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INTRODUCTION
Quite frequently, all around the globe, small and big multi-engine airplanes crash due to the loss of control following a propulsion
system malfunction or while an engine is inoperative. During the past 25 years, more than 300 of such accidents were reported by
western countries on the Internet during which more than 3,100 people lost their lives. These accidents occurred despite the fact
that all multi-engine airplanes are well designed, thoroughly flight-tested and certified, after which operating limitations are published in airplane flight and performance manuals for pilots to be able to continue to operate safely, including following the malfunction of a propulsion system. After reviewing many accident investigation reports, AvioConsult, having a strong experimental
flight-test background, noticed that the minimum control speed in the air (VMC/VMCA) was not used by (airline) pilots in a way that
was anticipated by the airplane design engineers and the experimental test pilots who conducted the flight-testing to determine
VMCA. The conditions that are required for the published VMCA to be valid were obviously neither known to the mishap pilots, nor to
the accident investigators, nor to the certifying staff, while reviewing and approving Airplane Flight Manuals/ Pilot Operating Handbooks (AFM/POH). The list of reviewed accidents is available on the downloads page of the website of AvioConsult.
To explain the real value of VMCA, AvioConsult wrote several papers on the subject of airplane control after engine failure from 1999
on.
Airplane manufacturers and authors of all kinds of (course) books on the controllability and performance of multi-engine airplanes,
including the authors of Airplane Flying Handbook, FAA-H-8083-3A, Chapter 12 (ref. 1), copied paragraphs/ sections out of FAR 23
(ref. 5) into their publications (including AFM/POH), while these regulatory paragraphs are for the design and certification of an
airplane, not for their operational use. The copied paragraphs/ sections of FAR 23 should have been modified before presenting
them to pilots.
Chapter 12 contains information and guidance on the performance of certain maneuvers and procedures in small multiengine
airplanes for the purposes of flight training and pilot certification testing. Much of the guidance however, is not in agreement with
Advisory Circular 23-8C (the FAA Flight Test Guide (ref. 6)), the airplane design methods that are taught at Aeronautical Universities
(ref. 8) and with Test Pilot School flying qualities training manual (ref. 10).
AvioConsult presents this review to bridge the obviously existing knowledge gap between experimental flight-test and regular flight
operations and help prevent all accidents after engine failure in the future. Please consider this review, the explanation and recommendations for improvement as a cooperative effort for increasing flight safety.
In this review, a limited number of imperfections and deficiencies that were found in FAA-H-8083-3A Chapter 12 are discussed and
explained; recommendations for improvement are presented.
The author of this review, Harry Horlings, is a retired Lt-Col of the Royal Netherlands Air Force, graduate Flight Test Engineer of the
USAF Test Pilot School, Edwards Air Force Base, California, USA (Dec. 1985) and experienced private pilot. Following retirement
after a career of 15 years in (experimental) flight-testing, of which the last 5 years as chief experimental flight-test, he founded
AvioConsult and dedicated himself to improving the safety of aviation using his knowledge of experimental flight-testing.
The results of the review of Chapter 12, including brief explanations, are presented page by page. Please refer to the referenced
papers to learn almost all there is to know about the subject, or ask AvioConsult by e-mail. If feasible, reference is also made to the
FAA Flight Test Guide, Advisory Circular 23-8C (ref. 6).
www.avioconsult.com
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FAA-H-8083-3A, page 12-1.
VMC as used in this Chapter is defined on the next page; it is the minimum control speed marked on the airspeed indicator. VMC is often used as the minimum control speed for the takeoff configuration, but a minimum control speed also applies during the remainder of the flight. Experimental test pilots and flight-test
engineers always use minimum control speed airborne – VMCA, rather than VMC, because there are seven
types of VMC defined in civil and military aviation regulations, as shown in the figure below. There are even
two more types of VMCA that are not shown: the dynamic VMCA – the minimum speed to recover after a sudden failure – and a static VMCA that applies following the recovery during the remainder of the flight, including during the final turn for landing (ref. 2, § 6.1 and quotes out of the FAA Flight Test Guide (FTG) below).
Furthermore, VMCA might change with the configuration (gear, flaps, in- and out of ground effect, etc.). The
red radial line on the airspeed indicator (shown on the next page) shows the highest VMCA (dynamic or static)
normally expected in service, not VMCG or VMCL; refer to the FTG (ref. 6, page 70 § 4a and page 73 § 8). Therefore, it is recommended to change VMC into VMCA in this Chapter.

Quotes out of FTG AC 23-8C (ref. 6) page 73:
(6) Static Minimum Control Speed. The test pilot should select test altitude based on the capability to develop takeoff
power and consistent with safe practices. It will be necessary to determine which engine is critical to the VMC maneuver by conducting static tests with first one then the other engine inoperative to discover which one produces the
higher VMC. Power should be set to the maximum available for the ambient condition. If possible, test weights
should be light enough to identify the limits of directional control without stalling or being in pre-stall buffet…
(8) Dynamic Minimum Control Speed. After determining the critical engine static VMC, and at some speed above static VMC, make a series of engine cuts (using the mixture control or idle cutoff control) dynamically while gradually
working speed back toward the static speed. While maintaining this speed after a dynamic engine cut, the pilot
should be able to control the airplane and maintain straight flight without reducing power on the operating engine.
During recovery, the airplane should not assume any dangerous attitude nor should the heading change more than 20
degrees when a pilot responds to the critical engine failure with normal skill, strength, and alertness…
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FAA-H-8083-3A, page 12-2.
VYSE and VXSE (previous page) are defined for one engine inoperative, not only for the critical engine inoperative.
