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(57) ABSTRACT 

According to this method, during at least one ?ight of said 
aircraft, the values of prede?ned parameters are measured 
and, on the basis of said measurements recorded in a 

memory (3) and of at least one prede?ned certi?cation value 
received from a memory (9), a certi?cation value Cnfcertif 
for the yaW moment cnf created by the shutting doWn of one 
engine of the aircraft is determined, Which value Will be used 

(22) Filed: Mall 22, 2001 to determine the minimum control speed. According to the 
_ _ _ _ _ invention, on the basis of measured values of the sideslip [3 

(30) Forelgn Apphcatlon Pnonty Data and of the lateral force Cy, and of a certi?cation value 
Cycertif, a certi?cation value [3certif is determined (E1) In 

M . 23 2000 FR .......................................... .. 00 03719 
ar ’ ( ) addition, on the basis of the measured values of the sideslip 

publication Classi?cation [3, of the lateral force Cy and of the yaW moment Cnf, and 
of the certi?cation values Cycertif and [3certif, said certi? 

(51) Int. Cl.7 ..................................................... .. G06F 7/00 cation value Cnfcertif is determined (E2). 
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METHOD FOR DETERMINING A MINIMUM 
CONTROL SPEED FOR AN AIRCRAFT 

[0001] The present invention relates to a method for 
determining, on an aircraft equipped With a number of 
engines, a minimum control speed When at least one engine 
is shut doWn. 

[0002] In the context of the present invention, the expres 
sion minimum control speed is to be understood as meaning 
the minimum speed at Which it is possible to hold the 
aircraft, for eXample a civilian transport airplane, on a 
constant heading With, simultaneously: 

[0003] at least one engine shut doWn, for eXample an 
engine Which has failed or an engine Which has been 
deliberately shut doWn; 

[0004] 
[0005] a lateral inclination of the aircraft less than or 

equal to 5°. 

the rudder hard over; and 

[0006] It is knoWn that minimum control speeds VMC 
may impose on the aircraft limits particularly on the per 
missible characteristic speeds on take-off and therefore on 
the performance of said aircraft. This is because, for safety 
reasons, it is necessary in particular: 

[0007] for the rotational speed Vr on take-off to be 
greater than or equal to 1.05 VMCA, the speed 
VMCA being the minimum control speed on take 
off; 

[0008] for the minimum speed V2 at the second 
segment to be greater than or equal to 1.1 VMCA; 
and 

[0009] for the minimum speed Vref on approach to be 
greater than or equal to VMCL, the speed VMCL 
being the minimum control speed on approach. 

[0010] Of course, a minimum control speed is a charac 
teristic of the type of aircraft considered. In consequence, to 
guarantee the required level of safety, Without in any Way 
being penaliZed by adopting excessively large margins With 
respect to its actual value, it is necessary to determine this 
minimum control speed as accurately as possible. 

[0011] A method for determining, on an aircraft equipped 
With a number of engines, the minimum control speed With 
at least one engine shut doWn is knoWn. According to that 
knoWn method: 

[0012] a) during a number of ?ights (knoWn as test 
?ights) of said aircraft, the values of prede?ned 
parameters are measured on said aircraft; 

[0013] b) on the basis of said measurements and of at 
least one prede?ned certi?cation value, a certi?ca 
tion value Cnfcertif for the yaW moment cnf created 
by the shutting doWn of the engine is determined; 

[0014] c) on the basis of said certi?cation value 
Cnfcertif, the value of a parameter K is calculated to 
alloW the forming of a ?rst relationship 

[0015] in Which: 

[0016] Afn illustrates the asymmetry of thrust due 
to the shutting doWn of the engine; and 
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[0017] Vc represents the speed of the aircraft; and 

[0018] d) on the basis of said relationship and of 
engine thrust curves, said minimum control speed is 
determined. 

[0019] In addition, according to this knoWn method, in 
order to make the measurements on the aircraft, the rudder 
is brought hard over. As the value of the angle of turn on of 
the rudder is then knoWn, the aforementioned step b) is 
carried out, resolving a linear model of the behavior of the 
aircraft. 

