
5.1 ENGINE FAILURE

Modern aero-engines are extremely reliable, and malfunctions are
more likely to occur as a result of pilot mismanagement than because
of actual mechanical failure. Bearing this in mind, the pilot should
take the following precautions before and during every flight:

(a) ensure that sufficient fuel and oil are carried for the intended
flight, with adequate reserves;

(b) monitor the fuel quantity gauges frequently and ensure that no
tank is allowed to run dry while it is supplying fuel to the engine;

(c) monitor the engine gauges frequently and terminate the flight as
soon as possible if abnormal indications are shown;

(d) operate the carburettor heat control periodically to ensure that the
carburettor remains free from ice;

(e) avoid mis-setting of the mixture control.

For reasons which will soon become clear, other factors which should
be borne in mind throughout any flight are the wind direction (relative
to the aircraft's heading) and the elevation of the terrain over which
the aircraft is flying.
     Should total engine failure occur, the aircraft will not be able to
maintain height, and the pilot will be obliged to glide down and make
a forced landing. If the aircraft were within comfortable gliding range
of an airfield, the pilot would obviously choose to land there. However,
it is more likely that the machine will not be able to reach the nearest
airfield, in which case the pilot must select the best field within
comfortable gliding range for the forced landing.
     If the failure is only partial, it might be possible for the pilot to
reach the nearest airfield, using whatever power is available from the
engine and flying the aircraft at its minimum gradient gliding IAS to
achieve the shallowest possible descent path. However, it should be
borne in mind that a partial failure might develop into a total failure.
It would be unwise, then, to attempt to reach an airfield if flight over
terrain unsuitable for a forced landing were involved. In this case, the
safest course of action would be to close the throttle and initiate the
forced landing procedure as for total failure, remembering that the
residual power available from the engine can be used should it be
needed to reduce rate of height loss. The pilot should not rely on this
residual power, however, since it will not be available if the failure
becomes total.
     If the failure is accompanied by severe vibration, signifying
mechanical defect, the engine should be shut down immediately to
prevent it from being wrenched from its mountings.
     If the cause of the failure is not known, then after commencing the
forced landing procedure the pilot should look for the cause and
attempt to rectify the failure. Should he be successful in this, then the
forced landing procedure can be discontinued and cruising flight
resumed.



     Figure 241 summarises the courses of action to be taken following
engine failure.

5.1.1 Forced landing procedure

When in cruising flight, the pilot should always be aware of the wind
direction relative to his aircraft's heading, to facilitate directional
orientation when it comes to carrying out forced landing procedure
after engine failure. Often, there are visible indications of wind
direction, such as smoke from chimneys, or cloud shadows on the
ground, to facilitate orientation. In the absence of such indications, it
is worth remembering that if the aircraft is not greatly distant from
the airfield of departure, the wind direction will probably not differ
very much from the direction in which the take-off was made.
     To illustrate the forced landing procedure, we shall consider the
case where total engine failure occurs for reasons unknown.
     The amount of time available to deal with the situation depends on
the height of the aircraft above ground level when the failure occurs––
the greater the height the more time there will be for dealing with the
emergency. To avoid wasting whatever time is available, it is essential
that a sensible order of priorities is given to the various actions that



the pilot will take. For example, it would be unwise to concentrate on
trying to ascertain and rectify the cause of failure, if meanwhile the
aircraft were heading towards terrain unsuitable for a forced landing,
for if the failure cannot be rectified, the pilot will then have to cope
with landing on this terrain.
     Following total engine failure, then, the pilot must carry out the
actions listed below without delay, in the order given:

(a) establish a glide at minimum gradient IAS, to achieve the greatest
gliding range should it be needed. Trim the aircraft in the
appropriate attitude;

(b) choose the most suitable field within comfortable gliding range for
the forced landing;

(c) choose the landing direction;
(d) plan a descent path which will enable a successful landing to be

carried out in the chosen field in the chosen landing direction.

These four actions are essential to the safeguarding of the aircraft and
its occupants. If time permits, the pilot can allocate some of his
attention during the glide to secondary actions. In order of priority,
these are:

(e) look for the cause of the failure and attempt rectification;
(f) if the failure cannot be rectified, transmit a distress call;
(g) prior to landing, carry out the impact checks (described later).

Let us now examine these actions in detail.

