£ VioConsult

Staying Alive with a Dead Engine

How to prevent a dead engine from turning into a killing engine

Harry Horlings
Lt-Col RNLAF, ret'd; graduate USAF Test Pilot School
AvioConsult, The Netherlands

Presented to the European Aviation Safety Seminar of the Flight Safety Foundation
Athens, March 2006

Abstract

Throughout the world, accidents following the failure of
an engine during takeoff, go-around, approach and during
training continue to happen with both small multi-engine
airplanes and with airliners, despite the fact that much ef-
fort is made to thoroughly flight-test the airplanes in order
to explore and publish its limitations as well as to the train-
ing of flight-crew. One of the limitations that is of impor-
tance after engine failure and during flight with an inopera-
tive engine, and that is published in the airplane flight ma-
nual of each multi-engine airplane, is the air minimum
control speed (Vyvca)-

Federal Aviation Regulations (FAR) 23 and 25 and Eu-
ropean Aviation Safety Agency/ Certification Specifica-
tions (EASA/ CS) 23 and 25 and other equivalent regula-
tions allow the use of a small bank angle (max. 5 degrees)
for designing the vertical tail and allow this bank angle also
to be used during flight-testing to determine Vyca. The tail
design and the flight-test determined Vyca are for main-
taining straight flight after engine failure only, not for turn-
ing. Experimental test pilots and flight test engineers
usually determine Vyca using a 3 — 5 degrees bank angle
away from the inoperative engine while maintaining
straight flight. Any deviation from this small bank angle
will increase actual Vyca above the published value.
Keeping wings level for instance, increases the actual Vyca
10 — 30 knots or more above the published value of Vyca.

Vwuca is also one of the factors used to calculate takeoff
safety speed V,. Many airline pilots believe that takeoff
safety speed V, is always safe, even after engine failure, but
if the pilot does not maintain the bank angle used to deter-
mine Vca, then the actual Vyca might increase to a value
higher than preflight calculated V,, leading to a complete
loss of control from which recovery at low altitude is not
possible.

Therefore, the bank angle that was used to design the
vertical tail and to determine Vyca is important for the
safety of flight while an engine is inoperative. However,
the (airline) pilot does not get to know what bank angle was
used and should be maintained for either the Vyca that is
listed in the flight manual or for V, that is calculated before
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flight, to be valid. There is no requirement (yet) in FAR
and EASA/ CS 23 and 25 to present this bank angle (as a
limitation) in the airplane flight manual. FAR's as well as
EASA/ CS's currently concentrate on the loss of perfor-
mance after engine failure, not on maintaining control.
Accident investigation reports show that the mishap pilots
and accident investigators indeed were not aware of the
effect of bank angle on the controllability of the airplane.
Not maintaining both straight flight and the same bank
angle that were used to design the vertical tail and that were
also used to determine Vyca and to calculate V,, might
easily turn a dead engine into a killing engine, when maxi-
mum thrust is set and the airspeed is low. To the opinion of
AvioConsult, this is the real cause of many engine failure
related accidents during takeoff, go-around and during the
approach when thrust was added to maintain the landing
pattern or approach path. This paper is one of the papers
that was written by AvioConsult to increase the awareness
of the real meaning of V\,ca and therewith for staying alive
with a dead engine.

1. Introduction

Accidents due to engine failure are happening not only
during normal operations but also during pilot training,
despite the fact that manufacturers design and thoroughly
test their airplanes and establish operational limitations to
ensure the safe continuation of flight after an engine failure
in any phase of flight. Manufacturers provide, and aviation
authorities approve, flight manuals in which the limitations
are listed that are to be observed while operating the air-
plane. One of the limitations that is always determined of
all multi-engine airplanes, is the air minimum control speed
Vmea. Vwea is in fact a procedural, a 'software fix' for a
hardware 'problem' being a too small vertical tail. In addi-
tion, pilots learn the theory of asymmetrical powered flight,
receive training in simulators and receive a demo of Vyca
in-flight during their training for a multi-engine rating.

Most pilots of Part 23 airplanes consider their (multi-
engine) airplane to be controllable as long as the airspeed is
at or above Vyca in the event that an engine suddenly fails.
Vuca is therefore indicated on the airspeed indicator with a
red radial line (in accordance with 23.1545(b)(6)).



Pilots of Part 25 airplanes use takeoff safety speed V,
and not Vyca anymore. Therefore, pilots (and accident
investigators) often incorrectly consider Vyca a useless

speed (although Vyca is used to calculate V5).

The significance of Vyca for the controllability of a mul-
ti-engine airplane after engine failure seems well docu-
mented in EASA/ CS 23 and 25 (ref. 1), in FAR 23 and 25
(ref. 2) and in flight manuals and textbooks, but — in fact —
it is not. If the applicable Vyca and/ or V, are readily
available to well-trained pilots before every takeoff or go-
around, why do engine failures and in-flight simulation or
demonstration of engine failures during training still turn
into catastrophes so often? Many publications were written
to try to answer this question, but most reports and papers
discuss the early recognition of engine problems and the
remaining performance only.

In an effort to further increase the safety of flight while
an engine is inoperative, the author of this paper reviewed
many flight manuals, textbooks and FAR's and CS's, acci-
dent investigation reports and other documents on the sub-
ject of airplane controllability after engine failure and pub-
lished his findings in the report Prevention of Airplane
Accidents after Engine Failure (ref. 3). He concluded that
most of these publications were imperfect, in many cases
even incorrect and deficient on the subject of flight with
asymmetrical thrust. From many accident investigation
reports it was also learned that pilots allowed their airplane
to bank into the dead engine side while the airspeed was
low and the thrust setting on the operating engine(s) high.
By doing so, a catastrophic accident could not be avoided.
This proves that the test methods & conditions as well as
the configurations used during experimental flight testing to
determine Vca Never made it to be appropriately included
as limitation or restriction in Airplane Flight and/ or Oper-
ating Manuals, in student pilots textbooks and not even in
FAR and EASA/CS 23 and 25. This contributes, to the
opinion of the author of this paper, to the real cause of most
engine failure related accidents.

In this paper, a few imperfections in flight manuals,
training manuals, textbooks and aviation regulations FAR
and EASA/CS 23 and 25 are presented, that affect the con-
trollability of an airplane following the failure of an engine
in-flight; ref. 3 presents more. Both Vyca and V, will be
discussed in greater detail.

The objective of this paper is to explain that a very im-
portant limitation, essential to staying alive with a dead
engine, is required to be included in flight and operating
manuals to improve the engine-out handling by flight crews
and bring down the engine failure related accident rate.
This paper is applicable to all multi-engine airplanes with
wing-mounted engines.

