5T 85030

FORCE AND MOMENT COMPONENTS FOR TAKE-OFF AND LANDING
CALCULATIONS

1. NOTATION AND UNITS

The Notation is based on the terms and symbols for flight dynamics presented in Refémmd®with
modifications and additions to take account of ground and other forces. For an introduction to this notation
and its associated axis systems and sign conventions, see Item No. 78038 (Réjeffenrca detailed

review of the thinking behind the notation, see Referé&dhe units quoted are coherent sets and this
avoids the necessity for introducing numerical constants into algebraic equations. Conversion factors are
given in the Conversion Factors Item in Volume 1 of the Sub-series.
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a

7 A axial force(= —XA)" N Ibf

§ buoyancy force (aerostatic force) N Ibf

c

S Ca axial (aerodynamic) force coefficient,

3 Al(pV2SI2)(= -CL)”

©

g7 Cp drag coefficientD/(pV2S/2)(= —-C{ )"

5 N B

= C, lift coefficient, L/(pV2S/2)(= —-C%)

3 a

E Cn normal (aerodynamic)*force coefficient,

. N/(pV?S/2)(= -C%)

&

EJ CQ; C@i CZA body-axes airframe aerodynamic forceffients,

2 XAI(pV2S/2): YAI(pV2S/2) ; ZAI(pV2SI2)

% CQ : C¢ : CZA air-path axes airframe aerodynamic force coefficients,

= A . VA . 7A

s a X2 (pV2S/2); YAI(pV?SI2); Z2 (pV2SI2)

S D drag(= -X2)" N Ibf

o)

g Du intake momentum dra@am drag) N Ibf
Fo engine gross thrust Ibf
Gg tangential force on tyre due to braking alone Ibf
Ge fluid drag force on tyre Ibf
Ggr rolling resistance of tyre and wheel Ibf
GR " rolling resistance of tyre and wheel yawed at angle N Ibf

' thyre to direction of forward motion
Gsrid tangential force on tyre in non-rotating or “locked” N Ibf
condition
For footnotes refer to end of Notation
Documents

Document Sharing Hub


http://www.avadocuments.com/doc/esdu-85030-1985
http://www.avadocuments.com/doc/esdu-85030-1985

ESDU Copyright material. For current status contact ESDU.

85030

v

HZ

Ly 1,

Xy’ 'yz? sz

303y d,

yi

RZ

RA

For footnotes refer to end of Notation
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force perpendicular to plane of rotation of wheel yawedN

at anglqutyre

resultant angular momentum

moments of inertia with respectxeaxis; y-axis;z-axis

products of inertia with respect xe and y-axesj- and

Zz-axes;z- and x-axes

components of angular momentum of rotating parts of kg m?/s

aircraft or egines abouk-axis;y-axis;z-axis

rolling moment

lift, (= -z2)"

propeller or rotor aerodynamic moment abmHt

elements of direction cosine matrices in Table 6.2
resultant moment

pitching moment

axis

propeller or rotor “out-of-plane” aerodynamic moment N m

aboutyp axis

resultant aerodynamic moment normal to plane of

propeller or rotor disd ( M[')D)2 + (NE)Z] 2

elements of direction cosine matrices in Table 6.2

yawing moment

normal force(= -zZA)"

propeller or rotor “out-of-plane” aerodynamic moment N m

aboutzp axis

resultant aerodynamic force in plane of propeller or rotoiN

disc, [(YD)2 + (Z])?1*

elements of direction cosine matrices in Table 6.2

angular velocity components about&xis (rate of roll);

Oy-axis (rate of pitch); Baxis (rate of yaw)

brake torque

resultant external force, excluding gravity

resultant external force

resultant airframe aerodynamic force

Ibf
kdtm  slug fe/s
kg n? slug f&
kg m? slug f&
slug fé/s
N m Ibf ft
N Ibf
N m Ibf ft
N m Ibf ft
Nm Ibf ft
Ibf ft
N m Ibf ft
N m Ibf ft
N m Ibf ft
N Ibf
Ibf ft
Ibf
rad/s rad/s
N m Ibf ft
N Ibf
N Ibf
N Ibf
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RP