[0020] In order to do this, there are tWo different knoWn 
models Which can be Written, respectively: 

+8 

[0021] 
[0022] Ny is the lateral acceleration; 

[0023] CZ is the coef?cient of lift; 

[0024] Cnf is the yaW moment created by the shutting 
doWn of the engine; 

[0025] (I) is the roll angle; and 

[0026] A and B are tWo coef?cient determined by 
means of a straight line in linear regression over the 
measured values. 

In these models: 

[0027] This knoWn method presents several draWbacks. In 
particular: 

[0028] it is not very accurate; 

[0029] because of the spread on the measurements 
and of the dif?culty of obtaining perfectly stabiliZed 
points, the quality of said linear regression is loW. 
Also, a number of test ?ights are needed in order to 
obtain from the measurements taken, a suf?ciency of 
points to alloW an appropriate selection of said 
points, this being With a vieW to obtaining suf?cient 
quality for the linear regression; and 

[0030] the reliability of this knoWn method is loW. 
Speci?cally, because of the loW quality of the linear 
regression, different minimum control speeds are 
sometimes obtained for one and the same aircraft 
each time said knoWn method is carried out. 

[0031] An object of the present invention is to overcome 
these draWbacks. The invention relates to a reliable and 
effective method for determining, on an aircraft equipped 
With a number of engines, the minimum control speed With 
at least one engine shut doWn, either deliberately by a pilot 
or as the result of a failure. 

[0032] To this end, said method Whereby: 

[0033] a) during at least one ?ight of said aircraft, the 
values of prede?ned parameters are measured on 
said aircraft; 

[0034] b) on the basis of said measurements and of at 
least one prede?ned certi?cation value, a certi?ca 
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tion value Cnfcertif for the yaW moment cnf created 
by the shutting doWn of the engine is determined; 

[0035] c) on the basis of said certi?cation value 
Cnfcertif, the value of a parameter K is calculated to 
alloW the forming of a ?rst relationship: 

[0036] in Which: 

[0037] Afn illustrates the asymmetry of thrust due 
to the shutting doWn of the engine; and 

[0038] Vc represents the speed of the aircraft; and 

[0039] d) on the basis of said ?rst relationship and of 
engine thrust curves, said minimum control speed is 
determined, 

[0040] is noteWorthy, according to the invention, in that, in 
said step b): 

[0041] b1) on the basis of simultaneously measured 
values of, respectively, the slipslip [3 and the lateral 
force Cy, a second relationship betWeen said sideslip 
[3 and said lateral force Cy is deduced; 

[0042] b2) on the basis of said second relationship 
and of a certi?cation value Cycertif of said lateral 
force Cy, a corresponding certi?cation value [3certif 
is determined for the sideslip [3; 

[0043] b3) on the basis of the simultaneously mea 
sured values of, respectively, said sideslip [3, said 
lateral force Cy and said yaW moment Cnf, a third 
relationship betWeen said sideslip [3, said lateral 
force Cy and said yaW moment Cnf is deduced; and 

[0044] b4) on the basis of said third relationship and 
of said certi?cation values Cycertif and [3certif, said 
certi?cation value Cnfcertif is determined. 

[0045] Thus, by virtue of the invention, said method is 
particularly effective and reliable. Indeed, When said second 
and/or third relationships are advantageously obtained by 
means of linear regressions over the measurements made on 
the aircraft, in particular: 

[0046] said linear regressions are of much better 
quality than those of the aforementioned knoWn 
method, With the same measurements (test points); 

[0047] said regression straight lines are independent 
of the thrust level of the aircraft and are less sensitive 
to the dynamics or to less rigorous selection of the 
test points. 