2. Air Minimum Control Speed Vyca

Airplane manufacturers, writers of flight manuals and
authors of student pilot textbooks, and also pilots and many
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more aviation personnel use regulatory paragraphs (rules)
out of FAR and CS (23 and 25) and copy parts thereof into
their own manuals and books. Manufacturers might believe
that by doing so, they will avoid approval problems with
the certifying aviation authorities. But in reality, this copy-
work leads and has led to incorrect text for the purpose of
the documents that the parts are copied into, because not all
of the regulatory text that is intended for certification pur-
poses is applicable to airline or airplane operations. Many
rules and regulations are neither intended, nor good enough
to be copied unchanged into pilot manuals. An example
follows:

In a flight manual of just a multi-engine airplane, the fol-
lowing definition of Vyca is presented:

"Vme is the calibrated air speed at which, when
the critical engine is suddenly made inopera-
tive, it is possible to maintain control of the
airplane with that engine still inoperative and
(thereafter) maintain straight flight with an
angle of bank of not more than 5 degrees."

The biggest part of this definition is copied out of FAR
or EASA/CS 23.149 or 25.149. Although incomplete, the
definition is correct for describing some of the test condi-
tions for determining Vyca by the experimental test pilot of
the manufacturer and for certification purposes, but this
definition is certainly not suitable to be listed in a flight
manual and to be used by the (airline) pilot. There are four
imperfections in this flight manual definition of Vyca and
two important conditions missing.

These imperfections and the missing conditions will be
discussed in greater detail later in this paper. First, the
flight test techniques to determine Vyca and the effect of
bank angle and weight on Vyca Will be explained.

3. Flight-testing Vuca

The required airplane test configuration is described in
EASA/CS 23.149 and 25.149 (ref. 1), in FAR 23.149 and
25.149 (ref. 2), in the flight test guide of EASA (included
in ref. 1) and in FAA Advisory Circulars AC 23-08B and
AC 25-7A (ref. 4 and 5). The author of this paper learned
about Stability and Control, including engine-out testing, at
the USAF Test Pilot School in 1985 using ref. 7. The flight
test techniques for determining Vypca Were taught using
References 8 and 9.

FAR or EASA/CS 23.149 and 25.149 allow the appli-
cant of a certificate of airworthiness (the manufacturer) to
use a maximum of 5° of bank angle to determine Vyca.
Experimental test pilots and flight test engineers know that
this means a maximum of 5° away from the inoperative
engine because the direction and the magnitude of the bank
angle have great effect on Vy,ca and on the sideslip, as will
be explained in the next paragraph. Normally a bank angle
between 3° and 5° away from the inoperative engine is used
to determine Vyca.



The configuration used during flight-tests to determine
Vmea is:

e Flaps in takeoff setting, or a setting as required;
e Landing gear as required;

e Propeller, if applicable, feathered if the feathering
system is automatic, otherwise windmilling;

e Max. takeoff thrust on the operating engines. On
three or more engine airplanes, the thrust of the cen-
terline or symmetrical inboard engines may be re-
duced to avoid excessive climb. This has no effect
on Vyica.

Other test conditions used during flight-testing Vyca
represent the worst case of each of the conditions for Vyca
testing which will return the highest — the safest — Vjyca to
be published in the flight manual. These conditions, that
will be explained later, are:

e Critical engine off and propeller feathered, if auto-
matic (and applicable);

e Center of gravity most aft and laterally into the in-
operative engine, but within the approved envelope;

e Lowest gross weight possible.

Before actual flight-testing begins, a thorough (stability
derivative) analysis of the subject airplane is performed to
be prepared for any control or airspeed limitations that
might occur during the testing. Vyca testing is dangerous,
and should not be performed without proper training and
taking safety precautions.

Normally, two types of Vyca are determined: static
Vwuea and the transient effects of an engine failure, also
called dynamic Vyca. Dynamic Vyca is of relevance im-
mediately after the sudden failure of an engine; static Vica
is for being able to continue the flight safely while an en-
gine is inoperative. The highest of static Vyca and dynam-
ic Vuca Will be listed in the airplane flight manual as the
Vuca for the airplane.

The flight test technique used to determine dynamic
Vwmea 1S, while at a safe altitude of at least 5,000 ft above
ground level, to cut the fuel supply to the critical engine,
wait 2 seconds for normal decision making and then recov-
er control. This test is repeated at decreasing airspeed test
points. Dynamic Vyca Will not be further discussed, be-
cause static Viyca is much more relevant for staying alive
with a dead engine, the objective of this paper. Dynamic
Vwueca is most often lower than static Vyca. Static Vyca
will be referred to as Vca in the remainder of this paper.

The flight test technique used to determine static Vyca
is: at the safe altitude and using the configuration and con-
ditions described above, the airspeed is slowly decreased,
while keeping the wings level, until either:

e The heading can no longer be maintained, or
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e The rudder is maximum deflected or pedal force is
150 Ib (667 N), or

e The ailerons are maximum deflected or roll control
force is 25 1b (112 N).

The speed at which this occurs is Vyca With the wings
level.

On some airplanes, Vyca cannot be determined because
Vuca is lower than Vg: these airplanes are said to be con-
trollable down to the stall which is to be preferred, but there
is an important condition to this as will be explained later.

Once Vyca With the wings level is determined, the test-
ing continues by banking the opted 3 to 5 degrees away
from the inoperative engine after which the airspeed is
further decreased until again one of the limits listed above
is reached. The calibrated airspeed at which this occurs is
the Vyca for this airplane for the tested configuration. This
Vwuca Will, after extrapolation to sea level and correction for
temperature, etc., be listed in the airplane flight manual or
— if required — after reduction of the data to other altitudes
or temperatures be presented in graphs in the airplane flight
manual.

4, Factors that have influence on Vyca

4.1. Effect of Bank Angle on Vyca. FAR and CS 23.149
and 25.149 (ref. 1 and 2) allow a bank angle of maximum 5
degrees to determine Vyca. A manufacturer will, in most
cases, opt to use a bank angle between 3 and 5 degrees
away from the inoperative bank angle to determine Vyca,
as already described above. The reason for the use of this
bank angle will be explained in this paragraph.

After failure of an en-
gine, many forces (solid
lines in figures 1 and 2) and
moments (dashed lines) act
on an airplane; only a few
(the biggest ones) are
shown and will be dis-
cussed. The figures show a
sample turboprop airplane
during equilibrium -
straight flight while an
engine is inoperative. It is
important to realize that
equilibrium (with asymme-
trical thrust) can only exist
when both forces and mo-
ments are balanced.

After failure of engine
#1 on the sample multi-
engine airplane in figure 1,
the asymmetrical thrust T
of engine #2 generates a yawing moment Ny about the
center of gravity that can be balanced only by a yawing

Figure 1. Straight flight —
wings level.

3



moment Ns, generated by rudder side force Y, that is
caused by rudder deflection &,. For equilibrium, this side
force needs to be balanced by opposite side forces.

