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Ducati Monster 797 Air Temperature Sensor fuel quantity regulation
1. Introduction
When installing a racing exhaust system on your motorcycle, the exhaust gases can flow out smoother, and also a small
part of the fresh mixture (air + fuel) flowing in the cylinder during intake phase could flow out from the exhaust valve
during the overlapping phase (when both intake and exhaust valve are open together) without being burnt. As a
consequence, the concentration of fuel in the cylinder during combustion becomes smaller, and unless the gasoline
quantity is increased a bit, the mixture is likely to become “lean” (too much air, too few fuel) and the combustion
becomes worse, with the risk of overheating the engine. In other words, the engine runs in dangerous conditions.
When the engine works in “closed loop” control mode using the lambda sensor, the fuel-air ratio is controlled by
adjusting the injection quantity to keep the target ratio, and therefore there’s no issue to combustion, but during full
throttle accelerations, when the engine control unit runs in “open loop” mode, there’s high risk to have a lean mixture.
In order to avoid that, it is necessary to somehow increase the fuel injection quantity with respect to the “standard”
map included in the original ECU. This could be achieved by installing expensive additional modules such as Power
Commander or similar, but the remap work is very hard, moreover the weight of the motorcycle increases, and you get a
reduction of reliability (one more additional part which could break and stop the engine, in case of failure).
So far, if your target is to increase the fuel by just few percentage points, the cheapest, reliable and most effective
method is to work on the air temperature sensor to trick the ECU and make it think that the air temperature is lower
than the real one. In fact, air density (therefore oxygen concentration) increases when temperature reduces, and the
software in the ECU compensates the increase of oxygen by adding more fuel, in case it detects low temperature.
Conclusion: if you can trick the Engine Control Unit to think that the temperature is, let’s say, 10℃ less than the real air
temperature, you can get an increase of about 3% of fuel injected quantity. The ideas explained in this paper are the
same ones applied on the commercially available product “Booster Plug”: by following this guide, you can make a similar
product by yourself spending just 20 dollars, instead of 200 dollars for the Booster Plug available on market.

2. Air temperature sensor characteristic introduction
Most Ducati motorcycles on the market are equipped with the following sensor. It is an NTC (Negative Temperature
Coefficient) thermistor manufactured by Magneti Marelli (code: ATS05), the Ducati part number is 55240121A.
Original sensor characteristic (Temperature-Resistance).

% Input data
T_C_raw=[-40,-30,-20,-10,0,10,20,30,40,50,60,70,80,90,100,110,115];
R_raw=1000*[100.95,53.1,29.121,16.599,9.75,5.97,3.747,2.417,1.598,1.08,0.746,0.526,0.377,
0.275,0.204,0.153,0.102];
T_K_raw=T_C_raw+273.15;

Notes about variables listed above:
• T_C_raw: it is the air temperature array, in Celsius degrees.
• R_raw: it is the sensor resistance array (each resistance value is taken at the given temperature from the above
array “T_C_raw”).
• T_K_raw: it is the air temperature array, in Kelvin.

Thermistor simplified model
In order to simplify the following calculations, I used the simplified mathematical model shown below.
The model simplifies the thermistor characteristic assuming an exponential curve, therefore only 2 parameters are
necessary to characterize a thermistor: a “beta” decay factor, and the resistance at a known temperature.

B_eq = (log(R_raw(5))- log(R_raw(8)))/(1/T_K_raw(5) - 1/T_K_raw(8));
r_inf = R_raw(5)*exp(-B_eq/T_K_raw(5));
R_eq = r_inf*exp(B_eq./T_K_int);
R_Tamb = interp1(T_C_raw,R_raw,25,'spline');

The simplified model characteristic has the following parameters:
• r_inf = 0.00738114142173356 Ω  resistance at T=∞
• B_eq = 3849.73500516414  equivalent “B” (or “Beta”) factor
• R_Tamb = 2997.60547838973 Ω
The interpolated resistance at 25℃ is 2997.60547838973 Ω. And beta is 3849.73500516414.

