
Here’s the cracked exhaust pipe that caused the rough running engine on LAA  
member Carl Pattinson’s Europa. Trying to work out what was causing the  
intermittent engine problem kept Carl awake for a few nights. Once the crack in  
the exhaust had been discovered it became clear that the heat energy escaping  
from the exhaust, directed through the crack straight at the carburettor float  
bowl, effectively boiled off the fuel. (Photo: Carl Pattinson)

This issue we learn a few lessons about how it doesn’t pay to procrastinate 
if you’re concerned about something. Caution pays every time
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H
ere I am again, back in harness after 
the temporary freedom afforded by 
my quick sail around the southern 
Dodecanese, a magical series of 
Greek islands situated above and 

indeed, as I learnt during my travels, created by 
the fault line between the Aegean and African 
tectonic plates. Not being any kind of geologist  
I’ll let you follow up on what this might mean 
privately. It’s all a bit gargantuan in terms of 
concept, like internal arguments about the  
nature of infinity while stargazing perhaps. 
Mind you, during my explorations I took the 
opportunity to visit what’s described in the  
tourist guides as an active volcano.

I’ve never been in a volcano before but, on 
a hired motorbike, I spent an interesting early 

morning, then a subsequent evening, exploring 
the middle of one. This particular volcano, 
situated, I thought, on the island of Nisyros, was 
a 20-minute bike ride from the harbour, a lovely 
journey on wiggly roads up, then down into the 
heart of the affair, a huge flat plain, pock-marked 
with sizable craters, some steaming. I asked 
one of the locals where the actual volcano was 
and she, with an incredulous look on her face, 
exclaimed that I was standing on it. The whole 
island was the volcano! The craters, incidentally, 
were simply hydrothermal vents (simply?).

I did fall victim to what might be described  
as an ‘interesting’ mechanical failure on the  
boat during the trip, which, because the tale 
features most of the ‘human factor’ components 
common to pretty much all incidents and 

accidents I get involved with in my job here at 
the LAA, is probably worth sharing. At least it 
will give me the opportunity of getting my typing 
fingers, not the fastest at the best of times as  
you will imagine, working again.

Initially I blamed everybody else for the 
incident but when I thought about it later (with 
a much cooler head) I realised that primarily 
laziness (and perhaps excessive risk-taking)  
on my part played its part.

As you will imagine, working as an engineer 
(in the UK), I cannot afford the very high prices 
charged by most of the yacht charter firms,  
and I don’t like the idea of filling up a boat with 
friends to make it more affordable – it works for 
some but wouldn’t for me, too much like a job. 
I rent an old 35ft sloop from a Turkish chap; the 
boat is fine but a lot of the ancillaries are a bit 
past their best . They are OK as long as you 
don’t mind a bit of fettling, but they wouldn’t have 
suited a non-techy. 

A CAUTIONARY TALE
The tale starts at dawn from a small sheltered 
bay some 70 or so nautical miles from my 
destination, which was a port pretty much due 
east. I got all the sails up straight away in a 
reasonable north-westerly and settled-down  
on a broad reach (that’s when the wind is  
coming from your shoulder, the fastest point of 
sailing for most yachts) at six to seven knots… 
calm sea, easy cruising.

Within a couple of hours the wind 
strengthened and, rather unusually, backed 
(annoyingly), so I took in the foresail, relying for 
propulsion on the main. This was a bit lazy as 
a main is a much more difficult sail to manage, 
especially when operating short-handed, and 
it normally doesn’t take long before you’ve too 
much sail out. This can be a bit dangerous, 
especially on a reach (running away from  
the wind). Also, because the sail’s centre of  
lift is offset, it’s very difficult, actually impossible, 
to trim the boat. This means that the rudder,  
via the helm, is working very hard, especially  
true when a following sea starts to build a little  
– fun though (and fast!) but difficult to eat 
cornflakes at the same time.

