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A study on Aircraft Anti-skid Brake System based on Sliding Mode Control Theory

by

Yusuke KAWANO

ABSTRACT
The frictional force, which is caused from between tire and runway, occupies a great part of the braking force of

the aircraft at landing. The engine failure or the runway which is not improved or covered with snow at the landing

become invitations about the sharp fall of a coefficient of friction between tire and runway. Moreover, their factors

may cause big accidents, such as runway overrun.

In order to prevent big accidents on the runway, Anti-skid Braking

System (ABS) is carried with the aircraft. In the design of anti-skid system, it is quite important to model the

controlled systems and to consider the robustness because there are model uncertainties, which result from nonlinear

characteristics for adhesion of tire model and an electro-hydraulic pressure control valve of dynamic characteristic.

Therefore, it is effective to introduce the anti-skid control by the sliding mode control theory that has outstanding

robustness.

simulation.

This paper presents that the brake performance designed by sliding mode control theory via the computer
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Fig.1 Tire Brush Model

Fig. 1 IZHIBIRECBIR D IC K AT CO MLy KT
NWN—OEFRERT. EHMEENEELTEY, Z1

PIIFFEI D IZEEE L TS D ET 5.

HIENRFIC T B A v Tl s IR TER SN A.

>0 (1

B A Y OHEHE S 3 AT ISR NS —HE, S8 T N ek
TRIND LIET 5.
x' x'

p=ip,2[1-%) @)
BEHOT D B B A RIC SOV TRy L2 b D &, & F
MDELLRDZ ENBIRANENND.

F, :% p,lb 3)

S A VHEMEICIE, KR L\ VEBFEL, #1417
WZ L BHEINIIFIZAEL DO TREIND. #A4F
L RREF O BEREE, RATRIND.
asV,l &)
-1,

MEAEIRO=x=1) & TV (), =x =) TOEEEIL )T
rhth

Ho=Hy—

o, = Kxbix' (0=x'=1,) ©)

o, =pubpcosd (,=x'=D) (6)

TRDOIN, SHEICEH DM a2 R THD LT

DEHITHRoTND.
Adhension Sliding
0 Region : j 3]
P g N feg/o
A
MUp I
I
| I
| I
| I
I >
0 L, / x

Fig.2 The distribution of contact pressure

between tire and road
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Fig.4 Oil hydraulic model for ABS of Aircraft
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Table.1 Friction coefficient of runway

Runway condition ICA0 JAA
Dry No description | No description
Braking p Wet Varying with speed 0.5%Dryp
il e A s A

Table.2 Friction coefficient of runway in this study

Dry 0.8
Braking pj Wet 0.4
Snow 0.2
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Fig.5 Friction coefficient characteristics
between tire and runway

(Slip ratio characteristics, Skid angle: 0 degree)
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Fig.6 Friction coefficient characteristics
between tire and runway

(Slip ratio characteristics, Skid angle: 5 degree)
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Fig.7 Simulation result of dry runway condition
(1y=0.8, Skid angle : 0 degree)

| = Body velocity
””” 1777 | = Target wheel velocity |~
i — Wheel velocity

[
S

N
S

“w
S

N
S

Body velocity, Wheel velocity
Target wheel velocity [m/s]

~
S

Qﬁb

Fig.8 Simulation results of wet runway condition
(1y=0.4, Skid angle : 0 degree)
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Fig.9 Simulation result of snow runway condition
(1y=0.2, Skid angle : 0 degree)
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Fig.10 Simulation result of dry runway condition
(1y=0.8, Skid angle : 5 degree)
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Fig.11 Simulation result of wet runway condition
(1y=0.4, Skid angle : 5 degree)
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Fig.12 Simulation result of snow runway condition
(1y=0.2, Skid angle : 5 degree)
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