When the wings are kept level as illustrated in figure 1,
the only side forces available to achieve a balance of forces
are side forces due to sideslip 3. Sideslip B generates (in
this case) not only a side force Y (normally for
‘weathercock' stability) opposite of Y5 but also a side force
T-sin B due to airflow bending caused by the propeller disc
(or turbofan inlet), that both add up to equal rudder side
force Y, for balance of side forces. This means that when
the wings are kept level, a sideslip is required for equili-
brium — straight flight. However, side slipping also causes
drag that deteriorates the already reduced climb perfor-
mance. This side slipping and therewith the drag can be
reduced, as will be shown next.

Aileron deflection 8, not only generates a rolling mo-
ment Ls, to counteract the propulsive lift moment Ly, but
also an adverse yawing moment Nz, for which also addi-
tional rudder deflection is required to compensate for. On
turbofan-equipped airplanes, the deflection of ailerons
might be different from the deflection in the figures, be-
cause turbofans are mounted below the wings and do not
generate propulsive lift.

If, in accordance with regulations, a small bank angle of
maximum 5° is used away from the inoperative engine, side
force Y in of the wings level case in figure 1 can be re-
placed by side force W:sin ¢ as shown in figure 2. Side
force W-sin ¢ acts in the center of gravity and generates no

adverse or proverse mo-

gk ments. The rudder does not
1)

have to counteract side
forces due to sideslip, mean-
ing that the rudder deflec-
tion can be smaller, or the
airspeed can be lower for
maximum  deflection as
compared to the wings level
case. This is the reason that
Vwmca is lower when a small
bank angle is maintained
away from the inoperative
engine. If Vyca is lower, a
takeoff can be performed at
a lower speed, which in-
creases the maximum pay-
load (and profit) on the
available runway length. A
small bank angle reduces
the sideslip to (near) zero;
hence, the drag is as low as
possible which is favorable to the climb performance.
These are reasons for using the small bank angle during
flight-testing Vuca, and should be the reasons too for using
the small bank angle during normal operations following

Figure 2. Straight flight —
bank angle 5° away from
inoperative engine.
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the failure of an engine when the thrust is high and the
airspeed low.

Figures 3 and 4 show the effect of bank angle and gross
weight on Vyca (through side force W-sin ¢) for a sample
4-engine swept wing airplane with one outboard engine
(#1) inoperative during straight (equilibrium), constant
heading, 1 g flight and with the remaining engines produc-
ing maximum continuous takeoff thrust. The plotted air-
speeds are the lowest possible airspeeds in the takeoff con-
figuration for the given bank angles and are calculated
using the stability derivatives of this sample airplane while
using the maximum of either aileron deflection (maximum
20°), or rudder deflection (maximum 30°) or sideslip (max-
imum 14° to prevent the vertical tail from stalling), whi-
chever maximum occurs first. The maximum allowed
rudder pedal force is not included and might have effect on
the data. Experimental test pilots and flight test engineers
would normally perform this kind of analysis before Vyca
flight-testing. A positive bank angle is in this case a bank
angle away from the inoperative engine #1.
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Figure 4. Effect of bank angle on Vy,ca during straight
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As can be seen in both figures, Vyca of this sample air-
plane, as determined by analysis (prediction), is below stall
speed if a bank angle of 5° away from the inoperative en-
gine would be used. If the manufacturer had opted for this
5° bank angle and the data would have been confirmed by
flight-tests, the airplane flight manual would state that the
airplane is controllable down to the stall. This being the
case, the Vca definition might not even be included in the
flight manual. As will be shown later, it would be benefi-
cial to the safety to include Vyca anyhow.

If the manufacturer had opted for a bank angle of 3°
away from the inoperative engine for determining Vyca (3°
line in figure 3), then the Vyca listed in the airplane flight
manual for this configuration would be 95 knots calibrated
airspeed. The actual Vyca Would decrease with increasing
weight, which is favorable to takeoff safety, until it de-
creases below Vs,

This decrease is also very common for straight wing tur-
boprop airplanes while banking 5° away from the inopera-
tive engine. Vyca on these airplanes is often higher than
V for all weights. If highest gross weight would have been
chosen to determine Vyca, then the actual Vyca for any
lower weight is higher and pilots would have to use weight
as entry variable to determine the actual Vyca before every
takeoff and landing to be prepared for engine failure (dur-
ing go-around). This would require too much data and be
too complex.

Lowest gross weight is the worst-case weight for the
magnitude of Vyca and is therefore used during flight-
testing. Then the resulting Vyuca is safe for all gross
weights, provided the small bank angle is being maintained.

Things change dramatically for this and other multi-
engine airplanes if the bank angle is not maintained away
from the inoperative engine. If the wings are kept level, the
analysis shows that actual Vyca for this sample airplane, in
this configuration, at all gross weights (W-sin ¢ = 0) will
have become 119 kt, 24 kt higher than Vyca with 3° bank
away from the inoperative engine and 11 kt higher than the
stall speed Vg at high weight. This means that straight
flight cannot be maintained at or below an indicated (cali-
brated) airspeed of 119 kt, following the failure of an out-
board engine while the wings are kept level and the oppo-
site engine is at maximum takeoff thrust setting (if all fac-
tors that have effect on Vca are at their worst case values;
see § 4.2). The airplane is not controllable down to the stall
anymore either.

Actual Vca Will be even higher if the bank angle is only
5 degrees into the 'wrong' side, which is into the failed or
inoperative engine. The 10° bank angle V\ca data are
presented too and speak for themselves. The increase of
actual Vyca on straight wing airplanes will be smaller, but
still a factor to consider.

The powerful effect of side force W-sin¢ can be ob-
served in figures 3 and 4. Of course, Vyca is the minimum
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speed for maintaining a straight flight equilibrium only,
which an intentional turn is not, but the rudder and/ or aile-
rons might be maximum deflected, leaving no control pow-
er to be able to end the turn and return to straight flight
once the airplane is allowed to bank away from the favora-
ble 3° — 5° degrees, simply because the remaining aileron
control power at Vyca is not an objective of Vyca testing.
Pilots may therefore not count on any aileron control power
left other than for maintaining the opted 3° — 5° away from
the inoperative engine if the airspeed is Vyca. Figure 3
will be used again in 8 9, while discussing the takeoff safe-
ty speed V..

The Vuea that is listed in flight manuals is always de-
termined using the lowest possible gross weight and a bank
angle of 3° to 5° (as opted by the applicant) away from the
inoperative engine, which provides a safe Vyca Whatever
the actual airplane gross weight is. This also implies that
the Viyca listed in flight manuals is only valid on the condi-
tion that the bank angle is the opted (3 to 5) degrees away
from the inoperative engine. This small bank angle also
keeps sideslip angle B (near) zero, which keeps the drag
low.

