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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.

The proced d e ) e are
described in the ISO/IEC D1rect1ves Part 1.In partlcular the dlfferent approval crlterla needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

rawn to the possibility that some of the elements of this document may\be the subject of
4. ISO shall not be held responsible for identifying any or all such patenb rights. Details of
ights identified during the development of the document will be in the Introduction and/or
on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngdme used in this document is information given for the conveniéence of users and dogs not
constitute ar} endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific termp and
expressions |related to conformity assessment, as well as infermation about ISO's adhererce to
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 20, Aircraft and space veficles,
Subcommitt¢e SC 8, Aerospace terminology.

Any feedback or questions on this document sheuld be directed to the user’s national standards bpdy. A
complete listing of these bodies can be found\at www.iso.org/members.html.
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INTERNATIONAL STANDARD 1SO 5224:2021(E)

Rotorcrafts - Flight dynamics - Vocabulary

1 Scope

This document defines terms used in the field of rotorcrafts flight dynamics and aerodynamics,
for example, rotorcraft design documents, with regard to rotorcrafts geometry and dynamic
characteristics.

2 Normative references

Therq are no normative references in this document.

3 Terms and definitions

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

]

$0 Online browsing platform: available at https://www.isg.org/ob

— 1EC Electropedia: available at https://www.electropedia.org/

3.1 |Basic definitions and classification

3.1.1
rotorcraft

rotarny wing aircraft
heavipr-than-air aircraft that depends principally for its support in flight on the agrodynamical
generjated by one or more rotors

3.1.2
helicppter
rotor¢raft (3.1.1) that primarily depends on engine driven rotors for motion at all stage of flight

3.1.3
gyroplane
autogyro
gyrog¢opter
rotaplane
rotorgraft (3:1.1) whose rotors are not engine-driven, except for initial starting, but are mpde to rotate
by actior‘ef'the air when the rotorcraft is moving; and whose means of propulsion, consisting usually of
conventional propellers, is independent of the rotor system

3.14

gyrodyne

compound helicopter

compound gyroplane

rotorcraft (3.1.1) with a rotor system that is normally driven by its engine for takeoff, hovering and
landing like a helicopter (3.1.2), and has an additional propulsion system that is independent of the
rotor system

©1S0 2021 - All rights reserved 1
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3.1.5

convertiplane

aircraft which uses rotor power for vertical takeoff and landing (vtol) and converts to fixed-wing lift in
normal flight

Note 1 to entry: Convertiplanes may be divided into two broad classes, based on whether the rotor is fixed as in
a helicopter (3.1.2) or tilts to provide thrust in forward flight, as a proprotor. a proprotor may be in a tilt rotor or
tilt wing configuration.

3.1.6
tiltrotor aircraft

rotorcraft (3.1.1) which generates lift and propulsion by way of one or more tiltable (rotating) powered
propellers, of proprotors, mounted on rotating engine pods or nacelles usually at the ends of.a| fixed
wing

Note 1 to entrfy: Orientation of wings is fixed. For vertical flight, the rotors are angled so the plane.of rotaftion is
horizontal.

3.1.7
tiltwing air¢raft
aircraft withla wing that is horizontal for conventional forward flight and rotates up for vertical tgkeoff
and landing

3.1.8
helicopter cpnfiguration
combination| of features, defining main rotor (3.2.1) system, *anti-torque system (for single|rotor
helicopter (3]1.9)), flight control system

3.1.9
single rotor{helicopter
helicopter (3]1.2) with one (main) rotor that providesiift and propulsive force

Note 1 to entrjy: Single rotor helicopters may be divides into four or more types depending of anti-torque system:
— with tail totor (3.2.2) (classic configuration);

— with feneftrone (3.2.25);

— with notqr (3.2.26) (no tail rotor).system;

— tip jets (312.24) (no anti-torque-system required).

3.1.10
dual rotor hielicopter
twin-rotor helicoptér
helicopter (3]1.2) with two counter-rotating main rotors (3.2.1) rotors

3.1.11
tandem rotors helicopter

dual rotor helicopter (3.1.10) with two horizontal main rotors (3.2.1) assemblies mounted one behind
the other

3.1.12

side-by-side rotors

transverse rotors helicopter

dual rotor helicopter (3.1.10) with a set of counter-rotating main rotors (3.2.1) assemblies which are
located in the same plane side-by-side on the helicopter (3.1.2) and where the stagger (3.5.15) is greater
than the diameter of the disk

