Part 2. Taxiways, Aprons and Holding Bays
Chapter 4. Segregation of Traffic on the Movement Area
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Figure 4-1. Examples of airside service roads
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disadvantages of fixed servicing installations are high
initial costs and limited flexibility for different aircraft
types. However, if in the planning stage careful consider-
ation is given to the location and number of these facilities,
the required flexibility can be achieved. In addition, the
different power supply requirements of present-day aircraft
complicate the provision of static power supplies; however,
the trend in aircraft design is towards greater standardiz-
ation of electrical requirements. See the Airport
Planning Manual (Doc 9184), Part 1 — Master
Planning, for planning considerations regarding fixed
servicing installations.

Markings

4.3.6 Paint markings should be used to facilitate the
segregation of traffic on aprons. Markings can be used to
provide guidance to pilots in manoeuvring their aircraft
safely and expeditiously on aprons. Other markings are
used to designate safety limits for placement of equipment
on aprons, e.g. wing tip clearance lines and other markings
used to delineate access routes for ground vehicles, passen-
gers or personnel across the apron. There should be a
colour change between lines to distinguish one from
another.
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Appendix 1
FILLET DESIGN

1. TERMINOLOGY AND SYMBOLS

1.1  General

A description of the terms and symbols used in this
appendix is given below. Throughout this appendix it is
assumed that the aircraft is taxiing on a horizontal
pavement.

1.2 Terms related to the aircraft
(see Figure Al-1)

Centre line through main undercarriage. Line from the
turning centre perpendicular to the aircraft longitudinal
axis.

Datum length (d). Distance between aircraft datum point
and centre line through undercarriage.

Datum point of aircraft (S). Point on longitudinal axis of
aircraft which follows the guideline on the ground. The
datum point is located vertically beneath the cockpit of
the aircraft.

Main undercarriage centre (U). Point of intersection of
longitudinal aircraft axis and centre line through main
undercarriage.

Nose wheel steering angle. Angle formed by the longi-
tudinal axis of aircraft and the direction of the nose
wheel.

Steering angle (). Angle formed by the tangent to the
guideline and the longitudinal axis of aircraft.

Track of the main undercarriage (T). Distance between the
outer main wheels of aircraft including the width of the

wheels.

Turning centre (P). Centre of turn of aircraft at any time.

1.3 Terms related to taxiway and fillet design
(see Figure A1-2)

Deviation of main undercarriage (A). Distance between
main undercarriage centre (U) and the guideline
measured at right angles to the latter.

Guideline. Line applied to the pavement by means of
markings and/or lights which the aircraft datum point
must follow while taxiing.

Guideline centre (O). Centre of curvature of guideline at
point S.
1.4 Glossary of symbols
The following symbols are used when describing the path
of the main undercarriage centre and the design of the

fillets (see Figures Al-1 and A1-2).

d

aircraft datum length

M = minimum clearance distance between outer
wheels of main undercarriage leg and edge of

pavement
O = centre of curvature of guideline at point S
P = turning centre
r = radius of fillet arc
R = radius of curvature of guideline at point S
S = datum point of aircraft
T = track of the main undercarriage
U = main undercarriage centre
o = angle between the radial line OU and the tangent

to the path of the main undercarriage centre at U

B = steering angle

APP I-1
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A. Terms — Aircraft with two main undercarriage legs
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B. Terms — Aircraft with four main undercarriage legs
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Figure A1-1. Terms and symbols related to aircraft

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/ICAO/912716465/ICAO-9157-2?src=spdf

Part 2. Taxiways, Aprons and Holding Bays
Appendix 1. Fillet Design APP -3

Taxiway centre line
(Guideline)

»

Datum line

X <€ O Guideline centre

X
®p Turning centre

A— Symbols

Taxiway centre line marking —
(see Annex 14, Chapter 3)

Taxiway 2
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P > <O Guideline centre
*p Turning centre

Minimum wheel clearance

Taxiway width

Note.— Figure shows:

a) the location of the taxiway centre line;
b) two fillets, each comprising an arc of a circle and two tangents;
¢) the aeroplane cockpit follows the taxiway centre line.

