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INTRODUCTION TO MULTIENGINE AIRCRAFT 

The FGA Multi-Engine Aircraft Guide provides supplemental information to assist you in 
learning the many factors when dealing with flying a multi-engine (“light twin”) airplane. 

The term “light-twin,” although not formally defined in the Federal Aviation Regulations, is 
defined as a small multi-engine airplane with a maximum certificated takeoff weight of 6,000 
pounds or less. 

The basic differences between operating multi-engine airplanes and single-engine 
airplanes are that multi-engine airplanes are: 

−   Generally capable of flying at faster airspeeds and higher altitudes, 
−   Typically larger in size and have more complex systems, and 
−   More demanding and that pilots have additional knowledge and understanding of   
the conditions associated with operating with one engine inoperative. 

While there are a few differences between taxiing single-engine and multi-engine airplanes, the 
most noticeable difference is typically the increase in wingspan.  With an increase in wingspan, 
there is an even greater need for vigilance when taxiing in close quarters.  In addition, the multi-
engine airplane may not be as nimble or responsive to steering inputs as the smaller single-engine 
airplane. 

One advantage of a multi-engine airplane over a single-engine airplane is the differential power 
capability.  Turning the airplane during taxi with the assistance from differential power minimizes 
the need for brakes during turns and while maintaining the same turning radius.  Differential 
power, however, does NOT need to be used during every turn, or as the primary way to turn the 
airplane.  It is also important to remember to keep engine power to a minimum and not “ride” the 
brakes. 

When operating a multi-engine airplane with one engine inoperative, the penalties for loss of an 
engine are twofold: performance and control.  The most obvious problem related to airplane 
performance is the loss of power (50%).  This loss reduces climb performance by 
80 - 90%, sometimes even more.  The second problem affects aircraft control caused by the 
remaining thrust, which is now asymmetrical.  Attention to both of these factors is crucial in 
maintaining safe, one-engine inoperative flight. 

For pilots, flying a multi-engine airplane is an exhilarating yet challenging experience.  To take 
full advantage of the airplanes capabilities, performance, and safety, the pilot must be well-
trained, knowledgeable, and proficient. 
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VSPEEDS 

Multi-Engine airplanes use the same “V”-speeds as single-engine airplanes.  However, 
multi-engine airplanes have additional V-speeds and airspeed indicator markings relating to one 
engine inoperative flight. 

Unless otherwise noted, V-speeds given in the AFM/POH/IM apply to sea level pressure, and 
standard day conditions at the airplane’s maximum certificated takeoff weight. Performance 
speeds will vary with aircraft weight, configuration, and atmospheric conditions. 

VR - Rotation speed.  The speed at which back-pressure is applied to rotate the airplane to a 
takeoff attitude. 

VLOF - Lift-off speed.  The speed at which the airplane leaves the surface.  Some 
manufacturers reference takeoff performance data to VR, others to VLOF. 

VX - Best angle of climb speed.  The speed at which the airplane will gain the greatest 
altitude for a given distance of forward travel. 

VXSE - Best angle-of-climb speed with one engine inoperative. 

VY - Best rate of climb speed.  The speed at which the airplane will gain the most altitude for a 
given unit of time. 

VYSE - Best rate-of-climb speed with one engine inoperative. 
•   Marked with a blue radial line on most airspeed indicators. 

VSSE - Safe, intentional one-engine-inoperative speed.  Originally known as safe single-
engine speed, it is the minimum speed to intentionally render the critical engine inoperative. 
•   Required by 14 CFR Part 23, Airworthiness Standards, to be established and  
published in the AFM/POH. 

VMC - Minimum control speed with the critical engine inoperative.  The minimum speed at which 
directional control can be maintained under a very specific set of circumstances outlined in 14 
CFR Part 23, Airworthiness Standards. 
•   Marked with a red radial line on most airspeed indicators. 
•   VMC only addresses directional control.  There is no requirement that the airplane be  
capable of climbing at this airspeed. 
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Airspeed indicator markings  
from a Piper Seminole 

VMC - Red Radial Line 

VYSE - Blue Radial Line 

If an engine failure occurs below VMC while the airplane is on the ground, the takeoff must be 
rejected.  Directional control can only be maintained by promptly closing both throttles and using 
rudder and brakes as required. 