[0048] It Will be noted that the aforementioned advantages 
of the method according to the invention over the customary 
procedures are due to better modeling of the behavior of the 
aircraft (introduction of sideslip, elimination of the turn 
angle on). Schematically speaking, it may be said that With 
the old methods, the cluster of test points Was considered 
from the Worst possible vieWpoint (Cy/Cnf) from the point 
of vieW of modeling, Whereas With the method according to 
the invention, the plane in Which this cluster is located is 
identi?ed and projected onto a plane (Cy/p) in Which the 
cluster appears in a very stretched-out form, Which is 
favorable to linear regressions. Because of the better mod 
eling, the spread on the measurement is reduced. 
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[0049] In consequence, by virtue of the invention: 

[0050] it is possible to improve safety during test 
?ights, that is to say during ?ights carried out in the 
aforementioned step a) because, as the curves of test 
points no longer depend on the asymmetry of the 
thrust, said test ?ights can be carried out, not With an 
engine shut doWn, but noW simply With one engine 
at idle; 

[0051] the number of test ?ights can be reduced, 
because of the folloWing characteristics: better use of 
the test points, broader selection, independence of 
the con?guration, of the level of thrust and of the 
mass, Which means that it is not necessary to repeat 
the test ?ights for different con?gurations and thrust 
levels; 

[0052] the time spent implementing the method can 
be reduced because the quality of the linear regres 
sions makes it possible to eliminate the numerous 
looping cycles and lengthy selection processes 
Which eXist With the knoWn method; and 

[0053] because of the increased reliability of the 
method according to the invention, the risk of pen 
alties likely to be imposed by the of?cial services for 
underestimating the minimum control speed is 
reduced. 

[0054] Moreover, advantageously: 

[0055] said second relationship betWeen the lateral 
force Cy and the sideslip [3 can be Written: 

[0056] in Which Cy[3 and C are coef?cients determined in 
step b1) on the basis of measurements made on the aircraft; 
and/or 

[0057] said third relationship betWeen the lateral 
force Cy, the sideslip [3 and the yaW moment Cnf can 
be Written: 

Cy=A. Cnf+B. [3, 

[0058] in Which A and B are coefficients determined in 
step b3) on the basis of measurements made on the aircraft. 

[0059] Furthermore, advantageously, in step c), the param 
eter K is calculated from the relationship: 

po-S-L 
K: 2-y - cnfcerlif, 

[0060] 
[0061] po is the density of air at 0 feet in standard 

atmosphere; 

in Which: 

[0062] S is the reference area of the Wing structure; 

[0063] L is the mean aerodynamic chord; and 

[0064] y is the lever arm of the engine. 

[0065] The ?gures of the appended draWing Will make it 
easy to understand hoW the invention may be achieved. In 
these ?gures, identical references denote similar elements. 
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[0066] FIG. 1 diagrammatically shows a device for imple 
menting the method according to the invention. 

[0067] FIG. 2 illustrates a block diagram of the method 
according to the invention. 

[0068] The device 1 according to the invention and 
depicted diagrammatically in FIG. 1 is intended to deter 
mine, on an aircraft, particularly a civilian transport airplane, 
not depicted and equipped With a number of engines, a 
minimum control speed VMC With at least one engine shut 
doWn (either deliberately or folloWing a failure). 

[0069] To this end, said device 1 comprises: 

[0070] a number of sensors 2 of the usual type, on 
board said aircraft and intended to measure the 
values of the parameters speci?ed hereinbeloW dur 
ing at least one ?ight (knoWn as a test ?ight) of said 
aircraft; 

[0071] at least one memory 3 Which is also on board 
the aircraft, Which is connected by links 4 to said 
sensors 2 and Which is intended to record the values 
measured by said sensors 2; and 

[0072] a calculation unit 5 Which is connected by 
links 6 to 8 to said memory 2 and to memories 9 and 
10, respectively, and Which determines said speed 
VMC in the Way described hereinbeloW on the basis 
of the measurements recorded in the memory 3, and 
of certi?cation values and thrust curves PM1, PM2, 
PM3 for the engines, these values being as speci?ed 
hereinbeloW and recorded in said memories 9 and 
10, respectively. The calculation unit 5 Which is 
either on board or installed on the ground, is able to 
transmit the calculated speed VMC to a user device 
11, particularly a storage unit, via a link 12. 

