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FOREWORD

ISO Rdcommendation R 1153, Symbols for flight dynamics — Part Il : Derivatives of forces, moments and tReir
coefficlents, is the third in a series of ISO Recommendations, the purpose of which iste define the principal terms
used in|flight dynamics and to specify symbols for these terms. *

In these 1ISO Recommendations, the term “aircraft™ denotes an aerodyne having a fore-and-aft plane of symmptry.
This plane is determined by the geometrical characteristics of the aircraft:When there are more than one fore-and-
aft plages of symmetry, the reference plane of symmetry is arbitrary and\it is necessary to indicate the choice jmade.

Angles|of rotation, angular velocities and moments about any axijs\are positive clockwise when viewed in the positive
direction of the axis.

All the|axis systems used are three-dimensional, orthogonal'and right-handed, which implies that a clockwise (positive)
rotatioh through 12'. about the x-axis brings the y-axis-into the position previously occupied by the z-axis.
Numbering of sections and clauses

Each of the ISO Recommendations represents a Part of the whole study on symbols for flight dynamics.

To permit easier reference to a section or a clause from one Part to another, a decimal numbering has been ad¢pted
which begins in each Recommendation with the number of the Part it represents.

* See in Appendix X the list of ISO Recommendations already published and the studies under way about symbols for flight dynamics.
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SYMBOLS FOR FLIGHT DYNAMICS

PART Il

DERIVATIVES OF FORCES, MOMENTS AND THEIR COEFFICIENTS

INTRODUCTION

Recommendation deals with the derivatives of forces, moments and their coefficients.

f Earth axes, the Earth’s surface is treated as a plane, that is, the Earth’s radius is taken,as\infinite.
tic effects would introduce further quantities, which are not considered in this ISQ\Recommendation.

ups of derivatives are usually involved in flight dynamic studies.

th respect to normalized variables.

bnd group is composed of normalized forms of the partial derivatives of force and moment component
o the basic variables of the motion.

Aerody
forces
not of t

In this
variable|

Derivatives of the second group

The der
and mo
Earth (

- the angle of attack (1.2.2);

hamic data are usually quoted in terms of these derivatives. They are meaningful when they relate to th
d moments which obey the laws of aerodynamic similarity but their use may be extended to include f]
is type, for example propulsion forces.

O Recommendation, it is assumed that the fofce and moment coefficients depend only on the follow
% .

the sideslip angle (1.2.1);
the normalized angular velocities (1.3.7);
the Mach number (1.3.3);

and the airspeed (3.1).

vatives of thesecond group relate to components of the resultant force and moment arising from all fg

S.0).

Itis usqal to restrict the number of variables used in forming these derivatives to the following ** (1.3.4 and 1

8O Recommendation, the effects of the Earth’s curvature are not considered; for the purpése-of the ddfi-

group is composed of partial derivatives of the non-dimensional coefficients of force and moment comipo-

with

ose
orces

ng

the normalized forms of the derivatives, with respect to time, of the angle of attack, the angle of sideglip,

rces

ments acting’on the aircraft, excluding the gravitational, inertial and reaction forces due to contact with the

3.6):

u,

VW, D,q, UV, W,

where the dot refers to differentiation with respect to time.

These partial derivatives are then normalized by dividing by an appropriate constant quantity basedon a datum
flight condition (normally an equilibrium condition and denoted by a suffix e).

Remark on the written form of the derivative

The partial derivative, 34 /0A, of a quantity 4, with respect to a variable A, may be written .4 ) OT A* according to
the custom of the country. The first form, 4, , is used in this ISO Recommendation.

® In exceptional circumstances it may prove necessary to increase the number of variables, for example to include Reynolds number.

** In exceptional circumstances it may prove necessary to increase the number of variables, for example to include altitude.



https://standardsiso.com/api/?name=4064b036111192ad057f86c05f970444

ISO/R 1153-1969 (E)

