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Aircraft Landing Performance under Uneven Waterlogged Pavement
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(1. School of Traffic Science and Engineering, Civil Aviation University of China, Tianjin 300300, China;

2. Civil Aviation Airport Intelligent Construction and Industrialization Engineering Technology Research Center, Tianjin 300456, China)

[ Abstract] In order to solve the safety problems encountered when aircraft land and taxi on runway surfaces with accumulated water,
three-dimensional random uneven half-runway surfaces with different flatness grades were established. The distribution of accumulated
water in the landing strip under the influence of runway unevenness was used to investigate the accumulated water distribution
characteristic matrix. Moreover, a theoretical model for aircraft landing and taxiing on runways with accumulated water was established ,
and dynamic simulations were carried out using the Simulink tool to analyze the impact of runways on aircraft landing performance under
different accumulated water distribution conditions. The results show that compared with “good” (international roughness index,
IRI =1), the landing distance of the runway with “poor” (IRI=5) increases by about 29 m, and the landing distance of the runway
with “poor” (IRI=1) increases by 3. 7% compared with the ideal smooth road. Moreover, the decrease of road smoothness would
aggravate the risk of tire water skiing. If the ground speed of the aircraft is increased from 62 m/s to 82 m/s, the landing distance will
directly increase by about 520 m, an increase of about 87% . When the rainfall intensity of 1 mm/min increases from 1 mm/min to
3 mm/min, the landing distance increases by 6. 5 m and 7. 4 m for each increase in rainfall intensity of 1 mm/min. It is concluded that
at the uneven position of the pavement, the greater the grounding speed, the greater the speed when reaching the same position, and
the greater the reduction of the adhesion coefficient of the position, up to 11. 3% . With the increase of rainfall intensity, the adhesion
coefficient decreases gradually. When the rainfall intensity reaches 3 mm/min, the adhesion coefficient decreases by about 20%
compared with the dry pavement.

[ Keywords] distribution of waterlogging; dynamical model; touchdown speed; landing distance; adhesion factor
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Fig. 11  Dynamic model of landing gear
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Fig. 12 Simulink model of landing gear
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Table 2 Parameters of aircraft tire
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Fig. 13 Aircraft wheel force analysis

OrAIEE ST ALAE 1S3l Fesh B e AR B

x Ji Fy 0
m y = Lg]) f;k + ]}yk - 0 (lo)
2 FN/r 1:_‘ makg

zk

Ikd)k :fkR_th (11)

St m, WERG TR (F, F F, )" R3S
BOIVER s M, SRR 4 T35 s f, LR 5 A8 T A B
YEHMIEESE J7; 0, HHLEE AL, Fy, o0 18 TH S H
J1, B (12) KA,

Fy, :5k<mg_L) (12)
K (12) 1.6, MR IE LR 2 0 BL R 2L L o RHLIR
BTV A R IE LR 0. 475 TR TEZE R 0,05,

S LB B 7223 H7, 76 Simulink
UG EAERL Kl 14 R, BIA R IBBR 2k
AR W B R R R B S Ty, Hah
L HUTR S B | R TR AR HLE R 42 0 A RV
B2 BEE S

3 EMERES T

3.1 EEEAEm

ZIET-HE B IRL =3 B BUK A6 40 51 2L 62,
67 .72 .77 .82 m/s F¥)F5 ML B 3 Fifi 4 0, 0 o B
T LR R MR, Y RHLTE A i ok R v e B R R /D
Tl S0 AR BE I, AR AN S R AW KBS H
TERUK BIIE Tl A7 30 i K XS ML 6 T
()7 AE -5 S5 T8 B 25 e ) P T 4 BRI, S5
ONBRATI, ZE K B4R B R o MM, W)
FoRHA

¥ Mk . www. stae. com. cn



2025,25(20)

B5E & ASEEBUKE A RHLE R RE 8733

L |

delta} =é—> X
WHR
R > (1)
Bl EBR X EHE RIS M
@ Bl o IC i
B U Y —_— >
M,
N Zi X RE BRI R E N RM,,
Ly J ] FZE J SRR
u, » X »( 3
R, o > AL BT S IE A I R
Y EBRREARNSH
RAz > kz ‘_
Wi EBRRBEARSH u, > X »(4)
R ; < ZE R E YR 52 O 160 E R DS
1 B R A RITR R R 2 R e
@D,
FrRE NI S
w,, T TN 1) PR 458 R 65 o TR0 1 PEEABE R KI5 e, ey A0 TS T8 TR 00 o PR RS XS, S RUKIE B O i S ) P 48 2R 50 XAl R 4
[ 14 HL%E Simulink 7Y
Fig. 14 Simulink model of aircraft wheels
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Fig. 15 Change of adhesion coefficient during landing and

sliding at different grounding speeds

7.8% 9.4% 11.3%

5 b2 s R CAILIE MR 4 ik 395. 5,
489.6 601.2 .740.5 915. 4 m, $2 1 8 BF 15 4252
KHLAY B G TERE 25 R HEE E N 62 m/s $2 T}
82 m/s, % Fili BE 2505 E B N2 520 m, & T
21 87%

3.2 MLEFEEHNII

A3 ST ARS8 (SR RS E ) (IRI =
1 IRl =3 IRI =5 P2 B~ LAFE T 5% & 3 mm/min
4 Fp O CAILIT AR | RS B R 1% |, i

¥ Mk . www. stae. com. cn



B R 5 TR

8734 Science Technology and Engineering

2025,25(20)

100

—— BEHhE AE62 m/s
—— B 6T m/s
80F e —— BEHE 72 m/s

T T — BEHLE 7T m/s

. ~ T T .- e PEHRERESD m/s

- N - \\ v R v
N N
>\ ~
o
N \ “

.

\
L

40+

G B/ (m-s )

20

. . . L . b . . .
0 100 200 300 400 500 600 700 800 900 1000
MK E/m

P16 AN (Rl Ml B2 26 i 0 e 8 B R A2
Fig. 16  Change of sliding speed during landing and
sliding at different grounding speeds
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Fig. 18 Change of adhesion coefficient in different rainfall

intensity landing process
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