Although the flight manual of this sample airplane might
state that the airplane is controllable down to the stall, this
will only be the case as long as the bank angle is the same
as used to determine Vyca. As can be observed from figure
4, actual Vyca (for low gross weight) is expected to be
higher than Vg if the bank angle is less than 4° or greater
than 6° (during equilibrium).

Maintaining the opted (3° to 5°) bank angle away from
the inoperative engine is essential for safety during takeoff
or go-around following the failure of an engine and during
flight while an engine is inoperative, for this airplane and
most probably for all multi-engine airplanes. This very
small bank angle will prevent a dead engine from turning
into a killing engine.

4.2. Other factors that have influence on Vyca. Actual
Vca, that is the Vyca that the pilot would experience in
flight given the actual configuration and actual conditions
instead of the worst cases used during Vyca testing, de-
pends on many variable factors:

e Thrust: flexible, less than maximum. The lower the
thrust, the lower the asymmetrical thrust moment
and the less rudder deflection or airspeed is required
to counteract the asymmetrical thrust moment: ac-
tual Vyca decreases — is safer. Vyca nNeeds to be de-
termined using the highest thrust level that is setta-
ble by the pilot from the cockpit.

o Position of the center of gravity (cg). During testing
for Vyca, an aft cg is used. This is the worst case cg
because then the moment arm from cg to rudder is
shortest and hence, rudder control power is lowest.
Any more forward cg position lengthens the moment
arm to the rudder, leading to less required rudder



deflection or a lower speed which results in a lower
— safer — actual Vyca. A cg laterally displaced
away from the inoperative engine (for instance by
transferring fuel) shortens the moment arm of the
asymmetrical thrust; actual Vca is lower, safer.

e Criticality of an engine. Vca is determined while
the critical engine is inoperative. The reason will be
explained in § 5.2.

e Number of inoperative engines. If two engines on
the same wing fail or are inoperative, Vyca increas-
es considerable. But FAR 25 and CS 25 do not re-
quire this Vicaz to be determined, but only Vyc,»,
which applies with the flaps in landing position, but
not anymore for continuing the takeoff or for a go-
around when the flaps are selected to takeoff (see al-
so §7). Military Specifications (ref. 6) require
Vwuea2 t0 be determined for 4 or more engine air-
planes with two engines inoperative on the same
wing. Before initiating a go-around if one engine is
already inoperative, the airplane should be accele-
rated first to Vycaz (down the glide slope or by
symmetrical thrust), in anticipation of another en-
gine to fail.

o Propeller system — feathered or not. If the automat-
ic feathering system does not function as advertised,
the unfeathered propeller causes higher drag which
leads to a higher asymmetrical yawing moment re-
quiring more rudder deflection or a higher speed to
counteract. Actual Vyca is higher.

e Rudder boosting. If the rudder is hydraulically
boosted, more rudder deflection is available for the
same foot pressure. But if the landing gear for in-
stance is selected up, boost pressure might tempora-
rily drop during the gear transitioning, and rudder
deflection might decrease, leading to a temporarily
higher actual Vyca and control problems.

e Configuration changes. Any configuration change
that affects lateral or longitudinal balance (cg posi-
tion) or asymmetrical drag, has influence on the
yawing moments that act on the airplane and there-
fore will have effect on (actual) Vyca.

In addition to this list, anything else that affects the
thrust or drag symmetry will have effect on (actual) Vyca.

The factors mentioned in the list above are not factors
used to calculate Vyca or V, during preflight. To reduce
the otherwise huge amount of data, only the worst cases of
these factors are used to determine Vyca during flight-test,
so the flight manual listed Vyca is always safe, whatever
the values of the variable factors are.

Vmca is the minimum speed for maintaining straight
(equilibrium) flight if an engine is inoperative (while bank-
ing the opted number of degrees away from the inoperative
engine). If one or more of the variable factors that have
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influence on Vyca are not at the worst-case value, actual
Vmca might be lower — safer — than the published Vyca and
not be as excessively high after banking away from the
favorable bank angle as illustrated in the previous para-
graph. This might be the reason that on many occurrences
of engine failure, control could be maintained while the
wings were kept level following the failure of an engine or
during a training session with an inoperative engine. Nev-
ertheless, quite a few accidents have also learned that after
initiating a turn, it was impossible to end the turn and return
to the original heading because of insufficient rudder and/or
aileron control power, because the airspeed was below
actual Viyca. Vwca is definitely determined for a reason on
Part 23 as well as on Part 25 airplanes.

5. Vuca definition in flight manuals

Now that the flight test techniques and the effect of bank
angle on Vyca are explained, the four imperfections in the
Vumca definition that were presented in § 2 and are repeated
here, will be explained. The definition of Vyca in many
flight and other manuals is, again:

Ve is the calibrated air speed at which, when the
critical engine is suddenly made inoperative, it is
possible to maintain control of the airplane with
that engine still inoperative and (thereafter) main-
tain straight flight with an angle of bank of not
more than 5 degrees.’

The imperfections in this flight manual definition of
Vca are, in order of importance:

1. angle of bank of not more than 5 degrees;
2. critical engine;

3. suddenly made;

4. Vyc.

The missing conditions for which the defined Vy,c ap-
plies are in this sample definition:

e airplane configuration
e thrust setting

5.1. 'angle of bank of not more than 5 degrees’. The
airline pilot reading this sentence might get the idea that it
is required to maintain the wings level or, in any case, keep
the bank angle to within + 5° left or right in order to main-
tain straight flight after engine failure. However, the pilot
who indeed does keep the wings level is, without realizing,
jeopardizing not only his/ her safety, but also that of the
passengers, because a life saving addition to Vyca is not
made in most flight manuals.

Bank angle affects actual Vyca and is under direct control
of the pilot. As was explained in § 3, Vyca is determined
with a bank angle of 3° to 5° away from the inoperative
engine. Any other bank angle results in a higher — less safe
—actual Vyca.



As was shown in figures 3 and 4, the actual Vyca might
increase to more than 60 knots above the flight manual
listed Vca if the wings are kept level, or if the airplane is
banked only a few degrees into the inoperative engine (to
the wrong side, for instance to avoid obstacles or terrain).
Then the airplane cannot be controlled anymore; a catastro-
phe is unavoidable.

Many engine failure related accidents happened because
the pilot did not maintain the 3° to 5° bank angle away
from the inoperative engine but started to turn to either side
at too low an airspeed, which led to an increase of the ac-
tual minimum control speed above the indicated airspeed,
rendering the airplane uncontrollable. After allowing the
airplane to bank away from the favorable bank angle, the
rudder and/ or ailerons might not have the control power
anymore to return to the original heading. This kind of loss
of control is often referred to as a stall, but it certainly is
not: the airspeed is below (actual) Vyca, control has be-
come impossible. The Vyca definition as is does not con-
tribute to the prevention of these kinds of accidents.