5.1.1.1 Choice of most suitable field

In our discussion of the glide approach in 4.32, it was explained that
the pilot should aim to have a surplus of height until the final stages
of the approach, to guard against undershooting resulting from
misjudgement of the glide. It was pointed out that, whilst getting rid of
surplus height presents no problems, undershooting cannot be
countered.
     The reasoning applies equally to the forced landing descent path.
Thus it is better to choose a field around which a circuit (either left- or
right-handed) can be flown, rather than one that demands a long,
straight glide. Besides the advantage of giving the pilot more flexibility
in his control of height loss, this procedure also enables the chosen
field to be more closely inspected for suitability. At the cruising
heights normally suited to light aircraft, these considerations may
dictate choice of a field downwind of the aircraft's position, since the
pilot will aim to land facing into wind, or approximately so.
     Figure 242 illustrates these points and shows some of the
alternatives available in the descent path, demonstrating that a
smaller circuit can be flown if the height surplus appears to be
diminishing, and vice versa.



The chosen field should fulfil as many as possible of the following
criteria:

(a) it should be as large as possible, both in width and length;
(b) the surface should be free from buildings, livestock or similar

obstructions;
(c) the surface should be level and even, preferably green in colour

(signifying grass or young crops) rather than brown (ploughed land)
or yellow (ripe crops);

(d) there should be no high obstructions (such as electricity cables
and pylons) near the field;

(e) in sparsely populated regions, the chosen field should be near to a
feature of civilisation, such as a road or settlement, so that
assistance can be readily summoned after landing, if necessary.

A useful mnemonic to help remember the criteria described above is
the 'five esses':



size
shape
surface
slope
surroundings

Of course, it is probable that the aircraft will not be able to reach a
field satisfying all these criteria. Common sense will dictate the
selection in the circumstances prevailing. Thus in most cases it would
be better to aim to land in a large ploughed field than a small grass-
covered one, since a large field gives the pilot greater chance of
landing within its confines should he misjudge the descent path.
     Again, it would be better to choose a collection of small fields
separated from each other by low fences or walls (leaving the choice of
individual field until a later stage in the descent), rather than a larger
field completely surrounded by buildings or trees.
     It is worth noting that nearly all fields in the open country are
smaller in dimension than the runways at most airfields (Figure 243).

5.1.1.2 Choice of landing direction

Preferably, the landing direction should be into wind, as already
stated, to minimise both the groundspeed on touchdown and the
length of the landing run. However, if a considerably longer landing
path is available by landing crosswind, then it would be logical to
choose this alternative.



5.1.1.3 Planning descent path

As Figure 242 shows, the pilot should plan to fly a descent path such
that the aircraft arrives at the start of base leg at about 1000 feet
above ground level, with the base leg spaced at about the same
distance from the landing path 'threshold' as for a practice glide
approach at an airfield. (Knowledge of the terrain elevation will assist
in assessment of height above ground level when the altimeter is set to
QNH.)

Whether a left- or right-hand circuit should be flown depends
primarily on the height of the aircraft above ground level and its
orientation relative to the field, bearing in mind that the intention is to
arrive at the start of base leg at about 1000 feet. In the situation
shown in Figure 242 a right-hand circuit would be chosen if there
were insufficient height for a left-hand circuit to be flown (Figure 244).

5.1.1.4 Attempting to rectify failure

Note that the propeller will probably continue to windmill, driven
round by the airflow, even after total engine failure. If this is the case,
no attempt should be made to use the engine starter, since serious
damage would probably be caused to both engine and starter.
     Instead, the pilot should carry out the specified cause-of-failure
checks to try to restore power. As previously stated, engine failure is



most likely to occur as a result of pilot mismanagement. Examples of
mismanagement are allowing the fuel tank supplying the engine to
run dry, failure to enrich the mixture after descent from cruising
height and inadequate use of the carburettor heat control to prevent
ice formation in the carburettor. The cause-of-failure checks are
designed primarily to rectify such mistakes. Typically, they include the
following actions:

(a) examine the fuel cock selection and fuel quantity gauges. If the
aircraft has more than one tank, change the fuel cock selection to
another tank containing fuel. This action will restore power if the
cause of the failure was a blockage in the pipe line from the tank
originally selected;

(b) switch on the electric fuel pump (if fitted), in case the engine-driven
pump has failed;

(c) set the mixture control fully rich;
(d) set the carburettor heat control 'on';
(e) check that both magnetos are switched on.

If the propeller has stopped, and the engine failure is not because of
obvious mechanical defect, it would be logical to use the starter to try
to re-start the engine after carrying out the cause-of-failure checks.