[0073] The method implemented by this device 1 has, in 
addition to a preliminary step during Which, in the course of 
at least one test ?ight, the values of parameters are measured 
on the aircraft and recorded in the memory 3, steps E1 to E4 
depicted in FIG. 2, in Which: 

[0074] I) in steps E1 and E2, on the basis of said 
measurements received from the memory 3 and of 
the prede?ned certi?cation value received from the 
memory 9, a certi?cation value Cnfcertif of the yaW 
moment cnf created by the shutting doWn of the 
engine is determined; 

[0075] II) in step E3, on the basis of said value 
Cnfcertif, the value of a parameter K is calculated to 
enable a ?rst relationship R1 to be formed: 

[0076] in Which: 

[0077] Afn illustrates the asymmetry of thrust due to 
the shutting doWn of the engine; and 

[0078] Vc represents the speed of the aircraft; and 

[0079] III) in step E4, on the basis of said ?rst 
relationship represented by a curve P0 in FIG. 2 and 
engine thrust curves PM1, PM2, PM3, said mini 
mum control speed VMC is determined in the usual 
Way. To do that, said thrust curves, of the usual type, 
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Which are recorded in the memory 10, are generally 
provided by the engine manufacturer. 

[0080] According to the invention, in said step E1: 

[0081] ?rst of all, on the basis of the simultaneously 
measured values of, respectively, the slipslip [3 and 
the lateral force Cy, Which values are received from 
the memory 3, there is deduced a second relationship 
R2, speci?ed hereinbeloW, betWeen said sideslip [3 
and said lateral force Cy. To do this, the usual linear 
regression over the measurement points is used to 
determine a regression straight line DO betWeen the 
sideslip [3 and the lateral force Cy; and 

[0082] secondly, on the basis of said second relation 
ship R2 and therefore of the regression straight line 
DO, and of a certi?cation value Cycertif of said 
lateral force Cy received from the memory 9, a 
corresponding certi?cation value [3certif is deter 
mined for the sideslip [3, as illustrated by arroWs f1 
and f2 in FIG. 2. 

[0083] 
E2: 

In addition, according to the invention, in said step 

[0084] ?rst of all, on the basis of simultaneously 
measured values of, respectively, said sideslip [3, said 
lateral force Cy and said yaW moment Cnf, Which 
values are received from the memory 3, there is 
deduced a third relationship R3 betWeen said sideslip 
[3, said lateral force Cy and said yaW moment Cnf. 
The usual linear regression is used to do this; and 

[0085] secondly, on the basis of said third relation 
ship R3 and of said certi?cation values Cycertif and 
[3certif, said certi?cation value Cnfcertif used in the 
aforementioned step E3 is determined. 

[0086] Thus, by virtue of the invention, said method and 
said device 1 are particularly effective and reliable. 

[0087] 
[0088] the aforementioned linear regressions are of 
much better quality than those of the knoWn method 
indicated previously, With the same measurements or 
test points; 

[0089] the regression straight lines obtained by said 
linear regressions according to the invention are 
independent of the con?guration of the aircraft 
(?aps, landing gear); and in addition 

[0090] said regression straight lines are independent 
of the level of thrust of the aircraft and less sensitive 
to the dynamics or to less rigorous selection of the 
test points. 

In addition, by virtue of the invention: 

[0091] 
[0092] it is possible to improve safety during test 

?ights, that is to say during the ?ights implementing 
the aforementioned preliminary step because, as the 
curves of test points no longer depend on the asym 
metry of the thrust, said test ?ights can be performed, 
not With an engine shut doWn, but noW simply With 
an engine at idle; 

[0093] the number of test ?ights can be reduced 
because of the folloWing characteristics: better use of 

In consequence, by virtue of the invention: 
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the test points, broader selection, independence of 
the con?guration, of the level of thrust and of the 
mass so that it is not necessary to repeat the test 
?ights for different con?gurations and thrust levels; 

[0094] the time spent implementing the method can 
be reduced because the quality of the linear regres 
sions makes it possible to eliminate the numerous 
looping cycles and lengthy selection processes 
Which eXist in the knoWn method; and 

[0095] because of the improved reliability of the 
method according to the invention, the risk of pen 
alties likely to be imposed by the of?cial services for 
underestimating the minimum control speed is 
reduced. 