U Vi W
Ug 5 Vi, 5 Wi

uKo; VKo; WKo
Upys Vs Wy

qu; VWg; WWg
Uy, 5 Vi, 5 Wy,
uWo; VWo; WWo
Uy Vo Wy

\%
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Vi

Vi

X:Y; Z
XA; YA, ZA

A-vA. 7A
XA; YA; Z2

P.yP. 7P
Xp,Yp,Zp

For footnotes refer to end of Notation
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external force due to gravity N Ibf
resultant propeller or rotor aerodynamic force N Ibf
reference wing area m? ft2
propeller or rotor thrusf= XE) N Ibf
components oY in x-direction;y-direction;z-direction m/s ft/s
components oY in xa-direction;ya -direction; m/s ft/s
z,-direction(= V, 0, 0)
components o‘li/K i-direction;y-direction; m/s ft/s
z-direction
compongnts o1i/K im(r -directiory,r -direction; m/s ft/s
z, -direction
components oV, ix, -directiory,, -direction; m/s ft/s
z, -direction
components oVW i-direction;y-direction; m/s ft/s
z-direction
components oVW irxg -diection;yg -direction; m/s ft/s
Z, -direction
components o¥,,, ix_ -directiory, -direction; m/s ft/s
z, -direction
components o¥,,, ix, -directiony, -direction; m/s ft/s
z, -direction
components oY in X -direction;yO -direction; m/s ft/s
z, -direction
air-path velocity (true airspeed or resultant velocity withm/s ft/s
respect to air)
flight path velocity (resultant velocity with respectto  m/s ft/s
Earth)
wind velocity (relative to Earth) m/s ft/s
components oR in x-direction;y-direction;z-direction N |bf
components oRA in-girection;y-direction;z-direction N |bf
components oRA ix, -directiory,, -direction; N Ibf
Z_ -direction
a
components of resultagR”)  propeller or rotacin N Ibf
X, -direction;y_ -direction;z. -direction
P _ p
(noteXp =T
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X;Yy; Z

Xa; ya’ Za
Xab;yab;zab
Xg1 Ygr %g
X Yo %
Xp1 Ypr %p
XY %

X0+ Yor 4o

B

4

Ztyre

n

For footnotes refer to end of Notation
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body-axes co-ordinates xdirection;y-direction; N Ibf
z-direction
air-path axes co-ordinatesfxg -directigg; -direction;m ft
z, -direction
aerodynamic-body-axis co-ordinates m ft
local normal Earth-axis co-ordinates m ft
flight-path axis co-ordinates m ft
propeller or rotor axis co-ordinates m ft
runway axis co-ordinates m ft
aircraft-carried Earthas co-ordinates (“North, East m ft
and Down” system)
angle of downslip; angle betweery-plane and/ deg deg
(sinag = w/V)
angle of attack; angle betweer-axis and projection deg deg
of Von tozxplane (tana, = w/u ;a, has same sign
asw)
angle of sideslip; angle betweemx-plane and/ deg deg
(sinBg = V/V)
flank angle of attack; angle betweer-axis and deg deg
projection ofV on toxy-plane tanB, = v/u ;B; has
same sign as V)
angle of climb (flight-path inclination angle), deg deg
i = (= V = (— V
siny ( WKO)/ K ( ng)/ K
air-path angle of climb (air-path inclination angle), deg deg
siny, = (-wg)/V = (—Wg)/V
denotes an incremental value of affixed parameter
tyre deflection normal to runway dace m ft
control deflection (subscript denotes particular control) deg deg
“splay” angle between exhaust gross thrust vector and deg deg
aircraft plane of symmetry ¥Q Qz); positive when
component o alongyds negativei(e. whenF
acts to port)
yaw-control deflection angle deg deg
tyre steering angle (angle between plane of rotation andeg deg
0x body axis)
pitch-control deflection angle deg deg
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inclination anglé (elevation) deg deg
propeller or rotor axis system inclination angle deg deg
angle between runway centre line and horizontal deg deg
(positive uphill)
roll-control deflection angle deg deg
density of air kg/m slug/ft
angle between projection of exhaust gross-thrust vectodeg deg
on to aircraft plane of symmetryx00z) and & body
axis; positive when component Bf;  alormi®
negative ke. whenF 5 contributes to lift)
bank anglé deg deg
final rotation” required to bring propeller or rotor axis deg deg
Ozp parallel with aircraft body axisz0
angle between line drawn in plane of runway, normal todeg deg
centre line, and horizontal (ta&h,  is runway transverse
slope or cross-fall)
flight-path azimuth angle (angle of track), deg deg
tany = Vg /uK relative to North, or
tany = vKoluK0 relative to runway centre line
[¢] [¢]
wind azimuth angletanx,,, = Vv, /Uy, ; North deg deg
corresponds t,, = 0 ang,, _différs by 180° from
wind direction used in meteorology)
azimuth angl%(i.e.aircraft heding: ¥ = 0 istaken deg deg
in the North directionx, , for general trajectory
calculations but the projectiomg , of the runway centre
line onto the horizontal plane is more usual for
field-performance calculations)
propeller or rotor axis system azimuth angle (angle deg deg
between Ti.e. 0x_ axis, and projection of Ox body axis
on the plane(p Yp )
azimuth angle in plane of propeller or rotor disc deg deg
(qu = 0 chosen to suit particular case but most
conveniently taken alongp ar, axis)
tyre yaw angle (between plane of rotation and directiondeg deg
of forward motion)
resultant angular velocity rad/s rad/s
wheel angular velocity rad/s rad/s
Documents
5 Document Sharing Hub