3.1 NORMALIZED FORMS OF THE DERIVATIVES, WITH RESPECT TO TIME, OF THE ANGLES OF ATTACK AND
SIDESLIP, AND AIRSPEED
No. Term Definition Symbol
3.1.1 Normalized rate of change of The derivative of the angle of attack (1.2.2) with a*
the angle of attack respect to time multiplied by the factor I/V (1.3.1,
1.4.6)
Y
* Ty
312 Normalized rate of change of The derivative of the angle of sideslip (1.2.1) with ﬁ *
sideslip angle respect to time multiplied by the factor I[/V (1.3.1,
1.4.6)
) g1
* —F "
8 4
313 Normalized tangential The derivative of the airspeed (1.3.1)-with respect I *
acceleration to time multiplied by the factor [£V*(1.3.1, 1.4.6)
et
3.2 DERIVATIVES OF THE NON-DIMENSIONAL COEFEICIENTS OF THE COMPONENTS OF THE RESULTANT FOR{E AND
MOMENT WITH RESPECT TO NORMALIZED QUANTITIES (FIRST GROUP)
No. Term Definition Symbol
321 Derivatives with(fespect to Partial derivatives of the force and moment
angle of attack coefficients (1.5.3, 1.5.6) with respect to the
angle of attack (1.2.2)
0C /0 Cka
aCy /0a Cla
aC,, /oa Cha
oC, /oa Cia
aC,, /oa Cra
0C,/da Cra
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No. Term Definition Symbol
322 Derivatives with respect to Partial derivatives of the force and moment
the angle of sideslip coefficients (1.5.3, 1.5.6) with respect to the
sideslip angle (1.2.1)
0C /0B Cxs
0Cy /0B Cyg
oC,/0p Czp
oC, /3B Cg
aC, /9 Cinp
aC, /o8 Cag
323 Derivatives with respect to Partial derivatives of the force and moment
the normalized rate of roll coefficients (1.5.3, 1.5.6) with_respect to the
normalized rate of roll (1.3.7)
0Cy/op* Cxp
aCy/op* Cyp
0C,/op* Czp !
oC, /op* Cip
oC,,/op* Conp
oC,/op* Caop
324 Derivatives w’ith respect/to Partial derivatives of the force and moment
the normalized rate of pitch coefficients (1.5.3, 1.5.6) with respect to the
normalized rate of pitch (1.3.7)
oC,/oq™ Cxq
aCy/oq* Cyq
aC,/oq* Czq
oC, /oq* Ciq
aC,, /oq* Cmq
oC, /og™ L Cnq
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No. Term Definition Symbol
325 Derivatives with respect to Partial derivatives of the force and moment
the normalized rate of yaw coefficients (1.5.3, 1.5.6) with respect to
the normalized rate of yaw (1.3.7)
0C, for* Cx,
oCy Jor* Cy,
YA TE i C
ooz Z
oC, Jor* C,
aC,, jor* C,l,
oC, Jor* Coh
326 Derivatives with respect to Partial derivatives of the force and«moment
Mach number coefficients (1.5.3, 1.5.6) with respect to
Mach number (1.3.3)
ACy(dM Colm |
oCy /oM Cym
0C, /oM Cam
aC, /oM Cily ,
aC, /oM Colm
+ 9C, /oM Cilu
NOTE. - M may be replaced by Ma or 77,
327 Derivatives with réspect to Partial derivatives of the force and moment
the normalized-tate of change coefficients (1.5.3, 1.5.6) with respect to
of the angle-of attack the normalized rate of change of the angle
of attack (3.1.1)
9C,/oa* Cyé
oCy /o™ Cya
9C,/oa* Czé
oC, /oa* Ciax
oC,, /aa* Cod
oC, foa* Coix
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No. Term Definition Symbol
328 Derivatives with respect to Partial derivatives of the force and moment
the normalized rate of change coefficients (1.5.3, 1.5.6) with respect to
of sideslip angle the normalized rate of change of the sideslip
angle (3.1.2)
aC[2B* Cxj
aCy/p* Cy;
aC,/0p* o
ac, /3p* Cys
9C,,/op* Conid
aC, /0p* Caj
329 Derivatives with respect to Partial derivatives of the force and'moment
the normalized tangential coefficients (1.5.3, 1.5.6) with-respect to
acceleration the normalized tangential aCceleration (3.1.3)
3GV * Cy i
oC JoV* Cyj
aC,[aV* Czil
ac, [av+* Gy
aC,, /av* Cry
aC, /av* Coy
3.3 REFERENCE QUANTITIES-USED TO FORM DERIVATIVES OF THE SECOND GROUP
No. Term Definition Symbuol
331 Datum speed An arbitrary, constant value of the speed used V,
in forming derivatives of the second group,
usually the equilibrium airspeed
332 Datum (air) density An arbitrary, constant value of the air density P
used in forming derivatives of the second group,
usually that corresponding to equilibrium flight
conditions
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3.4 NORMALIZED DERIVATIVES OF THE COMPONENTS OF THE RESULTANT FORCE AND MOMENT WITH RESPECT
TO THE MOTION VARIABLES (SECOND GROUP)

NOTE. In applications in which confusion may arise between the symbols for the non-dimensional derivatives and their
ordinary dimensional counterparts, a suitable dressing may be added to the symbol to distinguish between these quantities.