If an engine fails below VMC while airborne, directional control is not possible with the 
remaining engine producing takeoff power.  So for safety reasons, the airplane should never 
be airborne during takeoff before the airspeed reaches AND exceeds VMC. 

After liftoff, gain altitude as rapidly as possible.  Once leaving the ground, altitude gain is more 
important than achieving excess of airspeed.  Altitude also gives the pilot time to think and 
react if an engine failure occurs.  VY should be established and maintained until reaching a safe 
single-engine maneuvering altitude.  Considering terrain and obstructions, this is typically 
achieved at a minimum of 400-500’ AGL. 

There will be more information on all the factors involved in single engine operation of the 
airplane and the factors affecting VMC speed later in this guide. 

3 
 



 

FGA MultiEngine Airplane Guide 

PERFORMANCE AND LIMITATIONS 

Acceleratestop distance is the runway length required to accelerate to a specified speed (either 
VR or VLOF, as specified by the manufacturer), experience an engine failure, and bring the 
airplane to a complete stop. 

Acceleratego distance is the horizontal distance required to continue the takeoff and climb to 
50’ AGL., assuming an engine failure occurs at VR or VLOF, as specified by the manufacturer 
(see diagram below). 

The FARs do not specifically require that the runway length be equal to or greater than the 
accelerate-stop distance.  Most AFM/POH publish accelerate-stop distances only as an advisory.  
It becomes a limitation only when published in the limitations section of the AFM/POH.  Using 
runway lengths of at least the accelerate-stop distance is a good operating and safety practice. 

ENGINE CEILINGS 
AllEngine Service Ceiling - the highest altitude at which the airplane can maintain a steady 
rate of climb of 100 fpm with both engines operating at full power. 

AllEngine Absolute Ceiling - the altitude where climb is no longer possible with both 
engines operating at full power. 

SingleEngine Service Ceiling - the highest altitude at which the airplane can maintain a steady 
rate of climb of 50 fpm with one engine operating at full power and one engine’s propeller 
feathered. 

SingleEngine Absolute Ceiling - the altitude where climb is no longer possible with one engine 
operating at full power and one engine’s propeller feathered. 

If the airplane is flying above the single-engine service ceiling and one engine fails in flight, the 
airplane will drift down from its current altitude to the single-engine service ceiling. 
•   Above the single-engine absolute ceiling, VYSE yields the minimum rate of sink. 
•  For example if an airplane’s single-engine absolute ceiling is 5,000 ft. and while 

cruising at 9,000 ft. an engine fails, the airplane will drift down (descend) to 5,000 ft. 
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SINGLE ENGINE CLIMB PERFORMANCE 

FAR 23.67 provides the single-engine climb performance requirements to airplane 
manufacturers for FAA certification of multi-engine aircraft. 

For aircraft with a maximum weight of 6,000 lbs., or less and a VSO of 61 knots or less: The 
single-engine rate of climb at 5,000’ MSL must simply be determined with the— 

1.  Critical engine inoperative and its propeller in the minimum drag position 
2.  Remaining engine(s) at no more than maximum continuous power 
3.  Landing gear retracted 
4.  Wing flaps retracted 
5.  Climb speed not less than 1.2VS1 

•   The rate of climb could be a negative number - meaning a descent 
•   There is no requirement for a single-engine positive rate of climb at 5,000 ft., or any  o t h e r 
altitude. 

For Aircraft with a maximum weight of 6,000 lbs. or less, and/or VSO more than 61 knots: 
If certified before February 4, 1991: the single engine rate of climb in feet per minute at 
5,000’ MSL must be equal to at least .027 VSO2 (VSO Squared) 

If certified after February 4, 1991: maintain a steady climb gradient of at least 1.5 percent at a 
pressure altitude of 5,000 ft. with the— 

1.  Critical engine inoperative and its propeller in the minimum drag position 
2.  Remaining engine(s) at no more than maximum continuous power 
3.  Landing gear retracted 
4.  Wing flaps retracted 
5.  Climb speed not less than 1.2 VS1 

NOTE 
Do not confuse the date of type certification with the airplane’s model year. 

