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ISO 1151, Flight dynamics — Concepts, quantities and symbols,
present, seven parts:

Part 1 : Aircraft motion relative to the air.
Part 2 :
Part 3 :
Part 4 :
Part 5 :
Part 6 :

Part 7 :

Derivatives of forces, moments and their coefficients.

Quantities used in measuremnients.
Aircraft geometry.

Flight points and flight envelopes.

ISO 1151 is intended to introduce the main concepts, to include the

terms used in theoreticahand experimental studies and, as far as possi

responding symbols.

In all the parts comprising ISO 1151, the term “‘aircraft’”’ denotes a veh

atmosphere or space flight. Usually, it has an essentially port and start

with respect-to a plane. That plane is determined by the geometric ¢
the ajreraft. In that plane, two orthogonal directions are defined: f
dorsal-ventral. The transverse direction, on the perpendicular to that

When there is more than one plane of symmetry, or when there is nong

Motions of the aircraft and the atmosphergrelative to the

Parameters used in the study of.aircraft stability and cont|

comprises, at

Earth.

rol.

more important
ble, to give cor-

cle intended for
poard symmetry
haracteristics of
bre-and-aft and
plane, follows,

, itis necessary

to introduce a reference plane. In the former case, the reference plafe is one of the

planes of symmetry. In the latter case, the reference plane is arbitrary.
necessary to specify the choice made.

Angles of rotation, angular velocities and moments about any a
clockwise when viewed in the positive direction of that axis.

Ali the axis systems used are three-dimensional, orthogonal and right
implies that a positive rotation through n/2 around the x-axis brings th
position previously occupied by the z-axis.

Numbering of sections and clauses

In all cases, it is

is are positive

-handed, which
e y-axis into the

With the aim of easing the indication of references from a section or a clause, a decimal

numbering system has been adopted such that the first figure is the nu
of ISO 1151 considered.

mber of the part
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INTERNATIONAL STANDARD

1SO 1151/1-1985 (E)

Flight dynamics — Concepts, quantities and symbols —
Part 1: Aircraft motion relative to the air

10 In

This part
translatio|

The aircr

When ac
gravity),

kroduction

of 1ISO 1151 gives basic definitions and deals with aircraft motion relative to the atmospherg, .assumed tq be at rest or in
hal motion at constant velocity relative to the Earth. 1)

hft is assumed to be rigid. However, most of the definitions can be applied to the case of a flexible aircrgft.

Fount is taken of the variations at the Earth’s surface in the direction of the vertical (local direction of acdeleration due to
the term given in the sub-clauses and figures in question is qualified by the term “local”.

1.1 Axis systems
No. Term Definition Symbol
111 Earth-fixed A system with both the origin and axes fixed relative to the Earth, and XYoo
axis system chosen as appropriate;
1.1.2 || Normal earth-fixed An earth-fixed axis'system (1.1.1) in which the z,-axis is oriented ac- XoYoZ0
axis system cording to the:downward vertical passing through the origin.
NDTE — However,
X4yq2qis an
agceptable
alternative.
1.1.3 Aircraft-carried A'system in which each axis has the same direction as the correspon- XoYoZ0
earth axis system ding earth-fixed axis, with the origin fixed in the aircraft, usually the
centre of gravity.
1.1.4 || Aircraft-carried normal A system in which each axis has the same direction as the correspon- XoYoZ0
earth axis system ding normal earth-fixed axis, with the origin fixed in the aircraft,
usually the centre of gravity. NIOTE — However,
X}¥q2g is an
agceptable
alternative.
1.15 Body, axis system?2! A system fixed in the aircraft, with the origin, usually the centre of xyz
gravity, consisting of the following axes:
LUllgiluLﬁllm AT axi?h'rthe-refa'errce-pfau retseeforewordon P iitor-if-the uuig;u is X
outside that plane, in the plane through the origin, parallel to the
reference plane.
Transverse axis An axis normal to the reference plane and positive to starboard. y
Normal axis An axis completing the system. k4

NOTE — This axis lies in the reference plane or is parallel to that plane. It is
positive in the ventral sense.

1
2)

The motions of the atmosphere for which this assumption does not hold true will be examined in another part of 1SO 1151.