No. Term Definition Symbol
L
34.1 Aero.normalized derivatives | __Partial derivatives of the resultant force and
with respect to the velocity moment components (1.5.2, 1.5.5) with respect
component along the longi- to the velocity component u (1.3.4) in the body
tudinal axis (1.3.4) axis system, expressed in non-dimensional form
(aX/au)@ p V.S X,
(aY/au)/g P V.S &
(0Z/ou)[3 p, V.S Z,
(aL/au)/% P VeSL L,
(aM/au)/;— PV Sl M,
(ON{BW)5 P VSl N,
342 Aero-normalized derivatives Partial deriyatives of the resultant force and
with respect to the velocity moment,components (1.5.2, 1.5.5) with respect
component along the trans- to thevelocity component v (1.3.4) in the body
verse axis (1.3.4) axis system, expressed in non-dimensional form
(aX/av)/g P V.S X,
(aY/av)/;— P V.S Y,
(aZ/av)/; P VS Z,
(aL/av)/i P VSl 1,
(E)M/av)/%pe V,Si M,
(aN/av)/§ p. V.S ¥,
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No. Term Definition Symbol
343 Aero-normalized derivatives Partial derivatives of the resultant force and
with respect to the velocity moment components (1.5.2, 1.5.5) with respect
component along the normal to the velocity component w (1.3.4) in the body
axis (1.3.4) axis system, expressed in non-dimensional form
(aX/aw)/%peVeS X,
(0 Y/aw)/;- PeVeS Y,
@z/aw)l} pe V.S Zy
(aL/aw)/%pe V.St L,
(aM/aw)l5 PV eS! w
(AN/ow)/} PV S! Ny
344 Aero-normalized derivatives Partial derivatives of the resultant force and
with respect to the rate of moment components (1.5.2, 1<5°5) with respect
roll (1.3.6) to the rate of roll (1.3.6), expressed in non-
dimensional form
(aX/ap)/% pV.SI Xp
(aY/op)/ ;— p V.Sl Y,
(aZ/ap)/;- P VSl z,
(aL/ap)/% p.V.SP L,
(@M/3p)/L p, VS g
(aN/ap)/i PV SP N,
345 Aero-normalized‘derivatives Partial derivatives of the resultant force and
with respect to.the rate of moment components (1.5.2, 1.5.5) with respect
pitch (1.3.6) to the rate of pitch (1.3.6), expressed in non-
dimensional form
(aX/aq)/‘; P VSl X,
(aY/aq)/L p V,SI Y,
(aZ/aq)/;— P VSl Z,
(3L/3q)/% p. VS L
(3M/3q)/5 .V SI* M,
(aN/3q)/} p VS N,
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No. Term Definition Symbol
34.6 Aero-normalized derivatives Partial derivatives of the resultant force and
with respect to the rate of moment components (1.5.2, 1.5.5) with respect
yaw (1.3.6) to the rate of yaw (1.3.6), expressed in non-
dimensional form
(aX/ar)/-;- P VSl X,
@Y/on)/3 p.V,S! Y,
(aZ/ar)/% p.V.SI .,
(aL/ar)/i PV SI {,
(8M/3n)/5 pV  SI* M,
(aN/ar)/;- pV.SP N,
347 Aero-normalized derivatives Partial derivatives of the resultant force and
with respect to the rate of moment components (1.5,2:4.5.5) with respect
change of the velocity to u (see Introduction), expressed in non-
component along the dimensional form
longitudinal axis (1.3.4)
(@Y% p,S1 ,
(aY/au)/;- p.S Ve
(aZ/au)/;- pS! Y43
(aL/aa)/;_ PSP L,
(aM/au)/;_ peSI M,
(aN/ou)/L p SI? N,
348 Aero-normalized-derivatives Partial derivatives of the resultant force and
with respect.fo/the rate of moment components (1.5.2, 1.5.5) with respect
change ofjthe velocity to v (see Introduction), expressed in non-
component along the dimensional form
trarsverse axis (1.3.4)
(aX/aiz)/i peS! ) &
(aY/aiz)/§ pS! Y,
(aZ/av)/g peS! Z,
(AL /9L PSP L,
(aM/aiz)/;— pSI M,
(aN/aiz)/;— P SI N,

P’
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