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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD ISO 1151-8:2022(E)

Flight dynamics — Vocabulary —

Part 8:
Dynamic behaviour of aircraft

1 pcope

This| document defines terms related to the concepts and quantities characterizing somg classes of
aircraft motion and their fundamental dynamic characteristics.

The Jaircraft is assumed to be rigid, of constant mass and of constant inertialdt‘is not equipped with
systems modifying its natural dynamic behaviour. However, most of the definitions can bg applied to
the ¢ase of a flexible aircraft, of variable mass and of variable inertia.

The general concepts defined in this document are applicable to the atmospheric flight phage.

2 Normative references

There are no normative references in this document.

3 [erms and definitions
ISO @and IEC maintain terminology databases for‘use in standardization at the following addresses:

— [SO Online browsing platform: available“at https://www.iso.org/obp

— |EC Electropedia: available at ht€ps://www.electropedia.org/

3.1 | General

3.1.1
flight variable
phydical quantity, thé-yalue of which as a function of time characterizes aircraft motion

3.1.
flight state
set df values-of the flight variables (3.1.1)

Note|1to entry: This concept should not be confused with that of flight point (I1SO 1151-7:1985, 7.5.5).

3.1.3
steady flight state
flight state (3.1.2) in which the flight variables (3.1.1) considered remain constant with time

3.1.4

quasi-steady flight state

flight state (3.1.2) in which the flight variables (3.1.1) considered vary so slowly with time that their
variations can be disregarded in the study

3.1.5

unsteady flight state

flight state (3.1.2) in which at least one of the flight variables (3.1.1) considered varies so rapidly with
time that its variations cannot be disregarded in the study

©1S0 2022 - All rights reserved 1
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3.1.6

reference flight state
flight state (3.1.2) chosen as reference in a given study

Note 1 to entry: In most cases, a steady flight state (3.1.3) or a quasi-steady flight state (3.1.4) is chosen as

reference.

Note 2 to entry: In a study covering a certain period of time, it is normal to choose the flight state immediately
prior to this period as a reference.

3.1.7

control input

action on aifcraft intended to alter or to maintain the flight state (3.1.2)

3.1.8
disturband
involuntary

e
action which results in a modification in the flight state (3.1.2)

Note 1 to enffry: The nature of this action can be, for example:

— human;

— atmospleric;

— mechan

3.19
input varidg

cal.

ble

element of ghe set of quantities characterizing the control inpuit(3.1.7) or disturbance (3.1.8)

3.1.10

output var
element of
response of

3.2 Type

3.21
flight-path
trajectory
three-dime
the Earth

3.2.2
aircraft plg
motion of a

able
the set of flight variables (3.1.1), thexdevelopments of which over time characterizg
aircraft to the control input (3.1.7) ovdisturbance (3.1.8) considered

s of aircraft motion

nsional locus of origin of the flight-path axis system, usually the centre of mass, relatiy

lne motion
rcrafg,characterized by a flight-path (3.2.1) contained within a plane

the

e to

3.2.3

straight flight
aircraft plane motion (3.2.2) characterized by a straight flight-path (3.2.1)

3.2.4
horizontal

flight

aircraft plane motion (3.2.2) characterized by a flight-path (3.2.1) contained within a horizontal plane

3.2.5
symmetric

al flight

flight state (3.1.2) of aircraft with zero angle of sideslip

Note 1 to entry: The angle of sideslip is defined in ISO 1151-1:1988, 1.2.1.1.

Note 2 to entry: The geometry of aircraft and the flow are not necessarily symmetrical.

© IS0 2022 - All rights reserved
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3.2.6
turn
motion of aircraft resulting in a change of flight-path (3.2.1) azimuth angle

Note

1 to entry: The flight-path azimuth angle is defined in ISO 1151-2:1985, 2.3.1.

3.2.7
horizontal turn

turn

(3.2.6) in horizontal flight (3.2.4)

3.2.8

8:2022(E)

steady-turn
horifontal turn (3.2.7) for which the airspeed and the load factor are held constant

Note|1 to entry: If the wind speed, V,, (ISO 1151-2:1985, 2.2.3), is zero, the flight-path (3.2.1)is €ircu

3.2.

longitudinal motion

isol
mot
the 4

Note

are Zero or negligible.