After about ten or so hours my first and only 
waypoint, a mountainous spur jutting out into  
the Mediterranean, was just a little less than a 
mile off. I just needed to get round this headland 
and I’d be in much smoother waters and, 
because a change of direction from east to  
north-east, the mainsail would again become  
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This picture shows more clearly the kind 
of cracking that occurred on this Europa’s 
exhaust system. Once a crack starts in an 
exhaust system the heat energy, much of 
it in the form of mechanical energy (due to 
expansion and contraction of the material) 
will be directed at the crack tip, effectively 
unzipping the metal’s microstructure. It’s 
very important that a keen eye is kept on 
any aircraft’s exhaust system. It’s worth 
buying a torch and a stick-mirror to keep 
in your aircraft to check the difficult-to-
see places. In my book, a check of the 
exhaust is a pre-flight item. This exhaust, 
considering the length of the crack, has 
held together well, but I’ve seen similar 
examples where chunks of material have 
fallen out, which can lead to an open 
flame within the engine cowl – not a good 
situation. (Photo: Carl Pattinson)
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the most appropriate sheet. It was all looking 
good and only ten miles to go before a cold  
beer in a harbour café.

After a day of fresh winds the waves had  
built and, aided by the wind, were starting to 
break quite regularly around the boat. I could  
see the white foam rolling off the rocks just  
off the headland after each wave impact.  
Every now and then a big-brother wave would 
hit the clifflike face with a great boom, clearly 
audible from the cockpit of the boat, sending 
water 20 or 30ft into the air.

I had been working hard for the last few  
miles to keep the boat straight; this promontory 
had a reputation of affecting the sea locally, 
rebound waves confusing their rather more 
predictable parents. I remember thinking that  
I’d been advised not to get too close to this 
turning point, especially in a fresh westerly, 
‘perhaps a more southerly track would have  
been more comfortable?’ Then, without warning, 
there was a very loud bang, I lost helm and, 
because of the aforementioned out-of-trim  
forces the boat swung off heading right  
through the wind. The mainsail smashed from 
starboard to port and the boat, now side-on  
to the waves, felt perilously close to disaster:  
one minute steady, if brisk, sailing, the next, 
absolute confusion, all happening far too close  
to a dangerous wall of rock with an on-shore 
wind. What was that advice about lifejackets? 
They’re no good in a locker.

After a bit of a fight and, as it turned out, a 
re-break of a couple of ribs, I managed to get 
the emergency tiller out of the locker and into 
the top of the rudder fitting. The fight turned 
into a wrestling match, which I eventually won, 
and with just a pocket handkerchief foresail 
set I was able to take the boat under complete 
control, rounding the headland into the protected 
waters of a large bay. A couple of miles further 

on I found a place where I could drop the 
anchor and, after removing quite a lot of panels, 
discovered the reason for the loss of steerage. 
Basically, an engineer, while re-fitting the wheel, 
after replacing an auto-pilot part earlier in the 
year, had lost a retaining bolt. The wheel drives 
a keyed shaft that, in turn, drives the chain-drive 
gear, which, in turn, drives the rudder control 
cable. So, to stop the various parts of the shaft 
separating, he’d replaced the (probably mislaid) 
5/16 in bolt with a couple of jubilee clips, one 
each side of the drive cog. This would be quite 
a clever fix in an emergency when you couldn’t 
get a correct part, but this clip wasn’t designed 
to take the loads imposed by a busy rudder and 
could never have lasted long.

Quite a few lessons (re)learnt. After any 
maintenance, check the work done very carefully 
– wise pilots (and skippers) don’t trust anybody.  
I noted that the wheel had been off to change  
an auto-pilot part and didn’t check the work, 
which was an error. Accidents happen when a 
number of issues, often just by chance, happen 
to join hands. Wise operators learn to remove as 
many risks as possible from the equation. That 
way, when something does go wrong, there’s 
much less chance of it turning into a disaster.  
I shouldn’t have cut the corner into known difficult 
waters; as it happens I was able to get the boat 
back under control but it was a close call.