Usually, the origins of the axis systems defined in 1.1.5, 1.1.6 and 1.1.7 coincide. If that is not the case, it is necessary to distinguish the different
origins by appropriate suffixes.
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No. Term Definition Symbol
1.1.6 | Air-path axis system) A system with the origin fixed in the aircraft, usually the centre of XaYaZla
gravity, consisting of the following axes:
Xg-axis; An axis in the direction of the aircraft velocity (1.3.1). X,
air-path axis
yg-axis; An axis normal to the air-path axis and the z,-axis defined below; it is Va
lateral air-path axis; positive to starboard.
crosg-stream axis
Zg-axis; An axis 23
normjal air-path axis
— in the reference plane or, if the origin is outside that plane,
parallel to the reference plane, and
— normal to the air-path axis.
The positive direction of this axis is chosen so as to_Complete the
orthogonal, right-handed system x,y,2,.
1.1.7 | Interfnediate axis A system with the origin fixed in the aircraft, usually the centre of XoVale
systgm 1! gravity, consisting of the following axes:
Xgadis The projection of the air-path axis on the\reference plane, or, if the X,
origin is outside that plane, on the plane'through the origin, parallel to
the reference plane.
Ye-axis An axis normal to the reference\plane and positive to starboard. ¥
NOTE — This axis coincides with the transverse axis {1.1.5) or is parallel to it.
Ze-axis An axis completing.the axis system. Z
NOTE — This akis)coincides with the normal air-path axis (1.1.6) or is parallel
to it.

1)  Usually, the o

origins by appropfiate suffixes.

1.2 Angles

1.2.1 Orientation of the aircraft

velocity with respect to the body axis system (see figure 1)

igins of the axis systems defined in .15, 1.1.6 and 1.1.7 coincide. If that is not the case, it is necessary to distinguish the different

No.

Term

Definition

Symbol

1.2.11

Angle of'sideslip

The angle which the aircraft velocity {1.3.1) makes with the reference

plane of the aircraft. It is positive when the aircraft velocity compo-
nent along the transverse axis (1.1.5) is positive.

According to convention, it has the range:

‘It n
- =g < —
2 g 2

1.2.1.2

Angle of attack

The angle between the longitudinal axis (1.1.5) and the projection of
the aircraft velocity (1.3.1) on the reference plane. It is positive when
the aircraft velocity component along the normal axis (1.1.5} is
positive.

According to convention, it has the range:

-—n<a<n
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1.2.2 Transition from the aircraft-carried normal earth axis system to the body axis system
This transition is achieved by three rotations, defined below, performed in the following order: ¥, ©, @ (see figure 2).
NOTE — Similar angles may be defined with respect to any aircraft-carried earth axis system. The same symbols, ¥, @, @, with appropriate suffixes

as necessary, may then be used. However, the terms “azimuth angle”, “inclination angle’’ and ‘‘back angle’’ refer only to the specific case where the
7 -axis is vertical.

N’

No. Term Definition Symbol
1.2.2.1 | Azimuth angle The rotation (positive, if clockwise) about the Zo{zg)-axis which brings b4
the xo(xg)-axis into coincidence with the projection of the longitudinal
axis (1.1.5) on the horizontal plane through the origin.
1.2.2.2 | Inclination angle The rotation in a vertical plane, following the ¥ rotation (1.2.2.1), e
which brings the displaced x,{xg)-axis into coincidence with\ the
longitudinal axis (1.1.5). It is positive when the positive portion ©of the
x-axis lies above the horizontal plane through the origin.
According to convention, it has the range:
n m
- — <0< —
2 2
1.2.2.3 | Bank angle The rotation {positive, if clockwise) aboutthe longitudinal axis (1.1.5), [r2]
brings the displaced yo(yg)-axis into it final position y from the pos-
ition it reached after the ¥ rotation\(1:2.2.1).
1.2.3 Transition from the aircraft-carried normal earth<axis system to the air-path axis system
This trangition is achieved by three rotations, defined below, pérformed in the following order: x,, v, u,. {see figute 3).
No. Term Definition Symbol
1.2.3.1 || Air-path azimuth angle; The rotation{positive, if clockwise) about the zo(zg)-axis which brings Xa
air-path track angle the x, {xgl*axis into coincidence with the projection of the air-path x,-
axis, (1.1.6) on the horizontal plane through the origin.
1.2.3.2 | Air-path inclination angle; | A he rotation in a vertical plane, following the x, rotation {1.2.3.1), Ya
air-path climb angle which brings the displaced x,{xg)-axis into coincidence with the
air-path x,-axis (1.1.6). It is positive when the positive portion of the
X ,-axis lies above the horizontal plane through the origin.
According to convention, it has the range:
s < n
2 a
1.2.3.3 || Air-path bank angle The rotation (positive, if clockwise) about the air-path x,-axis (1.1.6) Ua
which brings the displaced yo(yg)-axis into its final position y, from
the position it reached after the x_ rotation (1.2.3.1).
1.3 Velocities and angular velocities
No. Term Definition Symbol
1.3.1 Aircraft velocity The velocity of the origin of the body axis system {1.1.5) {usually the v
centre of gravity), relative to the air, unaffected by the aerodynamic
field of the aircraft.
Airspeed The magnitude of the aircraft velocity. |4
1.3.2 Speed of sound The velocity of propagation of a sound wave in the ambient air, a
unaffected by the aerodynamic field of the aircraft. o
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No. Term Definition Symbol
1.3.3 Mach number The ratio of the airspeed (1.3.1) to the speed of sound (1.3.2). Equalto | M is recom-
Via. mended. the
symbols Ma and
-#'may be used
if there is likely
to be any
confusion.
1.3.4 | Aircraft velocity The components of the aircraft velocity (1.3.1), 17 for any of the axis
components Systems used.
In the axis systems 1.1.1 to 1.1.4:
component along the x-axis u
component along the y-axis v
component along the z-axis w
In the body axis system (1.1.5):
component along the longitudinal axis u
component along the transverse axis V
component along the normal axis W
NOTE — In the air-path axis system (1.1.6}, the component along the x,-axisis | The velocity
u, = V. compongnts may
be writtgn V;,
where i |s a
number pr letter
subscript.
1.35 Airctaft angular velocity The angular velocity-of the body axis system (1.1.5) relative to the a
Earth.
Airctaft angular speed The magnitude of aircraft angular velocity. (¢
1.3.6 | Angular velocity The components of the aircraft angular velocity (1 .3.5), 3, for any of
components the(axis systems used.
In“the axis systems 1.1.1 to 1.1.4:
component along the x-axis p
component along the y -axis
component along the z-axis r
In the body axis system (1.1.5}:
Rate of roll component along the fonghudinal axis
Rate of pitch component along the transverse axis q
Rate of yaw component along the normal axis r
The angular

