1SO 1151/111-1972 (E)

INTERNATIONAL STANDARD & 8=7e 1151/1i

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION -MEXIOYHAPOZHAS OPTAHM3ALIMUA IO CTAHAAPTUIALIMH - ORGANISATION INTERNATIONALE DE NORMALISATION

Terms and symbols for flight dynamics —

Part‘rll : Yerivatives of forces, moments
and their coefficients

Termes el symboles de la mécanique du vol —
Partie 111 dérivées des forces, des moments et de leurs coefficients

First edition — 1972-12-01
Referencg¢ No. amended 1976-08-15

UDC 629.7.015 : 003.62 Ref. No. 1SO 1151/111-1972 (E)

Descriptors : flight characteristics, force, loads (forces), moments, differential calculus, vocabulary, symbols, constants.

Price based on 10 pages


https://standardsiso.com/api/?name=1153e7885b55621abae476f8a3123b9e

FOREWORD

ISO (the Inter
of national st

hational Organization for Standardization) is a worldwide federation
hindards institutes (ISO Member Bodies). The work of developing

International $tandards is carried out through ISO Technical Committees. Every

Member Body

interested in a subject for which a Technical Committee has been set

up has the right to be represented on that Committee. International organizations,
governmental gnd non-governmental, in liaison with SO, also take part in the work.

Draft Internat

onal Standards adopted by the Technical Committees are circulated

to the Member Bodies for approval before their acceptance as International

Standards by t

International

he ISO Council,

Standard 1SO 1151/111 (previously 1SO 1153) was drawn, up by

Technical Committee 1SO/TC 20, Aircraft and space vehicles.

ft was approve

H in April 1971 by the Member Bodies of the following countries :

Austria Greece Spain

Belgium Israel Thailand

Brazil Italy Turkey
Czechoslpvakia Japan United Kingdom
Egypt, Arab Rep. of Netherlands US.S.R.

France New Zealand

Germany South Africa;Rep. of

No Member Bqdy expressed disappravalof the document.

This Internafional Standard\ cancels and replaces [SO Recommendation

R 1153-1969.

@ international

Organization for Standardization, 1972 ¢

Printed in Switzerland


https://standardsiso.com/api/?name=1153e7885b55621abae476f8a3123b9e

International Standard 1SO 1151/1il, Terms and symbols for-tflight
Part 111 : Derivatives of forces, moments and their coefficients, is t
series of International Standards, the purpose of which isto define

terms used in flight dynamics and to specify symbols forjithese terms.
Other International Standards in this series, which"will be extended
are at present as follows :

ISO 1151/1, Terms and symbols for flight ‘dynamics — Part | @ Ai
relative to the air.

dynamics —
he third in a
the principal

n the future,

craft motion

ISO 1151/11, Terms and symbols for flight dynamics — Part Il : Motions of the

aircraft and the atmosphere relativeyto/the Earth.

ISO 1151/tV, Terms and symboels for flight dynamics — Part IV : Pa
in the study of aircraft stability.and control.

ISO 1151/V, Terms and.symbols for flight dynamics — Part V : Qua
measurements.

1SO 1151/VI, Termsand symbols for flight dynamics — Part VI : Airc

in these Interfiational Standards, the term “aircraft” denotes an aero

fore-and-aff_plane of symmetry. This plane is determined by th

rameters used

htities used in

aft geometry.

idyne having a
P geometrical

charactéristics of the aircraft. When there are more than one fore-angl-aft planes of

symmetry, the reference plane of symmetry is arbitrary and it i3

indicate the choice made.

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

necessary to

s are positive

All the axis systems used are three-dimensional, orthogonal and right-handed, which

implies that a clockwise {positive) rotation through 7/2 about the x-
y-axis into the position previously occupied by the z-axis.

Numbering of sections and clauses

Each of these International Standards represents a part of the w

terms-and C\,Imhﬁlc for fhight dvnamics
Rl 7

hx is brings the

Irole study on

To permit easier reference to a section or a clause from one part

to another, a

decimal numbering has been adopted which begins in each International Standard

with the number of the part it represents.
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ATIONAL STANDARD ISO 1151/111-1972 (E)

Terms and symbols for flight dynamics —
Part 111 : derivatives of forces, moments

and t

heir coefficients

3.0 |NT|LODUCTION

This Inter

In this In
Earth axe

Aeroelast
Two grou

The first
respect 1o

The seco
to the bag

Derivatives of the first group

Aerodyna
moments
example

In this Int]

— the
— the
— theg
— the

— the
airspee

Derivatives of the second group

The deriv
moments

It is usual

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

ernational Standard, the effects of the Earth’s curvature are not considered; for the purpose of the
, the Earth's surface is treated as a plane, that is, the Earth’s radius is taken as infinite,

c effects would introduce further quantities, which are not considered in this International Standard.
bs of derivatives are usually involved in flight dynamics studies.

hjroup is composed of partial derivatives of the non-dimensional coefficients of force and moment com
normalized variables,

d group is composed of normalized forms of the partial derivatives of force and moment component
ic variables of the motion.

