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This paper deals with the dynamic simulation method for analysis of driving characteristics of aircraft and towing vehicles (TUG)

on carrier vessel in wave motions, For prompt deployment in a short period of time, optimization of the movement of carrier

aircraft becomes a major issue, In this regards, strategy studies using real—time simulation technology and optimal

decision—making technologies are being conducted, In the present work, the dynamic characteristics of carrier aircraft and TUG

connected by towbar or towbarless mechanism were investigated by means of multi—body dynamics model, Meanwhile, for

real—time simulation, Dugoff’' s model of tire loads calculation was adopted, Through comparative analysis it was confirmed that

the similarity of results between the multi-body contact model and the tire load calculation model can be achieved by

coefficients tuning,

Naval Aircraft(&xH7]), Tow Tractor(Z42!

Keywords : E2H
M), Tire Contact Simulation Model(Et0|0 &=

1.ME

232 dicle| A& dofet =oie| of
ARIM sty oz |2 sHiE ol 5Hgd| 2 SlANER
250z [f3l= sizel P2 |
F (Shim et al., 2022). o[2{st ts2slol= MF7 |2t
A %J_|. e SH|7|1E ER

oot
o

lo 1o oh
n 1

Hf rir
;9 mlm 2N

AL}
3?
2
ikl
=
=2
Ho
0

#a

ol et

ol 00
el 1T
kI 0
>0
>r—| >

H
K
gk
= -
B
2
o

79 UollAf= 2irlel KiF S2oz
29lo| Eofl w2l TUGE} Zals &
23l0 AED 2 g5 Sol 7o 0|7
i x+°|i| olse skl =t

! |EE+ Az 0|3t 2| 2

0
0

°
o
ofr
F[F
Mo O
o
ro
&
kel
Hdo 2
DOI'

=}

o

ook
0w

il
o
o

oF QK
N
F}'L
ro

fl
do
ot

o
o 4
5 X
S'rlr
o H
or M
o &
g\_
i
:n?"_
}J
o
II

o5 & 1z} Zo|
fF At Towbar TUG

r

Ej), Driving Characteristics(FHE4]), Dynamic simulation(s<st AE20|
AlZzlold 2

£ 2l toubarE AB3fof HSIS Aoz 83| 71E
w2 Zolet Xy So| FF7} 2ot clet R towbarg T

—

HIsHo} Sh= of2f20] Uct E3H 7IF AE Aol 28 HX|
of w2t zkdsot SH22 towbar Alx| 2 sA|S| of2{=20| EXf
U X Al towbare| IX|E #Fso} st= EHEO|
P(I“._F, _T’j%—o ckest =5 Sall g olEE = qlot

ICE Towbarless TUGE towbar AR Al B
=HES 6H 5P| LIl ZHekE TUG A12F 2illsd IRz
37| viFE Aol 2 MZStE=E =0 2Uck ol w2l
2| AlZio| B A=, 7B e} clekskA| |
Aolof| AREE 4= 7| w20 FA|ES HIE0| $iX
PSE| EICE S ARl AIF odZ=7| w2, &
37| Hof ¥ 20| chrstn MUsict SIX|TE XfZo| Ao
M —’F“—*.* E°| IetE s Y zdtjof of| Mol =X oMM

cHst 2x&o| ZRHSHL

—

T

Received : 13 March 2023 | Revised : 7 June 2023 | Accepted : 18 July 2023

1 Corresponding author : Sa Young Hong, sayhong@kriso.re kr

It is noted that this paper is a revised edition based on the proceedings of SNAK 2022 in Changwon,



A - SAE - Y

L

! b
(a) Towbar TUG

(b) Towbarless TUG

Fig. 1 General types of Aircraft TUG

Fig. 2 Jackknifing of Aircraft-TUG towing system (Etienne,
2011)
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Table 1 Properties of TUG(tractor)

Parameters Units Values
Driving velocity [m/s] 7.5
Weight [kg] 9391.0
Inertia of yaw axis [kg'm?] 35709.0
Distance from C.G. of vehicle to [m] 17
C.G. of front tire '
Distance from C.G. of vehicle to [m] 19
C.G. of rear tire '
Steering angle [deg] 10.0
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Fig. 4 Simplified vehicle dynamic model using rigid bodies
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Table 2 Classification of braking function by airport
authorities (Noh, 2016)
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Fig. 5 Driving velocity of TUG by friction coefficients

Table 3 Turning diameter of TUG by friction coefficients

Friction coefficients Turning diameters
00 ~ 0.2 -

0.3 ~ 0.9 33.70 £ 0.4 m
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Table 4 Turning diameter of TUG by vessel motion (when

=04
Measured friction . ) Runway condition u ) -
. Braking function ) . Turning
coefficient reading Heave Roll Pitch :
Case diameter
>0.4 Good At or above 13 [m] [deg] [deg] [m]
0.39 to 0.36 Medium to Good 12 0 - - - 33.67
0.35 to 0.30 Medium 10 ~ 11 1 0.5 - - 33.68
2 - . - )
0.29 to 0.26 Medium to Poor 8 ~9 5.0 33.65
3 - - 5.0 33.61
<0.25 Poor At or below 7 4 05 50 50 33 59
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Fig. 7 Turning trajectory of TUG by roll angles (when p =
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Fig. 8 Simplified vehicle dynamic model using rigid bodies

Table 5 Properties of TUG(tractor)

Parameters Units Values
Driving velocity [m/s] 3.0
Weight [kgl 1630.0
Inertia of yaw axis [kg-m?] 1470.0
Distance from C.G. oflvehiole to [m] 14
C.G. of front tire
Distance from C.G. of. vehicle to [m] 14
C.G. of rear tire
Friction coefficient [-] 0.4
Cornering stiffness of front tire | [N/rad] 2000.0
Cornering stiffness of rear tire | [N/rad] 2612.62
Longitudinal stiffne;s of front and [N/m] 3000.0
rear tire
Steering angle [deg] 10.0
Pitch angle [deg] 5.0
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Table 6 Stiffness coefficient results

Values

Parameters Units
Flat Slope

Cornering stiffness of

front tire [N/rad]

2000.0 3240.0

Cornering stiffness of rear

tire [N/rad]

2612.62 | 10450.5

Longitudinal stiffness of

front and rear tire [N/m] | 3000.0

5400.0
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