Perhaps the biggest lesson I should  
share is that, when it comes to safety, never  
ever succumb to laziness. Still, it only hurts  
when I laugh.

Quite often a pilot will notice something’s not 
quite right ‘up front’ or, naturally, ‘back there’ in 
a pusher. Pilots, once they’ve got a bit of time 
under their belt, are tuned-in to the sounds, 
smells and instrument information rather in the 
same way as a conductor listening to his or her 
orchestra. Just like a conductor noticing that the 

oboe player is having a little trouble with their 
reed, the observant pilot will notice the small rise 
in number three cylinder’s CHT or, perhaps, the 
fact that the throttle lever just feels a little further 
forward than normal in the cruise. Engine worries, 
naturally, have a gradient of importance. A small 
rise in CHT will be noted and should stimulate 
further regular checks and, if the pilot’s sensible, 
a bit of investigating on the ground.

Further up the incline, and therefore rather 
more pressing, might be the occasional  
misfire. Different problem, different suite of 
decisions. “Should I divert?” “Would a field 
landing be appropriate?” 

Still further up the misfortune graph is the  
badly misbehaving power unit. Naturally the 
higher, metaphorically, you go, the bigger the 
problem and the fewer are the pilot’s choices. 
Strangely, when you get right to the top of our 
imaginary incline, the difficult decision-making 
task rather disappears; as I’ve said in this  
feature many times before, when it goes quiet  
in the noise department there’s only one real 
option – fly the aeroplane first and if you’ve  
been paying attention during your flight, the 
choices about potential landing sites will have 
already been figured out.

Here’s a story, penned by LAA member (and 
Europa builder/owner), Carl Pattinson, where he 
had a rough running engine and it turned out to 
be a devil’s own job finding the problem.

EUROPA: ROUGH RUNNING 
ENGINE
Our Europa was due for its annual Permit 
renewal, which is normally a fairly straightforward 
process. This year, however, we were to  
replace all the rubber engine-related 
components as they were over five years old. 
This is a major undertaking, which necessitates 
removal of the engine, fuel lines, and so on.  

Carl explains: “My missing the exhaust was 
an even more heinous crime as the starboard 
exhaust pipe had failed in a similar place the 

year before. The only difference was that  
the starboard crack had developed on the 

underside of the pipe and was blowing exhaust 
gas on to the rear firewall. Due to the blackening 

of the firewall this was much easier to spot  
than on the port side. (Photo: Carl Pattinson)

 



SAFETY SPOT

52 LIGHT AVIATION | AUGUST 2014

Here you see the small vibration sensor that provides real time 
information about the acceleration at this point on the power  
unit. As you will appreciate, a single accelerometer like this is 
actually measuring the sum of all the individual accelerations, 
many from the engine itself, some from the propeller. It’s 
important to understand that with this method of propeller 
balancing the engineer is actually balancing the engine/
propeller as a system. In other words, you couldn’t remove this 
‘dynamically balanced’ propeller and fit it on to another engine 
and expect smooth running. (Photo: Malcolm McBride)

Here my predecessor, LAA Inspector Kerry Ashcroft, is fitting the 
optical sensor to a Midget Mustang in preparation to measure the 
engine vibration after fitting a new Hercules propeller. Knowing 
the exact RPM and relative position of the propeller (in real time) 
is essential detail for the computer in the vibration test kit and 
this is provided by this little sensor by bouncing light off the back 
of the propeller. But note that this propeller, because it’s been 
designed for quite a high speed machine, has a high pitch angle, 
especially at the root (82in pitch!). It took Kerry a bit of fiddling to 
capture the reflected light. (Photo: Malcolm McBride) 