Rate of climb is the altitude gain per unit of time. 
Climb gradient is the actual measure of altitude gained per 100 ft. of horizontal travel, 
expressed as a percentage. 
¾  An altitude gain of 1.5 ft. per 100 ft. of horizontal travel (or 15 ft. per 1,000, or 150  f t . 
per 10,000) is a climb gradient of 1.5 percent. 

Climb gradient may also be expressed as a function of altitude gain per nautical mile, or as a ratio 
of the horizontal distance to the vertical distance (e.g., 50:1).  Unlike rate of climb, the climb 
gradient is affected by wind.  A climb gradient is improved with a headwind component and 
reduced with a tailwind component. 
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MULTIENGINE AERODYNAMICS 

INDUCED FLOW 

Looking at the airplane without the engines and the fuselage, the amount of lift created by the 
wings would look like this: 

Jeppesen Multi-Engine Manual 

The propellers of the wing mounted engines create an accelerated flow or accelerated 
slipstream of air over the wings called induced flow.  The amount of lift created by a multi 
engine airplane looks like this: 

Jeppesen Multi-Engine Manual 

Induced flow does occur in single-engine airplanes, but it is not as much of a factor because of the 
location of the engine in relation to the wings. 

TURNING TENDENCIES 
The turning tendencies that affect single engine airplanes (i.e. torque and P-factor) also affect 
multi-engine airplanes.  Since the multi-engine airplane has at least two engines, these effects 
are increased. 

Twin-engine airplanes where the propellers for each engine rotate in the same direction 
are called conventional twins.  To combat the torque and P-factor tendencies, twin-engine 
airplanes with counterrotating propellers, or propellers that rotate in opposite directions, and 
engines have been developed.  The effects of torque and p-factor with counter-rotating propellers 
will cancel each other out, resulting in less rudder needed to oppose these forces. 
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A Conventional Twin 

Result of Torque = Roll to the Left 

Resulting Torque Resulting Torque 

Propeller Rotation Propeller Rotation 

Result of P Factor = Yaw to the left 

Resulting Turn 
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A CounterRotating Twin 

Result of Torque = NONE = Both Engines Cancel Each Other Out. 

Resulting Torque Resulting Torque 

Propeller Rotation Propeller Rotation 

Result of P Factor = NONE = Both Engines Cancel Each Other Out. 
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ENGINE FAILURES 

WHAT HAPPENS WHEN AN ENGINE FAILS 
Two motions happen when an engine fails:  YAW and ROLL. 

1.  YAW- Asymmetrical thrust will cause a yawing moment around the C.G. towards the  
inoperative engine. 

YAW 

2.  ROLL - The yawing moment from above will cause the wing with the operating  
engine to move faster through the air as the airplane yaws.  This causes a faster  velocity of 
air over the wing with the operative engine meaning more lift on that  wing and results in a 
roll towards the inoperative engine. 

3.  ROLL - Induced flow (accelerated slipstream) over the wing from the operating  engine 
and lack of induced flow (accelerated slipstream) over the inoperative  engine causes 
asymmetrical lift on the wings, resulting in a rolling moment around  the C.G. towards the 
inoperative engine. 

ROLL 
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CRITICAL ENGINE 

The critical engine is the engine that, if it were to fail, would most adversely affect the 
performance or handling characteristics of the airplane. 

On conventional twins (with propellers rotating to the right) the critical engine is the left engine.  
On a twin engine airplane with counterrotating propellers there is not a critical engine since the 
yawing and rolling effects of losing one engine will be identical no matter which engine fails. 

There are three factors that determine is an engine is critical. 
1.  P-Factor 
2.  Accelerated Slipstream 
3.  Torque 

P FACTOR  P-factor is where the descending propeller blade creates more thrust than the 
ascending blade.  This causes asymmetrical thrust on each side of the propeller.  To figure out the 
effect on the airplane, the formula THRUST  x  Arm  =  Moment can be used.  This means that 
the longer the arm from the C.G. to the thrust, the larger the yawing moment will be. 