velocity compo-
nents may be
written ,, where
i is a number or
letter subscript.

-t
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No. Term Definition Symbol
1.3.7 Normalized angular The normalized form of the components of the aircraft angular
velocities velocity {1.3.5), defined as follows:
In the body axis system (1.1.5):
Normalized rate of roll pl p*
| 4
Normalized rate of pitch ql q*
V
Normalized rate of yaw rl r*
Vv
where imilar quantities

{ is the reference length (1.4.6);

sing a constant
reference speed

V s the airspeed (1.3.1). in place of V
(J.3.1) may also
Similar normalized quantities can be formied for the other axis | He defined.
systems. hese require
ifferent
mbols.
1.4 Alircraft inertia, reference guantities and reduced parameters
No. Term Definition Symbol
1.4.1 Aircraft mass The current mass) of the aircraft. m
1.4.2 Moments of inertia The moments-of inertia of the aircraft with respect to the body axes
xyz (1,155}
Moement of inertia about the longitudinal axis:
f(»2 + zAdm I,
Moment of inertia about the transverse axis:
[(z2 + x2)dm I,
Moment of inertia about the normal axis:
fix2 + y2dm I,
NOTE — 4, B, C
re acceptable
alternatives.
143 Products of inertia The products of inertia of the aircraft with respect to the body axes

xyz (1.1.5). These are:

{yzdm
fzxdm
{xydm

I,

X

Iy

NOTE — D, E, F
are acceptable
alternatives.



https://standardsiso.com/api/?name=cbcfa043b902b96bbd967967e227c682

1ISO 1151/1-1985 (E)

Term

Definition

Symbol

144

Radius of gyration

The square root of the ratio of the moment of inertia to the aircraft
mass {(1.4.1):

for the longitudinal axis {1.1.5):
NI /m

for the transverse axis (1.1.5):

I/ m

for the normal axis (1.1.5):

VI/m

1.45

Refefence area

An area used to define the aerodynamic coefficients and various nor-
malized quantities. In a given document, one single reference area will
be used the value of which shall be specified.

NOTE — Although hinge moment coefficients are usually defined using
specific reference areas, it may be more appropriate, in some cdses, to use the
single reference area adopted for the aircraft.

1.4.6

Refefence length

A length used to define the aerodynamic moment eoefficients and
various normalized quantities. It is recommended, in a given docu-
ment, that one single reference length be usedithe value of which shall
be specified.

NOTES

1 Itis, however, acceptable to introduce two different reference lengths as
regards the longitudinal motion and'the lateral motion. These lengths shall also
be specified.