As regular readers will know, we’ve 
recently withdrawn from service a number 

of suspect ‘pattern’ rotor arms from our 
Jabiru 2200 fleet; the Airworthiness 
Information Leaflet mandating this 

withdrawal can be accessed via the Safety 
Alert on the LAA’s website (LAA AWA  

14-10) should you want to read it or add it 
to your engineering files. As you can see, 

just as we’re going to press, Rotax has 
distributed a couple of Service Letters 

warning of the dangers involved in 
using ‘pattern’ parts on the Rotax nine 

series of engines. We’ve put a link in to 
the Rotax Service Letters in Safety Alert 

LAA AWA 14-11. If you own a Rotax 
nine series engine it’s worth reading 

these warnings, which describe, 
among other things, serious problems 

they’ve had because of pattern  
oil filters. (Photo: BRP Powertrain)

It is a good opportunity though to inspect 
areas that are otherwise inaccessible and to 
incorporate any minor approved mods. For 
us this included fitting a Skydrive carb heater 
system as part of the overhaul.

As this was a relatively major rebuild, the final 
inspection was thorough and time-consuming. 
Our inspector, quite normally, picked-up several 
issues that needed attention and, after a day’s 
fettling, he was happy to sign off the aircraft for 
its Permit test flight.

The following day we prepared the aircraft 
and, after several ground runs, were ready to 
fly. The plan was to time the climb after take-off 
from 750ft to 1,750ft QFE. This satisfies the 
requirement for a climb measured from 1,000ft 
QNH as our airfield is 250ft above mean sea 
level. The climb progressed as normal and the 
climb-rate matched previous years, although 
I noticed that the fuel totaliser was indicating 
16lph when the book figure for a 912UL should 
be 24lph. All other engine readings were normal. 
At 2,000ft we levelled into the cruise to give the 
engine a chance to cool down. The outside 

air temp was 25° and our oil temp was 
approaching the maximum of 130°.

It was at this point the engine started to 
misfire badly and lose power. Although it 
was impossible to climb we could maintain 
altitude and investigate the problem. We  
were well within range of our airfield,  
Bicester, a large grass field, so we turned  
on to the downwind side and tried to make 
sense of the problem. Ten minutes of  
circling with a very unhappy engine and 
we were none the wiser, so we landed and 
removed the cowlings.

Our initial inspection revealed nothing 
untoward, although our suspicion was that  
this was a carburation issue. We had removed 
the plugs and these appeared normal. You 
would think that this was a fairly simple 
procedure to work back and isolate the problem, 
but it took nearly a week to find the gremlin in 
the works. The main difficulty was that it was 
nearly impossible to replicate the problem on 

Here’s another Chief Engineer ‘SPOT’. 
Notice that on this engine mounting 
bracket the machine screws holding the 
bracket to the engine have been marked 
so that any in service movement can be 
spotted by the engineer quickly. This is  
an extension of the idea of using torque 
seal after a bolt has been finally torqued 
up. I expect you’ve seen the little  
wax-like dots of red paint on various bits 
of machinery; it’s a good idea but,  
in this case with a critical attachment we’d 
expect to see wire-locking or other class 
one locking system. Also, when alignment 
marks are used they need to link between 
movable parts and a fixed part. There’s  
no point putting alignment marks  
between two parts that can come undone 
together, as in this case. Also of note is 
that these white lines on this initial build 
don’t line up! (Photo: Francis Donaldson)
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As the designated ‘assistant’ I was in charge of 
pressing the buttons, as directed, on the test box. As 
you can see, after three runs, the vibration level has 
reduced from 0.8 inches per second (Rough) to less 
than 0.1 inches per second (Good). Once the position 
of the balance weights necessary to achieve this 
happy position has been determined they can be fitted 
permanently on the spinner back-plate – a further test 
is made just to make sure that nothing’s changed. It 
hadn’t, so job done. (Photo: Malcolm McBride)

For an accurate calculation the acceleration is plotted against the 
position at any particular instant in time. This is then converted 
into positional information in degrees. Here Kerry checks the 
actual position of a temporary balance weight (second screw 
down in the picture). This is the closest position Kerry can get to 
the computer’s original ‘suggestion’ and this new information will 
be fed into the computer by the engineer and the in-built formulae 
will be ‘tweaked’ accordingly. (Photo: Malcolm McBride)