5.1.1.5 Impact checks

If the aircraft is damaged on landing to the extent that fuel tanks or
pipe lines rupture, there will be a risk of fire from the spilt fuel.
     To minimise this hazard, the impact checks should be carried out
prior to landing. The checks are designed primarily to render the
aircraft and its components electrically 'dead', so that no sparks can
occur to ignite spilt fuel.
     Two further items included in the impact checks are, firstly,
ensuring that the pilot and his passengers have their harnesses
fastened tightly, and secondly, unlatching the cabin doors to facilitate
evacuation after landing in the event of distortion damage to the
fuselage.
     A typical sequence for the impact checks is:

(a) select fuel cock off;
(b) switch off magnetos;
(c) switch off master switch;
(d) check harnesses tight;
(e) unlatch cabin doors.

Of course, if the engine is still capable of producing residual power, it
would be logical to delay items (a) and (b) in the impact checks until
the last moment, in case the pilot finds that he has to use this power
to reduce the rate of height loss after misjudging the descent path.



5.1.1.6 Flying the descent path

As already stated, a descent path should be flown which positions the
aircraft at the start of base leg at about 1000 feet above ground level.
     If it appears that the height surplus will be excessive at the start of
base leg (in other words, if the aircraft is going to be much above 1000
feet), the pilot should not correct the error by extending the downwind
leg greatly, since it may subsequently prove impossible to reach the
chosen field when the aircraft is turned back into wind on final
approach. (This is because the gradient of descent is steeper when
gliding upwind than when gliding downwind.) Instead, the aircraft
should be positioned onto base leg and then turned slightly away from
the field. If necessary, the height surplus can be further reduced by
delaying the turn onto final approach, as shown in Figure 242.
     Conversely, if the height surplus is disappearing, the aircraft can
be turned slightly towards the chosen field and, if necessary, turned
onto final approach earlier, again as shown in Figure 242.
     On final approach, the height surplus will result in the sighting
point appearing to be beyond the landing path 'threshold'. Once sure
of being able to reach the 'threshold' with a surplus of height to spare,
the flaps can be used (as was described in 4.32.1) to reduce the height
surplus by steepening the descent path.
     Note that so far as use of the flaps is concerned, it is better to
lower them too late rather than too early. Far less harm will be done if
the aircraft runs into the field's far boundary at low speed at the end
of its landing run as a result of touching down well beyond the
'threshold' than if it runs into the near boundary at high speed as a
result of undershooting.
     The flare technique is as already described in 4.32.3. If the landing
path is restricted in length, application of brakes may be necessary
after touchdown to bring the aircraft to a halt within the confines of
the field. The machine should be steered clear of any obstructions in
its path during the landing run.
     (In an aircraft equipped with retractable landing gear, it is
advisable to delay lowering the landing gear until the pilot is sure that
the chosen field can be reached, bearing in mind that the extra drag
will steepen the descent path.)



5.1.1.7 Overrunning

Even with maximum application of brakes, it may well be that the
chosen field is not long enough to bring the aircraft to a halt before it
arrives at the far boundary. One way of trying to avoid overrunning is
to increase the length of the available landing path by steering the
aircraft to the left or right as the boundary is approached (Figure 245).

If not already done, the first three items of the impact checks listed in
5.1.1.5 should be carried out after the aircraft has come to a halt if it
has collided with the boundary (fence, hedge or wall) or any other
obstruction during its landing run.

5.1.1.8 Misjudged approaches

If it is clear during base leg or final approach that the aircraft is
undershooting and will not reach the chosen field, no attempt should
be made to 'stretch the glide' by raising the nose to a higher attitude,
as this will have just the opposite effect by steepening the descent
gradient. Instead, the best alternative field within gliding range should
be chosen for the landing.
     Conversely, the situation might arise where it is obvious to the
pilot that the height surplus has become so great that, even resorting
to the tactics of turning away from the field on base leg and delaying
the turn onto final approach, the aircraft will eventually touch down
too far beyond the landing path 'threshold', so reducing the length of
landing path available and increasing the danger of overrunning. In
this case, it would be logical to lower the flaps early or sideslip the
aircraft (or both, if permitted for the particular design of aircraft) to try
to minimise the error. In addition, the descent path can be steepened



by increasing the gliding speed (by lowering the nose), although this
advantage will be offset to a certain extent by the ensuing protracted
hold off phase during the landing, as the aircraft decelerates to
touchdown speed.
     If the height surplus is so great that even these remedies would not
prevent a touchdown too close to the far boundary of the field, then
the best course of action is to choose an alternative field in which a
touchdown can be made closer to the near boundary.