Small Arm = Small Yaw Large Arm = Large Yaw 

Conventional Twin 

Because the descending propeller blade on the right wing engine has a longer arm (A2) than the 
descending propeller blade on the left wing engine (A1), the airplane will have a greater yawing 
moment to the left if the left engine fails than if the right engine fails. 

Since the effect of the yaw is greater if the left engine fails, the left engine is the critical 
engine. 
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On a counter-rotating twin-engine airplane, arms (A1, A2) to the descending propeller 
blades are the same length, resulting in the same amount of yaw regardless of which engine fails. 

Counterrotating Twin = Arms are the Same Length 

ACCELERATED SLIPSTREAM - The propellers will accelerate air over the wings.  More lift 
is produced where the propellers accelerate the air over the wing.  Just as P-factor causes 
asymmetrical thrust forward, it also produces the same effect in the asymmetrical airflow behind 
the propeller. 

Conventional Twin 
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When one engine fails, the accelerated slipstream causes a roll towards the inoperative engine.  
To figure out the effect on the airplane the formula LIFT  x  Arm  =  Moment can be used.  
Just like P-factor, the arm to the right engine is longer than the arm to the left engine.  This 
means that if the left engine fails, the roll moment will be greater to the left than if the right 
engine fails.  Therefore the left engine is the critical engine. 

Small Arm = Small Roll 

Large Arm = Large Roll 
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TORQUE - As the engine and propeller rotate in one direction, they, in turn, try to rotate the 
airplane in the other direction.  This is due to Newton’s third law which states, “For every action 
there is an equal and opposite reaction.”  This force also acts when an engine fails because there 
is still a second operating engine. 

Conventional Twin 

The result of the torque is roll, but it will also combine with the other factors previously 
mentioned as well. 

If the left engine fails, the yawing moment from the right engine (thrust) and the total torque 
will both work together to yaw and roll the airplane to the left. 

If the right engine fails, the yawing moment from the left engine (thrust) and the total 
torque (opposite direction) will still result, although to a lesser degree (compared to failure of the 
left engine), in a yaw and roll of the airplane to the right. 

This means that the yaw will be worse if the left engine fails which means that the left 
engine is the critical engine. 

13 
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CounterRotating Twin 

In the counter-rotating twin, the torque will oppose the yawing and rolling moment caused by an 
inoperative engine.  The resulting yaw will be the same no matter which engine fails. Therefore, 
there is no critical engine. 

One other factor that could affect the critical engine is Spiraling Slipstream. 

NOTE 
The effect of Spiraling Slipstream is usually so minimal that some will even ignore its  effects 
altogether. 

The high-speed rotation of an airplane propeller gives a corkscrew or spiraling rotation to the 
slipstream.  At high propeller speeds and low forward speed (as in takeoffs and approaches to 
power on stalls), this spiraling rotation is very compact and exerts a strong sideward force on the 
airplane’s vertical tail surface. 
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When this spiraling slipstream strikes the vertical fin on the left, it causes a left turning 
moment, or yaw, about the airplane’s vertical axis.  The more compact the spiral, the more 
prominent the force.  As the forward speed increases, however, the spiral elongates and becomes 
less of a force on the vertical fin. 

Here is what spiral slipstream would look like on a conventional twin with both engines 
operating.  As the propeller turns right, the air is also moved to the right. 

If the left engine fails the spiral slipstream will not hit the tail at all, resulting in no 
additional yawing force.  If the right engine fails the spiral slipstream will hit the left side of the 
tail causing a yaw to the left in the opposite direction of the yaw to the right caused by the failed 
engine.  This yaw from the spiral slipstream will help oppose the yaw from the failed engine.  This 
makes the left engine critical. 
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VMC 

When a multi-engine airplane loses an engine it experiences a yaw and roll.  To counteract this, 
the rudder can be used to stop the yaw and the resulting roll. 