VSSE is higher than VXSE and VYSE. The criticality of an engine plays no role at this higher speed than VMCA. Therefore,
critical engine is used inappropriately here. VSSE applies also to rendering any other engine than the critical engine
inoperative, to avoid immediate loss of control due to asymmetrical power. It is recommended to change this
sentence to "… intentionally decrease power on one of the engines".
Refer to the previous page for a few remarks on the use of VMC and why it should be VMCA. VMCA is indeed measured
with the critical engine inoperative i.a.w. FAR 23, ref. 5. Chapter 12 however, is for airline pilots, not for test pilots.
For airline pilots, VMCA is the minimum control speed when either engine fails or is inoperative, critical or not, inboard or outboard. VMCA should represent the highest minimum control airspeed normally expected in service
(FTG, ref. 6, page 70). There is only one VMCA, like the checklists present only one engine emergency procedure.
VMCA is not the minimum speed at which directional control can be maintained, but VMCA is only the minimum speed
for maintaining straight flight while maintaining a small favorable bank angle (usually between 3 and maximum 5
degrees) away from the inoperative engine (ref. 5, FAR 23.149(a) and FTG ref. 6, page 71). Hence, VMCA is not the
minimum speed for maintaining directional control during turns or with other bank angles than the favorable bank
angle! The very specific set of circumstances is also only for use by airplane design engineers for designing the
required size of the vertical tail and for experimental test pilots for measuring VMCA in-flight. The VMCA presented in
Flight Manuals and on the airspeed indicator is a worst-case VMCA, and is safe for any value of any of the variables
that have influence on VMCA (cg, weight, propeller, etc.). A pilot will never experience a VMCA higher than the indicated VMCA, provided the favorable bank angle is being maintained (= straight flight) and the rudder is deflected far
enough to stop the yawing, i.e. to maintain the heading.
The requirement for the flight test pilot during determining the dynamic VMCA (1) is not maximum 5°, which would
be impossible to achieve considering a standard reaction time after a sudden failure; normally maximum 45° bank
is used. In addition, no dangerous attitudes should occur and no exceptional piloting skill should be required.
(2) thereafter, maintain straight flight with not more than 5° bank concerns the static VMCA that applies to the remainder of the flight. Experimental test pilots (quote FTG on previous page) also determine this static VMCA. For
airline pilots however, the bank angle limitation should definitely not be presented here as a bank angle of not
more than 5°, but airline pilots should maintain the exact bank angle that was used to size the vertical tail and to
determine VMCA, for this VMCA to be valid, because VMCA varies significantly with bank angle (as is also mentioned on
page 12-29). There may be no requirement to climb, but the remaining performance is max. when a small bank
angle is being maintained, depending on the airspeed.
VMCA does not address directional control; VMCA addresses maintaining straight flight only (while banking with a fixed
bank angle of between 3° and 5° away from the inoperative engine, as opted by the manufacturer), as described
above. VMCA is the calibrated airspeed at which the sideslip is zero, hence the drag minimum in the worst case
airplane configuration and while maintaining the small bank angle that the design engineer used to size the fin.
Airspeeds in an AFM/POH can only be CAS, because the AFM/POH writers cannot know the instrument errors of
the individual airspeed indicators (ASI) that are installed in the airplane (IAS = CAS + position error + instrument
error). The sum of the two errors may not exceed 3% or 5 kt, whichever is greater (ref. 5 § 23.1323 and ref. 6
§ 23.1323). If an AFM/POH lists IAS, it cannot be accurate.
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FAA-H-8083-3A, page 12-6.
On longer flights while OEI though, the lateral cg should be moved into the good engine' side by transferring
or cross feeding fuel, in order to reduce the asymmetrical thrust yawing moment and therewith reduce actual VMCA.
Actual VMCA is the VMCA that the pilot experiences in-flight with the actual values of all variables that have
influence on VMCA, like bank angle, propeller, cg, weight, thrust, etc. Actual VMCA might be lower than the
standardized, AFM/POH published VMCA or (a lot) higher. Please refer to ref. 2.
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FAA-H-8083-3A, page 12-7.
The asymmetrical drag influences the yawing moments, hence actual VMCA and the remaining performance.
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FAA-H-8083-3A, page 12-10.
Good example, it shows that a very long straight climb-out might be required when the airplane is heavy, not
only because a turn seriously degrades performance, but also because banking away from the favorable bank
angle (usually 5 degrees at VMCA and 2 – 3 degrees at VYSE) increases actual VMCA to a value much higher than
the redlined, published VMCA resulting in increased sideslip and drag and/ or in the loss of control.
It is recommended to add this control concern to this paragraph.
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FAA-H-8083-3A, page 12-13.
Even if such speeds are indeed published, the following applies. As stated on page 12-29, VMCA might increase more than 3 kt for each degree of bank angle less than 5°. Hence, the actual VMCA with the wings level
(at rotation) might be 15 kt higher than the published VMCA, if the other factors than bank angle that have
influence on VMCA happen to be at their worst-case value (low weight, aft cg, etc.). The VMCA increase for
small twins is 8 – 10 kt. The consequence of keeping the wings level during liftoff or go-around at an airspeed that is only 5 knots above the published VMCA is that control will be lost at the instant the airplane gets
airborne or immediately after the power lever is advanced to maximum takeoff setting during approach or
go-around. Hence, a VR of VMCA + 5 kt is not safe for a small twin under all circumstances and should be
increased to VMCA+10+5 kt. Loss of control means that a maximum rudder control input or a pedal force of
150 lb, and/or a maximum aileron input, whichever occurs first, cannot maintain the heading or the required
bank angle. The airplane will continue to yaw and/ or roll into the dead engine side. The resulting sideslip
into the dead engine side decreases climb performance; the weathercock stability and loss of speed will start
pointing the nose of the airplane down. A catastrophe cannot be avoided if the altitude is low, unless the
actual VMCA is quickly reduced below the indicated airspeed by reducing the thrust of the operating engine
(temporarily) just a little, until the controls are effective again. There is not much time to do this though, so
it should be standard procedure to attain and maintain 5 degrees (or the number of degrees that the manufacturer used for designing the vertical tail and/ or to measure VMCA in-flight) away from the inoperative
engine for as long as the power setting is high and the altitude and airspeed are both low. Thrust, bank angle
and rudder input each have effect on the magnitude of actual VMCA and are under direct control of the pilot
(ref. 2, § 5.1, 5,3 and 5.4).