Licensee=/, User=,
Not for Resale,


http://www.avadocuments.com/doc/esdu-85030-1985
http://www.avadocuments.com/doc/esdu-85030-1985

85030

Superscripts

A denotes (airframe) aerodynamic force or moment
F denotes engine-thrust related force or moment
P denotes propeller thrust related force or moment
tyre denotes tyre force or moment
W denotes water-reaction force or moment
Subscripts
a denotes use of air-path axes
5 control denotes value for individual control surface
g g denotes use of local normal Earth axes
g in denotes value relative to inertial frame of reference
§ intake denotes value at location of intake
g jet denotes value for exhaust jet
% k denotes use of flight-path axes
% nozzle denotes value at location of nozzle exit
.E p denotes use of propeller or rotor axes
.‘_é prop denotes value at location of propeller or rotor
(O]
g r denotes use of runway axes
% tyre denotes value at location of individual tyre
§ w denotes wind
; 0 denotes use of North East and Down normal Earth axes
2
* The negative signs are a result of the sign convention used whereby two of the compdR&ntX f A and in bb';:ly axes;

*k

andZ, in air-path axes) usually take negative values whereas it is usual to think of aerodynamic lift and drag and noiaial and a:
forces as positive quantities.

This Item follows conventional practice and uses the incidence amgles B and (consistency of definition would require the u
of eithera, B, ora, B; ). Anglest, and, are approximately equal when they are small (s ite  , ), see Rederence
Part 2 of Reference.

Transition from the aircraft-carried normal Earth-axis systémy (Y, ,Z, , or local normal Earth axis s¥s enyg( Zgr ) to
the body-axis system X0y, 2) is effected by the rotation through the anglés® ,® ,  inthat order. These angles therefore define
the orientation of the body axes with respect to the aircraft-carried normal Earth axes and are called the attitude &wejtas. See
encel for further information and diagrammatic representation.

Transition from the propeller or rotor axis systemx,( YorZp ) to the body-axis systeynZj0s effected by the rotation through
the angleslip E)p (O] in that order. (Tafle3 suggests a simpler treatment for cases where no “in-plane” propeller or rotor
forces are involved.)
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2. INTRODUCTION

This Item gathers together notation for axes, linear and angular displacements, aerodynamic, powerplant
and ground-related forces and moments for use in take-off and landing calculations. The Item is a companion
to Item No. 85029 (Rlerence 10) and pwides a comprehensive basis for constructing equations of motion

for a wide range of airaft and manoeuvres.

Some of the information has wider application than airfield performance and in this respect may be regarded
as complementary to Item No. 78038 (Reference 6). For an example of the application of the notation in
such a context, see Item No. 79018 (Reference 7).