As airspeed is decreased, the rudder becomes less effective.  Therefore, more rudder 
deflection will be required to maintain directional control.  Eventually, an airspeed will be 
reached where full rudder deflection will be required to maintain directional control.  At this 
point, any further decrease in airspeed will lead to loss of directional control.  It is this airspeed at 
which the airplane reaches VMC. 

VMC can be defined as: 
1.  Minimum control speed with the critical engine inoperative. 
2.  The minimum speed at which directional control can be maintained under a very  
specific set of circumstances as outlined in 14 CFR Part 23. 

VMC is the speed at which it is still possible to maintain directional control with an engine 
inoperative. 

NOTE 
VMC only addresses directional control. 
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VMC FOR CERTIFICATION - FAR 23.149 

Every multi-engine airplane must go through a certification process which includes 
calculating a VMC speed.  VMC is NOT a fixed airspeed under all conditions.  VMC is a fixed 
airspeed only for the very specific set of circumstances under which it was determined during 
aircraft certification by FAR 23.149. 

§23.149  Minimum control speed 
VMC is the calibrated airspeed at which, when the critical engine is suddenly made 
inoperative it is possible to: 

1.  Maintain control of the airplane with that engine still inoperative, 
2.  Maintain straight flight at the same speed with an angle of bank of not more than 5  
degrees. 

The method used to simulate critical engine failure must represent the most critical mode of 
powerplant failure expected in service with respect to controllability. 

VMC must not exceed 1.2 VS1 at maximum takeoff weight. 

VMC must be determined with: 
1. Most unfavorable weight - (not necessarily maximum gross weight) 
2. Most unfavorable center of gravity position 
3. The airplane airborne and the ground effect negligible 
4. Maximum available takeoff power initially on each engine 
5. The airplane trimmed for takeoff 
6. Flaps in the takeoff position 
7. Landing gear retracted 
8. All propeller controls in the recommended takeoff position. 

When recovering from VMC: 
1.  The rudder pedal force required to maintain control must not exceed 150 pounds. 
2.  It must not be necessary to reduce power of the operative engine(s). 
3.  The airplane must not assume any dangerous attitude. 
4.  It must be possible to prevent a heading change of more than 20 degrees. 

NOTE 
VMC deals only with directional control not performance. 

FAR 23.149 also requires the calculation of a minimum speed to intentionally render the critical 
engine inoperative and to be designated as the safe, intentional, one-engine-inoperative speed, 
or VSSE. 

Remember, published VMC and actual VMC are two different speeds.  There are many factors that 
can affect VMC speed and they will be covered in the following pages. 
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RECOGNIZING AND RECOVERING FROM VMC 
To recognize VMC is occurring or about to occur there are four warning signs. 

1.  Loss of directional control - the rudder pedal is depressed to its fullest travel and  t h e 
airplane is still turning towards the inoperative engine. 
2.  Stall warning horn - a single-engine stall could be just as dangerous as running out  o f 
rudder authority and could even result in a spin. 
3.  Buffeting before the stall - same reason as the stall warning horn. 
4.  A rapid decay of control effectiveness - any loss of control effectiveness could  r esu l t 
in loss if control of the airplane. 

To recover from VMC, two actions must occur (simultaneously): 
1.  Reduce power on the operating engine - this will reduce the asymmetrical thrust  causing 
the VMC in the first place. 

¾  Reducing the power all the way to idle may help stop the VMC, but the loss of  
power and resulting loss of airspeed could lead to a stall. 

2.  Pitch down - Lowering the nose of the airplane will increase the forward airspeed  
making the rudder more effective in regaining and maintaining directional control. 

VMC vs. STALL SPEED 

As density altitude increases, VMC speed decreases due to the fact that as density altitude 
increases engine power will decrease.  The decrease in engine power results in less asymmetrical 
thrust, meaning the yawing from a failed engine will be less at a high density altitude than a lower 
density altitude. 

Stall speed is an indicated airspeed and will remain constant as altitude increases or 
decreases. 
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FACTORS AFFECTING VMC 

Published VMC will almost always be different than actual VMC.  There are a lot of factors that can 
affect this speed, but there are a few important things to remember: 

VMC becoming a lower airspeed is good because the airplane can go slower before losing 
directional control. 
Things that causes VMC to decrease: 
¾  Anything that will move the C.G. forward will make the rudder more effective. 

o   Large arm to rudder = Larger rudder moment = Rudder more effective. 
¾  Anything that will allow less rudder to be used, making more rudder available to the  pilot. 