[0096] Furthermore, according to the invention: 

[0097] said second relationship R2 betWeen the lat 
eral force Cy and the sideslip [3 can be Written: 

Cy=Cy[5-[5+C, 

[0098] in Which Cy[3 and C are coef?cients determined in 
step E1 on the basis of measurements made on the aircraft, 
by means of the aforementioned linear regression; 

[0099] said third relationship R3 betWeen the lateral 
force Cy, the sideslip [3 and the yaW moment Cnf, can 
be Written: 

[0100] in Which A and B are coef?cients determined in 
step E2 on the basis of measurements made on the aircraft, 
using the aforementioned linear regression; and 

[0101] in step E3, regarding said ?rst relationship R1, 
the parameter K is calculated from the expression: 

po-S-L 
- cnfcerlif 

[0102] in Which: 

[0103] po is the density of air at 0 feet in standard 
atmosphere; 

[0104] S is the reference area of the Wing structure; 

[0105] L is the mean aerodynamic chord; and 

[0106] y is the lever arm of the engine. 

[0107] The aforementioned relationships R1, R2 and R3 
according to the invention Will be demonstrated hereinbe 
loW. 

[0108] To do this, use Will be made of the folloWing 
parameters: 

[0109] Vs1g: stall speed at 1 g 

[0110] KVs1g: ratio betWeen Vs1g and the minimum 
control speed VMC (determined by regulations) 

[0111] Ny: lateral acceleration 

[0112] AFn: asymmetry of thrust 

[0113] [3: sideslip angle 

[0114] (I): roll angle 
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[0115] Vc: aircraft speed 

[0116] 61: turn angle of the Warping command 

[0117] 6n: turn angle of the rudder 

[0118] po: density of air at 0 feed in a standard atmo 
sphere 

[0119] m: mass of the aircraft 

[0120] g: acceleration due to gravity 

[0121] S: reference area of the Wing structure 

[0122] y: engine lever arm (that is to say the distance 
betWeen the aXis of thrust of the engine and the plane 
of symmetry of the aircraft) 

[0123] L: reference length (namely the mean aerody 
namic chord) 

[0124] CZ: coef?cient of lift 

[0125] Cnf: yaW moment created by the shutting doWn 
of the engine 

[0126] Cy[3: the derivative of the coef?cient of lateral 
force With respect to [3 

[0127] Cy6n: the derivative of the coef?cient of lateral 
force With respect to 6n 

[0128] Cy61: the derivative of the coef?cient of lateral 
force With respect to 61 

[0129] C1[3: the derivative of the coef?cient of roll 
moment With respect to [3 

[0130] C16n: the derivative of the coef?cient of roll 
moment With respect to 6n 

[0131] C161: the derivative of the coef?cient of roll 
moment With respect to 61 

[0132] Cn[3: the derivative of the coef?cient of yaW 
moment With respect to [3 

[0133] Cn6n: the derivative of the coef?cient of yaW 
moment With respect to 6n 

[0134] Cn61: the derivative of the coef?cient of yaW 
moment With respect to 61. 

[0135] First of all, regarding relationship R3, it Will be 
demonstrated that 

Cy=A. Cnf+B. [3 

[0136] With 

C 

[0137] To this end, from the folloWing equations: 

lateral force: 
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-continued 

the roll moment: 

C1,B-,B+ C16n-6n+ C161-61= O; and 

the yaw moment: 

[0138] the following system is obtained: 

Z-m-g-Ny 

[0139] This system of three equations with three 
unknowns is solved using Cramer’s rule. The determinant of 
said system can be written: 

[0140] The reduced determinant can be written: 

[0141] namely 

[0142] which can be written: 

Cy=A.Cnf+B.[5 

[0143] with 

[0144] It will be recalled that by regression over the test 
points, said coef?cients A and B can be obtained. 
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[0145] Secondly, the relationship R2 is demonstrated. 

[0146] In the known way, lateral equilibrium for the 
aircraft can be written: 

[0148] Being close to equilibrium, we set Cy6n.6n+ 
Cy61.61=C, and expression (c) can then be written: 

(R2) Cy[5.[5+C=Cy. 