2 © IS0 2021 - All rights reserved
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3.1.13

coaxial rotors helicopter

dual rotor helicopter (3.1.10) with a pair of counter-rotating main rotors (3.2.1) mounted one above the
other on the same shaft and turning in opposite directions

3.1.14

intermeshing rotors helicopter

synchropter

dual rotor helicopter (3.1.10) with a set of two counter-rotating main rotors (3.2.1) with each rotor mast
mounted on the helicopter (3.1.2) with a slight angle to the other so that the blades (3.2.5) intermesh
without colliding

3.1.1

multicopter

multirotor

rotor¢raft (3.1.1) with more than two rotors that provide lift

3.1.1

quadgopter

quadfocopter

quadfotor

multi¢opter (3.1.15) that is lifted and propelled by four rotors

3.1.1
hexag¢opter
multi¢opter (3.1.15) that is lifted and propelled by six roters

3.1.1
octodopter
multi¢opter (3.1.15) that is lifted and propelled by eight rotors

3.2 |Basic elements

3.21
main|rotor
combjnation of a rotary wing\and a control system that generates the aerodynamic lift force that
suppqrts the weight of the_helicopter (3.1.2), and the thrust that counteracts aerodynamic drag in
forwdrd flight

3.2.2
tail rptor
smaller rotor mounted so that it rotates vertically or near-vertically at the end of the tail ofja traditional
singlerotor helicopter (3.1.9) to compensate main rotor (3.2.1) torque moment

3.2.3
main|rotor hub
toe unit for the rotor blades (3.2.5) attachment to rotor shaft

Note 1 to entry: The hub is located at the top of the mast.

3.24

hinge

mechanism that holds the blades (3.2.5) proper to the hub and allows free angular motion with zero
moment transfer

3.2.5

blade

main working unit of rotor working as rotating wing which provides lift due to rotation about rotor
shaft axis

©1S0 2021 - All rights reserved 3
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horizontal hinge
flapping hinge
hinge (3.2.4) which allows the blade (3.2.5) to move up and down with respect to the plane of rotor

rotation
Note 1 to entr

3.2.7

y: This movement is called flapping.

vertical hinge

lead-lag hin
drag hinge
hinge (3.2.4)

Note 1 to entr]

3.2.8

axial hinge

feathering h
hinge (3.2.4)
blades due td

3.29
articulated

rotor system with each blade (3.2.5) attached to the rotor hubithrough a series of hinges (|

(horizontal 3

3.2.10

fully articu
rotor syste
(horizontal 3

Note 1 to entr]

3.2.11
hingeless rd

rotor with n¢ actual mechanical hinges-(3.2.4) that achieves flapping and lead-lag motion by elast

flexing

3.2.12
rotor with s
rotor system

3.2.13

rotor with j
fully articula
located at th

3.2.14
rigid rotor

ge

(which allows the blade (3.2.5) to move back and forth in the plane of rotor rotation

y: This movement is called lead-lag, dragging, or hunting.

linge
along the feathering (3.2.32) axis of blade (3.2.5) that allows to chiange the pitch of]
pilot input to the collective or cyclic control

Fotor

nd (or) vertical) that let the blade move independently of the others

ted rotor

nd vertical) that let the blade move indépendently of the others

y: The blades in this case are allowed:té.flap, and lead or lag independently of each other.

tor

eparated hinges
for which the'distances of horizontal hinge (3.2.6) from the rotor hub isn’t equal to z

pined-hinges
ted rator (3.2.10) system for which the horizontal hinge (3.2.6) and vertical hinge (3.2.]

rotor

3.2.4)

with each blade (3.2.5) attached to thé ‘rotor hub through a series of hinges ([.2.

ically

240)

/) are

p Ssame distances from the rotor hub

rotor system in which the blades (3.2.5) accommodate flapping and lead-lag motions by bending the
elastic elements at the corner part of blade without horizontal hinge (3.2.6) and vertical hinge (3.2.7)

3.2.15

semirigid rotor

teetering
seesaw

rotor system normally composed of two blades (3.2.5) that meet just under a common flapping or
teetering hinge (3.2.4) perpendicular to rotor shaft axis and mounted at the top of rotor shaft

© IS0 2021 - All rights re
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3.2.16

semi-articulated rotor

rotor in which the blade (3.2.5) is attached to hub by two hinges (3.2.4) instead of three (without
horizontal hinge (3.2.6) or vertical hinge (3.2.7))

3.2.17

rotor head with universal joint

gimballed rotor hub tilts with respect to the rotor shaft to accommodate blade (3.2.5) flapping or which
tilts the blades (rotor disk) creating a force that pulls the autogiro in the direction of the tilt

3.2.18
swashplate

devicg that translates input via the helicopter (3.1.2) flight controls into motion of the main rotor (3.2.1)
blade§ (3.2.5)

Note 1 to entry: A swashplate is used to transmit three of the pilot's commands from the fien-rotating fuselage to
the rofating rotor hub and main rotor blades.