Imic data are usually quoted in terms of these derivatives. They are meaningful when they relate to thg
which obey the laws of aerodynamic similarity buptheir use may be extended to include forces not of
ropulsion forces.

brnational Standard, it is assumed that the force and moment coefficients depend only on the following
angle of attack (1.2.2);

angle of sideslip (1.2.1);

normalized angular velocities #3.7);

Mach number (1.3.3);

normalized forms of the)derivatives, with respect to time, of the angle of attack, the angle of sid
d (3.1).

atives of #he'second group relate to components of the resultant force and moment arising from
acting en-the aircraft, excluding the gravitational, inertial and reaction forces due to contact with the

to.restrict the number of variables used in forming these derivatives to the following?! {1.3.4 and 1.3.6

definition of

ponents with

with respect

se forces and
this type, for

variables?) :

bslip, and the

bl forces and
Farth (1.5.1).

—

u, v, w, B, g, 0LV W,

where the

dot refers to differentiation with respect to time.

These partial derivatives are then normalized by dividing by an appropriate constant quantity based on a datum flight

condition

Remark o

{normally an equilibrium condition and denoted by a suffix e).

n the written form of the derivative

The partial derivative, 0A/9\, of a quantity A, with respect to a variable A, may be written A, or AX according to the custom
of the country, The first form, 4,, is used in this International Standard.

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

2) In exceptional circumstances it may prove necessary to increase the number of variables, for example to include altitude,
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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 o
the angle of attack respect to time multiplied by the factor //V {1.3.1,
1.4.6)
=L
1’4
3.1.2 Normalized rate of change of The derivative of the angle of sideslip (1.2.1) with B*
he angle of sideslip respect to time multiplied by the factor I/V (1.3.1,
1.4.6)
- ﬁ
B =V
3.1.3 Normalized tangential The derivative of the airspeed (1.3.1) wjth\respect Vv
hceeleration to time multiplied by the factor I/V? (3.1, 1.4.6)
v VI
vV = V—z

3.2 DERIVATIVES OF THE NON-DIMENSIONAL COEFFICIENTS OF THE COMPONENTS OF THE RESULTANT
FORCE AND MOMENT WITH RESPECT TO NORMALIZED-QUANTITIES (FIRST GROUP)

No. Term Definition Symbol
3.21 Derivatives with respect 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}

aCx/da Cxia
aCy /o Cvl.
AC=/on CA
3C,/a Cia
aCm/aoz Cma
aCn/aa Cha
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No. Term Definition Symbol
3.2.2 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

sidestip angle (1.2.1)

aCx /0B . Cxg
oCy /08 Cyﬁ
o0C>/0p CZﬁ i
{ aCy70p Cig j
0Cm/08 Crm g ‘
3C,/08 Cng :
the normalized rate of roll coefficients (1.5.3, 1.5.6) with respect to, the

3.2.3 Derivatives with respect to Partial derivatives of the force and moment
normalized rate of roll (1.3.7)

aCx/op Cxp |
aCy/ap CYp ;
9Cz1ap" Czp |
aC/op Cip ?
ICm/Op " Cop |
3C,/op " Cnp
3.2.4 Derivatives with respect to Partial-depivatives of the force and moment
the normalized rate of pitch coefficients (1.5.3, 1.5.6) with respect to the

nermalized rate of pitch (1.3.7)

oCx/0q i Cxgq |
aCy/3q" Cyq |
0C2/0q" : Czq

aC\/oq " Cig
ACm/oq " Cmg
oC,/dq - Cnq
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No. Term Definition Symbol
3.25 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)
aC /or™ Cxr
acC y/al'* Cy,
Gler7L e €7
aC,/or* Cit
aC,,/or* Cmt
aCn/ar* Cnr
3.26 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)
ACx /oM Cxm
oCy /oM Cypm
aCz/oM Czy
aC,/oM Cing
oCw /oM Crrlm
aCn/aM Cop
NOTE — M may.be replaced by M, or m.
3.2.7 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 the angle of attack tHe normalized rate of change of the angle
of attack (3.1.1)
aC x /9™ Cxp
aCy/9&™ Cvk
acz/aa* Czh
aC/aa* Ci
ACm/9&™ Crmls
ac,/a&* Cng
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No. Term Definition Symbol
3.2.8 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)
aCX/aB " Cxj
YL .
oCy70P CYﬁ
9Cz/8" Czj
ac/o° Cij
ACm/8° Cm§
aC, /0" Cnj
3.29 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)
dCx /3 A Cxv
ACy VW Cyvy
3Cz/V" Czv
aC|/3\'/* Cl\? t
ACm/AV” Cmv
AC, V" Cav ,
g
3.3 REFERENCE QUANTITIES USED TO FORM DERIVATIVES OF THE SECOND GROUP
No. Term Definition Symbol
3.3. Datum speed An arbitrary, constant value of the speed used Ve
in forming derivatives of the second group,
usually the equilibrium airspeed
‘ 3.3.2 Datum (air) density An arbitrary, constant value of the air density Pe
used in forming derivatives of the second group,
usually that corresponding to equilibrium tlight
[ conditions



https://standardsiso.com/api/?name=1153e7885b55621abae476f8a3123b9e

1ISO 1151/111-1972 (E)

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-dimensionat derivatives and their ordinary dimensional

counterparts, a suitable dressing may be added to the symbol to distinguish between these quantities.