It is recommended to add 10 kt (increase of actual VMCA for wings level of a small twin) plus a 5 kt safety
margin, totaling up to 15 kt to the published VMCA for rotation, unless the published VMCA is the wings-level
VMCA; then adding 5 kt will be adequate.
The safe single-engine maneuvering altitude of 400 – 500 ft AGL is way too low, especially if the maximum
asymmetrical thrust is maintained. During maneuvering, the sideslip increases and therewith the drag; altitude will be lost. Actual VMCA increases during banking away from the favorable bank angle and might even
increase above VYSE (ref. 2, § 5.1). In general, if the actual VMCA increases above the indicated airspeed, control will be lost.
The airspeed should be increased before maneuvering, if necessary by exchanging altitude for airspeed, to
prevent the loss of control. The alternative is to reduce the thrust before maneuvering to decrease the
asymmetrical thrust yawing moment (and therewith reduce actual VMCA). Some altitude will be lost until
straight flight is again attained and the thrust can be safely increased to maximum while banking the favorable bank angle away from the inoperative engine.
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FAA-H-8083-3A, page 12-19.

Yawing after engine failure is usually observed before rolling. Apply rudder pressure immediately to avoid
sideslip build-up.
It is recommended to add to … used to bank the airplane: 'to the specified bank angle (5° if the airspeed is
VMCA, 2° – 3° if the airspeed is VYSE), away from the inoperative engine'.

If rudder is deflected to stop the yaw and the favorable bank angle of 5° away from the inoperative engine
are applied quickly enough, there might still be some climb performance left. It is worth trying.
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FAA-H-8083-3A, page 12-20.
As mentioned before, a bank angle of up to 45° might result, and is acceptable, following a sudden failure
before the recovery controls by the pilot take effect; this is even allowed during the flight-test to determine
the dynamic VMCA. A bank angle, if large enough, might stop the yaw, but increases the drag significantly,
which is definitely not recommended during takeoff. The rudder is the only aerodynamic control available to
the pilot to stop the yaw and should therefore be used to counteract the asymmetrical thrust yawing moments, both after a sudden failure and during the remainder of the flight. Rudder deflection will always be
required for keeping both the actual VMCA and the sideslip angle (drag) low, i.e. for maintaining heading and
for maximizing climb performance. Ailerons are for counteracting the propulsive lift of the wing section
behind the operating propeller and the rolling moments due to sideslip and yawing. Up to maximum rudder
might have to be used to stop the yaw and maintain heading, while attaining the favorable bank angle using
the ailerons. At least 5° of bank should be used is therefore not correct.
However, following recovery, not at least 5 degrees should be used, because at bank angles greater than 5°
the sideslip angle increases resulting in a stall of the vertical fin! During flight with an inoperative engine at
airspeeds down to VMCA, the maximum bank angle should be 5° (or as opted by the manufacturer) while
maintaining straight flight – if the thrust is maximal.
It is recommended to split this paragraph in recovery after a sudden failure and continuing the flight while an
engine is inoperative.
The suffering of climb performance depends on bank angle and airspeed. If the airspeed is as low as VMCA,
the drag is minimal when the bank angle is 5 degrees away from the inoperative engine on most Part 23
airplanes. If the airspeed is VYSE, the drag is minimal when the bank angle is 2 to 3 degrees.
The most important bold-faced steps for maintaining control after engine failure are missing here: Stop the
yaw with rudder, bank 5 degrees away from the inoperative engine as soon as possible and maintain straight
flight. Dead leg or foot – dead engine (page 12-21), or bank to the same side as the foot pressure.
OEI performance diagrams in the AFM/POH present the OEI climb data and the required bank angle and
airspeed.
Turning flight not only reduces climb performance (because of increased sideslip/ drag), but also increases
the actual VMCA because the equilibrium of forces and moments that existed for straight flight is disturbed,
requiring larger rudder deflection or a higher airspeed. A turn at 400 ft AGL while the thrust is maximal
might increase actual VMCA to a value higher than the actual airspeed (VYSE) and reduce the climb performance to less than zero, refer to ref. 2, figures 14 and 25. Recommended is to maintain straight flight and
climb to an altitude that permits altitude loss during turns at a thrust level less than maximum (to keep actual VMCA low).
Turning at 400 ft AGL is not safe. Refer also to page 12-23 where is stated: "losses of 500 ft or more are not
unusual". To maintain safety, it is recommended to climb straight ahead to at least 1,000 ft AGL before
turning 'shallow'.
Copyright © 2012, AvioConsult
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FAA-H-8083-3A, page 12-21.
Good point, but raising the dead, i.e. banking a few degrees away from the failed engine (to the same side as
the foot pressure), reduces actual VMCA as well (ref. 2, § 5.1).
The number of degrees depends on the airspeed, though. If the airspeed is V MCA, the bank angle (for lowest
drag) will have to be 5 degrees on most airplanes; if the airspeed is VYSE, the bank angle for lowest drag can
be reduced to 2 – 3 degrees. This bank angle should be included in the legend of the one-engine inoperative
climb performance charts in the AFM/POH.
Bank angle ties engine-out performance to controllability (ref. 8). It is recommended to add control to this
paragraph.