3.2.
late

isolated lateral motion
motion characterized by variations of flight variables (3.1.1), related to the three degrees
outsfide of the aircraft plane of symmetry

flight-path (3.2.1) inclination angle, y (ISO 1151-2:1985, 2.3.2), and

ted longitudinal motion
on characterized by variations of flight variables (3.1.1), related tothe/three degrees of
ircraft plane of symmetry

1 to entry: Longitudinal motion is characterized by variations in<{elation to a reference flight st
hngle of attack, o (1SO 1151-1:1988, 1.2.1.2),
nclination angle, © (ISO 1151-1:1988, 1.2.2.2),
hirspeed, V (ISO 1151-1:1988, 1.3.1),

Fate of pitch, g (ISO 1151-1:1988, 1.3.6),

b the variations of

hngle of sideslip, 5 (1SO 1151-1:1988;1.2.1.1),
rate of roll, p (ISO 1151-1:1988,1.3.6), and
rate of yaw, r (ISO 1151-1;1988, 1.3.6)

|0
ral motion

freedom in

ate (3.1.6) of

of freedom

Note 1 to entry: Lateral motion is characterized by variations in relation to a reference flight state (3.1.6) of

angle of sideslip, f (ISO 1151-1:1988, 1.2.1.1),
bank angle, @ (ISO 1151-1:1988, 1.2.2.3),
azimuth angle, ¥ (I1SO 1151-1:1988, 1.2.2.1),
rate of roll, p (ISO 1151-1:1988, 1.3.6), and
rate of yaw, r (ISO 1151-1:1988, 1.3.6),

while the variations of

angle of attack, a (ISO 1151-1:1988, 1.2.1.2),

© IS0 2022 - All rights reserved
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are zero orn

3.2.11

airspeed, V (ISO 1151-1:1988, 1.3.1),
flight-path (3.2.1) inclination angle, y (ISO 1151-2:1985, 2.3.2), and
rate of pitch, g (ISO 1151-1:1988, 1.3.6)

egligible.

aerodynamic stall
aerodynamic loss of lift caused by the angle of attack, a, exceeding its critical value

Note 1 to en{Fy: The angle of attack, &, is defined in ISO 1151-171988, 1.2.1.2.

3.2.12
aeroplane
flight state (
normally ex

Note 1 to enffry: Aeroplane upset is normally defined by the existence of at least one of the following paramg

a) inclinat
b)
‘)

d)

inclinat
absolutd
within

conditio

3.3 Type

3.31
short periq
oscillatory
pitch, g, at 4

Note 1 to en
ISO 1151-1:1

Note 2 to enflry: The damping coefficient, § (3.4.2), of short period oscillation is generally large.

Note 3 to en
reference fli

3.3.2
phugoid

phugoid oscillation

oscillatory

ipset

perienced in line operations or training

on angle, © (ISO 1151-1:1988, 1.2.2.2) (pitch attitude), greater than 25° nese up;
on angle, ® (ISO 1151-1:1988, 1.2.2.2) (pitch attitude), less than -10° riose down;

s of aircraft motion and natural modes;of aircraft motion

d oscillation
ongitudinal motion characterized by variations in the angle of attack, a, and the ra
nearly constant airspeed, V, with a frequency, f, higher than that of the phugoid (3.3.2)

Lry: The angle of attack, «, is*defined in ISO 1151-1:1988, 1.2.1.2. The rate of pitch, g, is defin
D88, 1.3.6. The airspeed, V,is.defined in SO 1151-1:1988, 1.3.1.

rht state. These ape motions of aircraft following a control input or disturbance.

léngitudinal motion (3.2.9) characterized by variations in the horizontal and ver

value of bank angle, @ (ISO 1151-1:1988, 1.2.2.3), greater tha)45°;
he above parameters, but flying at airspeed, V (ISO 4151-1:1988, 1.3.1), inappropriate fof
ns.