As was explained before, side force W:sin ¢ replaces the
side forces due to sideslip to be able to maintain straight
flight while only a small bank angle away from the inopera-
tive engine is used. The sideslip will be near zero, the total
drag is lower and hence the remaining climb performance is
higher. Therefore, some manufacturers include this small
3° — 5° bank angle requirement in the legend of their one-
engine inoperative performance graphs. However, perfor-
mance should not be the first concern after engine failure;
maintaining control is much more vital to survival than the
remaining performance.

Some engine emergency checklists require a small bank
angle, but often too late and aimed at minimizing the loss
of performance during the climb with an inoperative en-
gine. The small bank angle however is urgently needed as
soon as the thrust asymmetry develops and as long as the
thrust asymmetry exists to be able to maintain control of
the airplane. The letter C in Vyca is for control, not for
performance.

As was explained before, the Viyca that is listed in flight
manuals is not valid without applying the same bank angle
that was used to determine it (even if the bank angle used
was zero). There is no (FAR/ CS) requirement to list this
bank angle with Vy,ca and consequently most manufactur-
ers do not list the bank angle, but define Vyca to be for 'an
angle of bank of not more than 5 degrees'. Fact is also that
Vumca is the minimum speed to barely maintain straight
flight, thanks to a small bank angle. Turning, or even al-
lowing the airplane to bank away from this small bank
angle is dangerous; this in not elaborated on in flight ma-
nuals either.

Regulatory authorities do not require listing the bank an-
gle that validates Vyca, but manufacturers have their own
responsibility for the safety of flight with their airplanes,
and should provide all of the information necessary to op-

Copyright © 2006, AvioConsult

N VioConsult

erate the airplane safely, including flight with an inopera-
tive engine and the required bank angle to use for the Viyca
to be valid. Not stating the required bank angle for the
listed Vyca to be valid might be the cause of many acci-
dents, because pilots are not reminded of the fact that the
listed Vyica is valid for one specific bank angle only. They
are not kept aware of the huge influence of bank angle on
Vumca. They therefore do not hesitate to turn their airplane
while an engine is inoperative (and the airspeed is low and
thrust setting is high) and are surprised by a sudden loss of
control (that is often reported on as a stall).

Vumca 1S not a minimum speed to fly, but to stay away
from, just like the stall speed Vs of an airplane. Vyca real-
ly is a sneaky killer because is varies (unnoticed) a lot with
bank angle (while Vg changes only slightly with bank an-

gle).

The sentence 'angle of bank of not more than 5 de-
grees' in the Vyca definition contains a condition for the
certification of the airplane and certainly not a bank angle
limit for airline operations. The words 'not more than' need
to be deleted in this flight manual definition. The number
(5°) needs to be replaced with the number of degrees that
the manufacturer used to determine Vyca, even if this is
zero.

5.2. ‘critical engine'. An airline pilot might, after reading
the definition in his flight manual, think that Vyca is not
applicable if another engine than the critical engine is in-
operative, but that is a misinterpretation. Vuca applies
after failure of any one of the engines, inboard or outboard,
left or right. This is why:

At low airspeed, or as the airspeed in flight decreases,
the angle of attack of the wings has to be increased to main-
tain altitude or to climb. However, the relative wind not
only hits the wings under the increased angle of attack, but
also the propeller blades. This affects the resulting thrust of
each blade while passing its near horizontal position. The
angle of attack of the down going blade increases and the
angle of attack of the up-going blade decreases. The down
going blade produces more thrust than the up going blade,
causing the thrust vector of
whole propeller to shift in the
direction of the descending

(T;. Arm T, propeller blade. This asym-
metrical loading of the propel-

.‘és ,,,,,, ler disc is also called P-factor,
N = see figure 5. If the propellers
Ne T, 7 |[am T, both rotate clockwise, then the

yawing moment arm of the
propeller thrust on the left
— wing (T;) decreases and the
Figure 5. P-factor yawing moment arm of the

propeller thrust on the right
wing (T,) increases with increasing angle of attack. Then
the yawing moment of engine #2 (T, x arm T,) is bigger
than the yawing moment of engine #1 (T, x arm T;). This




effect is also noticeable during normal operations at low
speed (as the angle of attack is high), when a rudder input
will also be required to counteract the difference in thrust
yawing moments and maintain straight flight.

If engine #1 fails, the total remaining thrust moment Nt
(in this case generated by engine #2) is bigger than the
remaining thrust moment if engine #2 would fail. A bigger
asymmetrical thrust moment Ny requires more rudder def-
lection to counteract this Nt or — if the rudder is at its limit
—a higher airspeed. Hence, Vca after failure of engine #1
will be higher than Vyca after failure of engine #2.

The engine that, after failure, leads to a higher Vyca is
called the critical engine. If the propellers rotate clockwise,
the (most) left engine #1 is the critical engine.

If the airplane is equipped with counter-rotating propel-
lers or with turbofans, there is no change of the total thrust
moments with increasing angle of attack and therewith no
difference in Nt after failure of a left- or right-hand engine,
provided the gyroscopic effects of rotating engines and
propellers are negligible. In this case, the opposite engines
are equally critical. Ny and hence actual Vyca differ for
inboard and outboard inoperative engines though.

The failure of the centerline engine on a tri-jet has no in-
fluence on the yawing moments and hence not on Vyca,
only on the pitching moment requiring a change of elevator
input.

Vwmcea is highest after failure of the critical engine. Vyca
after failure of the opposite (or another) engine will be (a
few knots) lower. Therefore, the critical engine is inopera-
tive during flight-testing Vca; this leads to the highest —
worst case — Vyca Of any engine to fail.

If one engine powers a critical system for airplane con-
trol (for instance hydraulic rudder boost), that engine would
be called critical.

Vmca listed in flight manuals applies after failure of any
of the engines, critical or non-critical. The pilot does not
have to start analyzing the remaining thrust distribution on
the airplane and make decisions on the criticality of a fail-
ing engine; there is also only one emergency procedure for
any failed engine.

Therefore, the word ‘critical’ does not belong in the
Vuca definition in a flight manual, but only in flight-test
and certification procedures. Any failed engine has to be
treated alike by the airline pilot. If the critical engine is
mentioned in the Vyca definition, then other factors that
affect Viyica even more, like bank angle and weight (§ 4.1),
center of gravity (8§ 4.2), etc. should have been mentioned
in the definition as well.