3. AXIS SYSTEMS AND SIGN CONVENTIONS
3.1 Axis Systems

Axis systemsre Isted in Tables.1 They are of the right-handed, orthogonal Cartesian type. The origin is
denoted “0” and the axes designateg, . Axes having an origin which moves with the &aft (usually

the aircraft centre of gravity, although an exception is the progsetis system) are called aiedt-carried

axes. The usual alternative to this is some form of “Earth-fixed” axis system. A particular choice of origin
and axes is indicated by a lower-case subscript (except for body axes). Alphabetical trios are used to denott
components of linear displacement and velocity, force, angular velocity and moment. For a system of body
axes these components are akofos.

Quantity Components  Resultant
Force XYZ R
Moment LMN
Linear displacement Xy z
Linear velocity uvw \%
Angular velocity pqr Q

3.2 Sign Conventions

Linear displacements are positive in the directions of the axes and angular displacements are positive in
the clockwise direction when looking along the appropriate axis in the positive sense. Velocities,
accelerations, forces, angular velocities, angular accelerations and maneectsregondingly positive

in these senses.

ESDU Copyright material. For current status contact ESDU.

3.2.1 Control forces and moments from aerodynamic, powerplant and tyre sources

The term “control” is used here to denote all forces and moments derived from the angular displacement
of surfaces and nozzles and the steering angles of tyres from some datum conditions. Two sign conventions
denoted (i) and (ii), are defined — see below. In those cases where the use of such a convention is necessal
the relationships quoted in the tables of this Item are based on convention (i) and a footnotdfexthis

is included in the appropriate table.
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3.3

4.1

4.2

4.3

Convention (i): “Controls” (including nozzles and steerable wheels) are taken to have positive deflections,
relative to their respective datums, when the associated moments are negative (or are intended to be so
Examples of positive angular displacements (of controls) using this sign convention are:

® rear-maunted rudder deflected fuort,
(i) nose-wheel steering angle port.

Convention (ii): When the “hinge line” of a control is parallel to one of the axes of a body system, a positive
deflection corresponds to a clockwise rotation when looking in the positive direction of that axis. (If not
parallel to a body axis, the hinge line should be imagined to be rotated and aligned with the most relevant
body axis and a positive deflection of the control in this condition remains positive with the hinge line in
its proper place.) Examples of positive angular displacements (of controls) using this sign comvention

® rear-maunted rudder deflected fuort,
(i) nose-wheel steering angle starboard.

Axes Conversions

Accompanying any particular force (or group of forces) there is at least one axis system from among those
in Table6.1 relative to which Cartesian components are most conveniently (or customarily) expressed.
Consequently, in any detailed calculation where aerodynamic, powerplant and tyre forces have to be
considered, and especially if winds and/or runway slopes are involved, it is necessary to convert components
between different axis systems. Table pr@8sents the axes conversion formulae needed to permit forces
and moments defined in terms of one axis system to be expressed as components relative to a second syste
The conversions are limited to those pairs of systems wheraghesaelating them are familiar ones —

with obvious physical significance. Consequently, for some pairs of systems it is necessary to use more
than one set of conversion formulae.

POWERPLANT, AERODYNAMIC AND TYRE FORCE AND MOMENT COMPONENTS
Powerplant Forces and Moments

Figuresl and2 show two powerplant configurations and associated axes, lines of action of the principal
forces and moment arms. Talfle8 presents force components relative to air-path and body axes while
Table 6.4 presents moment components relative to body axes.

Aerodynamic Forces and Moments

Table6.5 gives air-path axes components of airframe and control aerodynamic forces and moments. Table
6.6 gives components in body axes. Both tables include comments on customary usage of the various
components.

Tyre Forces and Moments

Figure 3 shows axes, lines of action of forces and associated moment arms for a tyre rolling on a
non-horizontal surface. The tyre is yawed at an angle, to the direction of motjon [{ght*dath

axis) and is steered at an an@@re to tkiebody axis. Tableés.7 gives the components of forces in
flight-path axes —th@y, ar@, = axes being taken in, and normal to, the runfeme sespectively (see
Table6.1). Table6.8 gives the components of moments about body axes.
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