3.1.2) characterized by aircraft flight variables (3.1.1) unintentionally exceeding their limits

ters:

the

te of
node

bd in

ry: The modes conSidered correspond to small motions superimposed on a steady or quasi-steady

tical

components of the aircraft velocity, I/, and the inclination angle, , of the aircraft, at a nearly constant
angle of attack, a

Note 1 to entry: The aircraft velocity, 14 , is defined in ISO 1151-1:1988, 1.3.1. The inclination angle, 0, is defined
in ISO 1151-1:1988, 1.2.2.2. The angle of attack, «, is defined in ISO 1151-1:1988, 1.2.1.2.

Note 2 to entry: The frequency, f; and the damping coefficient, 6 (3.4.2), are generally low.

Note 3 to entry: The modes considered correspond to small motions superimposed on a steady or quasi-steady
reference flight state. These are motions of aircraft following a control input or disturbance.

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=0963a798914bc37fd32ef54438ae5ca4

ISO 1151-

3.3.3
aperiodic longitudinal mode
longitudinal motion (3.2.9) characterized by variations in the vertical component of the aircraft velocity,

|4

Note

Note

1 to entry: The aircraft velocity, 14 ,1s defined in ISO 1151-1:1988, 1.3.1.

2 to entry: The damping coefficient, § (3.4.2), is generally large.

8:2022(E)

Note 3 to entry: The modes considered correspond to small motions superimposed on a steady or quasi-steady
reference flight state. These are motions of aircraft following a control input or disturbance.

3.3.4

roll

imode

aperjiodic lateral motion (3.2.10) characterized by variations in the bank angle, @,.at nearly

of si

Note

leslip, 5, and rate of yaw, r

1 to entry: The bank angle, @, is defined in ISO 1151-1:1988, 1.2.2.3. The angle.of sideslip, £,

ISO 1151-1:1988, 1.2.1.1. The rate of yaw, r, is defined in ISO 1151-1:1988, 1.3.6.

Note

Note

2 to entry: The damping coefficient, § (3.4.2), is generally large.

3 to entry: The modes considered correspond to small motions supérimposed on a steady or

referjence flight state. These are motions of aircraft following a controljinput or disturbance.

3.3.

D

Dut¢h roll
Dut¢h roll oscillation

osci
angl

Note

latory lateral motion (3.2.10) characterized by variations in the angle of the sideslip,
e, @, and the azimuth angle, ¥

1 to entry: The angle of sideslip, f, is defirred in 1SO 1151-1:1988, 1.2.1.1. The bank angle, @,

ISO 3151-1:1988, 1.2.2.3. The azimuth angle, ¥, is defined in ISO 1151-1:1988, 1.2.2.1.

Note

2 to entry: The modes considered(correspond to small motions superimposed on a steady or

referjence flight state. These are motions of aircraft following a control input or disturbance.

3.3.6

Spir

hl mode

apetfiodic lateral motion.(3.2.10) characterized by slow variations in the bank angle, @, and

side

Note

slip, B
1 to entry: The\bank angle, @, is defined in ISO 1151-1:1988, 1.2.2.3. The angle of sideslip, £,

ISO 1151-1:198851.2.1.1.

Note

Note

2 to entry: The damping coefficient, § (3.4.2), positive or negative, has generally a small absolut

3toentry: The modes considered correspond to small motions superimposed on a steady or

¥ Zero angle

is defined in

quasi-steady

B, the bank

is defined in

quasi-steady

the angle of

is defined in

e value.

quasi-steady

refertlepcefliahtstate-These are-motions-ofaireraftfollowinaacontreHnputordisturbance
HeeHERtState—+ H-e-ReHORS- o e+ oW RO HPpHo-aiStabahee-:

3.4

Characteristic parameters of individual modes of motion

3.4.1
amplitude

A

time function, defined by

whe

A=|4y| e

re

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=0963a798914bc37fd32ef54438ae5ca4

ISO 1151-8:2022(E)

o

is the damping coefficient (3.4.2);

A, is the initial value of the flight variable (3.1.1)

3.4.2

damping coefficient

6
quantity de

fining the decreasing or increasing of the amplitude (3.4.1) with time

Note 1 to entry: Damping coefficient is linked to the amplitude, 4, by the following formula:

14

3.4.3

time const
T

quantity de

T=——
o

where d is

Note 1 to en
the base of n

ua

dt

Ant

fined by

he damping coefficient (3.4.2)

ry: Where § is positive, T is the time interval during which-the amplitude, A (3.4.1), is divided
ntural logarithms (1/e = 0,367 9).