VMC becoming a higher airspeed is bad because the airplane will lose directional control at a higher 
airspeed. 
Things that make VMC increase: 
¾  Anything that will move the C.G. aft will make the rudder less effective. 

o   Small arm to rudder = Smaller rudder moment = Rudder less effective. 
¾  Anything that will cause more rudder to be used, making less rudder available to the  pilot. 

Performance of the airplane is not related to VMC speed.  Performance can be viewed as single 
engine climb performance or relating to the amount of drag on the airplane. 

POWER 
The more power (thrust) on the operating engine, the more rudder is needed to stop the 
resulting yaw.  Using more rudder leaves less available to the pilot = VMC speed increases as 
power on the operating engine is increased. 

Performance increases as power is increased. 
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DENSITY ALTITUDE 
As density altitude increases, temperature increases, pressure decreases, and/or humidity 
increases the output of the engine or thrust created by the engine decreases.  The less thrust that is 
created, the less rudder input needed to oppose the yaw. 

Using less rudder leaves more rudder available to the pilot.  Therefore, VMC decreases.  So, as 
density altitude increases, temperature increases, pressure decreases, and/or humidity increases 
VMC decreases. 

Performance decreases as density altitude increases, temperature increases, humidity 
increases, and/or pressure decreases.  With air being less dense, not only does the engine become 
less efficient, but the propeller and wings also have decreased performance due to having less air 
molecules available to make thrust and lift. 
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C.G. LOCATION 

The C.G. location changes the length of the arm to the rudder: the longer the arm, the more 
effective the rudder; the more effective the rudder, the lower VMC.  As the C.G. moves forward, 
VMC decreases; as the C.G. moves aft, VMC increases. 

Forward C.G. = Aft C.G. = 
Longer Arm Shorter Arm 

Performance increases as the C.G. is moved aft.  As the C.G moves forward, more tail-down force 
is needed to keep the airplane level.  The more tail-down force needed, the more total lift is 
required.  When more lift is created (airplane flying at a higher angle of attack), more drag is also 
created.  The increase in drag causes the overall speed to decrease. 

Total Lift Required = Weight + Tail Down Force 
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Effects of Forward C.G. 

Aft C.G. effects are just the opposite of the Forward C.G. effects. 

GEAR POSITION 
As the landing gear operates to retract or extend, the C.G. location moves in the direction of travel 
of the nose gear. 

Nose wheel goes aft = C.G. moves Aft 

The change in C.G. affects VMC speed just as stated before.  In the extended (down) position, the 
landing gear can also act like the keel of a boat, giving the airplane a stabilizing effect. This 
stabilizing effect helps prevent a turn, thereby lowering VMC. 
The landing gear extended (down) always decreases performance due to parasite drag. 
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PROPELLER WINDMILLING VS. FEATHERED PROPELLER 

A windmilling propeller creates more drag than a feathered propeller.  This extra drag adds to the 
yawing from a failed engine to make the total effect worse.  This situation will require more rudder 
deflection to maintain directional control, which means that less rudder is available to the pilot, 
thereby increasing VMC.  Once the propeller is feathered the drag is reduced, thereby reducing 
VMC. 

Propeller Blade Angle vs. Parasite Drag 

Jeppesen Multi-Engine Manual 

A windmilling propeller decreases performance due to the parasite drag created by the 
propeller blades. 
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FLAPS DOWN 
When the flaps are down the wings create more lift than if the flaps were up.  However, when 
lift is created, drag is also created (as lift increase, drag increases). 

The side with the operating engine is creating even more lift because of the accelerated air flowing 
over the wing.  When the flaps are extended, the drag caused by the accelerated flow opposes the 
yaw caused by the inoperative engine allowing the pilot to use less rudder to maintain heading.  
Having more rudder available to the pilot lowers VMC. 