3.2.19
bladg element
spanwise piece of the blade (3.2.5)

Note 1 to entry: A blade element has a spanwise dimension of any length\(usually an elementary spanwise length).

3.2.2p
bladd tip
part of rotor blade (3.2.5) which is the most distant fromrotor axis

3.2.21
bladg root
part df the blade (3.2.5) that attaches to the blade grip (3.2.22)

3.2.2p
blad¢ grip
bladq fork
part qf the hub assembly to which-the rotor blades (3.2.5) are attached

3.2.28
external point of rotor blade
cross|ng point of rotor.blade axis (3.3.9) with the plane tangential to surface of blade tip|(3.2.20) and
perpgndicular to blgde«(3.2.5) axis

3.2.2¢4
tip jets
rotor|systemwhich is driven by jet nozzles at the tip of rotor blades (3.2.5) powered by ram-jets, pulse-
jets, dr roekets or by high pressure air provided by a compressor

3.2.25
fenestrone

fan-in-tail

ducted fan

protected tail rotor (3.2.2) of a helicopter (3.1.2) operating like a rotor mounted within a cylindrical
shroud or duct

3.2.26
notar
air-blowing system to compensate main rotor (3.2.1) torque moment

© IS0 2021 - All rights reserved 5
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3.2.27

interleaving rotors
two rotor disks which are located in the same horizontal plane and where the stagger (3.5.15) is greater
than the radius of the disk, but less the diameter of the disk

3.2.28

intermeshing rotors
two rotor disks which are located in different planes and where the stagger (3.5.15) is less than the

radius of the

3.2.29
bearringles

disk

S rotor

hingeless rot
element

3.2.30

advancing bllade

blade (3.2.5)

3.2.31

retreating b
blade (3.2.5)
the direction

3.2.32
blade feathg
feathering
rotation of t}

3.3 Coord

3.31
helicopter

0
right rectartlkular system of the coordinates which has been rigidly connected with a fuselag

origin o ist

Note 1 to entr
main rotor (3.

Note 2 to entr]
Note 3 to entr]

3.3.2
longitudina
axis (01X W

br (3.2.11) wherein the feathering (3.2.32) bearing is replaced by a torsionally sofit.e

moving in the same direction as the helicopter (3.1.2)

lade
located in a semicircular part of the rotor disk, in which the’blade direction is oppos
of flight

r

e blade (3.2.5) around the spanwise (pitch change) axis

inate axis and planes

dy axis coordinate system

e centre of mass of a fuselage

y: The longitudinal axis (04X,) is directed to a helicopter (3.1.2) nose perpendicular to a shaft
D.1).

y: The normal axis(Z;Y,) is directed parallel to a shaft of the main rotor and points downwa
y: The transvetSe axis (0,Z,) is completing system.

| axis\of helicopter body axis
hich'is directed to a helicopter (3.1.2) nose perpendicular to a shaft of the main rotor (

lastic

ite to

e. the

of the

rds.

3.2.1)

3.3.3
normal axis

of helicopter body axis

axis (0;Y;) which is directed parallel to a shaft of the main rotor (3.2.1) and points downwards

3.3.4

transverse axis of helicopter body axis
axis (04Z;) which completes the system

© IS0 2021 - All rights re
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3.3.5

stability axis coordinate system

hub-wind axis

rectangular coordinate system, with origin in a point of intersection of an axis of rotor rotation with
the plane of main rotor (3.2.1), having the normal axis (0,Y}) parallel to axis of the main rotor rotation,
directions of longitudinal axis (0, X,) and transverse axis (0,Z,) are defined by the direction of the air
speed vector projection to the plane of rotation of a main rotor

3.3.6
longitudinal axis of stability coordinate system
longltudlnal axis (OhXh) which is perpendlcular to rotor rotation axis (3.3. 10) and having the same

d nnnnnn thao ot adx o i 431 totha afratati afa rotor 2 2 1
lreC ITUITI Ao L1IIv l \.Il-\.ll ull Jtl\'\.r\—l V\'\'LUI l_ll UJ\(\/LIUII CU LIIC Plull\.r AV B W § \.I\rul-l\.lll vl d l'lulll roctur \_