2 Although hinge moment coefficients are usually defined using specific
reference lengths, it may be'mare appropriate, in some cases, to use the single
reference length adopted for the aircraft.

1.4.7

Normalized mass

A non-dimensional coefficient defined as follows:

m
1,203 81 -

where
m is the aircraft mass (1.4.1);
0. is a datum (air) density (3.3.2);

S is the reference area (1.4.5);

! is the reference length (1.4.6).

uorm

148

DyngmicAunit of time

A quantity defined as follows:

I
1

" _ M
120, VoS v

e

where

m is the aircraft mass (1.4.1);

Q. is a datum (air) density (3.3.2);
V. is a datum speed (3.3.1);

S is the reference area (1.4.5);

! is the reference length {1.4.6);

u is the normalized mass (1.4.7).
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No. Term Definition Symbol
149 Aerodynamic unit A quantity defined as follows: Ta
of time
{
Ve
where
{ is the reference length (1.4.6);
L = e a datum spnnr{ (’2 ] 1)
1.5 Fgrces, moments, coefficients and load factors
No. Term Definition Symbol
151 Resultant force The resultant vector of the system of forces acting.on the aircraft, R
including the airframe aerodynamic forces and propulsion forces, but
excluding the gravitational, inertial and reaction forces due to contact
with the Earth’s surface.
1.5.2 Components of the The components of the resultant forcevettor, R.
resultant force
In the body axis system (1.1.5):
component along the longitudinal axis X
component along the transverse axis Y
component along theé*normal axis zZ
In the air-path, axis system (1.1.6}:
compongnt along the x,-axis X,
component along the y,-axis Y,
component along the z,-axis V4
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No.

Term

Definition

Symbol

1563

Force coefficients

Non-dimensional coefficients of the components of the resultant force
(1.5.2), defined as follows:

In the body axis system (1.1.5):

X force coefficient:
X
1/20V28

Y force coefficient:
Y
1/20V13S
Z force coefficient:

z
1/20V2S

In the air-path axis system (1.1.6):

X, force coefficient:
Xa
1/20V2S
Y, force coefficient:
Ya
1/20V2S
Z, force coefficient;
Za
1/20V2S

where

o) is the density (5.1.3) of the ambient air, unaffected by the
aerodynamic field of the the aircraft;
V is the airspeed (1.3.1);

S is the reference area (1.4.5).

NOTE — These definitions are not the ones usually used in helicopter studies.

154

Res

Itant mement

The resultant moment of the system of forces, forming the resultant
force (1.5.1), about a reference point, usually the centre of gravity.
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No. Term Definition Symbol
155 Components of the The components of the resultant moment.
resultant moment .
In the body axis system (1.1.5):
Rolling moment component about the longitudinal axis L
Pitching moment component about the transverse axis M
Yawing moment component about the normal axis N
In the air-path axis system {1.1.6):
- component about the x-axis L,
- component about the y-axis M,
- component about the z,-axis N,
15.6 Moment coefficients Non-dimensional coefficients of the components of the presultant
moments {1.5.5), defined as follows:
In the body axis system (1.1.5):
Rolling moment L c
coefficient 1/20 V2SI |
Pitching moment M c
coefficient 1/20 V2SI m
Yawing moment N c
coefficient 1/20 V2SI n
In the air-path axis system (1¢1.6):
La
- ST Ca
1/20 V2SI
M.
- : Cena
1/20 V2SI
N,
- : Cna
1/20 K281
where
o is the density (5.1.3) of the ambient air, unaffected by the
aerodynamic field of the aircraft:
S is the reference area (1.4.5);
V' is the airspeed (1.3.1);
! is the reference length (1.4.6).
NOTE — These definitions are not the ones usually used in helicopter studies.
1.6.7 || Totaldead factor The ratio of the resultant force (1.5.1) to the magnitude of the weight Tf

vector

of the aircraft, defined by the relationship:

—_
3
ny = ——
mg
where

m is the aircraft mass (1.4.1);

g is the acceleration due to gravity at the point considered on the
trajectory.

NOTES

1 The qualification “total’” and the suffix t can be omitted, if there is not likely
to be any confusion with the load factor, defined in 1.5.9.