It should be noted more lift on the right wing will cause a roll to the left.  If ailerons are used to 
counteract the rolling of the airplane, the drag from the adverse aileron yaw will actually 
increase the yaw towards the inoperative engine. 

Flaps Down 

More lift on right 

Left Aileron - DOWN  
Drag on Left Wing 

wing = more drag 

Because the flaps create more drag and the control surfaces will be deflected a greater 
amount, overall performance will decrease. 
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WEIGHT 

The weight of the airplane determines the amount of total lift required by the airplane to 
maintain level flight.  As the airplane is banked, the lift is separated into horizontal and vertical 
components of lift. 

The horizontal component of lift (the force that causes the airplane to turn) will help 
oppose the yaw due to an inoperative engine.  The more weight, the more horizontal lift is 
available to oppose the turn from the inoperative engine. 

This means that horizontal lift can be used along with rudder to stop the turn.  When more 
horizontal lift is available, less rudder is needed, which means more rudder is available to the 
pilot and VMC decreases.  So, as weight increases, VMC speed decreases.  As weight decreases, 
VMC increases. 

3000 lbs. 

3000 lbs. 

5000 lbs. 

5000 lbs. 
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With a 5° Angle of Bank: 

4981 lbs. 
2989 lbs. 

3000 lbs. 

3000 lbs.  5000 lbs. 

261 lbs.  436 lbs. 

5000 lbs. 

The larger horizontal component of lift on the heavier airplane will make the resulting yaw 
smaller.  This also reduces the amount of rudder needed to maintain the airplane’s heading. 

A higher weight always lowers performance because it decreases the amount of excess thrust 
available.  This is especially true during one-engine inoperative operations. 

Fuel consumption will also lower the weight of an aircraft during flight, increasing VMC and 
airplane performance.  The amount it affects weight depends on the rate at which the fuel is 
consumed. 
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BANK ANGLE 

Bank angle can affect VMC and performance both positively and negatively.  Just like the 
weight example, when an engine fails, the horizontal component of lift can be used to stop the 
yaw, but that is not the only affect of bank angle.  Bank angle is related to VMC and performance 
in a few ways: 

This chart shows bank angle and the amount of lift in both the horizontal and vertical 
directions.  Notice that at a 5° bank, a loss of 14 lbs. of vertical lift equals to a turning force of 
314 lbs. 

Bank Angle    Total Lift   Vertical Lift   Horizontal Lift 
0 3600 3600 0 
1 3600 3599 63 
2 3600 3598 126 
3 3600 3595 188 
4 3600 3591 251 
5 3600 3586 314 
10 3600 3545 625 
15 3600 3477 932 
30 3600 3118 1800 
45 3600 2546 2546 
60 3600 1800 3118 

Vertical Component of Lift = Cos(Bank Angle)  x  Weight 
Horizontal Component of Lift = Sin(Bank Angle)  x  Weight 

The angle of attack on the rudder determines how much force the rudder can create.  It is 
dependent on the angle of the relative wind to the chord line of the rudder.  The larger the angle 
of attack, the larger the force produced by the rudder.  When the airplane is banked, rudder forces 
will act both in the vertical and horizontal directions. 

Red = Chord Line of Rudder 
Blue = Direction of the Relative Wind on Rudder 

Green = Resulting Rudder Force 
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Anytime the relative wind is not parallel to the longitudinal axis of the airplane more drag is 
created. 

Wings level or banked 2°-3° Bank Wings banked more than 3° 
toward inoperative engine (Zero Sideslip) toward operating engine 

More Drag Least Drag More Drag 

Just like the wings, the fuselage produces lift.  However, the fuselage is just not as efficient at 
making lift as the wings.  Fuselage lift is more noticeable when the relative wind is not flowing 
directly parallel to the longitudinal axis of the airplane. 
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BANK ANGLE EXAMPLES 

By putting all these factors together, it is possible to see the overall effects of bank angle 
and how these factors affect both VMC and performance.  To compare the effects of VMC and 
performance it is necessary to use a few different examples.  In the following examples, the 
airplane is maintaining a constant heading after experiencing a failed left engine. 

In this example, only the rudder is used to stop the yawing moment from the inoperative engine 
and the wings are kept level. 