3.3.7
nornial axis of stability coordinate system
normpl axis (0,Y}) coinciding with the axis of rotor rotation and having opposite directior as direction
of lift

3.3.8
trangverse axis of stability coordinate system
transyerse axis (0y,Z;) which is perpendicular to the plane formed‘by (0,X;) and (O,fY;) axis and
directed to forward moving blade (3.2.5)

3.39
rotor|blade axis
straight line around which the angular orientation of blade (3.2.5) cross-section is chgnged due to
influgnce of actuator of rotor control system

3.3.10
rotorjrotation axis
geomgptric axis of main rotor (3.2.1) shaft or bearing, rotor being rotating around this axis

3.3.11
rotor{rotation plane
plane| perpendicular to rotor rotation axis (3.3.10), forming by rotated blade (3.2.5) ayis with zero
flapping angle

3.3.12
blad¢g rotation plane
plane|parallel to the tip-path plane through the hub centre

3.3.18
hub plane
plane|perpendicular to the shaft axis through the centre of the hub

3.3.14
tip pas
TPP
no-flapping plane

plane containing flight path of blade tips (3.2.20) at their rotation around shaft axis

“®
3

3.3.15

tip path axis

disc axis

axis perpendicular to the plane through the blade tips (3.2.20) and, for zero offset horizontal hinges
(3.2.6), which is therefore the axis of no flapping

3.3.16

no-feathering axis

axis relative to which the cyclic feathering (3.2.32) vanishes the axis through the centre of the hub and
perpendicular to the swash plates

©1S0 2021 - All rights reserved 7


https://standardsiso.com/api/?name=3723f70b9c5d679f585112b57cd2e9f2

ISO 5224:2021(E)

3.3.17
control axis plane
plane of the rotor wherein there is no cyclic feathering (3.2.32) (i.e. the plane of the swash plate)

3.3.18

hub axis coordinate system

coordinate system O.X.Y,Z, used to determine the rotor aerodynamic loads and rotor blades (3.2.5)
flapping due to controls and body angular rates

Note 1 to entry: The origin O, of axes is at centre of rotor hub. The normal axis (0,Y,) points downwards and aligns
with the rotor shaft. The longitudinal axis (O X,) points toward the nose of helicopter (3.1.2) and is perpendicular
to axis O,Y,. The transverse axis (0.Z.) points to the right side.

3.3.19
blade section common plane axis system
right rectangular coordinate system, with origin Ogg in a point of intersection of blade (3:2.5) pitch axis
and in-plane([blade section

Note 1 to entfy: The longitudinal axis (OgsXps), which is in the in-plane blade section; parallel to the fprmed
rotation plang¢, points to leading edge of blade section airfoil (3.5.11). The transverSeyaxis (OgsZgs), which is
coincident with blade pitch axis, points to blade tip (3.2.20). The normal axis (Ogs¥gs), which is in the inFplane
blade section,|points upwards.

3.4 Angle

i

3.4.1
blade azimuth angle

angle of bladp (3.2.5) axis rotation measured in a plane.normal to the shaft of the main rotor (3.2.1)
Note 1 to entrfy: Blade azimuth angle is zero when the blade is over the tail.
Note 2 to entrjy: Blade azimuth angle is positive in thé direction of rotation.
Note 3 to entrfy: 1, is the azimuth (angle) of the i-th blade.

3.4.2
blade flapping angle
blade flap apgle

B

angle betweg¢n a line drawn-along the span of the blade (3.2.5) and a plane normal to the shaft axis
Note 1 to entrjy: Blade flapping angle is positive when the blade tip (3.2.20) is higher than the blade cuff.
Note 2 to entrjy: g, is the'flapping angle of the i-th blade.

3.4.3
blade coning
upward sweep of rotor blades (3.2.5) as a result of lift and centrifugal force

9

3.4.4

blade lag-lead angle

§

angle of rotation of an axis of the blade (3.2.5) around axis of the vertical hinge (3.2.7) (or the line
equivalent to this axis in case of the blade mounting the elastic unit), measured from the plane passing
through the axis of main rotor (3.2.1) rotation and an axis of the blade at § =0

Note 1 to entry: Blade lag-lead angle is positive in case of the blade axis deviation in the direction opposite to
main rotor rotation.

Note 2 to entry: ¢; is the lead-lag angle of the i-th blade.

8 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=3723f70b9c5d679f585112b57cd2e9f2

ISO 5224:2021(E)

3.4.5

blade pitch angle

0

angle between the chord line of the rotor blade (3.2.5) and the reference plane of the main rotor (3.2.1)
hub or the rotor plane of rotation

Note 1 to entry: 6, is the lead-lag angle of the i-th blade.
Note 2 to entry: Blade pitch is positive when the leading edge is up.