Once the sensors have been ‘wired up’ engine runs at different 
RPMs can begin. The computer, after the first run, makes a 
suggestion as to the size and position of a balance weight and 
then, on the second run, it calculates whether this had made the 
overall smoothness of the engine better, or, as often happens 
apparently, worse. From this information an adjustment of the 
weight and position of the balance weight will be made and so 
the process goes on until the engine/propeller combination is 
running smoothly. Normally, with this system, this occurs after 
three or four runs. (Photo: Malcolm McBride)

the ground, which we assume is due to the 
airflow over the engine. During the course of our 
investigations we deduced that the fuel in the 
carburettors was getting too hot and that there 
was some sort of vapour lock occurring (hence 
the low fuel totaliser readings).

During the week after the problem had 
developed, we had rebuilt the carburettors 
including replacing a failed carburettor float, 
checked the fuel pump pressure and needle 
valve for debris and replacied the carburettor 
slide springs. We had also disconnected the 
carburettor heating system. I have had a fair bit 
of experience in ‘old technology’ engines from 
my youth so the Rotax 912 engine and Bing 

carburettors are not a great mystery. However, 
this problem had really beaten me – time to call  
in the professionals.

Fortunately Kevin Dilks of Special Aviation 
Services was available at short notice and came 
to take a look. He agreed that the symptoms 
suggested a carburettor problem and after a 
couple of uneventful engine runs on the ground 
he proceeded to dismantle and make a  
thorough inspection of everything. 

A couple of hours later Kevin looked at me  
and said: “I think I have found your problem.”  
He pointed towards the port exhaust header 
pipe, which sits 3cm below the carburettor  
float bowl. There was a hairline crack  

running along the bend of the exhaust pipe  
and it was directly below the float bowl.  
When the engine was running at full power it 
would be blowing hot gas (850°C) directly  
on to the carburettor.

Thanks Carl for weaving an interesting tale 
and I’m glad that your machine is back fully 
serviceable again. A problem like this, which  
only seems to happen in the air (and only after  
a while in the air) can be a devil’s own job to  
get to the bottom of but, to extend my  
orchestra simile, you can’t expect a good 
performance if the trombonist has a cough.  
Sort the problem out, you must.

This 
vibration 
graph, originally created 
for evaluating the vibration levels of rotating 
machinery, is worth spending a bit of study time over. As you can 
see, our example Midget Mustang was well into the red when it was first 
presented for propeller balancing. This doesn’t reflect badly on the new 
Hercules propeller – just the opposite, the point is that a propeller balance 
is really better described as a power unit, prop and engine combined, 
balance. (Photo: Vibes Corp)



Francis Donaldson, our Chief Engineer, asked me to feature these pictures showing  
what can happen to an aluminium tube if bolts through it are over-enthusiastically 
tightened. He came across this particular example while inspecting a Rans S6 build 
quite recently. Notice that there’s about a two and a half millimetre difference in the 
dimensions between the unaffected zone (25.61mm) and the ‘squashed’ end (28.03mm). 
Interestingly, when he pointed out the problem to the builder of the kit, the builder 
mentioned that, because he was worried about the nuts bottoming out on the thread,  
he added some extra washers. Standard bolt torque figures only apply when the bolt 
goes through solid material, certainly not hollow structures or structures made from 
easily crushable material, like wood. When assembling structures where no specific 
torque figures are given, have a think about how the particular joint works before you 
tighten it up. In this particular joint it’s only necessary to ‘nip up’ the attaching bolt, 
making sure, of course, that the thread is right through the locking part of the nut.  
If you’re not sure, ask your inspector. (Photo: Francis Donaldson)