5.3. 'suddenly made': During flight-testing to determine
Vwmea, in addition to the static Vyca described above, also
the dynamic (sudden failure) Vyca is determined as was
described in § 3. Dynamic Vyca is of importance for main-
taining or regaining control immediately after the engine
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failure occurs; static Vyca is of relevance for the safe con-
tinuation of the flight while an engine is inoperative. The
higher of the two is usually listed in the flight manual as the
Vmca for this airplane (for the tested configuration). There-
fore, it is completely irrelevant to an airline pilot whether
the listed Vca is for a sudden failure or for flight with an
inoperative engine; only a single Vyca applies. The pre-
sented Vyca applies as soon as and as long as one of the
engines is inoperative, whether following the sudden failure
or during the remainder of the flight while an engine is
inoperative, while returning to the airport. This is of relev-
ance too, because many accidents happen while flying with
an inoperative engine (at too low a speed) after turning into
the dead engine with high thrust setting.

The words 'suddenly made’ are for the flight-test me-
thods & conditions to determine the transient effects of a
sudden engine failure, i.e. to determine the dynamic Vyca
only, and do not belong in a flight manual definition of
Vumca to confuse airline pilots.

5.4. Configuration is not addressed in the sample Vyca
definition at all. A different Vyca can be determined
though for different airplane configurations, for different
flap settings (takeoff, cruise, landing), landing gear up and
down, in or out of ground effect, etc. Some manufacturers
(of big airplanes) present Vyca graphs in their flight ma-
nuals in which altitude, temperature and ground effect are
the entry variables to find the applicable Vyca for takeoff
or go-around. Leaving out the configuration for which the
listed Vyca is valid might also be the cause of many acci-
dents because pilots are not made aware of the differences.

Thrust setting also affects actual Vyca and is — like bank
angle — under direct control of the pilot. Vyca is deter-
mined using maximum thrust for the tested configuration.
This provides the highest Viyca. A lower thrust setting, like
a reduced (assumed temperature) setting, results in a lower
— safer — actual Vyyca. However, if, after engine failure, the
thrust on the remaining engines is increased, the listed
Vwuca applies again.

Both the configuration for which the listed Vyca is valid
and the thrust setting should be included in the Vyca defini-
tion.

5.5. Improved Vyca definition for flight manuals. Us-
ing the explanation presented above, an improved defini-
tion of Vyca for use in flight manuals and in student pilot
text books would be:

'Vmea is the lowest (calibrated) airspeed at which
only straight flight can be maintained while an en-
gine is inoperative and the other engine(s) provide
maximum takeoff thrust, given the specified confi-
guration and provided the given bank angle is be-
ing applied.'

In the limitations section of the flight manual where
Vuca is presented, Vca itself and the bank angle for which
the Vyca is valid should be presented (as a limitation).



6. Consequences for Aviation Regulations

The discussed Vyca definition is just one example of in-
correct use of FAR and CS 23 and 25 sections by a flight
manual writer; nevertheless, the aviation authorities inap-
propriately approved this flight manual. The Vyca defini-
tion that was copied out of FAR or CS should have been
changed to an appropriate version for use in the flight ma-
nual for operational use by airline pilots before approving
the manual of the airplane. On the other hand, it would be
recommendable to make aviation regulations absolutely
unambiguous: they should be good for certification as well
as be unmistakable to the readers who are not certifying
staff, like authors of flight manuals, of student pilot text
books, (amateur) test pilots or just interested pilot instruc-
tors, etc. During the research for writing the report (ref. 3),
many inappropriate regulatory paragraphs were found.

In order to prevent engine failure related accidents in the
future, it is strongly recommended to start a regulation
improvement process. To get this process going, a number
of inappropriate regulatory paragraphs are discussed in the
report (ref. 3) and in this paper.

7. Minimum Control Speed for Landing Ve,
Vmeez and Vycaz

Civil aviation regulations require ViycL and Vyci» to be
determined on 2- and on 3 and more engine airplanes re-
spectively. However, V. is only useful during the ap-
proach when maximum thrust is required for maintaining
the approach path and — following the decision to go-
around — in the short period between setting full thrust
(while an engine is inoperative) and the flaps arriving in the
takeoff setting. Military 4- or more engine airplanes nei-
ther use VcL nor Vcro, but do use the much more impor-
tant Viycaz (ref. 6).

Vmcaz applies as minimum control speed as soon as one
engine is inoperative.  Vpca2 is the minimum speed to
accelerate to before continuing a two-engine inoperative
takeoff or to accelerate to before commencing a go-around
if one engine is inoperative in anticipation of a second
engine to fail. Vycaz is also the minimum control speed
during the remainder of the flight while two engines are
inoperative. The effect of bank angle on Vyca, as pre-
sented in § 4.1, also applies to flight with two engines in-
operative, but Vicaz is much higher than Vycag).

8. Stall Speed Vs and Air Minimum Control
Speed Vyca

Some multi-engine airplanes with the engines mounted
close to the fuselage or with counter-rotating propellers
have a Vca that is lower than stall speed Vs, in which case
the flight manual either lists no Vyca at all, or states that
'the airplane is controllable down to the stall', which is of
course the preferable and most safe situation. However,
this will only be the case if the pilot (after engine failure)
actually maintains the bank angle that was used to deter-
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mine Vyca, in most cases 5° away from the inoperative
engine as was illustrated in figures 3 and 4 in § 4.1. If the
bank angle differs from this favorable bank angle, the ac-
tual Vyca might increase to a value higher than Vs and a
controllability problem might arise despite of the statement
in the flight manual.

9. Takeoff Safety Speed V,

Takeoff safety speed V; is one of the procedural speeds
used for planning and performing a takeoff with FAR/ CS
Part 25 airplanes. As the name implies, V, is supposed to
be a safe speed during takeoff, especially if an engine fails
after passing decision speed Vi. In the analysis below,
airspeed data of the sample 4-engine turbojet airplane pre-
sented before in this paper will be used to show that there is
a very important condition to indeed make V, a safe takeoff
speed. Figure 6 below is similar to figure 3, but with V,
data added.

V, as defined in FAR/ CS 25.107 (c) must provide at
least a (certain) positive one engine inoperative gradient of
climb and may not be less than:

e minimum V, (Vou);

e Vg plus the speed increment attained before reach-
ing 35 ft above the runway level.

Vomin may not be less than 1.10 x Vyca for all airplanes.
In addition, a requirement exists for Vo to be at least
1.08 or 1.13 x Vg, dependant on the number of engines
and provisions for power-on stall speed reduction. Vsg is
the reference stall speed, which is normally the leading
factor for calculating Vo at higher airplane weights,
when Vg is higher than Vyca (if the correct bank angle is
used); refer to figure 6 below. Since the exact increment
above rotation speed Vg, which is attained before reaching
35 ft above the runway level, is unknown for this sample
airplane, the V, data shown in figure 6 is Vou.

The data used in § 4.1 to explain the effect of bank angle
on Vyca Will be used again. As was explained in § 3, a 3°
— 5° bank angle away from the inoperative engine is used to
determine Vyca. Other standardized variables for deter-
mining Vyca are the lowest gross weight possible and the
most aft center of gravity in the approved envelope as well
as the worst cases of other variables that have influence on
Vmea (8 4.2).