Note 2 to en]ry: Where § is negative, 7 is the time interval during‘which the amplitude, 4, is multiplied by e.

Note 3 to en

3.44

ry: Where the amplitude, 4, is constant, 7 is notdéfined.

time to half amplitude

7172
time intery
decreasing

al during which the amplitude (3.4.1) is reduced by half where the amplitude, 4,
fFunction of time (damping, coefficient (3.4.2) 6 > 0)

Note 1 to enfry: T1/2 is a constant linked to the damping coefficient, §, by the following formula:

—

h(1/2) 0,693 1

T12=

3.4.5

0 0

time to doyble amplitude

(Y]
time interv

hl-during which the amplitude (3.4.1) has doubled where the amplitude, 4, is an incred

function of

1me (damping coefficient (3.4.2) 0 < 0)

Note 1 to entry: 7, is a constant linked to the damping coefficient, 6, by the following formula:

TZZ

In(2)  0,6931

3.4.6
oscillation
T

period of th

) )

period

e sinusoidal factor of the oscillatory function

Note 1 to entry: T is a constant linked to the oscillation frequency, f (3.4.7), by the following formula:

by e,

is

sing

© IS0 2022 - All rights reserved
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Note 2 to entry: The period of the oscillatory function is the time interval separating two successive passages
through zero in the same direction.

Note 3 to entry: The term "pseudo-period” can be used to point out that an oscillatory function is not strictly
periodic.

3.4.7

osci

f
freq

Note

3.4.
log

llation frequency

1ency of the sinusoidal factor of the oscillatory function

1 to entry: fis a constant linked to the oscillation period, T (3.4.6), by the following formula:

rithmic decrement

product of the damping coefficient, § (3.4.2), and the oscillationeriod, T (3.4.6)

Note
tto t

3.5
3.5.

step

N=0-T
1 to entry: The logarithmic decrement is the naturallogarithm of the ratio of the amplitude, A (3
he amplitude at time (¢t + T):
A(t
ION
A(t+T)
Standard input signals

|

inpuft signal, equal to zero-béfore initial instant ¢, and maintained to equal to constant va
fronj initial instant ¢

4.1), attime

lue starting

Note|1 to entry: Thednput signal changes as time function in accordance with the following formula
[ (£g)=
l=a if t>¢,
where

Note

a represents a constant value;
i characterizes the input quantity considered;
t, represents the initial instant of the signals.

2 to entry: See Figure 1.

© IS0 2022 - All rights reserved
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(o)

Figure 1 — Step

3.5.2
rectangular input signal
input signal, equal to zero before initial instant ¢, and maintained to equal to constant yalue during the
basic time ipterval At, then maintained to equal zero again

Note 1 to enffry: The input signal changes as time function in accordance with the following formula:
Hi(to,ﬁt): =a Iftogtgto‘i‘At

=0 ift>ty+At
where

a repgresents a constant value;

i chgracterizes the input quantity considered;

At chdracterizes the duration of the basic timéinterval;
ty represents the initial instant of the sighals.

Note 2 to enfry: See Figure 2.
I1(to,Af)

At

~ty + At t

Figure 2 — Rectangular input signal

3.5.3

Dirac impulse

input signal, started at the initial instant t;, and similar to rectangular input signal (3.5.2) with duration
At goes to zero while product (At-a) is maintained to equal 1

Note 1 to entry: The input signal changes as time function in accordance with the following formula:

8 © IS0 2022 - All rights reserved
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=O ft¢t0

6; (tg)= )
= oo ift:to

. Foo
with Lo 0; (to)t=1

3.5.4
limited ramp
input signal, equal to zero before the initial instant ¢, then gradually changed to a set value during the

basi" fima ;nter‘vral At and f{nauy maintainad taocanalto 2 conctantvualiia

cCITIre—T TIrorrrrecorrre- oot oo rtooc oot e v oot

Note|1 to entry: The input signal changes as time function in accordance with the following formula

a(t-t
; (to,At)= =% ifty<t<ty+At
=a ift>tg +At
whele

1 represents a constant value;

characterizes the input quantity considered;
At characterizes the duration of the basic time interval;
by represents the initial instant of the signals.