It is recommended to add that leaving an engine running while its propeller is windmilling increases the
asymmetrical drag, decreases performance and also increases the yawing moments and therewith increases
actual VMCA to a much higher value! When the malfunctioning engine does not contribute to the total power,
consider shutting it down and feather the propeller to reduce its drag.
This recommendation also applies to the second paragraph on the next page.
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FAA-H-8083-3A, page 12-22.
Refer to the recommendation presented on the previous page. It is also recommended to request a long
straight is approach to avoid adverse effects on the controllability due to large thrust changes and during
turns when the asymmetrical thrust is high or needs to be increased.
Cross-feeding fuel or transferring fuel to the operating engine' side will shift the cg laterally into that engine
therewith reducing the thrust yawing moment, reducing the rudder requirement and therewith actual VMCA
(refer to figure 12-20 on page 12-29 and to ref. 2, § 5.7).
No, this is definitely not the same, simply because the thrust is asymmetrical and a rudder deflection is required at all times to counteract the asymmetrical thrust, when greater than zero. Many accidents happened
in the traffic pattern while one engine is inoperative! The statement is correct if the asymmetrical thrust
level can stay low. However, if during the turns to downwind, to base leg or to final the power has to be
increased to maximum for maintaining the required altitude or flight path, the actual VMCA will increase to a
value much higher than the redlined VMCA or even the blue-lined VYSE. Control will definitely be lost; disaster
is imminent, because recovery from the low traffic pattern altitude is not possible. It is much safer to conduct a long straight-in approach when one engine is inoperative (ref. 2, § 8.2), because the favorable bank
angle to keep actual VMCA low can easily be attained and maintained in case the thrust needs to be increased.
Remember, the published and redlined VMCA is only valid for straight flight while maintaining a small favorable bank angle.
A long approach is recommended, because turns at low altitude, when high power setting might be required
to maintain the approach/glide path, can be avoided. Increasing thrust during turns in the traffic pattern,
including the final turn, resulted in many catastrophic accidents.
Rudder pressure should change proportional with thrust changes to maintain the heading. If the rudder is
near maximum for maintaining the heading, the indicated airspeed is close to the actual VMCA. Do not increase the asymmetrical thrust any further at the current airspeed, or control will be lost.
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FAA-H-8083-3A, page 12-23.
If low weight, a light- twin might still have performance to climb if and only if straight flight is maintained,
while banking the favorable bank angle away from the inoperative engine. The AFM/POH should give the
answer.

No, not quite right. Only the rudder can counteract the asymmetrical thrust, because both moments act
about the same yaw axis. The side force generated by the rudder does not only provide for the required
yawing moment to counteract the asymmetrical thrust yawing moment, but also accelerates the airplane to
the dead engine side, until the increasing side force due to sideslip equals the rudder side force. Then equilibrium of side forces is established; the sideslip does not increase any further. It is this side force due to
sideslip that can be replaced by the side force due to banking; the effect is that the sideslip decreases to zero
with only a few degrees of bank (ref. 2, § 3.3 and 3.4). A component of the weight (W) of the airplane, the
side force W·sin ϕ, is also one of the forces acting on the airplane and is a factor during calculating the balance of forces and moments during one engine inoperative flight.

The horizontal components of lift and weight do not help the rudder combat asymmetrical thrust (during
straight flight), but replace the side force due to sideslip, as briefly explained above and as thoroughly explained in ref. 2, § 3.4.
Rudder is required to counteract the asymmetrical thrust. The rudder side force not only provides for the
yawing moment, but also causes the airplane to start slipping to the dead engine side; this sideslip causes a
side force to the good engine side (here called fin effect due to sideslip). The sideslip increases until an equilibrium of side forces is established.
In this wings level scenario, the rudder not only needs to combat the asymmetrical thrust yawing moment,
but also the yawing moment due to sideslip. This side force acts at some distance from the cg and hence,
results in a yawing moment. This yawing moment adds to the thrust yawing moment and requires larger
rudder deflection to compensate for. If the rudder is already maximal, a higher airspeed is required for the
vertical tail to generate a larger side force; VMCA is higher (ref. 2, § 3.3).
Rudder and fin are not really in opposition due to sideslip. Actual VMCA is higher than the published and redlined VMCA.
Please refer to ref. 2, § 3 for a thorough explanation of the three options/ scenarios of this and the next
page.
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FAA-H-8083-3A, page 12-24.
A yawing moment is required to counteract the thrust yawing moment; in this case, this is generated by the
sideslip from the good engine' side. It is recommended to add the fin effect due to sideslip in the drawing
and vector W·sin ϕ in the cg.
Also recommended is to add that a fin stall is nearby when the bank angle increases above 8 – 10 degrees,
from which a recovery at low altitude might not be possible.
As was mentioned before, the required bank angle depends on the airspeed. At V MCA, the bank angle might
have to be up to 5 degrees for zero sideslip; at VYSE, approximately 2 degrees might be adequate for zero
sideslip (refer to the OEI performance data in the AFM/POH).
The certification limit is 5°, but the bank angle used to design the vertical tail and determine VMCA during
flight-test may also be smaller as opted by the manufacturer. FAR 23.149 (a) (ref. 5) allows the manufacturer
to design the vertical tail and to determine VMCA using a bank angle of maximum 5°. The manufacturer will
select the bank angle for which the sideslip at VMCA is zero (ref. 2, § 4). If the manufacturer selected 3°, that
bank angle will be used for flight test and certification. The actual VMCA will be higher than published as less
than the bank angle is used that was applied during designing the vertical tail and flight-testing to determine
VMCA, not as less than the 5° bank certification limit.
The manufacturer should publish the favorable bank angle with VMCA in the AFM/POH.
If no rudder input, bank angle larger than 5° required for maintaining heading. Results, add: highr drag and
an actual VMCA that is higher than the published and redlined VMCA.
