
D etonation and Pre-Ignition in Light 
Aircraft (part 2)

In part one of this article we discussed the foundation and theory of detonation 
and pre-ignition. In this article we want to expand upon that foundation and look fur-
ther into the real world results of pre-ignition and detonation. To recap, pre-ignition is 
a situation in which the fuel-air mixture in a spark ignition engine ignites before the 
timed spark. Detonation is simply the spontaneous combustion of end gases ignited 
by reaching their critical temperature prior to being reached by the normal flame front.

The method by which we prevent detonation, under normal circumstances, is by 
providing a high enough octane fuel to prevent spontaneous ignition of the end gases 
before the normal flame front reaches them. The higher the octane, the greater tem-
perature necessary for spontaneous combustion. 

One of the more important factors, when looking at engine operation, is to look 
at the normal combustion pressure curve on our diagram (Figure: 1). There is a giv-
en distance from the spark (point of ignition) until TDC (top dead center) and for that 
matter, any other point within the power stroke. This also means that at a given RPM 
and throttle setting there is also a specific time interval from the point of ignition until 
TDC. The amount of fuel that is burned from the 
point of ignition until top dead center can be di-
rectly related to this 
time interval. The 
longer the time in-
terval the more 
time available 
for fuel to com-
bust. This means 
more pressure, 
and more tem-
perature, within 
the combustion 
chamber both 
before and at 
TDC.

If we want 
to relate this to 
pre-ignition, or 
even improper- Figure: 1   Cylinder Pressure



ly timed magnetos, you can get an even more dramatic indication of what will happen 
inside of the combustion chamber. (Figure: 2) In its extreme, pre-ignition, allows a 
significant amount of the fuel to be burned before we reach top dead center. This can 
easily raise the temperatures and pressures within the combustion chamber to the 
point of self ignition and detonation. The “cutting torch” effect at the ring end gap, and 
the “shock wave” disruption of the carbon deposits in the same area are the results of 
detonation. These end gas pockets of spontaneous combustion are the result of tem-
peratures and pressures within the combustion chamber reaching critical tempera-
ture. However, the primary cause of the pressure and temperature increase is a re-
sult of the fuel being ignited long before the normal spark. The greater the amount of 
fuel which is burned before top dead center, means the greater the temperature and 
pressure and consequently, less fuel and energy available after top dead center to be 
directed into the crankshaft to produce power. This loss of power can be catastrophic 
to the outcome of the flight. Even with the best of circumstances, a dead stick landing 
with a successful outcome still leaves you with an engine suffering substantial inter-
nal damage. 

In this example (Figure: 2) of pre-ignition is on a Rotax 582  piston from a Quick-
silver GT-500, a complete forensic analysis found the cause of the accident to be re-
lated to a minor, but persistent leak in one of the hoses attached to the water pump. 
On the third takeoff of a three leg cross-country flight, the aircraft suffered engine 
stoppage shortly after departure. It was found that the water in the radiator and en-
gine had dropped to a sufficient point, no longer providing cooling for the cylinders 
and head. As the cylinder heads heated up, the spark plugs were no longer able to 
dissipate the heat and created a hot-spot on the spark plug. This allowed the fuel air 

Figure: 2   Rotax 582 Piston with Pre-ignition and Detonation



mixture to ignite before the normal ignition source causing the classic pre-ignition and 
subsequent detonation. We know that the temperatures and pressures that occur 
during pre-ignition and detonation are extremely high. (Figure: 3) Shows melting of 
the spark plug metal electrodes. These electrode deposits can be seen on the perim-
eter of the spark plug as well as the top of the piston. In addition, the temperatures 
were high enough on the ceramic insulator to create indications which look like bub-
bles of melted glass. 

Let’s be clear, the pre-ignition is what is allowing the pressures and temperatures 
to increase to the point of spontaneous combustion (detonation) of the fuel air mix-
ture. However, it is the detonation that is doing all of the damage. Pre-ignition almost 
always leads to detonation and detonation has the possibility of heating spark plugs 
or carbon deposits to the point of creating pre-ignition. Identifying the cause of the 
damage, or failure, is usually what allows us to be able to identify whether or not 
pre-ignition was the instigator. 