B - Terms

Figure A1-2. Terms and symbols related to taxiway and fillet design
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A = main undercarriage deviation

pand & = polar coordinates of a point [(S) or (U),
as applicable]

2. DETERMINATION OF THE PATH
FOLLOWED BY THE MAIN UNDERCARRIAGE
OF A TAXIING AIRCRAFT

2.1 Determination of the path by calculation

General

2.1.1 In general, the junction or intersection of taxi-
ways with runways, aprons and other taxiways is achieved
by means of an arc of a circle (Figure A1-2B). The calcu-
lations below are therefore restricted to the solutions based
on this assumption. Nevertheless, the following calculation
is more general than the one strictly necessary for the study
of fillets. It also applies to movement of an aircraft leaving
its parking position on an apron or manoeuvring on a
holding bay.

Datum point (S) follows an arc of a circle
Locus of main undercarriage centre (U)

2.1.2 Because of the simplifying assumption above,
the datum point of the aircraft (S) follows an arc of a circle
with centre O and radius R during the turn. In order to
describe the movement of a taxiing aircraft, it is necessary
to have a reference coordinate system. Let OX be the datum
line, p and 6y be the polar coordinates of U (see
Figure A1-3). During movement, the straight line US
remains a tangent to the path of the point U at U. This
condition produces the differential equation for the locus
of U:

p(déy)
tanol = 1
@) o
p can be expressed as a function of d, R and o as
follows:
p=dxcos ot J (@xcosa—d+R) ()

Note.— The sign must be positive (+) if o > /2
and negative (-) if oL < /2.

Separating the variables enables the differential
equation (1) to be rewritten as follows:

R>d

N

< d/ \\~ Path of the main
\ undercarriage
a \ centre (U)
Deviat R
eviation / \

(Negative)
A

/ NP \
/ !
L ]( \
Datum line \\\O

A- General case. R = d

X <€ Datum ling

B - Particular case. R = d

Figure A1-3. Study of the path of the main undercarriage
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d X tano X sinQ
J IR + d* x (cos’o—1)]

de; = x (do) 3)

Integrating formula (3) produces a biunivocal
relationship between € and o under the initial given
conditions.

tano X sinQ
2

j%[[(%) +cos 0 — 1] )

X (da)

b,- 6 =

2.1.3 Special case: R = d. Integration is only easy in
the particular case when R = d (see Figure A1-3B). Indeed,
if R, the radius of curvature of the guideline, is equal to d,
then the datum length of the aircraft would be:

o .
tan X sin
Oy- 65 = fan QX sin & dar)
o, cos O

o
) a
= J. tan"o X (dat) = [tan oc—oc]a

(lo O

and by assuming the initial conditions 8, = O, o, = O
and p, = 2d

6, = tan a—-a (®)]

the angles being expressed in radians. The polar angle
of the datum point (S) is then:

O = tan o (6)
The corresponding steering angle is:
B=20-m/2 @)

and the deviation of the undercarriage can be calculated
by means of the formula:

A =d(2cos a—1) (8)

The curves for this particular case are plotted on
Figure A1-4. The use is explained in 2.2.

2.1.4 General case: R #d. If R is not equal to d, equa-
tion (4) can only be evaluated by solving an elliptical inte-
gral. Such an evaluation requires appreciable calculations
which cannot be justified for the purpose of fillet design.
The alternative method using an approximation described
in 2.1.2.4 avoids excessively laborious calculation and still
provides a fillet design of adequate accuracy.

2.1.5 Knowledge of the steering angle () at any point
of the path of the aircraft datum point (S) easily enables the
locus of the main undercarriage centre (U) to be found and
hence the path of the undercarriage during the turn to be
derived. Let now O be the guideline centre and R its radius.
Assuming that the steering angle () remains unchanged,
the instantaneous centre of rotation of the aircraft at a given
time is P and not O. Consequently, during the short taxi
run, the datum point would have departed from the guide-
line and covered an arc subtending a small angle equal to:

R inp x (a6y) ©)
d
where

d is the datum length of the aircraft;

R and 6 are the polar coordinates of the point S with
reference to the datum line OX.