Rudder to stop yaw, bank toward operating engine for zero sideslip. Results: maximum climb performance,
actual VMCA as low as possible and not higher than published and redlined VMCA.
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FAA-H-8083-3A, page 12-25
This might not be the case at speeds lower than VYSE when rudder and/or aileron are (near) maximum.

Add: when the airspeed is VYSE. When airspeed is lower than VYSE, bank angle needs to be increased. VMCA is
measured while the bank angle is 5 degrees away from the inoperative engine on most airplanes.

This is definitely not true and is neither in agreement with airplane design methods, as taught by aeronautical universities, nor with flight test techniques prescribed in FAA FTG's (ref. 6). The airplane design engineer
sized the vertical tail (fin) for zero sideslip (minimum drag) while banking a number of degrees (max. 5°) away
from the inoperative engine at VMCA (FAR 23.149). The engineer determined this required bank angle for zero
sideslip at VMCA. During experimental flight-testing to determine and verify VMCA, first, a wings-level VMCA is
determined and then VMCA with the bank angle that was used to size the vertical tail, i.e. for zero sideslip.
This latter VMCA is 8 – 10 kt lower than wings level VMCA for most small twins and is published in AFM/POH
and redlined on the ASI. On big 4-engine airplanes, the difference can be up to 30 kt!
Hence, the published VMCA is the VMCA determined under conditions of zero sideslip.
Refer to ref. 2 and/ or ref. 3 for further explanation.
Pilots will not see the same VMCA that test pilots determined, because the conditions are not the same as
during the experimental flight-tests. The VMCA in an AFM/POH is a worst-case VMCA, the highest VMCA a pilot
would experience in-flight and is therefore a safe VMCA, provided the pilot maintains maximum thrust and
deflects the rudder to stop the yaw and attains the favorable bank angle (that should have been provided by
the manufacturer). This might be the reason the writer noticed the sideslip not being zero during VMCA
demonstrations.
The difference between wings-level VMCA and VMCA with a favorable bank angle should be demonstrated for
pilot certification.
Continued on the next page.
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FAA-H-8083-3A, page 12-25 continued.
The rudder is the only control available to the pilot to counteract the asymmetrical yawing moment; the
rudder should be used immediately to stop the yaw and maintain heading. Ailerons are required to counteract the rolling moment due to thrust (wing section behind the operative propeller), sideslip and due to yawing.
Definitely do not bank at least 5 degrees, but bank 5 degrees, or the lower number of degrees the manufacturer selected for minimum sideslip/ drag during sizing the vertical tail. A bank angle in excess of 5 degrees
increases the sideslip instantaneously, increasing the drag as well as the (horizontal) angle of attack of the
fin. Climb performance suffers and a fin stall is imminent!
Recommended text:
To maintain directional control, input rudder to maintain heading (which might not and need not be the
runway heading following the dynamics of a sudden failure). Simultaneously bank and maintain 5 degrees
away from the inoperative engine to reduce the sideslip and keep the actual VMCA as low as possible. Gradually reduce the bank angle to the value presented in the OEI performance data while accelerating to VYSE.
Refer to figure 14 in ref. 2 and to the engine inop trainer of UND, ref. 7).
There is indeed nothing unusual about maneuvering, but only if all engines are operating. If however OEI, a
very different equilibrium of forces and moments is in effect, as was already mentioned above on page 10.
Slow, maneuvering flight with max. thrust is definitely not recommended; it will end in a catastrophe, as
happened so many times already and still happens every month. The vertical tail of the airplane was not
designed and is too small for maneuvering during slow flight while OEI, but only for straight flight (at speeds
as low as VMCA while the thrust is maximum asymmetrical). FAR 23 does not require maneuvering at airspeeds as low as VMCA; the airplane was not flight-tested for maneuvering at this low speed.
Simulating engine failures during slow flight should not be conducted, but slowing down while OEI from VSSE
at maximum thrust and at a safe altitude is highly recommended to demonstrate both the real value of VMCA
and the effect of bank angle, and to gain the proper appreciation for this life saving airspeed limitation.
Maneuvering during slow flight while OEI and with maximum thrust is very dangerous during takeoff, in the
traffic pattern, during final approach and go-around (at low altitude).
During takeoff and approach while an engine is inoperative, maintain a straight flight path when the thrust is
maximal, or has to be increased to maximum and attain the favorable bank angle (for best climb performance and minimum actual VMCA.
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FAA-H-8083-3A, page 12-27.
A thorough knowledge of all of the factors that affect VMCA is not required, but it is required to understand that the
pilot controls the magnitude of the actual VMCA with thrust, rudder and bank angle. The redlined, published VMCA is
determined using the worst case of all other factors that have influence on VMCA and with maximum thrust, maximum rudder and with a favorable bank angle of (mostly) 5°.
The definitions of VMCA presented in most AFM/POH and textbooks are not correct; they are copied from FAR
23.149 that is for designing and certification of airplanes, not for their operational use. The definition of VMCA for
pilots is different, refer to ref. 2, § 8.1.
It is correct that VMCA is not a fixed airspeed. However, the redlined VMCA is the highest VMCA that the pilot will
experience in-flight while the thrust is maximal, a bank angle of 5° is maintained away from the inoperative engine
and the rudder is deflected to maintain the heading.
The multi-engine pilot must understand that the actual, the in-flight experienced VMCA will be lower if the thrust is
not maximal but will be higher than the redlined VMCA if the rudder is not deflected adequately to stop the yawing
and when the bank angle is not the favorable bank angle, i.e. the bank angle used by the tail design engineer to size
the vertical tail and by test pilots to determine VMCA in-flight, which usually is between 3 and 5 degrees away from
the inoperative engine. The thorough knowledge of the other factors that affect VMCA, like cg, critical engine, etc. is
not required; the worst case of these factors is included in the displayed and published VMCA. The effect of bank
angle on VMCA is mentioned in Chapter 12, but not with the attention that would be required.