2 A similar load factor can be defined for take-off and landing conditions, by
introducing in the numerator the sum of the resultant force (1.5.1} and the
ground contact forces.
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No. Term Definition Symbol
1.5.8 | Components of the load Components of the total load factor (1.5.7), n,, defined as follows:
factor vector
In the body axis system (1.1.5):
component along the longitudinal axis:
X
Rix = an
mg
bUlleUlIUIIL G:UHH l:IU I.IGITSVUIDG Cl)\;b-
Y
n,, = —— n
ty mg ty|
component along the normal axis:
VA
Ry = —— Ntz
mg
In the air-path axis system {(1.1.6):
component along the x,-axis:
Xa
txa = —— M
mg
component along the y-axis:
Ya
Ry = —— n
tya mg ty:
component along the Z;-axis:
Za
Nigg = —— vz
mg
NOTES
1 The qualification ‘total’” and the suffix t can be omitted, if there is not likely
to be\any confusion with the load factor, defined in 1.5.9.
2\.The components of a similar load factor can be defined for take-off and
landing conditions, by introducing in the numerator the appropriate com-
ponents of the sum of the resultant force (1.5.1) and the ground contact
forces.
1.5.9 Load ffactor A quantity equal to the ratio n
— Za
mg
NGTE —= FIUV;L;GU. ;l ;b Spt:b;ﬁb'd, liR‘; ;Udd fdblUl Larl .UE U‘CI’;IIUU. by l;lb‘ ldliU
mg

10
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1.6 Thrust, resultant moment of propulsive forces, airframe aerodynamic force, airframe
aerodynamic moment, and their components

The system of forces acting on the aircraft, the resultant of which is defined in 1.5.1 and whose resultant moment is defined in 1.6.4,
excluding forces due to gravity, inertia and ground contact, may only be separated on an arbitrary basis into thrust forces due to the
propulsive system and aerodynamic forces due to the airframe. It is impossible to define a general rule for the separation. The rule
adopted shall be specified for each particular case.

In the following paragraphs, definitions are given for

— the thrust {the resultant force of the system attributed to the propulsive system) and its components, the resultant moment of

propulsive forces and its COMpPOoNents,
— tHe airframe aerodynamic force and its components, the airframe aerodynamic moment and its componen
1.6.1 Thrust, resultant moment of propulsive forces, and their components
No. Term Definition Symbol
1.6.1.1 || Thrust The resultant vector of the system of forces attributed to the pro- F
pulsive system {see the introduction to 1.6).
NOTE — [t may be convenient, in some cases/ to take into account the indi-
vidual components of the thrust at the inletand outlet of each engine.
1.6.1.2 || Components of the thrust | Components of the thrust, F.
In the body axis system (1.1.5):
component along the longitudinal axis F,
component along. the transverse axis F,
component along the normal axis F,
In the air-pathsystem (1.1.6):
compenent along the x,-axis Fra
component along the y-axis Fya
component along the z-axis Fo
1.6.1.3|| (Resultant} moment The resultant moment of the system of forces attributed to the pro- —
of propulsive forces pulsive system (see 1.6.1.1 and the introduction to 1.6) relative to a
point fixed in the aircraft, usually the centre of gravity.
NOTE - This force system may include forces on the airframe generated by
the propulsion system and which are not included in the thrust.
1.6.1.4|| Compenents of the Components of the resultant moment of propulsive forces.
(restltant) moment of
propulsive forces In the body axis system (1.1.5}:
component about the longitudinal axis LF
component about the transverse axis MF
component about the normal axis NF
In the air-path axis system (1.1.6):
component about the x,-axis L:
component about the y -axis Mt
component about the z,-axis NF

"
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1.6.2 Airframe aerodynamic force, airframe aerodynamic moment, and their components

No. Term Definition Symbol

1.6.2.1 | (Airframe) aerodynamic The resultant vector of the system of forces attributed to the airframe RA
force (see the introduction to 1.6).
NOTE — Where
there is no possi-
bility of confusion,
the superscript A
may be omitted.

—
1.6.2.2 | Components of the Components of the airframe aerodynamic force, RA.
(airfl( IIIU; dUlUdyl Idlll;l.o
force In the body axis system (1.1.5):
component along the longitudinal axis XA
component along the transverse axis YA
component along the normal axis ZA

in the air-path axis system (1.1.6):

component along the x,-axis Xé

component along the y,-axis Y4

component along the z,-axis Z;
NOTE — YWhere

there is nd possi-
bility of cdnfusion,
the superseript A
may be ompitted.