5.1.1.9 Summary of forced landing procedure

Figure 246 summarises the sequence of events in the forced landing
procedure.



5.1.1.10 After landing

After landing, the pilot's first concern should be for his passengers
and himself, summoning assistance if injuries have been incurred.
     The aircraft should be protected from damage by livestock or
sightseers. (Again, assistance will probably be needed.) Finally, the
police (and if applicable the aircraft owner) should be consulted as to
the removal of the machine from the field.

5.1.1.11 Engine failure at low height

We have seen that the lower the height at which engine failure occurs,
the less time there is available to deal with the situation before the
inevitable forced landing.
     If the aircraft is not much above 1000 feet above ground level,
there will clearly be insufficient time to fly a circuit, and the pilot will
probably choose to land in a field upwind of the aircraft's position. If
practicable, a base leg should be flown, to give greater flexibility in
control of height loss (Figure 247).

Common sense dictates that greatest priority should be given to
achieving a safe landing; the secondary actions described in 5.1.1
should only be carried out if time permits. If there is clearly
insufficient time for all the secondary actions to be completed, it is
probably best to omit the cause-of-failure checks so that the distress
call can be transmitted and the impact checks carried out.

If the engine failure is experienced much below 1000 feet, the
pilot should turn the aircraft into wind and land in the best area



available, making further small turns as necessary to avoid
obstructions. In the event of there being insufficient height for a turn
into wind to be carried out, a landing should be made straight ahead.
In either case, the flaps should be lowered prior to touchdown, if
circumstances allow, to minimise the touchdown speed and the length
of the landing run.

5.1.1.12 Engine failure after take-off

Perhaps the worst situation that a pilot might face is engine failure
directly after take-off. The situation is aggravated by the fact that the
aircraft will be in a nose-high attitude, and will very quickly decelerate
to stalling speed unless the pilot immediately lowers the nose to
maintain gliding speed.
     If the aircraft is only just airborne, the obvious course of action is
to close the throttle, lower the flaps, land on the remaining runway
and attempt to stop before the airfield boundary is reached, if
necessary resorting to the tactics described in 5.1.1.7 to lengthen the
available landing path. These latter considerations also apply to the
case of a take-off rejected at high speed (refer back to 4.28.5).
     If the engine failure occurs during the climb-out, the pilot should
lower the nose to maintain gliding speed and attempt to land in the
best area available ahead of the aircraft. Although small turns might
be necessary to reach a suitable area for landing or to avoid
obstructions, or to turn into wind after a crosswind take-off, no
attempt should be made to turn back to the airfield, since there may be
insufficient height to complete the manoeuvre, and in any case the
aircraft will contact the ground at high speed because of the tailwind.
Figure 248 illustrates the point.
     Should time permit during the descent, a distress call can be
transmitted and as many as possible of the impact checks carried out.
If circumstances allow, it is advisable to lower the flaps prior to
touchdown, to minimise the touchdown speed and the length of the
landing run.



5.1.2 Further considerations

The forced landing procedure described above has been evolved over
many years and in most situations gives the pilot his best chance of
successfully achieving a safe landing after engine failure. However, it
is possible that circumstances demand modification of the procedure
described. Even though common sense may dictate departure from
this procedure, it is worth remembering that the first priority must
always be to attempt to achieve a safe landing. All other considerations
are of secondary importance.
     If a forced landing in a heavily wooded area (such as a forest) is
unavoidable, the pilot should try to land the aircraft onto the tree tops
at the lowest speed possible. In other words, the aircraft should be
brought to a stall just above the trees. The more supple branches in
the upper regions of the trees will help to cushion the impact. This
technique is also probably the best to adopt if forced to land on
uneven or rocky ground.
     Finally, it will be appreciated that flight over towns and cities
should be at such a height as would allow a forced landing to be made
clear of the built-up area in the event of total engine failure.

5.1.3 Practising forced landing procedure

The pilot can practise the forced landing procedure by closing the
throttle to simulate engine failure. He should remember to clear the
engine periodically during the glide. The impact checks should be
simulated (rather than actually carried out) and the procedure
discontinued at a safe height above ground level; the success or
otherwise of the practice can be gauged without the need to continue
the glide down to ground level.