3.4.6

rotor angle of attack
ay

<stabjility coordinate system> angle between a vector of main rotor (3.2.1) air speed ard the rotor plane
of rotption

Note 1 to entry: Rotor angle of attack is positive if the projection of air speed to a normal axis is negative.

3.4.7

colle¢tive pitch angle
longitudinal cyclic pitch angle
lateral cyclic pitch angle

6o
O1c
015
average value and the first harmonic cosine and sine comporients of blade pitch angles (3.4.) as function
of blafe azimuth angle (3.4.1)

3.4.8
mastfangle
Ay
tilt arjgle calculated with respect to the veritical axis on the ground

3.49
angld between rotors axis
inclinfation of one main rotor (3.2.1) shaft with respect to another main rotor shaft for interjmeshing and
transyerse dual rotor helicopter;{3.1.10)

3.4.11)

pitchjof the blade element
bladg element pitch angle
0
arrlgle betweenblade chord (3.5.9) and rotor plane of rotation (at the radius r)

3.4.11
pitch|of the main rotor

................
697
pitch of the blade element (3.4.10) at a relative radius (3.5.7) of ¥ = 0,7

3.4.12

geometric twist of the blade

difference of the pitch of the blade elements (3.4.10) of the main rotor (3.2.1) with respect to the pitch of
the blade element at a relative radius (3.5.7) of ¥ = 0,7

3.4.13

collective pitch

part of a helicopter’s (3.1.2) control system wherein all blades (3.2.5) change pitch simultaneously by
the same amount

©1S0 2021 - All rights reserved 9
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3.4.14
cyclic pitch

part of a helicopter’s (3.1.2) control system wherein the blades (3.2.5) change pitch in a sinusoidal
fashion as they traverse around the rotor azimuth, each blade having the same amount of such pitch
change when it reaches any given rotor azimuth

3.5 Geometry

3.5.1

radius of the main rotor

R

radius of the

3.5.2
diameter of
D

diameter of the circle swept out by the blade tips (3.2.20)

Note 1 to entr]

3.5.3
radius of th
Ry

radius of the

3.5.4
diameter of
Drg

diameter of the circle swept out by the tail rotor (3.2.2) bldde tips (3.2.20)

Note 1 to entr]

3.5.5

rotor disk a
Fy

area covered

3.5.6
radius of ro
r

distance fror

Note 1 to ent
(r=R).

3.5.7

circle swept out by the blade tips (3.2.20)

the main rotor

y: D=2%*R.

p tail rotor

circle swept out by the tail rotor (3.2.2) blade tips (3.2:20)

the tail rotor

y: Drg = 2 * Ryg.

Fea

by rotor blades (3.2.5) at(its'rotationat f=&=0

for blade section

h rotor axis to blade (3.2.5) cross-section by plane perpendicular to blade axis at § =

"y: r is the radial location, measured from the centre of rotation (r = 0) to the blade tip (3

EAa]
]
(@)

2.20)

relative radiu

r

uog

ratio of the radius of a blade element (3.2.19) to the radius of the rotor (r = %)

3.5.8

blade cross-

b

section chord

straight line joining the leading edge of blade (3.2.5) cross-section with its trailing edge

Note 1 to entry: Blade cross-section at fixed radius is designated by a subscript, for example, b, ; is the blade
cross-section at relative radius (3.5.7) r = 0,7.

10
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3.5.9
blade chord
blade (3.2.5) width, that is, local dimension perpendicular to blade radius

3.5.10
blade span
length of a blade (3.2.5) from its tip to its root

3.5.11
airfoil
shape of a cross-section of a rotor blade (3.2.5)

3.5.12
rotor|solidity ratio
o
Zy. b
ratio jof the lifting area of the blades (3.2.5) to the area of the rotor(s), o= b ;’7 , where z, is the
n.

number of blades of the rotor

3.5.18
rotorblade horizontal hinge offset
L
d%stance between horizontal blade (3.2.5) hinge (3.2.4) axis and rotor axis

3.5.14
rotorblade vertical hinge offset

distafhce between vertical blade (3.2.5) hinge (3.2.4);axis and rotor axis

Note 1 to entry: It is applicable to intermeshing, interleaving, side-by-side, tandem and quad helicopters (3.1.2).

percentage of the overlapped area to that of the total area of the two rotor disks (fdr dual rotor

autonpati€_kinematic pitch change caused by flapping motion, as results from the delt3-three hinge