The following picture shows the comparison between the simplified exponential model (blue line), and the circular
points from the data-sheet of the sensor. As you can notice, the approximation is very good. The X-axis shows the
temperature, in Celsius degrees, while the Y-axis shows the resistance of the sensor.

The following is the same picture plotted using Python.

3. Circuit to build for making your own “Booster Plug”
The circuit that we have to realize is shown in the picture below. Basically, we are going to insert an additional resistance,
as a “man-in-the-middle”, between the original air temperature sensor (right) and the ECU (left). When adding a
resistance in series, the total resistance is the sum, so the total resistance seen by the ECU is higher than the resistance
of the sensor itself. Therefore, since (according to the thermistor exponential curve shown in the previous chapter), a
higher resistance corresponds to a lower temperature, the ECU will be tricked to think that the air temperature is lower
than what it really is.
Theoretically, you could put a fixed resistor in series with the air temperature sensor, but in such case, the delta
temperature at high air temperatures will be much higher than at low temperatures, so your motorcycle will have richer
mixture at high temperatures, and leaner at low temperatures, which is not good.
In order to avoid this issue, we don’t put in series a simple resistor, but a thermistor, which reduces its resistance at
higher temperatures, so that the delta temperature is more stable, and therefore the increment of gasoline is more
constant throughout all air temperature range (i.e. from -10℃ to 30℃, the increment percentage of gasoline will be
quite constant, let’s say 5-6%).

In my case, I put in parallel 3 thermistors which I bought on Amazon for just less than 10 dollars. These thermistors have
a “beta” factor of 3950, and a nominal resistance at ambient temperature (25℃) of 10 kΩ (10000 Ω). By putting 3 of
them in parallel, the overall resistance at a given temperature becomes one third, therefore at ambient temperature the
resistance is 3333 Ω. In addition to that, to reduce a bit more the resistance, I added an additional fixed resistor in
parallel, also 10 kΩ, so the total resistance in series is 2500 kΩ at 25℃ (because it’s like having 4 resistors of 10 kΩ in
parallel).
If I just put the 3 thermistors in parallel, the increment of injected gasoline would have been 5-6%. However, since I put
an additional resistor in parallel, the actual increment is a bit smaller, 4-5%. Just remember this simple rule: the more is
the resistance, the more you have an increment of fuel injected. By adding a resistor in parallel, I reduced the resistance.

The components you need to buy to implement the above circuit are:
Thermistors: I bought the following ones, 5 pieces, for 988 Yen (about 9 dollars). These thermistors with B=3950 and
nominal resistance (@25℃) of 10kΩ are pretty common and cheap. You need to connect 3 of them in parallel. They
already have a 1 meter long cable, so I did not need any additional cable. Putting 3 of these sensors will ensure an
increase of injected fuel of 5% ~ 6% in the whole range of temperatures between -10℃ and 40℃. If you want to reduce
it a bit, you can add another sensor (4 instead of 3), or simply put an additional constant 10kΩ resistor in parallel (you
must buy it separately in an electronics store, it will cost few cents).

Connectors (female and male): you can buy cheap connectors on Aliexpress, for just 9 dollars (see the image above).
You can search the following keywords: 12162193, 12162195, 12162215. The below connectors better fit the sensor side
connector (fixing points on the side), but the above ones will already do their job, so the below ones are optional.

4. Experimental results
The graphs below show the results I obtained with a 10kΩ resistor in parallel to the 3 thermistors. Please refer to the
orange curve (theoretical results). The increment is 3% at 0℃, and it rises up to 5% at 30℃. I have obtained the blue
points by analyzing the OBD2 data that I got using a ELM 327 adapter. The actual increment is slightly bigger than the
theoretical one, due to drift of the components, and measurement accuracy of ECU analog-to-digital converter.

If you wish to achieve higher injected fuel percentage increment, you can avoid mounting the 10kΩ parallel resistor, and
in such case the characteristic becomes as following. The increment is more stable, between 5% and 6% in the whole
range of temperatures from 0℃ to 30℃. If you have a racing exhaust (such as Termignoni, Akrapovic, SC Project, etc.)
and also a modified air filter, I suggest to use this configuration.

