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Abstrack

Socn, the Hungarian Army should
change its park of military air-
craft used till today. The in-
frastructure conditions do not
allow the operation of all types
of fighters. Lack of financial
funds does not give opportunity
for the quick development of air-
fields in future. This is the re-
ason, why motion of the aircraft
on the runway should be investi-
gated.

The author of the lecture has de-
veloped a method for analyzing
the characteristics of lateral
motion and stability of aircraft
on the runway during takeoff and
landing for evaluation purposes.
With the application of this met-
hod the investigated aircraft can
be graded on the basis of the ef-
fects of bad runway surface con-
ditions, rolling friction of whe-
els, cross winds, etc.

Forces and moments during
takeoff and landing

Straight movement of aircraft on
three wheels can be described
with the system of equationswyell
-know from flight mechanics,

Let us suppose:during takeoff and
landing, as a result of lateral
disturbance the aircraft turns to
the left which causes a slip ang-
le of (-30. For this reason, for-
ces and moments appear on the
aircraft(gy the horizontal plane,
CFig.1.> Forces can be divi-
ded into two groups:

-sideways, aercdynamics F and
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-sideways, frictional Fzg forces.
V¥

Figure 1.

Until the sideways aerodynamics
F force is smaller,than the side-
wiays frictional F force,the air-
craft does not inffect its path,
the forces neutralize each other.

Appearance of the angle of vyaw
C¥ , leads to sideways forces on
the wheels,which affect perpendi-
cular to the plane of rotation of
the wheels, ‘CFig.2.).

Dist-rhin ot
fyre equatc-

Figure 2.



C” the coefficient of side for-
cef for rolling wheel which is
sliding, originates from the re-
lation of the side forces F and
perpendicular forces F Thefe is

N
a dete"mlnate connectlon between

C_. and B, ’CFig.3.).
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Figure 3.

One of
tics 1n the control of
in its path is side <slip stiff-
ness (C_ D0, which can be determi-
ned frog the gradient of the cur-
ve.

the important characteris-
aircraft

The motion of the aircraft on the
runway is the result of the ef-
fect of friction force between
the wheel tyre and surface. Fig.2
shows such a wheel, which initi-
ally has its track parallel with
the centerline of the runway.
¥rhen a supposed ~F_ force acts on
the rolling wheel”™ then in the
plane of connection appears an F
force -which in equal is size an
opposite in direction—- which pre-
vents the airplane rolling off
the runway.

If the wheel rolls in the v_ di-
rection with an angle of(-3)"com-
pared to the +tyre equator, then
the points of the tyre - crossing
the connection zone - became com-—
pressed transversally. This defor-
mation results in the appearance
of the readjusting forces which
means the resultant of the szor—
ces.

But the readjusting Fz force has

a limit value which it can take.
This value depends on the local

friction and dlStPlbuthh of per ~
(5Y{9
pendicular load,

= pMy (mg - Fy - F &2

Z. 8. MAX,
where: u - coefficient of fric-
*  tion direction z.

The side force of the wheel is
proportional to the locad of the

whe?%B The sum of the side forces
is, : A
F = (C F + F C
= Cz§g - F Mg o ”Sfc% ﬁf
Yy P zk

Use of the ewplrlcal formula by
BLANDQV gives, nrE

F =1,6u F 51nC——EDSLnC———§-D,
zk z

23 SF
No
in a simpler formula to determi -
ne Fz
npg
aﬂkr

1 +a4_v+aavz)

F = sin
zk Juz

where: K= K

In the case of big slip angles,
friction seems not to be enough
to compensate for the readjusting
force and this causes considerab-
le slipage ~first at the rearward
section of the contact surface,
where the transversal displace-
ment is the largest— then, as the
slip angle moves to the frontal
section of the contact surface as
well, ‘'’, Csee Fig.4.)>.

The most important operational
features, %g§t affect on the side
force are, :
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- perpendicular load F‘
- 8lip angle.

Fig.5.shows the relation between
the side force and slip angle,in
three case of perpendicular lo-
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Figure 5,

The situation means that side
force F is not in linear relation
with vafues F_ and {3, hence by the
reduction of ?adial load the side
slip stiffnes of wheel reduces as
well thus the linear relation betr
ween F /F and 3 is no longer va-
lid. Fér “his reason the airplane
is more difficult to steer in its
path with reduced radial load
than with normal load, especially
on a snowy and icy runway.