3.5.18
aspectratio
ratio of the blade (3.2.5) radius to the average blade chord (3.5.9) length

3.5.19
thickness ratio
ratio of maximum thickness to airfoil (3.5.11) chord

3.5.20
taper ratio
ratio of the chord length at the tip of blade (3.2.5) to the chord length at the root of blade

©1S0 2021 - All rights reserved 11
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3.6 Dynamic characteristic

3.6.1
disc loading
ratio of weight of helicopter (3.1.2) to the total main rotor (3.2.1) disc area

3.6.2
blade flap and pitch static moments of inertia
iﬁ

¢
static moment of inertia of main rotor (3.2.1) blade (3.2.5) and other assembled units, flapping with
blade:

— around Aorizontal hinge (3.2.6);
— around Vertical hinge (3.2.7)

3.6.3
blade flap ahd pitch moments of inertia

A
¢
moment of irjertia of main rotor (3.2.1) blade (3.2.5) and other assembled/units, flapping with blade:
— around Aorizontal hinge (3.2.6);

— around Vertical hinge (3.2.7)

3.64
main rotor moment of inertia
I(JJ
total inertia [moment of all blades (3.2.5) and other rotating units, connected with blades, referted to

main rotor (3.2.1) axis of rotation

3.6.5
lock’s inertia number

Y
ratio of the |aerodynamic and inertial forces on the aerodynamic and inertial forces acting pn an

articulated rgtor (3.2.9) blade (3.2.5)

p~c-10~R4
1

’}/:

where

kg

a, isthe dérivative of aerodynamics load factor of blade with respect to blade angle of attac

¢ istheTotor blade chord (3-5.9J;

p isthe air density

3.6.6
main rotor airspeed

VH
speed of centre Oy of stability system with reference to free air
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3.6.7

main rotor speed

rotor RPM

Qur

Wy

angular speed of main rotor (3.2.1) rotation around rotor axis with respect to helicopter (3.1.2) fuselage

Note 1 to entry: RPM stands for revolution per minute.

3.6.8

blade tip speed

tip speed

average speed of blade tip (3.2.20) motion due to rotor rotationatf=¢=0

3.69
inflo
downjward component of air velocity through and perpendicular to the rotor disk

3.6.10

rotor{induced velocity
Vi

increfnent of the air velocity component along the rotor axis at the rotor disc induced by the lift of the
blade§ (3.2.5)

3.6.11

total [inflow velocity
sum ¢f the component of helicopter (3.1.2) velocity nermal to the plane of the rotor disk{and induced
veloclty

V{ -sinoyy +v;

3.6.12
advance ratio
tip speed ratio

non-dimensional forward speed; which is the ratio of component of helicopter (3.1.2) ve¢locity in the
planefof the rotor disk to retor tip speed (3.6.8)

_ Vg -cosay
QMR ° R

3.6.18
inflow ratio
A
ratio pftotal average velocity normal to the plane of rotation to the tip speed (3.6.8), normally taken
positive when Tlowing downward through disk

VH -sinoy; +v;

Qur R

A=

3.6.14

reverse flow region

area on the retreating side of the rotor disk where the velocity relative to the blade (3.2.5) is directed
from the trailing edge to the leading edge

Note 1 to entry: The reverse flow boundary is a circle of diameter y, centred at r = u/2 on the ¥ = 270° radial on
the retreating side.
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3.6.15

propeller-working state
vertical climb while the rotor disc is moving in the direction of thrust and the airflow is directed
downward through the rotor

Note 1 to entry: The limiting condition for the propeller working state is the static-thrust case, or hovering.

3.6.16

vortex ring state
settling with power
power settling

flight conditj

from its engi
to an increajs

roots (3.2.21)

Note 1 to enty
(3.2.20).

3.6.17
windmill br
condition in
rotor and the

Note 1 to ent
where the upy
referred to as

3.6.18
hover figure
FOM

rotor hover
rotor thrust

ratio of the minimum possible power required to hover (ideal power obtained from momentum th

to the actual

3.7 Force

3.71
rotor aerod
Ry

total aerodynamic force:acting on main rotor (3.2.1)

3.7.2
rotor drag fi
H

e(s) loses main rotor (3.2.1) lift (thrust) and subsequently experiences loss of contr
ed upward flow of air at the rotor tips and an increased upward flow of air at.the

y: The airflow through the rotor disk recirculates and forms a vertical structure-at the bla

ake state
which the rotor derives its energy from the air because the, flow is upward throug
slowing of the air as it passes through the rotor disk produges the thrust