No. Term Definition Symbol
3.4.1 Asro-normalized-derivatives Partial derivatives of the resultant force and
wlith respect to the velocity moment components {1.5.2, 1.5.5) with respect
cpmponent along the longi- to the aircraft velocity component v (1.3.4) in the
tlidinal axis (1.3.4) body axis system, expressed in non-dimensional
form
(dX/0u)/; peVeS | Xy !
‘ i
(8Y/0u)/} peVeS ‘ Yy |
(9Z/du)/} peVeS Z, |
. \
(OL/ou}/; peVeSI L, !
(f')/l/’/au)/l2 Pe VoS! M, i
(8N/au)/12 pe VeS! N !
3.4.2 Aero-normalized derivatives Partial derivatives of thefésultant force and i
with respect to the velocity moment components (1.5.2, 1.5.5) with respect ;
cpmponent along the trans- to the aircraft veloeity component v (1.3.4} in the ;
vprse axis (1.3.4) body axis system,expressed in non-dimensional ‘;
‘ form \
(0X/0V)/3 PeVeS X, ;
(ay/av)/% peVeS ‘ Y, ;
(3Z/0v)/L 06 VeS | 2, |
(OL/3v)/; 0eVeSI & L,
(OM/ov)/; peVeSI 1 M,
(aN/BV)/% pe VeS! N,
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
domponéntalong the normal to the aircraft velocity component w (1.3.4) in the
dxis (1.3.4) body axis system, expressed in non-dimensional
form
foX aw)/% Te VS X
<av/aw)/§ PeVeS Yo
(82/8w)/12 PeVeS Zy
(aL/Bw)/% Pe VeSI Ly
(BM/;)W)/i Pe VeSI Mw
(AN/ow) /] peVeSI Ny,
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Term Definition Symbol
} 344 Aero-normalized derivatives Partial derivatives of the resultant force and
l with respect to the rate of moment components (1.5.2, 1.5.5) with respect
l roll (1.3.6) to the rate of roll (1.3.6), expressed in non- ‘
dimensional form l
}
(0X/3p)/5 peVeS! Xp
(AN Ayt ne\/e(‘l Yp
WITORTF
(0Z/0p)/} peVeS! Zp
(OL/0p) /% peVeSI® Lp
(dM/3p) /] pe VeSI® Mp
(a/v/ap)/-; Pe VoS Np
345 Aero-normalized derivatives Partial derivatives of the resultant foree\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 !
|
(2X/3q)/Xpe VeS . |
(aY/aQ)/i peVeSI Yq
(BZ/BQ)/% peVeS! Z,
i
(0L/0q)/} peVeSI® Ly
(BM/3q)1} pe VST M,
(ON/3q)/} pe VS Ny
3.4.6 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
| I yaw (1.3.6) to the rate of yaw (1.3.6), expressed in non-
i dimensional form
i
(AX/3r)/5 peVeSI X, i
(DY Br)/% peVeS! Y, :
(8Z/0r)]L peVeS z, |
(()L/Ur)/% peVeSI? L, !
(OM/0r) 1% pe VeSI? M,
(ON/or) /L peVeSP N, i
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Term

3.4.7

3438

3.4.9

Definition Symbol
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
change of the velocity to u (see Introduction), expressed in non-
component along the dimensional form
fongitudinal axis {1.3.4}
(0X/00)/; peS! X
(0Y/04)/3 peSI Y,
(82/80)/% PeS! Z;
(OL/30)/% peSI? Ly
(0M/30)/} peSP? M,
(ON/30)/5 peSI N
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
change of the velocity to v {see Introduction), expressed in{pon-
component along the dimensional form
tfansverse axis {1.3.4)
(6X/8|'/)/§ PeS! X
(amw)/g PeS! '
A3 |
o1t 2
. 2
(aM/av)/% peS! M;
o\l 2
(aNﬂiv)/E peSI N;
ero-normalized derivatives Partial derivatives of the resultant force and
vith respect to the rate of moment components (1.5.2, 1.5.6) with respect
hange of the velocity to w (see Introduction), expressed in non-
omponent along the dimensional form
ormal axis (1.3.4) .
(BX/BW)/E peSI Xy
(0Y/3W)/% peS! Y
(0Z/0W)/ peSI Zy
(OL/BW)/L peSI Ly
(OM/OW)/ peSI* M,
Y YA AVIEPNR I/ Als
{oANSow —peSt A
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