Detonation by itself, without the component of pre-ignition, requires that the pres-
sures and temperatures within the combustion chamber to become critical by some 
other means than igniting the fuel too early. Interestingly enough, there is another 
element that is similar to pre-ignition. When we overload an engine, let’s say, for ex-
ample, by adding too much pitch into the propeller, what we are essentially doing 
is slowing down the time interval from the ignition point until top dead center. This 
essentially allows more fuel to be burnt over a smaller distance of crankshaft trav-
el. This, in turn, increases the pressures and temperatures within the combustion 

Figure: 3   Spark Plug Pre-ignition and Detonation 



chamber. If the pressures and temperatures become critical simultaneously with the 
normal flame front reaching the last remnants of unburned fuel/air, there may be no 
adverse effects on the engine whatsoever. However, if the pressures and tempera-
tures become critical prior to normal flame front reaching the end gases, there will be 
detonation. (Figure: 4) shows three examples of Rotax 582 pistons exposed to differ-
ent levels of detonation. On the far left we see the dome of the piston in its original 
configuration as, an example, without any detonation. In the center, we see a piston 
with a “dent” caused by detonation. On the right, we see a piston with an even great-
er degree of detonation and extreme deformity of the piston dome. Ironically, the two 
pistons with denting never failed. The operators of the aircraft were unaware of this 
condition, and the problem was only identified by a thorough visual inspection by a 
judicious LSRM while conducting a 100 hour inspection. Investigation revealed that 
these pistons may have been operating with varying levels of detonation for quite 
some time. The detonation pattern can be seen by the disruption of the carbon de-
posits on the top of the head emanating from the “squish zone” around the perimeter 
of the piston. Although, this is what we would refer to as “light” detonation, the time-
frame of exposure created the scenario where the repeated “hammering” of detona-
tion slowly deformed the metal. The root cause of this detonation was related to an 
overloading of the engine from a oversized propeller with too much pitch. And unlike 
our Continental and Lycoming powered brethren, we don’t have the option for in-flight 
adjustable propellers. As a result most of the light aircraft use a ground adjustable 
propeller. This allows pilots to unintentionally adjust propellers outside of the nor-
mal operating limitations of the engine. The most common complication, comes from 
someone trying to get that extra 2 mph out of their aircraft in cruise. This essentially 
increases manifold pressure, and cylinder head temperature. If overdone and espe-
cially when combined with a few other anomalies, we can easily push the cylinders 
into the realm of detonation. We have seen this scenario of denting the cylinder head 
in the past, but never to this extreme without failure. It just goes to show you the ro-
bust nature of the Rotax 582. Both of these pistons were from the same engine. The 
most common question we get regarding these two pistons is “why the differential 
in denting?” Always a great question, and these are excellent training aids as they 
shows the importance of carburetor synchronization. If you open up one carburetor 
greater than the other, you increase the load on one cylinder and decrease the load 
on the other cylinder. We often see single cylinder failure from detonation that will 
point to carburetor synchronization as at least a contributing culprit. 

Figure: 4   3 Levels of Detonation



So the unifying theme has been, the fuel air mixture reaching a critical  pressure 
and temperature that results in detonation. And although, we are just scratching the 
surface when it comes to causes, it wouldn’t be right to leave the subject without 
talking about a more obvious reason. You probably have been thinking that mixture 
has got to be a significant factor when it comes to detonation. And, of course, you’re 
right. This is particularly important, primarily because unlike most Continental and Ly-
coming powered aircraft, in the Light Sport world we use the Bing carburetors. These 
carburetors do not have the ability to control the mixture in-flight. Of course, having 
control over the mixture is a (metaphorical) double-edged sword. If you know how 
to use it properly, it can be a very effective weapon. In the hands of a novice, you’re 
likely to end up stabbing yourself. The downside to not having a mixture control is not 
being able to mitigate a situation rapidly heading south. We rely on the aircraft being 
set up properly, and the maintenance being done correctly, before we ever fire up for 
our hundred $100 hamburger.  The good news is, once we have the engine/carbure-
tor set up correctly, the reliability of these engines are very high.  And because there 
is no mixture control, it’s hard for the pilot to screw things up once in the air. This is 
probably a good thing. On the two-stroke engines, the time interval, once pre-ignition 
or heavy detonation has begun until total engine shut down, is just seconds. Figure: 
5 shows an example of heavy detonation as a result of excessively lean mixture. The 
total time frame from first indication until engine seizure was less than 5 seconds. Not 
much time to mitigate any failure. With years of training and knowing what to listen 

Figure: 5   3 Catastrophic Detonation



for, we have been able to identify detonation in flight before failure. However, it is nor-
mally considered impossible to hear detonation occurring in an aircraft because of the 
high noise level. As a result, it is possible to suffer mild detonation and not be aware.  
Training an individual to heard this is nearly impossible, after all, each training inter-
val would last only 5 seconds and cost you a new engine. Let’s just say, the best way 
to eliminate pre-ignition and detonation is to have your aircraft set up, operated, and 
maintained properly. 

Now that we have looked at both the theory and some of the practical aspects of 
detonation, you should be able to incorporate this knowledge into your next inspec-
tion. We strongly recommend incorporating a simple bore-scope inspection of the cyl-
inders at each inspection cycle. Once you learn how to “read” the combustion cham-
ber, you can start to make some much more enlightened decisions about the health 
of your engine. 