The relative wind, coming from the left of the nose, will cause the airplane to be in a slip. This 
causes the angle of attack on the rudder to be small and, therefore, makes it less effective. 

It also creates fuselage lift in the direction opposite of the yaw from the inoperative engine. Since 
the angle of attack on the rudder is small, the amount of rudder required to maintain a constant 
heading is quite large.  This makes VMC a moderately high airspeed. 

The slipping condition of the airplane will result in a moderate amount of drag which 
lowers overall performance. 
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In this example, both rudder and a small amount of bank are used to maintain a constant 
heading. 

This bank angle results in a Zero Sideslip condition.  A Zero Sideslip condition exists when the 
relative wind is directly parallel to the longitudinal axis of the airplane.  This condition results in 
the minimum amount drag possible when an engine is failed. 

VMC speed will be lower in this case (compared to 0° bank) for two reasons: 
1.  The angle of attack on the rudder is larger making it more effective. 
2. The amount of rudder needed and used is less than in the 0° of bank scenario since it is 
more effective.  Also, the horizontal component of lift is now helping to oppose the yaw from 
the inoperative engine (meaning less rudder will be required). 

The result is more rudder is available to the pilot which will lower VMC. 

Performance will increase due to the smaller amount of drag. 
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In this example, a greater amount of bank toward the operating engine is used along with a lesser 
amount of rudder. 

The direction of the relative wind will create a large angle of attack on the rudder.  This 
makes it more effective resulting is less rudder input needed by the pilot.  Also, the greater 
amount of horizontal lift means that less rudder will be needed to maintain heading.  This results 
in a lower VMC. 

The performance of the airplane will decrease because the angle of the relative wind will result 
in a slipping condition that produces a large amount of drag on the airplane. 

31 



 

FGA MultiEngine Airplane Guide 

In this example, the airplane is banked towards the inoperative engine. 

Banking towards the inoperative engine will cause the horizontal lift from the wings to add to the 
yaw from the inoperative engine.  The relative wind will create a fuselage lift that opposes the 
yaw.  The angle of the relative wind with the rudder will create a small angle of attack making the 
rudder less effective.  To maintain heading the pilot will have to use a very large amount of rudder.  
This increases VMC significantly. 

The performance of the airplane will decrease because the angle of the relative wind will result 
in a slipping condition and cause a large amount of drag on the airplane. 
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CRITICAL ENGINE FAILURE 

If the critical engine fails the resulting yaw and roll would be worse than if the non-critical 
engine had failed.  The greater yaw and roll will require more rudder and control surface input to 
maintain directional control.  The result is less rudder is available to the pilot which causes VMC 
to increase.  Performance will decrease because the greater control inputs and control surface 
deflection will cause a greater amount of drag to be created. 

IN GROUND EFFECT 

Ground effect is due to the interference of the ground surface with the airflow patterns around 
the aircraft in flight.  As the wing encounters ground effect and is maintained at a constant 
amount of lift, there is a reduction in the upwash, downwash, and wingtip vortices. 

The reduction in induced flow due to ground effect causes a significant reduction in 
induced drag, but causes no direct effect on parasite drag.  As a result of the reduction in 
induced drag on the wings and propellers, the thrust required at low speeds will be reduced. 
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The reduction in thrust required means that the airplane will have extra thrust.  The extra thrust 
on a good engine will cause a greater amount of yaw. 

In Ground Effect Out of Ground Effect 

This is similar to the VMC effect of power (i.e. the more yawing occurring in ground effect, 
requires more rudder to maintain heading).  This condition increases VMC. 

Performance will increase in ground effect because of the reduction of induced drag. 
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CHART OF FACTORS AFFECTING VMC 

VMC down (slower) = good = more rudder available, or rudder more effective. VMC 
up (faster)= bad = less rudder available, or rudder less effective. 
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CESSNA 310Q SYSTEMS 

 



 



 



 



 



 

FGA MultiEngine Airplane Guide 



 



 



 



 



 



 



 



 



 



 



 



 



 

System Description  



 



 





Maneuvers  



 





 