1.6.2.3 | Axial|force The component of RR (1.6.2:1 along the x-axis of the body axis n
system (1.1.5), but in the reverse direction, i.e.:

— XA
1.6.2.4 | Trangverse force; The component-of-RA (1.6.2.1) along the y-axis of the body axis "
side force system (1.1.6)[i.e.:
+ YA
1.6.2.5 | Normal force The component of RA (1.6.2.1) along the z-axis of the body axis g

system (1.1.5), but in the reverse direction, i.e.:

ZZA
1.6.2.6 | Drag The component of RA(1.6.2.1) along the x -axis of the air-path axis "
system (1.1.6), but in the reverse direction, i.e.:
A
— Xa
1.6.2.7 | Crosg-stream force; The component of R~ (1.6.2.1) along the y,-axis of the air-path axis v
latergl force system (1.1.6), i.e.:
+¥h
a
1.6.2.8 | Lift The component of RA {1.6.2.1) along the z,-axis of the air-path axis "
system {1.1.6), but in the reverse direction, i.e.:
A
— 7 o
1.6.2.9 | (Airframe) aerodynamic The resultant moment of the system of forces attributed to the air- —
moment frame (see 1.6.2.1 and the introduction to 1.6) relative to a point fixed

in the aircraft, usually the centre of gravity.

1) See the table in the annex.
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No. Term Definition Symbol
1.6.2.10 [ Components of the Components of the airframe aerodynamic moment.
(airframe) aerodynamic
moment In the body axis system (1.1.5):
component about the longitudinal axis LA
component about the transverse axis MA
component about the normal axis NA
In the air-path axis system (1.1.6):
component about the x,-axis Lé\
component about the y,-axis M',’:
component about the z-axis N:*
NPTE — Where
tHere is no possi-
bility of confusion,
the superscript A
ay be omitted.
NOTE — |n the absence of agreement on suitably simpie symbols, the forces considered in 1.6.2.3.to 1.6.2.8 are expressed in term of the symbols of
1.6.2.2. I order to aid discussions on a national basis geared towards drawing up an international set of symbols, a table showing the correspondence
between fhe symbols in use or coming into use, in various countries, is given in the appex.
1.7 Cpefficients of the components of the thrust, of the resultant moment of propylsive
forces| of the airframe aerodynamic force and of the airframe aerodynamic moment

In definifions 1.7.1.1 to 1.7.2.8:

Q IS

the density (5.1.3) of the ambient air, unaffected by the aerodynamic field of the aircraft;
V ig the airspeed (1.3.1);

S is|the reference area (1.4.5);
{ is the reference length (1.4.6).
1.7.1 Coefficients of the components of the thrust, and of the resultant moment of propulgive forces
No. Term Definition Symbol
1.7.11 — Non-dimensional coefficients of the components of the thrust
(1.6.1.2), defined as follows:
in the body axis system (1.1.5):
F, o
1/20V2S o
F
y F
H2eIRS CY
F, -
1/20V2S z
In the air-path axis system (1.1.6):
Fra CF
1/20 V28 Xa
Fya oF
1/20 V28 Ya
Fa CF
1/20 V2§ 7a
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No. Term Definition Symbol

171.2 — Non-dimensional coefficients of the components of the resultant mo-
ment of propulsive forces (1.6.1.4), defined as follows:

In the body axis system (1.1.5):

LF .
_— s
1/20 V258! '
MF
— CF
1/20 V2SI m
NF
—— C
1/20 V2SI

In the air-path axis system (1.1.6):

F
La CF
1/20 V2SI '
F
M oF
1/20 V2SI A
F
N: oF
1/20 V2SI np

1.7.2 Coeffidients of the components of the airframe aerodynamic force and of the airframe aerodynamic
moment

No. Term Definition Symbol

1.7.2.1 — Non-dimensional coefficients of the components of the airframe
aerodynamic force (1.6:2:2), defined as follows:

In the body axis- 'system (1.1.5):

XA
Ty Cy
1/20¥28
yA
ST &
1/20V2S
_L A
1/20V2S
In the air-path axis system (1.1.6):
xA
a CA
Xp
1/20V2S
A
Y, Fal
1/20V2S Ya
A
Za CA
1/20 V28 Za
NOTE — Where

there is no possi-
bility of confusion,
the superscript A
may be omitted.
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Term

Definition

Symbol

1.7.2.2

Axial force coefficient

A non-dimensional coefficient defined as follows:

Axial force
1/20V2S

(the axial force is as defined in 1.6.2.3).

1.7.23

Transverse force
coefficient;
side force coefficient

A non-dimensional force coefficient defined as follows:

Transverse force
1/2o5 128
14

1

{the transverse force is as defined in 1.6.2.4).

17.2.4

Normal force coefficient

A non-dimensional coefficient defined as follows:
Normal force
1/20V2S

(the normal force is as defined in 1.6.2.5).