Fy: The boundary condition between the vortex-ring and windmill-brake states is the con
vard flow of air is brought to rest at the rotor disk. This\condition of no flow through the
ideal autorotation (3.8.13).

of merit

ng efficiency
efficiency

power required to hover

5 and moments

ynamic force

prce

ower
bl due
blade

e tips

h the

dition
Hisk is

eory)

longitudinal

3.7.3

component of rotor aerodynamic jorce (3.Z.1) (along the longitudinal axis of stability
coordinate system (3.3.6)), which is positive rearward

rotor lift force

T

rotor thrust
normal component of rotor aerodynamic force (3.7.1) (along the normal axis of stability coordinate system
(3.3.7)), which is positive upward

14
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transverse component of rotor aerodynamic force (3.7.1) (along the transverse axis of stability coordinate
system (3.3.8))

3.7.5

aerodynamic moment of rotor

My

total aerodynamic moment acting on main rotor (3.2.1)

3.7.6

longi
Myy

comp
(3.3.9

3.7.7
nornj
Myy

comp

3.7.8

fudinal aerodynamic moment of rotor

pnent of rotor aerodynamic force (3.7.1) along the transverse axis of stability|coorg

)

al aerodynamic moment of rotor

pnent of rotor aerodynamic force (3.7.1) along the normal axis ofistability coordinate s)

lateral aerodynamic moment of rotor

MZH
comp
(3.3.6

3.79
torqu
My
comp
with

3.7.1(

pnent of rotor aerodynamic force (3.7.1) along the-ongitudinal axis of stability coord

)

e moment of rotor

pnent of rotor aerodynamic force (3.21) along the normal axis of stability coordinate s
negative sign

aerodynamic force coefficient

ratio

wher

3.7.11

bf aerodynamic forces components along stability coordinate system axis, to value
R)*F,
p(oyR)" Fy

e p is the airsdensity

aerodynanic moment coefficient
ratio pfaerodynamic moment components along stability coordinate system axis, to value

linate system

stem (3.3.7)

linate system

ystem (3.3.7)

1
~P(@4R) FyR

where p is the air density

3.8
3.8.1

Performance

avoid zone
Deadman’s curve
height-speed diagram
boundaries of the combinations of altitude and forward speed where it is impossible to demonstrate
safe autorotative landings at a vertical touchdown speed within the design limits of the landing gear

© IS0 2021 - All rights reserved
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3.8.2

ground effect of rotor

beneficial gain in lifting power when operating near the surface, caused by the rotor downwash field
being altered from its free air state by the presence of the surface

3.8.3

hover in ground effect

hover at the low altitude (less than rotor diameter) where the downwash of air from the main rotor
(3.2.1) is able to react with a hard surface (the ground) under the helicopter (3.1.2) and give a useful
reaction to the helicopter in the form of more lift force available with less engine power required

3.8.4
hover out of ground effect
condition opposite to the in-ground effect (IGE), where there are no hard surfaces under the-heli¢opter
(3.1.2) for thp downwash to react against

3.8.5
parasite poywer
portion of the power required to move the rest of the airframe through the air

Note 1 to entrjy: It is the power required to overcome parasite drag.

3.8.6
rotor induced power
portion of the power required to produce lift

Note 1 to entry: Induced power is the force required to move a mass ef@ir through the disk at the induced vdlocity.

3.8.7
rotor profil¢ power
power requifed just to turn the rotors

Note 1 to entrjy: It is the power required to overcome(the rotor aerodynamic drag force.

3.8.8
rotor power required
sum of parasjite power (3.8.5), rotor indutced power (3.8.6), rotor profile power (3.8.7) and miscellaheous
power consujmers like the tail rotor (3/22.2), hydraulic pumps, gearbox losses, generators, etc.

3.89
rotor power available
P
power produced by engine(s)

3.8.10
vertical rat¢ of'climb
climb speed pt-vertical (the aircraft’s velocity normal to the ground) with zero speed at horizon

3.8.11
best rate of climb
clime speed at which a helicopter (3.1.2) obtains the greatest gain in altitude over a given period of time

3.8.12

maximum slung weight

maximum weight of external cargo that can be carried on suspended from the helicopter (3.1.2) by
means of an external cargo hook or hooks
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3.8.13

gliding in autorotation

autorotation

flight idle glide

FIG

condition of flight during which the main rotor (3.2.1) is driven only by aerodynamic forces with no
power from the engine

