle curve. 

The resulting throttle curve will not only improve the flight control performance, but it will also 
be used by IntelliJect’s own feedback control laws that govern the engine RPM. You can also use 
the curve to harmonize differences between engines – so the flight controller can be tuned for a 
single engine response curve, even if the engine hardware changes. 
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Figure 6. The throttle curve built from the test data – linearizing the cube of RPM. 

D. Low and High RPM limiter 

IntelliJect provides the option for direct RPM control, which engages a control law that moves 
the throttle to achieve a desired RPM. However, this control law can only be used if the flight 
controller can generate an RPM command. In most cases the flight controller would prefer to 
generate a throttle command. You can still use the RPM controller in those cases: 

• Turn on the “Throttle commands RPM” feature, which will convert the throttle command 
to an RPM command. See the IntelliJect User’s manual for more details. -OR- 

• Turn on the “Low RPM limiter” and/or the “High RPM limiter”. 

 
Figure 7. Rapid throttle changes without and with the rpm limiter engaged. 
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The RPM limiter works by overriding the throttle command if the engine is on its way to violating 
the minimum or maximum RPM. Enabling the limiter can allow you to relax the throttle limits a 
bit – letting the engine idle lower or get closer to redline. 

The limiters work using the same feedback 
strategy as the RPM controller (in trajectory 
mode) so the controller must be well tuned. 
See the IntelliJect User’s manual for details. 

In Figure 7 the limiters were set to 3300 and 
7500. You can see that throttle commands 
which would not violate the limits are not 
significantly affected, but large throttle 
commands are overridden to keep the RPM 
from exceeding the limits. For illustration 
purposes in this example the throttle was 
allowed to move at 200%/sec, and the 
throttle limits were turned off. Normally you 
would choose a slower throttle rate and have 
more conservative throttle limits. 

 
Figure 8. Enabling rpm limiters. 
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II. FUEL INJECTORS 

Unlike large automotive engines with oxygen sensors and carefully sized injectors, the typical 
small aerospace engine does not have mixture feedback and must work with off the shelf 
injectors that are not sized optimally for the engine. IntelliJect has multiple features to manage 
the idiosyncrasies of the injectors. Using these features improves reliability and accuracy. 

A. Injector Characterization 

IntelliJect works by computing the desired mass of fuel to inject. The fuel mass is used to compute 
the injector opening time, which depends on three terms called the injector characterization: 

• The flow rate through the injector when it is held open, at the designed fuel rail pressure. 

• The injector trim: the amount of time needed to open the injector before any fuel flows. 

• The injector minimum opening time, which is the amount of time below which the 
injector output is not linear. 

All three injector terms can be determined by measuring fuel delivered as a function of the 
injector opening time. You can use the IntelliJect test mode feature, in combination with an 
independent fuel flow meter, to make the measurements. In this example IntelliJect operated 
the injector for 60 seconds at various duty cycles (while maintaining fuel pressure). For each test 
the fuel delivered was measured, and the pulse width and fuel per pulse are computed. 

Table 1. Injector calibration data. 

Ne (RPM) ∆t (s) Duty (%) Fuel (g) PW (ms) FF/pulse (mg) 

 

3000 60 3 0.00 0.60 0.00 

3000 60 4 0.20 0.80 0.07 

3000 60 5 1.55 1.00 0.52 

3000 60 7 2.88 1.40 0.96 

3000 60 10 4.71 2.00 1.57 

3000 60 15 7.54 3.00 2.51 

3000 60 20 10.38 4.00 3.46 

3000 60 30 16.18 6.00 5.39 

3000 60 50 28.34 10.0 9.45 

3000 60 75 43.30 15.0 14.43 

 
Figure 9. Plotted injector calibration data. 
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The slope in Figure 9 is 0.9912 milligrams of fuel per millisecond of opening time, this translates 
to an injector open flow rate of 0.9912×60 = 59.472 grams per minute. The offset is -.4665 
milligrams at zero opening time. This means the opening time for zero fuel (i.e. the injector trim) 
is .4665/.9912 = 0.470 milliseconds. 

Clearly, the injector does not produce negative fuel flow when the opening time is zero; the offset 
computed above is a result of the injector pintle opening slower than it closes, and it implies that 
short injector times will have a non-linear response. The curve fit in Figure 9 does not use the 
first two points of the calibration data because of this effect. This leads to the third injector 
characterization term: the minimum opening time. Opening this injector for less than 1 
millisecond will result in non-linear response. 

 
Figure 10. Example injector trim table. 

The injector trim also depends on the voltage 
of the injector rail, and on the fuel pressure. 
Each of these variables will change the speed 
at which the injector pintle moves, affecting 
the opening versus closing times. Therefore, 
a complete injector characterization will 
include trims at different voltages and fuel 
pressures. Note that the fuel flow rate only 
needs to be measured at one fuel pressure, 
IntelliJect will automatically compensate 
based on the square root of the fuel pressure. 
Also note that varying voltage is only an issue 
for versions of IntelliJect that do not include 
the 12V regulator. 

Why should you care? 