0

1.7.25

Drag coefficient

A non-dimensional coefficient defined as follows:

Drag
1/20V28

(the drag is as defined in 1.6.2.6).

n

1.7.2.6

Cross-stream force
coefficient; lateral
force coefficient

A non-dimensional coefficient defined as follows:

Cross-stream force
1/20V2S

(the cross-stream force_is\as defined in 1.6.2.7).

1.7.2.7

Lift coefficient

A non-dimensional cegfficient defined as follows:
Lift
1/20V2S
(the lift(isyas defined in 1.6.2.8).

1.7.28

Non-dimensional coefficients of the components of the airframe

agrodynamic moment (1.6.2.10), defined as follows:
In the body axis system (1.1.5):
LA
1/20 V2SI
MA
1/20 V2SI
NA
1/20 V28l

in the air-path axis system (1.1.6):

2
1/20 V2SI
M3
1/20 V2SI
A
1/20 V2SI

Ca
Cra

A
Cna

NOTE — Where
there is no possi-
bility of confusion,
the superscript A
may be omitted

1) See the table in the annex.
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1.8 Forces and moments involved in the control of the aircraft?

1.8.1 Control force and control moment

The motion of the aircraft is determined by changes in the resultant force (1.5.1) and/or in the resultant moment (1.5.4).

No.

Term

Definition

Symbol

1.8.1.1

Controlling force

The change in the resultant force {1.5.1) intended to control the mo-
tion of the aircraft.

NOTE — Direct force control is the method consisting of changing the resul-
tant force directly by control forces {for example: direct lift control, direct
lateral force control, change in the thrust vector).

Direct force control is quite distinct from the method consisting of changing
the resultant force by changes of aircraft attitude under the effect of control
moments (1.8.1.2).

1.8.1.2

Controlling moment

The change in the resultant moment (1.5.4) intended to control the
motion of the aircraft.

1.8.2 Motivdtors

The control forc

A motivator is a

es and control moments are created by means of motivators.

h output component of the aircraft control system and an input.component for the aircraft motion.

No.

Term

Definition

Symbol

1.8.2.1

Motipvator

A device, or set of devices, ptovided to create a control force (1.8.1.1)
and/or a control moment (418.1.2), and brought into play by means of
the aircraft control system.

The motivators-may be of several types (for example aerodynamic
motivators, jet motivators, propulsion motivators).

The motivator consists of one or several movable components the
angular or linear positions of which are determined by the aircraft con-
trol 'system.

NOTES

1 It is recommended that the motivator be designated by reference to the
resultant force component and/or the resultant moment component that it
changes {for example, pitch motivator).

2 The same movable component can be a component of different motivators
{for example: the elevon is a component of the pitch motivator and the roll
motivator).

1.8.2.2

Aerddynamic motivator

A motivator (1.8.2.1) consisting of a movable aerodynamic surface

(6.5) or of one or several movable components (6.0.2) of an
aerodynamic surface.

The contral forces (1.8.1.1) or control moments {1.8.1.2), generated
through an aerodynamic motivator, are components of the airframe
aerodynamic force (1.6.2.1) or the airframe aerodynamic moment
(1.6.2.9).

1} The term “‘control’”’ is used in the sense of an input to a system.
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1.8.3 Deflections of aerodynamic motivators

The following definitions refer to the positions of the motivators and not those of the piloting controls.