This definition indeed applies to certification, but not to airplane operations and pilots. Why is it presented here?
That is confusing; pilots need a pilot-definition for VMCA.
When the critical engine is suddenly made inoperative, VMCA is referring to the dynamic VMCA. As is also stated in
the next paragraph on this page, the published VMCA is the higher of static and dynamic VMCA normally expected in
service (refer to FTG, ref. 6, page 74). VMCA is determined with the critical engine failing (suddenly - dynamic) or
inoperative (static), but applies also when another engine fails. VMCA is not the minimum speed for maintaining
control, only for recovering after a sudden failure and for maintaining straight flight while banking the fixed favorable bank angle away from the inoperative engine.
The foregoing is not for dynamic conditions, because the FTG (ref. 6 ) does not specify a maximum bank angle, but
merely that recovery must be possible after a sudden failure with heading within 20° and no exceptional piloting
skill required. The maximum 5° degrees are for the static VMCA. During flight-testing, bank angles of up to 45 degrees after a sudden failure are acceptable.
No, not with a bank angle of not more than 5°, but with a fixed bank angle (usually between 3 and 5 degrees) that
was used to design the vertical tail, and that results in zero sideslip when the airspeed is V MCA.
Not the static determination, but the determination of the static VMCA. The use of the word simply shows that static
VMCA, which applies during the remainder of the flight while OEI, is underestimated. Its ignorance caused many, if
not all engine failure related accidents. Refer to the FTG, ref. 6, page 73. The bank angle needs not be maximum
5°, but the exact bank angle that was used to design the fin.
… and with maximum thrust, favorable bank angle between 3 and 5 degrees (as determined by the manufacturer),
aft cg, lowest possible weight, feathered propeller (if automatic), maximum rudder and/ or ailerons, a certain flap
setting, etc.
Continued on the next page.
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FAA-H-8083-3A, page 12-28.
Critical engine sounds very interesting, but bank angle has a much greater adverse effect on directional control. Bank angle, which is under direct control of the pilot, is a lot more critical to maintaining directional
control than the critical engine and should be discussed here instead of the critical engine. There is only one
engine emergency procedure that applies after the failure of either engine.
A VMCA demonstration on any airplane, conventional propeller rotation or not, may always be performed with
either engine windmilling. The difference in VMCA between both engines for conventional rotation is just a
few knots. It is doubtful whether a demo will show the VMCA that is published in the AFM/POH and redlined
on the airspeed indicator, because the factors used to determine VMCA during the test flight are not the same
as during the demo flight. Demonstrating the effect of bank angle would be much more valuable, because
many accidents happen while maneuvering at low speed when OEI.
Not only the dynamic VMCA is determined under the following conditions (except for the last bullet), also the
static VMCA. Please refer to the FAA Flight Test Guide, ref. 2, page 73.
The conditions are indeed as used during airplane design and certification, but why are these not changed for
better understanding and use by pilots, i.e. from their perspective?
For pilots it would be better to say: VMCA decreases (below the redlined VMCA) as power is decreased on the
operating engine.
VMCA does not increase with increased drag on the inoperative engine; this is also included in VMCA, because
VMCA is determined with the propeller in the position it achieves without pilot intervention when the engine
fails or is switched off, which might be windmilling, except when equipped with an autofeather system; then
VMCA is determined using that system. For pilots it is of relevance to know that the actual VMCA decreases
below the published and redlined VMCA when the drag of the inoperative engine decreases as the propeller is
feathered (if not automatic). If however, the automatic autofeather does not function, the propeller is not
manually feathered or if the pilots leave the engine, if not completely failed, running as a "power standby",
the propeller drag increases the thrust yawing moments and VMCA will be higher than the VMCA published in
the AFM/POH.
VMCA is determined while the cg is aft; then VMCA is (mostly) highest (ref. 2, § 5.7). For pilots, the second
sentence should be "VMCA decreases as the cg is moved forward."
The moment arm of the propeller blade does not change with a shift of the longitudinal cg (fwd – aft), but
only if the cg is laterally shifted (fuel imbalance). VMCA decreases as well, because the maximum lateral location of the cg away from the operating engine is used to measure VMCA.
VMCA is usually determined at the lowest weight possible, and decreases as weight increases, provided a bank
angle is being maintained away from the inoperative engine. If not, VMCA increases with weight (ref. 2, § 5.1).
Change of VMCA with a retracting landing gear depends on the sideslip angle and on whether the airplane is
equipped with a nose or a tail wheel, and on rudder boosting, if applicable.
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FAA-H-8083-3A, page 12-29.
The flap setting for which the published VMCA is valid should be listed with VMCA data in AFM/POH.
Maximum of 5° angle of bank is not correct for the dynamic VMCA for which this list is applicable according to the header on
page 12-28. As already mentioned a few times above, the requirement for the flight test pilot during determining the
dynamic VMCA is not maximum 5°, but 45° of bank. In addition, no dangerous attitudes should occur and no exceptional
piloting skill should be required. The 5° limit applies to determining the static VMCA (FTG ref. 6, page 71).
The manufacturer is permitted to use a bank angle of maximum 5° toward the operative engine, not to prevent claims, but
to be able to reduce the required size of the vertical tail and therewith save cost and weight (ref. 2, § 4). The tail may
however not be so small that VMCA increases above 1.2 VS (FAR 23.149 (b)). A VMCA lower than VS (a large tail) is advantageous, because the airplane is said to be controllable down to the stall (as long as the favorable bank angle is being maintained). The horizontal component of the lift does not assist the rudder, but reduces the sideslip. The bank angle works in
the manufacturer's (and operator's) favor for a smaller, cheaper and less weighing vertical tail and works in the pilot's
favor for lowering the actual VMCA to a value below the standardized published VMCA.