The pressure of balloon also has
influence on the side force F_,
since the larger pressure increa-
ses its stiffness both sideways
and vertically,thus acts opposite
to the growth of the sideway for-
ce, ¢ The increment of the bal-
loon pressure, the growth in the
sideway force is less then expec-—
ted. (For example on Fig.6. it is
seen, that increasing the tyre
pressure by 28% the 51dewa§ force
increases only by 10%,

Efficiency of the tyre’s influ-
ence in directional stability is
reduced on snowy and icy runways,

.Fig.7.shows the changes in
the coefficients of the sideway
forces as a function of the slip
angle: 1~ dry, 2- wet supporting
surface.
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The materials and the shape of
the tyre has a major influence)on
the side forces as well, ’
Fig.8. shows how the side forces
differ ln“gase of the tyre shape
A and B, .
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In the case of a sliding rolling
wheel, besides the side force Fz,
a so called M corner moment ap-
pears as well **which is also cal-
led readjusting moment,because it
acts against slipage,(see Fig.4.)

The attachment points of the ste-
erable wheels must take this mo-
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menl up. The cornering moment pla-—
ys & part in the origin of the
“simmi ' The M moment is in a
compllcated relatlonshlp with the
slip angle 3 and with the verti-
cal load F_.Their relationship is
shown in Fig.a., W
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Figure 9.

With a given F vertical load the
cornering moment increases as a
function slip angle till it takes

up its maximum value which is 6-8

in the case of normal operation.

By further increment of the slip
angle the cornering moment inten-—
sively decreases then by larger 3
angles it changes its sign.

Forces resulting from braking
of the wheel

The wheel's behavior during bra-
king is similar in several aspec-
ts to the behavior during sideway
slipping during rolling. In both
cases,the nature of the origin of
the force is determined by the
stiffness of the tyre and fricti-
on.

The angular velocity w of the
wheel rolling not under °braking
reduces to w  under braking. As
the braking mdment increases the

w - difference also increases.
For their comparisoq.ughe formul a
has

been introduced
W ~w

S = —2 2 Which is called

w .
° relative roll-over.

As a consequence of braking, be-
cause of the action-reaction bet-

ween the tyre and the runway sur -
face an F longitudinal force ap-
pears, which slows the plane down.

The F /F relationship is well
known ad tRe coefficient of fric-
tion between the tyre and runway
surface. A typical relationship
between F /F and S is shown in
Fig.lo.,wﬁerg S=0 represents free
rolling of the wheel and S=1 cor-
responds to the blocking of the
wheel .
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The sleepers of the curve at S=0
is determined by the longitudinal
stiffnes of the tyre which is
represented by C This stiffnes
determines the growth of the for-
ce at the beginning of the curve.

Experimental results have shown
that tyre with large longitudinal
stiffness the longltudlnal E for-

‘ce increases,

The above mentioned braking pro-
cedure is the result of the con-
nection between tyre stiffnes and
friction of which is the function
of several variables such as the
characteristics of the geometry
of the runway or the coig - mate-—
rial used in the tyre,

During the braking the velocity
of the movement and the amount of
dirt on the runway has _the most

. . &)
influence on friction,

In the works of Brewers we find
a simple linear relationship for
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the coefficient of

friction

for

the wheel under braking as a func-

tion of the sleeding speed

Cwhen

the whole surface is sliding D).

Mo o= C 1 + a v D
where v =°S v ; s
& -is a“coefficient deter-
mined 5by experimental methods.

The effect of the amount of

on the runway on the wheel
braking is shown in Fig.11.
F
1 dry Z2-wet,3-icy runway,

0k of 0 ® s

Figure 11.
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’F is given as a funptlons

dirt
under
wher e

of S,

The 2.curve Fig.11.is for wet run

ways with specific amount of

ter on it.The effect of the

wa—
thic-

kness of water Con the runwayd) on

the F /F relation as a function
of S {s Shown in Fig.12.for O.38,
1.00, 1.90 mm water layer thick-
ness.
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The structure of tyre

the longitudinal force

02

affects on
trough its

stiffness, this is why Fig.13. is
interesting, where the F /F is
shown as a function of S.% NCord
plies are placed: 1 radlalhy =2-

belted biased; 3-biased,
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Rolling of the wheel under
braking and slipping

Not long ago has a new modell ap-—
peared for the description of the
effect of simultaneous braking
and slipping on the wheel.Fig.14.
shows a footprint which origina-
tes as a result of the F and F

forces. When the externaf part o

which 1is "free of tension" gets
into the contact zone,it gets un-
der the effect of the frictional
force and stays at rest in rela-
tion to the ground.

Figure 14.

Depending on the movement on the
contact zone the given section
starts sliding both longitudinal -
ly and laterally because of the
sideway slipping. This creates the
tensions ¢ and ¢ and their sum
o .Their vilue depends on S, and
tBe stiffness of the tyre. Until
oL does not exceed the available
“u p" friction considerable "sli-



ding" does not occur, but

this limit it does.

above

The values of the lateral F and
longitudinal F forces can be“cal -
culated by thexintegration of the
respective values of ¢ tension
on the contact surface. The
used in Fig.14. l-region of adhe-
sion; Z2-region of sliding.