No. Term Definition Symbol
1.8.3.1 | Neutral position of a Particular setting (6.1.10 to 6.1.15) of the motivator component —
motivator component (1.8.2.1) in question which shall be specified.
1.8.3.2 | Geometric deflection of in the case where the setting of a motivator component (6.1.10 to d...
a motivator component 6.1.16) may be completely defined by a suitably chosen geometric
naramater the aaometric deflection is the variation of that narameter NQTE — The
Lid 7 o) =
relative to the value it takes when the component is in the neutral posi- _[(synbol J is
tion (1.8.3.1). followed by one or
several alpha-
NOTES numeric suffixes
which characterize
1 The deflection may be an angular or linear variation of the setting: thg element
2 The positive direction of the geometric deflection of a motivatorcomponent copsidered.
cannot be defined in the same way for all motivator components, but it shall be
specified in each particular case not covered by this International Standard
(see 1.8.3.6).
1.8.3.3 | Hinge line (of a In the case where the variation of the setting (6.1.10 to 6.1.15) of the —
motivator component) motivator component in question is only @/rotation, the hinge line is
the straight line about which that component pivots.
1.8.3.4 | Hinge line axis (of a Axis carrying the hinge line (1.8.3.3) the orientation of which is -
motivator component) chosen according to convention;
If the hinge line is approximately parallel to an axis of the main part
(see 6.0.2) to which the motivator component belongs {1.8.2.1), the
hinge line axis is orientated along that axis.
1.8.3.5 | Reference axis system {of | Reference axis system (6.1.9) for the motivator component. —
a motivator component)
In the case where a hinge line axis (1.8.3.4) exists, that axis is one of
the axes-of\the reference axis system.
1.8.3.6 | Deflection angle (of Angle characterizing the geometric deflection of a motivator compo- J...
a motivator component) nent\1.8.3.2) which moves about a hinge line (1.8.3.3). see 1.8.3.2)
The positive direction of deflection angles is the positive direction of
rotations about the hinge line axis (1.8.3.4).
1.8.3.7 | Motivator deflection When the motivator consists of a single component, the motivator oY
deflection is identical to the geometric deflection (1.8.3.2) of that
component.
When the motivator consists of several components, an equivalent
motivator deflection may be defined with a view to its use in the equa-
tions of aircraft motion. The definition of equivalence shall be
specified.
1.8.3.8 tongitudinal-foree Fhe-metivator-deflection1-8-3-7-producing-aecontroforee1-8-4+1H Ox
motivator deflection mainly in the direction of the longitudinal axis (1.1.5).
1.8.3.9 | Transverse force The motivator deflection (1.8.3.7) producing a control force (1.8.1.1) Sy
motivator deflection mainly in the direction of the transverse axis (1.1.5).
1.8.3.10| Normal force The motivator deflection (1.8.3.7) producing a control force {1.8.1.1) 8y
motivator deflection mainly in the direction of the normal axis (1.1.5).

1) Associated with each motivator is a principal effect that changes one of the components of the resultant force (1.5.2) or the resuitant moment
(1.5.5). In the symbol assigned to the motivator deflection (1.8.3.7}, the suffix relates to that principal effect.
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No. Term Definition Symbol
1.8.3.11| Roll motivator deflection The motivator deflection (1.8.3.7) producing a control moment doré
(1.8.1.2) mainly about the longitudinal axis (1.1.5).
1.8.3.12| Pitch motivator The motivator deflection (1.8.3.7) producing a control moment dmory
deflection {1.8.1.2) mainly about the transverse axis {1.1.5).
1.8.3.13| Yaw motivator deflection The motivator deflection (1.8.3.7) producing a control moment d,or{

(1.8.1.2) mainly about the normal axis (1.1.5).

1.8.4 Control force coefficients and control moment coefficients

No. Term Definition Symbol
1.8.4.1 | Aeroflynamic control The control force (1.8.1.1) created by aerodynamic motivators —
force) (1.8.2.2).
1.8.4.2 | Components of the Components of the aerodynamic control force (1.8.4.1} in a reference —
aerodynamic control axis system.

NOTE — According to the problem in question, the reference axis system may
be one of those given in clause 1.1 or a special axis systern, {for example,

1.8.3.5).
1.8.4.3 | Aeroflynamic control Non-dimensional coefficients of the componentsof the aerodynamic —
force| coefficient control force (1.8.4.2), defined as follows:

Component of the aerodynamic controhforce
1/20V2S

where

¢ is the density of the air-{5.1.3);
V is the airspeed (1.3.1)

S is the reference area (1.4.5).

NOTE — Aerodynamic control force coefficients may be defined using the par-
ticular reference\quantities appropriate to the problem in question.

1.8.4.4 | Aerofdynamic control The control moment (1.8.1.2) created by aerodynamic motivators —
moment (1.8.2.2k

1.8.4.5 | Components of the Components of the aerodynamic control moment (1.8.4.4) in a —
aerodlynamic control reference axis system.
monmnlent

NOTE — According to the problem in question, the reference axis system may
be one of those given in clause 1.1 or a special axis system (for example,

1.8.3.5).
1.8.4.6 | Aerodynamic control Non-dimensional coefficients of the components of the aerodynamic —
momlent coefficients control moment (1.8.4.5), defined as follows:

Component of the aerodynamic control moment
1/20 V28!

where

o is the density of the air (5.1.3);
V is the airspeed (1.3.1);
S is the reference area (1.4.5);

[ is the reference length (1.4.6}.

NOTE — Aerodynamic control moment coefficients may be defined using the
particular reference quantities appropriate to the problem in question.

Definitions similar to the definitions given in 1.8.4.1 to 1.8.4.6 may be given for control forces {1.8.1.1} and control moments (1.8.1.2)
created by motivators other than the aerodynamic motivators {1.8.2.2).
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