Paragraphs above also apply to determining static VMCA. Dynamic VMCA is the minimum speed for recovery after a sudden
failure, static VMCA is the minimum speed for maintaining control during the remainder of the flight while OEI.
OK, good paragraph, but for pilots either delete the first sentence, because the use of a bank angle is included in the
published VMCA, or write "Actual VMCA is reduced significantly with bank angle". This paragraph applies to static VMCA,
though, not for dynamic VMCA as the header on page 12-28 suggests. Refer to figure 14 in ref. 2 § 5.1.
Pilots need to maintain the favorable bank angle when the airspeed is low and the thrust maximal, therefore it is better to
replace the first three sentences with: "VMCA is determined with a bank angle of 5° away from the inoperative engine. The
actual VMCA, i.e. the VMCA that the pilot experiences in-flight, will increase significantly above the redlined standardized VMCA
when the bank angle is less than 5° or to the other side. Bank angles greater than 5° result in increased sideslip and risk of
fin stall. In both cases the climb performance decreases as well."
The 5° bank angle maximum (for straight equilibrium flight) is indeed a regulatory limit imposed on manufacturers for
sizing the vertical tail and for certification, because bank angles larger than 5° away from the inoperative engine increase
the sideslip, which might result in a fin stall. That is why the limit is 5°. The small bank angle is used to determine VMCA. At
VMCA, the sideslip angle is minimal, by design of the vertical tail. The 5° bank angle maximum therefore also applies to
pilots for minimum sideslip and for the published and redlined VMCA to be valid.
The side force introduced by the bank angle (W·sin ϕ, ref. 2) replaces the side force due to sideslip, that exists when the
wings are kept level for balancing the side forces, establishing zero sideslip and therewith lowest drag and best OEI climb
performance (ref. 2, § 3.4).
Hence, the 5° bank angle does indeed establish zero sideslip; that is inherent to the design of the vertical tail. However,
zero sideslip at 5° bank only occurs only when the indicated airspeed is VMCA. At higher airspeeds the vertical tail develops
a larger side force for balancing the asymmetrical thrust yawing moment; then the rudder deflection can be smaller and
the required opposite side force for equilibrium of side forces generated by the bank angle (W·sin ϕ) can also be smaller;
weight W does not change, so bank angle ϕ can be smaller. This is why zero sideslip at higher speeds indeed occurs at
bank angles less than 5°. Some airplanes require 3° of bank away from the inoperative engine for lowest drag, hence
maximum climb performance, when the airspeed is VYSE. Refer to the OEI performance data in the AFM/POH.
Continued on the next page.
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FAA-H-8083-3A, page 12-29 continued.
No, definitely not true. VMCA is determined as minimum speed for maintaining straight flight only, definitely
not for maintaining directional control at all bank angles. The specific circumstances result in a V MCA that is
always safe, whatever the values of the individual circumstances are, provided the small bank angle is being
maintained while the thrust is maximal and the rudder is deflected to stop the yaw, up to maximum. The
required bank angle for zero sideslip is already determined at the drawing board for sizing the vertical tail.
VMCA decreases with increasing bank angle, even beyond 5°, but VMCA is determined at the bank angle for
which the sideslip angle is zero, the drag minimal. As mentioned before, at bank angles larger than 5°, sideslip increases, which might result in a fin stall.
Bank angle, i.e. VMCA (minimum airspeed for maintaining straight flight), ties minimum drag (maximum climb
performance) to controllability (ref. 8).
It might not have been clear to the writers of Chapter 12 that a multi-engine airplane has both a static and a
dynamic VMCA. This paragraph is about the dynamic VMCA, not about the dynamic determination of VMCA.
During determining the dynamic VMCA, not only the heading could be maintained within 20° of the original
heading, but in addition, the bank angle did not exceed 45°, no dangerous attitudes occurred and no exceptional piloting skill was required (FAR 23.149 (e)).
Static does not refer to a test (or demo) method, as might be referred to here, but to the static VMCA of the
airplane. It is recommended to read ref. 2 and the FAA Flight Test Guide, ref. 6 page 73.

For VMCA demo, the engine should not be throttled back to idle, but to the zero drag or zero thrust/ torque
setting (of the propeller). The AFM/ POH should provide this setting. When throttled back to idle, the drag
of the idling propeller is not minimal; VMCA will be higher than the published VMCA.
The power of the operative engine should be advanced to the maximum power that the pilot can set, i.e. to
full throttle. Takeoff power, in some cases, might be a little lower.
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FAA-H-8083-3A, page 12-30.
The rudder can only counteract the yawing moments and the rolling moments due to yawing and sideslip.
The ailerons can only counteract the rolling moment caused by propulsive lift of the wing section behind the
operative propeller and can establish the 5° favorable bank angle.
While slowing down, increased rudder is required to maintain heading, while gradually increasing the bank
angle to maximum 5°, or to the value less than 5° if specified by the manufacturer.
It is recommended to first decelerate while the wings are kept level and note the airspeed when the yaw
begins, and then gradually bank to 5° while slowing down further. This will show the effect of bank angle on
VMCA. For a small twin, the difference will be 8 – 10 kt. The VMCA that is observed during this demo is an
actual VMCA, which might be higher (because of the idling engine) or lower than the standardized published
and redlined VMCA, because the factors that have influence on VMCA happen not to be at their worst-case
values, like a cg that is forward and into the operative engine, weight is not as low as possible, etc.
It is recommended to also demo (actual) VMCA while the other engine is off.
On the contrary, this can be and is a maneuver for demo of both controllability and performance. The rate of
climb/ descend at VMCA and at the current weight while OEI is a measure of performance. It is also recommended to jot down the ROC/D at the wings-level VMCA and at the VMCA with the favorable bank angle.
