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The Effect of Bank Angle and Weight on the  
Minimum Control Speed VMCA of an Engine-out Airplane 

for preparing experimental flight-tests to determine VMCA 
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Introduction 

In the report Prevention of Airplane Accidents after Engine Failure (ref. 1) and in the Paper Stay-
ing Alive with a Dead Engine (ref. 2), the effect of bank angle and weight on VMCA (and V2) was 
presented in figures.  In this paper, the analysis to derive the figures is presented. 

1. The relation between airspeed, bank angle and weight 

1.1. In refôs 3 to 5, equations are presented for equilibrium flight.  These equations, included 

below, can be used to calculate and plot sideslip angle , aileron deflection ŭa and rudder deflec-
tion ŭr of a multi-engine airplane at varying weights W, airspeeds V and thrust levels NT (read 
altitudes) while the cg is aft (as used to determine VMCA), one engine is inoperative and the re-
maining engines are developing full thrust.  The equations describe unaccelerated, 1g, constant 
heading flight. 
The results of the analysis are normally used before commencing VMCA flight testing to predict the 
lowest calibrated airspeed at which the airplane can be trimmed (= controlled) while an engine is 
inoperative and to be aware of the expected limitations.  Refer to refôs 3 to 5 for a detailed analy-

sis.  In the equations, dynamic pressure (q), weight (m g), thrust (NT), and bank angle (ה  are 
used as variables.  The equations are for a turbojet airplane, not for a propeller airplane where 
thrust augments the lift (propulsive lift).  Trim as used here means the trim setting plus the man-
ual control inputs required to maintain the one engine inoperative equilibrium flight. 
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1.2. The equations out of refôs 3 to 5 are presented here.  In deriving these equations, the 

small angle assumption is used; cos ɗ = 1 and sin ה = ה (in radians) because ɗ is usually less 
than 15 degrees and ה is less than 5 degrees. 

1.3. Because there are four variables in these three equations (ה, ɓ, ŭa and ŭr), many states of 

equilibrium are possible, but only the cases in which 0 = הÁ and ɓ = 0Á are of most interest.  Zero 
bank angle is easy to fly (IMC) and zero sideslip causes the total drag of the airplane to be mini-
mum, which is favorable to the remaining climb performance after engine failure. 

1.4. These simultaneous linear equations can be solved for angle of sideslip (ɓ), aileron def-
lection (ŭa) and rudder deflection (ŭr) using Cramers rule. The resulting equations, presented be-
low, define ɓ, ŭa and ŭr required to trim an airplane whether or not an engine is inoperative.  Trim 
here means the total control deflection for maintaining equilibrium (balance of forces and mo-
ments. 

1.5. These equations can be used to prepare for flight testing VMCA to predict the lowest cali-
brated airspeed at which the airplane can be controlled while an engine is inoperative, to identify 
the limitations that might occur during flight testing.  In the examples that are presented below, 
the following stability derivatives of a 4-engine turbojet airplane (B707, DC-8 class), determined 
at an aft cg location and in the approach configuration, were used: 
 