LAA member John Smoker has decided to 
change the covering on his Rans 6-ESD. 
John’s a well-known and highly-respected 
vintage glider repairer who is used to 
working with fabric-covered structures.  
He thought that he’d change some of  
the aircraft’s covers from the standard 
Dacron to doped-on Ceconite. He has 
started with the tail surfaces, the flaps  
and the ailerons and, in close association 
with our Design Department, he’s just 
about to begin flight testing. John popped 
up to Turweston to chat about this and 
during the conversation I recalled that  
his aircraft was suffering from a poor 
climb rate, and nobody could work out 
why. I asked him whether this was the 
motivation for using a different fabric 
covering. “No,” he said, “I was going to 
mention that we’d sorted out this problem 
or, should I say, two problems.” John 
went on to explain that “as a last resort” 
he’d tried changing the air filters (John’s 
aircraft is powered by a Rotax 503) so he 
ordered a couple from Skydrive, the Rotax 
agent. When they arrived he picked up 
the phone to have a moan. They’d sent 
the wrong filters; these were far too big! 
(Photo: John Smoker)

OK, you’ve guessed it, John fitted the  
(as they turned out to be) correct air filters 
and suddenly got six or seven hundred 
more RPM, well over the maximum 
permitted for this engine (6, 800 RPM). 
What had happened was that John had 
previously reduced the pitch of his  
RPM three-blade propeller because  
the engine wasn’t reaching peak RPM. 
Putting the blades to their correct pitch 
brought the RPM down and, after the  
go-ahead from his inspector, John  
flight tested the machine, saying:  
“Well, I couldn’t believe the difference.”  
As for the fabric change – I’ll let you  
know how this goes once the  
aircraft has gone through its very  
comprehensive shake downs and  
the modification has been approved.
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MIDGET MUSTANG: ROUGH 
RUNNING ENGINE
I should really entitle this closing feature 
Midget Mustang – The Law of Unexpected 
Consequences, but that wouldn’t work well in 
the LAA’s indexing system. As it happens, the 
event itself, a very rough running engine, led 
the pilot, LAA Board member Jez Cooke, to an 
in-flight decision to go for a precautionary landing 
at Shennington, even though his home airfield, 
Hinton-in-the-Hedges, was only a few miles east. 
This proved a good choice though as the cause 
of the engine’s misbehaviour was an incorrectly 
functioning carburettor float valve and the engine 
could have stopped completely at any moment.

Jez was actually flying the aircraft to see 
whether a professional re-balance of his engine/
propeller combination had made any difference. 
It had. In fact the engine was running so smoothly 
that we surmise the float valve was no longer 
receiving the vibration energy it was used to and 
was sticking in its seat. 

I had spent an enjoyable hour with LAA 
Inspector Kerry Ashcroft, who rather specialises 

in balancing engine/propeller combinations on  
all sorts of aircraft, acting as an assistant while  
he balanced up Jez’s power unit.

The dynamic components in all aircraft 
engine and propeller systems are naturally 
manufactured to strict tolerance limits, but even 
when these limits are adhered to, unbalancing 
errors occur. These errors result from a ‘stack-up’ 
of small imbalances in the engine power train and 
propeller system. This is why I’m being careful 
not to use the normal ‘marketing’ term, propeller 
balancing. It’s not about balancing the propeller, 
rather about balancing the propeller/engine 
combination using spin trim weights mounted on 
the spinner hub.

Anyway, well done to Jez for making the 
sensible decision to land his aircraft as soon 
as he was able after suffering an engine issue. 
A couple of days ago I saw a small red aircraft 
streak past my office window at Turweston  
HQ. It was gone in a flash; that’ll be Jez, he’s 
obviously got the overhauled carburettor  
back! I hope that you’re enjoying this lovely 
summer weather. Fair winds. ■  
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Four-seat aircraft 
Manufacturer’s/agent’s type acceptance fee  £2,000
Project registration royalty  £50
Category change
Group A to microlight £135
Microlight to Group A  £135
Change of G-Registration fee
Issue of Permit Documents following G-Reg change £45
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