The values of F and F as a func—
tion of the relafive sfiding and
slipping angle can be found in
Brewer ‘s work. The final results

are:
F s F
— X = R
K= F S F
N R N
- F‘z _ & FR
H,= F "= F
N R N
_ ¢ s
- — s
where: S RS
C.t
3 - 3 g
M FNC1~SD
§R_c§2+f;2)0.5
u F S, S, < 0.5

o N R
R { 1 g

pF Cl- — > S >0.5
4Sn

Fig.1S.is based on experimental
work and shows the mutual relati-
onship of the lateral and longi-
tudinal forces.In the case of "o
relative longitudinal overturn
there is a sideways force and the
tyre which is proportional to the
angle /3.

Adding the braking moment,longi-
tudinal sliding takes place as
well ,because there is an overturn
to the gives direction. The sum-
ming of the longitudinal and la-

sign.

teral tensions gives o resultant
tension, which exceods the limi-
ting value of the available fric-
tion.

pes

max

075t
\

ar

025

't

0 025 0 075

v s

Figure 15.
For this reason, at the rearward
section of the contact zone, the
contact weakens. Because of the
resulting sliding, the deformation
of the lateral displacement les-—
sens,which is revealed in the re-
duction of the lateral force. The
further increase of the longitu-
dinal sliding under breaking cau-
ses a larger zone to take place
in the sliding, which results in
the reduction of the lateral for-
ce.

16. we can see ong of a
series of graphs, with 3=4"~ slip-
ping angle. If we draw further
graphs with different values of 3,
we get Fig.17. which gives a con-
siderably good relationship bet-
ween Fx, F;. ? and S.

On Fig.

The traction envelope of the
graphs in Fig.17.is shown in Fig.
18. ,which is sometimes called 1li-
miting relationship, ( curve 10.

This comprises all the theoreti-
cally possible relationships bet-
ween lateral and longitudinal for
ces for the steering of the air-
craft in its path.
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In practice this limiting connec-
tion reduces considerably due to
the fact that modern ABS systems
attain the maximum coefficient of
friction between the wheel and
the runway.

Although this value is more than
enough for the steering of the a-
ircraft under normal conditions.
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In Fig.19.1it is seen that the li-
miting contact of the wheel to
the runway suddenly decreases on
wet runway, which result in the
loss of control in the steering
of th%_air;raft in its path.
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Caonclusion

The lateral motion of aircraft is
influenced by the following para-
meters:
- coefficient of friction of the
surface of the runway;
- rolling resistance from defor-
mation of the ground in case
of the use of grass airfields;

- longitudinal and lateral gra-
dient of iced, snowed, short
runways, and highway;

- the strength and direction of
crosswinds;

- material of the tyre, form ply
pressure of balloon, distribu-
tion of load,braking system of
the wheel;

- directional
aircraft;

- geometrical construction of a-
ircraft;

- proportion of longitudinal sta-
bility and wing span;

- wing dihedral angle;

- angle of sweep back;

- interference of the wing,
and fuselage;

- area of tail;

- statically moment of the tail.

stability of the

tail

In literature & a relationship

is given by which the velocity of



lateral sliding can be calculated.

The possibility of the
turning over can be investigated
during take—-off and landing in
the case of the sudden braking of
one of the mainwheels, or during
the case of a serious damage to a
wheel or the case of one of the

airplane

wheels running onto softer ground.

Applied signs

m -mass of aircraft;

v -velocity of aircraft;

F —thrust;

ai -building angle of engine;

Fxc ~-drag;

F‘ﬁ -force of friction;

FNof single nose wheel load;

Ffosingle main wheel load;

F, ~lift;

L % —-angle of yaw;

Fz ~aerodynamics side force;

a ~distance between center of
mass and nosewheel ;

b -distance between center of
mass and mainwheel;

X, ~aerodinamical focus;

xsp -center of mass;

Cs -traction stiffnes;

Cﬁ ~-lateral stiffnes of tyre;

F -—longitudinal force of bal-
loon;

Fz -side force of balloon;

FN ~radial load of wheel;

F ~-resulting force;

M: -braking moment;

Mzk ~-corner moment;

. ~longitudinal slip velocity;

Ve -side slip velocity;

P -specific pressure in con-
tactl zone;

S ~-relative overturn;

¥ -conversion factor of over-
turn;

SR -resulting vector of over-
turn;

Q -slip angle;

It -conversion factor of slip
angle;

W, —angular velocity of wheel
without braking;

w -angular velocity of wheel

1371

under braking;

H —coefficient of friction;
o, ~longitudinal tension of
connection;
o -normal tension of connec-
Y tion;
o -resulting tension of con-
nection.
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