As a first approximation it can be accepted that, when
the datum point (S) follows the guideline, the variation
in the steering angle is:

ap = (1 —’5 sinB) x (d6y) (10)

This condition produces the following biunivocal
relationship between 6 and B under the given initial
conditions:

B d
6,6, Iﬁom x (dB) an

2.1.6 Integration of this equation prompts the
assumption that R/d = X and consideration of the one case
when R > d, K = «/ (X*> - 1). Solving the equation with
respect to B/2 and applying the initial conditions 6, = O,
B,= O, it can be found that:

] 1+(K—X)tan§
6 = = log

% 12)

1-(K+X) tang
which, expressed in terms of parameters R and d, gives:

d
6 = ———
Y LR

d+ [ (R -d —R]tan%

x log (13)

d - [f(Rz—d2)+R]tang

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/ICAO/912716465/ICAO-9157-2?src=spdf

APP 1-6 Aerodrome Design Manual

(d) abue Buussig

90°
80°
70°
60°
50°
40°
30°
20°
10°
o

800°

750°

Steering angle
Deviation
700°

650°

600°

550°

500°

450°

350°

400°
Polar angle of aircraft datum point (S)

300°

N
NN
250°

/
N
200°

/
N\
150°

\ |/

100°

50°

" —
- —

S ® o N © 1’ T O N T O - oA 0 % 1 © I~
- O o © o o o o o © © o o o o o o
1 1 1 1 1 1 1

(p/¢) yibus| winye Jo Wed [ewioap € Se a1jusd abeleaIspun 8y} JO UOKEIASQ

-038
-09
-1.0

Figure A1-4. Steering angle and deviations of the
undercarriage when R = d
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in which 6 is expressed in radians and natural loga- A
rithms are used. This allows tan /2 to be obtained as a = g +B; and
function of 65. Using the above notations it can be Uso
found: (R+ x)z =
2, 2 n (15)
tan gz R’ +d" ~2dRx cos (5+P)
The solutions of this equation produce the following devi-
| KO ation values:
%o %o (14)

X-K-XXe —KXe

assuming that R > d.

Deviation of main undercarriage centre (\)

2.1.7 On an apron, depending on the initial
conditions, the deviation of U can be inside or outside the
guideline followed by S (see Figure A1-5). On a runway or
a taxiway when the aircraft datum point (S) enters the turn,
the initial deviation of the main undercarriage centre is
outside the arc of circle and during the turn it gradually
tracks in. At any time therefore (see Figure A1-3):

inside the arc
A= (R+d -2dR sinp)-R; and

outside the arc
A= (R+d +2dR sinP)-R; or

if the deviation value is expressed as a percentage of
the aircraft datum length:

2 =/ (1+X +2XsinB)-X (16)
where the positive sign must be used in case of
deviation outside the arc of circle and the negative
sign in case of deviation inside the arc of circle.

Steering
angle (5)

Deviation
(Negative)

——

C.I. Datum line O

Deviation
(Negative)

A. Initial deviation inside
the guideline

Polar angle of
datum point

Deviation
(Positive)

w

Datum line

Deviation
(Negative)

Steering
angle (5)

B. Initial deviation outside
the guideline

Figure A1-5. Deviation of main undercarriage centre when
the datum point follows an arc of circle
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Datum point (S) follows a straight line
Locus of main undercarriage centre (U)

2.1.8 Having completed the curve, the datum point
(S) follows a straight path along the taxiway centre line.
The steering angle is progressively reduced and the main
undercarriage centre describes a tractrix (see Figure A1-6).
As a result,

§

log tan 5 = log tan

a7

enables the steering angle to be calculated when the datum
point (S) has travelled through a distance F along the
straight taxiway centre line.

Deviation of main undercarriage centre (1)

2.1.9 When the datum point (S) has covered the
distance F along a straight segment of the guideline (see
Figure A1-6) the steering angle () has assumed the value
calculated in 2.1.3.1 and the deviation of the main under-
carriage centre (U) is given by:

- =sin B (18)

Results of the above calculations

2.1.10 The calculations described above can be used
to find the locus of the main undercarriage centre of an
aircraft during a turn. Moreover, they permit plotting of
graphs similar to those shown in Figures Al-7, Al-9,
Al-11, Al-14, A1-15, A1-16 and Al-17. The use of these
graphs as an aid for fillet design is described in 3.

2.2 Determination of the path with
the aid of graphs
General
2.2.1 This method' involves determining several
successive positions of the aircraft using the following
parameters:

B = steering angle; and

A = deviation of main undercarriage

1. The graphs on Figures Al-7, A1-9 and Table Al-1 were
prepared by Australia. The graphs can also be used for an
aircraft manoeuvring on a holding bay or leaving an aircraft
stand.

Guideline

!

Initial
deviation

(Amax)

Deviation read
from graph (1)

Main undercarriage centre
U %
4

\4

S
* ¥~ Datum point

tl

<«— F = Distance travelled by datum point ———»

Figure A1-6. Deviation of the main undercarriage centre when
the datum point follows a straight line
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