Figure 6 below shows the effect of bank angle and
weight on V,. Assumed is that the manufacturer did opt to
determine Vyca While using a bank angle of 3° away from
the inoperative engine. If opted for 5°, the V; line would
be a straight line all the way (at 1.13 x Vs, in accordance
with FAR/ CS 25.107).

As shown in figure 6 below, V, for takeoff gross weights
below 190,000 Ib would have to be 104 kt (=1.1 x Vjca),
increasing to 1.13 x Vg for gross weights above 190,000 Ib.
At 260,000 Ib, V, would be 122 kt.



If, in this example, the pilot does not bank away 3° from
the inoperative engine, but keeps the wings level following
the failure of an engine, then the actual Vyca will be 119 kt
(figure 6 below) and is higher than the preflight calculated
V,, except when the airplane gross weight is above 250,000
Ib. At the maximum takeoff gross weight, the preflight
calculated V, (122 kt) is just 3 kt above the actual Vyca
with wings level (119 kt). The 10% safety margin that V,
is supposed to provide over Vyca (1.1 x Vpca, FAR/ CS
25.107) is almost completely vanished; takeoff safety is at
stake if the pilot keeps the wings level and the other factors
that have effect on Vyca are at their worst case values
(84.2).
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Figure 6. Effect of weight and bank angle on takeoff
safety speed V..

Instrument flying and departure procedures are simpler
with bank angle zero. Therefore, some manufacturers list
in their engine failure procedures or guidance to keep the
wings level while maintaining V,. The consequence of this
wings level attitude is that, if an engine is inoperative, the
actual Vyca is higher than while maintaining a small bank
angle. To achieve the 10% safety margin above Vyca as
intended by FAR/ CS 25.107, the value of V, should be
increased to 1.1 x actual Vyca =1.1x119=131 Kkt
Therefore, if during flight with an inoperative engine the
bank angle is not maintained that was used to determine
Vuea, the actual Viyca might increase above the preflight
calculated V, and airplane control might be lost. In addi-
tion, if a (procedural) bank angle is to be used shortly after
liftoff that differs from the bank angle used to determine
Vuca it is evident that (actual) V, needs to be revised as
well, to be able to maintain the safety margin and ensure
the procedural bank angle to be safe.

Since the airspeed during takeoff or go-around will be
V, after engine failure at or below 400 ft, the consequences
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of banking away from the favorable bank angle (3° to 5°
away from the inoperative engine) will be that the airplane
will start drifting away from the extended runway center-
line and that control will be lost already as soon as the
wings turn through wings level attitude (if the gross weight
happens to be low and/ or the center of gravity is aft). The
airplane might continue to roll into the dead-engine-side
until the flight ends in calamity. These uncommanded
yawing and rolling motions can only be counteracted by
immediately decreasing the actual Vyca, Which — in this
situation — can only be achieved by reducing the asymme-
trical thrust temporarily, which instantaneously decreases
actual Vyca to a more safe value below the indicated air-
speed. If altitude is available to be exchanged for speed,
that is an option too, but this might take too much time.

In order to prevent takeoff accidents after engine failure,
it is certainly required for this sample airplane — and most
probably for all multi-engine airplanes — to bank 5°, or the
specified number of degrees away from a failing engine
immediately, which will keep the actual Vyca below the
preflight calculated takeoff safety speed V,.

V, is supposed to add at least a 10% safety margin on
top of the minimum control speed Vyca, but that is ob-
viously not the case if the bank angle is less than the bank
angle used to determine Vyca. The pilot assumes to be safe
while maintaining V, on the airspeed indicator after engine
failure, but the actual V, he should be maintaining after
banking away from the favorable bank angle is many knots
higher. Not maintaining the favorable bank angle reduces
the safety margin required by FAR/ CS 25.107 considera-
bly or even nulls it.

Often it is stated that Vca is the leading factor for cal-
culating V, at low takeoff weights; Vs would be the leading
factor for calculating V, for high takeoff weights and for
airplanes that are said to be controllable down to the stall.
Vs increases with weight and only slightly with small bank
angles around wings level (by a factor of 1/cos ¢). Refer-
ring to the analysis above, it will be clear that Vca is not
only the leading factor for calculating V, for low takeoff
weights, but also for high takeoff weights and for airplanes
that are controllable down to the stall, if the bank angle is
deviating from the bank angle used to determine Vyca,
even if this is just a few degrees. This however, is never
stated in the graphs or tables that present V, or with the
display of V,.

10. Imperfections in FAR/ EASA CS

The Vca definition presented before was copied from
FAR/ CS 23.149 or 25.149. Although incomplete, this
definition is OK for designing the vertical tail and for
flight-testing Vyca. However, many authors copy the
Vumca definition out of these regulations into their manuals
or textbooks without amending them to suit the purpose of
their publication. This in itself is not an imperfection in the
regulations because these are for certification purposes, but
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regulations should be unambiguous to any reader; they are
not only used for certification but also as reference docu-
ment to many authors of flight manuals, textbooks, etc.
Regulations should be improved to rule out these kinds of
mistakes, and improve aviation safety.

Another example of an imperfect regulation is FAR/ CS
23.1545 that requires 'the airspeed indicator to be provided
with a red radial line showing the maximum value of the
one engine inoperative minimum control speed Vyca'
Besides the fact that there is no maximum value of Vyca
(there is only one Vca, unless different configurations are
tested), there is no requirement in the regulations to include
the bank angle that was used to determine Vyca. The red
line speed, if used as Vca, may therefore lead to a calami-
ty if the actual bank angle differs from the bank angle used
to determine Vyca and the other conditions happen to be at
their worst case values. In ref. 3, many more regulatory
imperfections are discussed.

11. Conclusions

Many papers and reports, including accident investiga-
tion reports, were written on the subject of airplane control
after engine failure, but accidents continue to happen. This
was reason for AvioConsult to review accident reports,
formal multi-engine airplane flight manuals, textbooks and
aviation regulations on the subject of controllability while
flying with asymmetrical thrust. As a result, many imper-
fections and even deficiencies were found and presented in
a report by AvioConsult (ref. 3). Consequently, by reading
(only) these imperfect documents, pilots, instructors, tutors,
writers, etc. receive an incomplete and hence incorrect
comprehension of Vyca, Which definitely must have con-
tributed to many engine failure related accidents in the past.

In any case, if actual Vca increases above the indicated
(calibrated) airspeed due to a change of bank angle away
from the favorable bank angle, it might not be possible to
maintain heading; control will be lost. The facts about the
effect of bank angle and weight on Vyca presented above
are not elaborated in most flight, training and operating
manuals, nor in many textbooks on asymmetrical flight, nor
in FAR's and CS's. This might very well also be the cause
of many engine failure related accidents (§ 4).