The decrease of VMCA with altitude results from the decrease of engine thrust at altitude (lower thrust yawing
moment). The decrease is usually linear, not curved as the figure shows.
This VMCA demonstration shows an actual static VMCA, which occurs when the airplane starts yawing to the
dead engine side, despite full opposite rudder and/or aileron. This actual VMCA will be lower than the published VMCA unless the factors that have influence on VMCA are at their worst-case values. It is a loss of control, because the heading cannot be maintained with full rudder and/ or full aileron. Only a reduction of
asymmetrical thrust at the current airspeed, or an increase of airspeed results in regaining control.
The second sentence might refer to the dynamic VMCA that, besides the dynamic VMCA, is also determined by
experimental test flight crew.
In many cases the dynamic VMCA of an airplane is lower than the static VMCA. The highest of static and dynamic VMCA is published in the AFM/POH as is also mentioned on page 12-.
Recommended is to change to: "a demonstration of an actual VMCA", because this will not be the VMCA of the
airplane.
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FAA-H-8083-3A, page 12-31.

It is recommended to add to the first sentence: ", such as rudder to stop the yaw and aileron to bank 5° away
from the failed engine".

Is VMC meant here VMCG or VMCA? VMCG was not mentioned earlier in this Chapter.
Why is it approved to use mixture control here? How much time does it take for the engine to respond? The
speed will have increased by then!
It is recommended to close the throttle, rather than shutting down the engine.
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FAA-H-8083-3A, page 12-32.
It is recommended to add the most important condition for maintaining control: attaining and maintaining a
small bank angle away from the inoperative engine as the rudder is near maximum (which is an indication for
being close to the actual VMCA). In addition, the instructor must impress on the student the importance of
maintaining straight flight until reaching a safe altitude (refer to page 12-10 above).

Add: spend ample time to demonstrate the effect of bank angle on VMCA.

It is recommended to alternate the feathering of the right and the left engine. The difference of V MCA and
climb performance after shutting down or idling the left and right engines might not even be noticed. In
addition, the pilot gets to experience failures of both the left and the right engine, which really ensures adequate training.
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CONCLUSIONS
Handbook FAA-H-8083-3A, as stated in the preface, 'conforms to pilot training and certification concepts established
by the FAA. There are different ways of teaching, as well as performing flight procedures and maneuvers, and many
variations in the explanations of aerodynamic theories and principles.'
Many of the variations presented in Chapter 12 however, are regrettably neither in accordance with Advisory Circular 23-8C (FAA Flight Test Guide, ref. 6), nor with general airplane design methods as presented in the Airplane Design series of books by Dr. Jan Roskam (ref. 8) and Test Pilot School Engine-out training manual (ref. 10).
It seems that several writers wrote parts of this Chapter and that neither had proper knowledge about the subject
and that no final review was conducted for differences that might confuse the readers. A thorough review by a
qualified experimental test pilot, flight test engineer or even by an airplane design engineer at MSc level might have
never taken place. The consequence is that Chapter 12 does not prevent the inappropriate crew response to propulsion system malfunctions, because both airplane performance and controllability after engine failure are not
explained adequately and without errors. If used by accident investigators, the correct conclusions and recommendations will not be made (ref. 3).
Main conclusion is that there is indeed a huge knowledge and experience gap on the subject of airplane operations
when an engine fails or is inoperative, between the worlds of experimental flight test and regular flight operations.
This gap must be bridged to be able to increase flight safety.
Chapter 12, as it is today, does not introduce basic pilot skills and knowledge that are essential for continuing a flight
safely while an engine fails or when an engine is inoperative. Some paragraphs, including the definition of VMCA, are
copied from FAR 23, which however is for designing and certifying airplanes, not for their operational use. Chapter
12 is not entirely written for pilots. All ingredients are present though, only the recipe is imperfect.
Some of the conclusions are that this Chapter does not teach that the AFM/POH published VMC, which should be
listed as VMCA, not only applies after a sudden failure of the critical engine, but also after failure of the other engine
and during the remainder of the flight as well. Further, it is not very clearly included that the published and redlined
VMCA is valid only during straight flight while banking a specified (fixed) number of degrees away from the inoperative engine and not a maximum of 5°. Turning when the airspeed is VMCA, or even at an airspeed that is 20 kt higher
than VMCA, such as single engine climb speed VYSE, might result in the loss of control if the thrust is high. The recommended altitudes of 400 ft and 500 ft AGL for turning while an engine is inoperative is dangerously low if the thrust
is maintained at maximum setting. Turning while the airspeed is low and the thrust is high not only reduces climb
performance, but also increases the actual VMCA, which might result in the loss of control and hence in catastrophes.
FAR 23 does not require the vertical tail of multi-engine airplanes to be designed large enough to maintain control
during turns when the airspeed is VMCA, but only for straight flight.

RECOMMENDATIONS
Chapter 12 should be improved for use by pilots; quite a few paragraphs require rewriting for this purpose. Several
recommendations were already presented throughout this review.
Until Chapter 12 is improved, it is strongly recommended to take it off the Internet, because pilots using it might not
survive an engine failure.
Prior to rewriting Chapter 12, it is recommended to review the FAA Flight Test Guide (ref. 6) and the free paper Control and Performance during Asymmetrical Powered Flight (ref. 2), or the more complete paper Airplane Control and
Accident Investigation after Engine Failure (ref. 3) in which almost all there is to learn about flight with an inoperative engine and about VMCA is explained; refer to the downloads page of www.avioconsult.com. The accidents page
of this website presents a number of reviews and supplementary analyses of engine failure related accidents, to
learn from.
Please feel free to contact AvioConsult via e-mail (info@avioconsult.com) for assistance.

Fly safely.
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