Consider the implications of ignoring the offset term: If an engine used 10.38 grams/minute of 
fuel at 3000 rpm at sea level, the injector would need to open for 4 milliseconds on each 
revolution. However, if the engine goes to 22,000 ft the same operating condition will demand 
half the fuel (the air density is half at 22,000 ft). Without the injector offset IntelliJect would 
compute an injector opening time of 2 milliseconds, which would not produce the required fuel 
flow, leading to an engine that was 10% too lean. With the offset IntelliJect would correctly 
compute that half the fuel would be delivered at an opening time of 2.235ms instead of 2ms. In 
addition to the correct mixture control, the fuel used estimate is also more accurate if the injector 
is properly characterized. Both benefits will be highly appreciated by users of your engine. 

B. Injector Dynamic Range 

Little engines have a wide speed range, and this combined with the dearth of options for small 
injectors means you may be working with an injector that is too big for the engine. IntelliJect can 
help with this by specifying the minimum opening time. If the injector time (before the trim is 
applied) is less than the minimum opening time IntelliJect will simply skip the injector event, 
adding the skipped injector time to the next injector output. Note that the injector trim is only 
applied once per injector output. Depending on settings IntelliJect may skip multiple events in 
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succession. For manifold-injected two-stroke engines the skipping is not problematic, as many as 
five outputs may be skipped before you notice the engine behavior change, as long as the total 
fuel delivered remains correct (Four-stroke engines cannot tolerate as much skipping). 

Utilizing the injector minimum 
opening time will improve 
linearity and increase the 
options available for injector 
selection. Also consider the 
altitude case: you may not 
need to skip outputs at sea 
level, but as the engine goes to 
altitude the reduced fuel flows 
may need skipping to remain 
accurate. 

The final dynamic range 
consideration is injector deficit 
tracking. 

 
Figure 11. Injector minimum time and deficit tracking. 

Deficit tracking remembers the difference between what was asked for and what was delivered. 
There could be a difference due to a temporary loss of fuel pressure, or due to a transient fueling 
condition that needs more than 100% injector duty. Deficit tracking remembers the difference 
and applies it to the next injector output event. Deficit tracking even works for negative fuel flows, 
which may arise due to transient fueling requirements. 
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III. REDUNDANCY 

IntelliJect has several redundancies built in that can improve the reliability of your system. The 
redundancies are cheap insurance that might keep an engine running well enough to come home, 
saving an expensive aircraft. 

A. Dual crank sensors 

The crank sensor is a critical element of any ECU; if it fails your engine will stop. Install two sensors 
and connect both to IntelliJect. Not only will your engine keep running if a sensor fails (most 
commonly due to a broken wire) but you will get more benefits: 

• With two sensors you can tell IntelliJect which one you prefer, and it will use that sensor 
unless the sensor has a problem. You can even let IntelliJect choose the preferred sensor, 
which it will do on a per-output basis, choosing the sensor which is closest in position to 
the output event. 

• The two sensors cross check each other, so if a sensor is having a problem, not only will 
the engine keep running, but you’ll get an error indication telling you which sensor is bad. 

• If the two sensors are spaced appropriately IntelliJect will determine the direction of 
rotation based on the timing of the sensors. The rotation information can be used to 
prevent the engine from running in the wrong direction; if, for example, your customer 
attempts to crank the engine in reverse direction.  

• When both sensors are working IntelliJect will report the crank angle of sensor #2 as 
measured by sensor #1. If this value does not match expectations, you know at least one 
of the sensors is not where you think it should be. 

• The sensors can be dissimilar types if desired: a multi-tooth wheel sensor for one input, 
and a simple once-per-rev sensor for the other – or any combination you can dream up. 
IntelliJect treats the sensors completely independently. 

B. Multiple temperature measurements 

IntelliJect has four temperature inputs, configured to measure RTDs or thermistors. Even if you 
only have a single cylinder, you should use at least two cylinder temperature sensors. If a sensor 
fails (again, most commonly due to broken wires) IntelliJect will flag the sensor as bad and use 
the other one. 

For multi-cylinder engines you can use multiple sensors to affect cylinder-specific cooling control 
and cylinder-specific injector control. Again, if a sensor fails, IntelliJect will use the good sensor 
for both cylinders. 
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IV. MAINTENANCE AND ELECTRONIC LOG BOOKING 

IntelliJect keeps track of key “wear” variables: 

• The total time the engine has been running. 

• The total number of revolutions the engine has made. 

• The hottest temperature measurement. 

• The amount of time the engine has run while hot. 

• The amount of time the engine has run at a high load. 

• The number of times the engine has been started. 

While these variables are interesting in and of themselves, they are useful for maintenance 
tracking and electronic log-booking. You can configure a list of maintenance tasks to be 
performed as a function of these variables. Once the relevant variable has passed the 
maintenance threshold an error bit is reported to the user. For example, the starter belt might 
need replacing after 100 starts, or the engine overhauled after 500 hours. 

IntelliJect provides an interface for indicating that maintenance has been done, clearing the error 
bit. At the same time an electronic logbook entry is made indicating the service, when it was 
done, and who did it. Maintenance workers can also add their own free form entries to the 
electronic logbook. 

 


