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Characteristics of aircraft runway veer-off behavior due to coupled action of

crosswind and uneven water accumulation on pavement
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Civil Aviation University of China, Tianjin 300300, China)

Abstract: A coupled dynamics model for aircraft runway veer-off under the combined action of
crosswind and uneven water accumulation on pavement was established. The relationship among the
aerodynamic moment induced by crosswind, the unbalanced drag moment induced by water
accumulation, and the correcting moment of the nose wheel was analyzed. A co-simulation system

based on the coupled Eulerian-Lagrangian (CEL) algorithm and Automatic Dynamic Analysis of
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Mechanical Systems (ADAMS) was constructed. The cross-scale transfer from local wheel-set
hydroplaning force identification to full-aircraft landing-roll veer-off response simulation was
achieved. The effects of water-depth difference, crosswind speed, and crosswind direction on the
center-of-mass trajectory, lateral offset, and yaw angle of the aircraft were investigated. A safety
criterion was proposed, in which a center-of-mass lateral offset of 18. 7 m was taken as the veer-off
threshold for an A320 aircraft on a 45 m wide runway. The results indicate that a water-depth
difference of 10 mm causes a friction resistance difference of 16 kN at a touchdown speed of 240 km
h '

amplifies the veer-off effect of crosswind. Under the same crosswind conditions, the maximum yaw

A water-depth difference of 6 mm causes a final lateral offset of 11.6 m. Wet pavement

angle of the aircraft on a wet runway is about 2. 8 times that on a dry runway. Under the combined
action of crosswind and uneven water accumulation, the lateral offset of the aircraft increases
significantly, and it may exceed the runway safety limit during the landing roll. Uneven water
accumulation induces a yawing moment through the longitudinal resistance difference between the
left and right main landing gears, and it is an important internal driving force for aircraft veer-off.
Crosswind mainly changes the lateral motion state of the aircraft through aerodynamic side force and
yawing moment, and it further amplifies the veer-off effect under wet pavement conditions. When
the water-induced moment and the crosswind-induced moment have the same direction, the aircraft
yaw attitude increases significantly. When the two forces act in the same direction, the trajectory
deviation rate of the aircraft increases obviously. The results provide a theoretical basis and data
support for runway water accumulation monitoring, crosswind operation limitation, and landing-roll
veer-off risk assessment.
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T, RO I i 2 AR A B 2R BT R B
e R 5 SR R O .

P A Co) et X ) IR Jog e, 35 T 3T, 0 XL
G 7 mes™ 9 TOLIEATO B . S5 R R, O ORI
PR AT, RBLA AR R 3. 5170 5 £ LT ) XL
N 1A o MRAE 2SR BN g 2 B IR0 Hb T 2 BHL S
BN ML B f 25 SR 2 R 70, R T M TV B B AR
JIG A 1] g B 29 SRR L A 45 0 L4550 T B0RAE L £F
B Hb T W B P BERR AR, B UE T HILFE I VR A A
Xof A i) < Bl e 2 B OE B A OE . FLIZBUE T N A320
KATHLLLARAE T W (FCOM) KA 6 8 B di g vh 4
T R RUAE TF 2 80 X ] (3°~57)Y B ADAMS %%
HILASE Y BB TE B 52 WA XU S 08 IXUBR 2000z -5 00 1] P
A

Y 56 E 45 SR R W BT A Y R A5 S T K
HL Bifi 1 0 1) 2 1 R AiE , BLA T R RS JE 12
BUKEE 24 TO0 0 i S m ol S . 3 Fixdt
WE—BOME S IR , T SCHE— 25 5] AR 51 BUK 5 ) R
Pzl X CHUR AT R ST R
3 HEERSH
3.1 HEIRIEM

H R GARITEE F G I A i B2 A 52
M LB, BT 2 A AR B TR PR LR 3, (L
BOE A320 MUY LA H FL A Bili J5T e (50 O Fl R M 22 1 3
JE (240 km-h™ D Ry LR 2 BBUK R B 22 5 Ah
F IR BE v, A Ry OB i AR . g 5 A e A 3
SYBUK T 200 P 3Z 7 25 S LB IR ORE T 00 R X B
P | 38 BE T Ak 23 BT 2% A8 T B 1) TE K AR Ak
2 W HE K S5 A R AN OF- 3% 5 5 TR B S AR AR e
FUK T80 55 O 48 A& GE AT M3 A5 G i3 12 17
IR E ) I 1 SV R B R K 5 0, R X
0~15 m=s ', J5 [} ¥ y %l 1 o] B GE fA, W6 2 7 5
CCAR-25 3& il 55 72 K A320 KAT TR AE (38 171
R s 25 A CR AL ® AT X3 AR A ifE ) (MH 5001—
2013) X H Br B A 40 22 (International Civil Aviation
Organization, ICAO) K4 14 BAHCHLE , AF 2 # 1
FRUESEE R 45 m(EFE N 22.5m) . A320 EdE &4
HMEEIEL R 7.59 mCEFEZh 3.8 m) o KA
] 1) g 7% BB 4 22. 5— 3. 8=18. 7 m I}, Bk & 4h
) = S P4 A0 40 i 4 B L g i A T R B E R
A A B TE 5, SO L8, 7 m Sy JB 0 A
14 4 PRAE .



238 X @ iE

Er s A N 11

2026

®3 FEIR

Table 3 Simulated operating conditions
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