[0149] By linear regression over the test points, the coef 
?cients Cys and C of this relationship R2 can be obtained. 

[0150] Thirdly, regarding relationship R1, it is known that 
the aforementioned relationship R3 can also be written: 

[0151] In order to deduce the aerodynamic capability from 
this, the certi?cation conditions are imposed, namely: 

Nycertif=0.087=sin (<I>=5°) (e) 

[0152] 

_ _ l S C V02 (0 
mcernf-g _ 5 -p0- - Zmax- W 

[0153] hence: 

Nycerlif - Czmax (g) 

[0154] Said expressions (d), (e) and (g) make it possible to 
determine the angle [3 corresponding to these certi?cation 
conditions: 

Cycerlif — C- KVsIg2 (h) 

[0155] And hence the aerodynamic capability [from 
expressions (d), (e), (f), (g) and (h)]: 
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l-p0-S-L-Vc2 
AFn: 2 y_A -(Cycertif—B-,Bcerlif) 

[0156] namely 

Cycertif — C- KVsIg2 
[Cycertif — B - 

[0157] This then gives the relationship R1: 
AFn=K.Vc2 

[0158] With 

p0 - S - L _ 

K = - Cnfcertif 
' y 

1. Amethod for determining, on an aircraft equipped With 
a number of engines, a minimum control speed With at least 
one engine shut doWn, according to Which method: 

a) during at least one ?ight of said aircraft, the values of 
prede?ned parameters are measured on said aircraft; 

b) on the basis of said measurements and of at least one 
prede?ned certi?cation value, a certi?cation value 
Cnfcertif for the yaW moment cnf created by the 
shutting doWn of the engine is determined; 

c) on the basis of said certi?cation value Cnfcertif, the 
value of a parameter K is calculated to alloW the 
forming of a ?rst relationship 

in Which: 

Afn illustrates the asymmetry of thrust due to the 
shutting doWn of the engine; and 

Vc represents the speed of the aircraft; and 

d) on the basis of said ?rst relationship and of engine 
thrust curves, said minimum control speed is deter 
mined, 
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Wherein, in said step b): 

b1) on the basis of simultaneously measured values of, 
respectively, the slipslip [3 and the lateral force Cy, a 
second relationship betWeen said sideslip [3 and said 
lateral force Cy is deduced; 

b2) on the basis of said second relationship and of a 
certi?cation value Cycertif of said lateral force Cy, a 
corresponding certi?cation value [3certif is determined 
for the sideslip [3; 

b3) on the basis of the simultaneously measured values of, 
respectively, said sideslip [3, said lateral force Cy and 
said yaW moment Cnf, a third relationship betWeen said 
sideslip [3, said lateral force Cy and said yaW moment 
Cnf is deduced; and 

b4) on the basis of said third relationship and of said 
certi?cation values Cycertif and [3certif, said certi?ca 
tion value Cnfcertif is determined. 

2. The method as claimed in claim 1, Wherein said second 
relationship betWeen the lateral force Cy and the sideslip [3 
can be Written: 

in Which Cy[3 and C are coef?cients determined in step 
b1) on the basis of measurements made on the aircraft. 

3. The method as claimed in claim 1, Wherein said third 
relationship betWeen the lateral force Cy, the sideslip [3 and 
the yaW moment Cnf can be Written: 

in Which A and B are coef?cients determined in step b3) 
on the basis of measurements made on the aircraft. 

4. The method as claimed in claim 1, Wherein, in step b1), 
said second relationship is deduced using linear regression 
over the measurements made on the aircraft. 

5. The method as claimed in claim 1, Wherein, in step b3), 
said third relationship is deduced using linear regression 
over the measurements made on the aircraft. 

6. The method as claimed in claim 1, Wherein, in step c), 
the parameter K is calculated from the relationship: 

po-S-L 
- Cnfcertif 

in Which: 

po is the density of air at 0 feet in standard atmosphere; 

S is the reference area of the Wing structure; 

L is the mean aerodynamic chord; and 

Y is the lever arm of the engine. 

* * * * * 