3.8.14
autorotation glide slope angle
Ya
angledetermined-by-theverteatspeedand-horizontalspeedunderantoretationr{—3
-1 Vvertical
Yg =tan T ———

Vhorizontal

3.9 [Flight quality (according to ADS-33-PRF)

39.1
missijon-task-elements
MTE
selectlion of precisely defined flight test manoeuvres (operatiofial missions), which provide a basis for
an ovgrall assessment of the rotorcraft’s (3.1.1) ability to perfofm certain critical tasks, anfl resultin an
assigned level of handling quality (HQ)

3.9.2
operational flight envelopes
OFE
bounglaries within which the rotorcraft (3.1.1) must be capable of operating in order to agcomplish the
operdtional missions (MTE)

Note ] to entry: These envelopes shall bé\defined in terms of combinations of airspeed, altitude, load factor,
rate-of-climb, side-velocity, and any other'parameters specified by the system specification, ad necessary to
acconiplish the operational missions.

3.9.3
service flight envelopes
SFE
parameters used to definpe the OFFEs (3.9.2), plus any additional parameters deemed necesgary to define
the appropriate limits where the inner boundaries of the SFEs are defined as coincident with the
outer|boundaries_of the OFEs, and the outer boundaries of the SFEs are defined by one of more of the
following: uneommanded rotorcraft (3.1.1) motions, or structural, engine/power-train, or fotor system
limitg

Note 1 toentry: The service flight envelopes shall be derived from rotorcraft limits as distinguished from mission
requirentents:

394

rotor RPM governing

criterion of helicopter (3.1.2) handling qualities requirements used to demonstrate that the rotor RPM
(3.6.7) remain within the limits set by the service flight envelopes (3.9.3) during the execution of all
mission-task-elements (3.9.1) conducted within the operational flight envelopes (3.9.2)

3.9.5

interaxis coupling

criterion of helicopter (3.1.2) handling qualities requirements used to demonstrate that control inputs
to achieve a response in one axis doesn’t result in objectionable responses in one or more of the other
axes
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3.9.6

position hold

criterion of helicopter (3.1.2) handling qualities requirements used to demonstrate that the rotorcraft
(3.1.1) can automatically hold its position with respect to a ground fixed or shipboard hover (3.1.11)
reference

3.9.7

torque response
criterion of helicopter (3.1.2) handling qualities requirements used to demonstrate that the torque, or
any other parameter displayed to the pilot as a measure of the maximum allowable power that can be
commanded without exceeding engine or transmission limits, has dynamic response characteristics
that fall withinthe-speeified-Hmits

3.9.8
rotor start/stop
criterion of felicopter (3.1.2) handling qualities requirements used to demonstrate thavit is possible,
while on the|ground, to start and stop the rotor blades (3.2.5) in mean winds up to at'least 45 [knots
from the most critical direction

3.9.9
requiremenits for externally slung loads: load release
criterion of helicopter (3.1.2) handling qualities requirements used to demonstrate that the rotorcraft
(3.1.1) is capable of safely jettisoning external loads from any condition within the external|loads
service flightlenvelopes (3.9.3)

3.9.10
requirements for externally slung loads: failure of external load system
criterion of helicopter (3.1.2) handling qualities requirements used to demonstrate that any pingle
failure of a quspension system element (including attachment fittings, slings, pendants, apex fitltings,
and cargo hooks) doesn’t result in loss of control of the Fotorcraft (3.1.1) or cause substantial damgpge to
the airframe

3.9.11
hover
component of mission-task-elements (3.94)used to demonstrate the ability to transition from transjating
flight to a sthbilized position over gréund with precision and a reasonable amount of aggressivieness
and to maintain precise position, heading, and altitude in the presence of a moderate wind from the
most critical|direction in the GVE;and with calm winds allowed in the DVE

3.9.12

landing
component of mission-task-elements (3.9.1) used to demonstrate the ability to precisely contrpl the
rotorcraft (3]1.1) position during the final descent to a precision touch-down point

3.9.13
slope landing
component of mission-task-elements (3.9.1) used to demonstrate the adequacy of any stability and
control augmentation system changes that respond to partial or full landings and the ability to precisely
coordinate control of the heave axis and lateral axis in contact with the ground

3.9.14

hovering turn

component of mission-task-elements (3.9.1) performed at hovering altitude in which the nose of the
heliciopter (3.1.2) is rotated either left or right while maintaining position over a reference point on the
surface in order to check:

— for undesirable handling qualities in a moderately aggressive turning;
— ability to recover from a moderate rate hovering turn with reasonable precision;

— for undesirable interaxis coupling (3.9.5)
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