Note|2 to entry: See Figure 3.
pilto,At)

0 tO/LA—t>\t0 + At t

Figure 3 — Limited ramp

3.5.5
sinusoeidal input signal
oscillatory input signal, started at the initial instant ¢, and value-based by the oscillation frequency
(3.4.7) and constant amplitude (3.4.1), a

Note 1 to entry: The input signal changes as time function in accordance with the following formula:
= 0 f t< to
Z; (to)= . .
=asinwt ift=>¢,
where

a represents a constant Value;

i characterizes the input quantity considered;

©1S0 2022 - All rights reserved 9
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t, represents the initial instant of the signals;
w s a constant linked to the oscillation frequency (3.4.7), f, by the following formula:
w=2rf.

3.5.6

rectangular doublet

input signal, started at the initial instant ¢, as a sequence of two rectangular input signals (3.5.2) in
opposite directions, each with the basic time interval At

Note 1 to en{Fyr Thie Input signal changes as tilie function in accordance with the following formula:

:0 1ft<t0
=a iftg <t<tg+At
4 (t,4t)= .
=—a ifty+At<t<ty+2At
where

a represents a constant value;

i chgracterizes the input quantity considered;

At chdracterizes the duration of the basic time interval;
ty represents the initial instant of the signals.

Note 2 to enfry: See Figure 4.
4,(to,At)

~ty+ At Tty + 2At

Figure 4 — Rectangular doublet

3.5.7
triangular input signal

input signal, started at the initial instant ¢;, then gradually changed to a set value and back to zero
during the basic time interval At and finally maintained to equal to zero

Note 1 to entry: The input signal changes as time function in accordance with the formula:

10 © IS0 2022 - All rights reserved
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=0 ft<t0
2a(t—t

:M iftOSt<t0+£

At 2
A; (tg,At) =
_2q[1-L2k0 if t FAC i A
At 07 =770
=0 if t>t,+2At
where

1 represents a constant value;

characterizes the input quantity considered;

At characterizes the duration of the basic time interval;
by represents the initial instant of the signals.

Note|2 to entry: See Figure 5.
Ai(to,At)

t()/l I\t0+At t

Y

t02

Figure(5'— Triangular input signal

3.6 | Response of aircraft ta-a step

3.6.1
stepresponse
fundtion of time representing the difference between the output variable (3.1.10) considered, caused by
a step (3.5.1) on andnput variable (3.1.9), and its value in the initial steady state

3.6.2
steady-state response
diffdrencébetween the value of the output variable (3.1.10) in the final steady-state condition, where
this exists, and its value in the initial steady state

Note 1 to entry: see Figure 6.

3.6.3

transient response

function of the time representing the difference between the step response (3.6.1) and the steady-state
response (3.6.2)

3.6.4

response time

time taken for the step response (3.6.1) to reach, for the first time, a given percentage of the steady-state
response (3.6.2)

Note 1 to entry: See Figure 6.

©1S0 2022 - All rights reserved 11
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3.6.5
overshoot
extreme value of the transient response (3.6.3) having the same sign has the steady-state response (3.6.2)

Note 1 to entry: See Figure 6.

3.6.6
relative overshoot
quotient of the overshoot (3.6.5) by the value of the steady-state response (3.6.2)

3.6.7

settling time
time after which the absolute value of the transient response (3.6.3) no longer exceeds a given per¢entage
of the steadp-state response (3.6.2)

Note 1 to enfry: See Figure 6.

Note 2 to enffry: The percentage often used is 5 %.
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At

Key
Y1 [inputiwariable
Y2 Joutput variable

Y3 TOU X (Step response / steady-state response)
t time

t, initial instant of the input signals

At=t-t,

Y, output value in the final steady state

Y, outputvalue in the initial steady state

AY =Y - Y, transient response

1  overshoot

2 stepresponse

3 relative overshoot
4

response time at x %
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