The pilot has control over actual Vyca Vvia bank angle
and (opposite) throttle and should maintain a (favorable)
bank angle 3° — 5° away from the failed or inoperative
engine while the thrust setting is high, which means that he
should not maneuver as long as the airspeed is close to
Vmca. This bank angle was also used to design the vertical
tail of the airplane.

Vmca should apply as minimum flying speed at all times
in anticipation of an engine failure, but applies in any case
as long as the thrust is asymmetrical, not only during ta-
keoff and during go-around, but also during the remainder
of the flight while an engine is inoperative. If at any time
the heading cannot be maintained, the airspeed is below the
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actual Vyyca. The only way to regain control is either to
increase the airspeed or to reduce the throttle of the oppo-
site engine a little, temporarily.

The standardized Vyca that is listed in flight manuals is
the lowest possible speed at which straight flight can just be
maintained using the worst case of many variable factors
that have influence on Vyca (8 4.2) and a small 3° to 5°
bank angle away from the inoperative engine, at the option
of the applicant (the manufacturer) (8 4.1 and § 3). Actual
Vumca Might increase more than 60 knots if the bank angle
is not maintained at the opted number of degrees away
from the inoperative engine, which might lead to an uncon-
trollable airplane and consequently to a calamity. The
effect of bank angle on Vyca is not made clear in flight
manuals (may be except for a very few), in aviation regula-
tions, in most textbooks, etc. (§ 4).

The most important conclusion is that the value of Viyca
that is listed in flight manuals and that is used by pilots of
multi-engine airplanes is in reality not a constant number
as the manuals might suggest and pilots assume it is, but
that actual Vyca varies considerably with bank angle.

The Vca listed in flight manuals is a minimum control
speed for maintaining straight flight, certainly not for ma-
neuvering and is only valid as long as the same small bank
angle is applied that was used to determine Vyca.

Takeoff safety speed V, is used on Part 25 airplanes. It
is supposed to provide safety during takeoff, even after
engine failure. V, is calculated during preflight (or by the
on-board computers) using Vuca and stall speed Vs. V; is
only a safe takeoff speed as long as the thrust distribution
on the airplane is symmetrical and, following the failure of
an engine, only as long as a bank angle of 5 degrees (or a
number of degrees as opted by the applicant and used to
determine Vyca) is maintained away from the inoperative
engine (8 9). 'Unfortunately', a requirement does not exist
to list this required bank angle with V, (same as with Vca)
in flight manuals or other operational manuals. On the
contrary, some flight manuals even allow — and some de-
parture procedures require — a dangerous 15 degrees of
bank to either side while the airspeed is as low as V..

Appropriate crew response to propulsion system mal-
function remains of utmost importance for takeoff and go-
around accident prevention. The use of takeoff safety
speed V, alone warrants no safety if an engine fails during
initial climb.

12. Recommendations

For staying alive with a dead engine and to prevent a dead
engine from turning into a killing engine, the recommenda-
tions listed below can be made. These recommendations
are presented in full detail and ready to copy in the report
'‘Prevention of Airplane Accidents after Engine Failure', ref.
3. The recommendations, in order of importance, are:

e Improve engine emergency procedures;
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e Improve the definition and conditions of Vyca in
flight manuals;

e Improve training and demonstration of Vyca;

e Improve Federal, European and equivalent Aviation
Regulations;

¢ Include continuously computed actual Vyca and/ or
actual V, as well as the safe bank angle range, if
available, in alerting systems and on displays.

Ready-to-copy suggestions for these recommendations
are presented in reference 3.

References

1) Certification Specifications (CS) 23 and 25 (CS 23
including flight test guide). European Aviation Safety
Agency. Via Internet:
http://www.easa.eu.int/home/certspecs en.html

2) Federal Aviation Regulations (FAR) 23 and 25.
Via Internet: http://www.faa.gov/regulations_policies/

3) Horlings, Harry. Prevention of Airplane Accidents
after Engine Failure. A special report prepared at the
initiative of AvioConsult. June 2005.

Via Internet: http://www.avioconsult.com

4) Advisory Circular 23-8B. Flight Test Guide. Federal
Aviation Administration.
Via Internet: http://www.faa.gov/regulations_policies/

5) Advisory Circular 25-7A. Flight Test Guide. Federal
Aviation Administration.
Via Internet: http://www.faa.gov/requlations policies/

6) Military Specification MIL-F-8785C, superseded by
MIL-STD-1797. Flying Qualities of Piloted Airplanes.

7) USAF Test Pilot School. Stability and Control, Chap-
ter 8, Engine-Out Operation, Edwards Air Force Base,
CA.

8) Bradley, Edward N. Procedures and analysis tech-
niques for determining static air minimum control
speeds. A special report Air Force Flight Test Center,
Edwards AFB, CA, USA.

9) USAF Test Pilot School. Failure State Testing, Chap-
ter 32. Edwards Air Force Base, CA, USA.

Copyright © 2006, AvioConsult

N VioConsult

About the Author

Harry Horlings is a graduate flight-test engineer of the
USAF Test Pilot School (Class 85A) and served the Royal
Netherlands Air Force for a total of 38 years, 15 of which
in experimental flight-testing, including 5 years as Chief
Experimental Flight Test. He concluded his Air Force
career as lead auditor in an operational quality assignment.
Following retirement in 2003, he founded aviation consul-
tancy AvioConsult, committed himself to increase aviation
safety, wrote several critiques on accident investigation
reports and acted as an expert witness. In 2005, he wrote
the report Prevention of Airplane Accidents after Engine
Failure with many recommendations to improve aviation
regulations, Flight Manuals and student pilot textbooks on
the subject of engine failure. Although his main interest is
engineering, he has logged a few thousand hours as a pilot
and as cockpit crewmember/ test director and performed
experimental flight test activities for and on board of over
40 different types of airplanes and helicopters. He is a
member of the Netherlands Society of Aeronautical Engi-
neers, was founding member of the European Chapter of
the Society of Flight Test Engineers and holds a Dutch
engineering degree.

About AvioConsult

AvioConsult is an independent aircraft expert and consul-
tant and offers aircraft expertise and consulting on opera-
tional aspects like performance, flying qualities and air-
borne systems to aircraft buyers and owners, aviation and
simulator companies and accident investigators.

AvioConsult

Vlaskamp 14

2353 HT LEIDERDORP
The Netherlands

Tel: +31 71 542 5925
Fax: +31 84 225 9766
E-mail: info@avioconsult.com
Web:  www.avioconsult.com

12


http://www.easa.eu.int/home/certspecs_en.html
http://www.faa.gov/regulations_policies/
http://www.avioconsult.com/
http://www.faa.gov/regulations_policies/
http://www.faa.gov/regulations_policies/
mailto:info@avioconsult.com
http://www.avioconsult.com/

