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Analysis of vehicle central line invasion accidents using simulation
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Abstract This study examined the final stop position and posture of both vehicles, the damaged part of
the vehicle, the road surface, the specifications of the vehicle, and the angle of impact, centering on
the case of a collision in which no surface trace was found. As a result of the simulation, the impact
velocity of an SM5 and Lexus was 131 km/h and 74 km/h, respectively, and the impact angle of the SM5
and Lexus was 0.91° and -161.07°, respectively. The cause of the accident was that the SM5 passed
through the intersection exceeding the maximum speed limit of 61 km/h and entered the Lexus' left turn
lane. Lexus collided during the evacuation to avoid the collision. The collision trajectory error rate of
the simulation was approximately 1.4%. Of the subjective experience of accident investigators, the
collision dynamics and vehicle engineering aspects and simulations were actively utilized to provide

close-to-fact cause identification.
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Fig. 1. Road structure and final stop location of
accident site

Fig. 2. Road Structure of Accident Site
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Fig. 3. Roadline Viewed from the Direction of SM5
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Fig. 4. Final location of vehicle

o1 [l 3 EAE SE7HEESET aug#

uvs cANE mPseANe

509

(©

21 47 )

Fig. 6. The final stop position of the vehicle

Fig. 8. Lexus Final Stop Posture



SHEARSH7| &38| =2 R A223 A2%, 2021

Fig. 6 ~ Fig. 8941 Bi= vle} o] THHE ZoHA
2 7|20z Qrie Amo] Z47) ulabElo] Ui, SM5
o] [ W A2 Zo o WL mhEEo] YA~

WS Fashct FE AL HTFU Aol o Aol
35 T 3% 44 QAR ol5sH P T gixz
ol5sH HEg 24Hel 2ol ek,

A QAR Z5A HAREIgIc,

222 2F FX XA

Fig. 9 & Fig. 10014 = Hie} Zo] SM5& FAA
o] X% ¥ BAA R FH SIS Tt oF 125 m
AHY] FFA WS F 0.6 m AR A A=z 2
g0l AL, HAEES oF 15 m ARl SFAS o
a1, 9F 156.37 © A%k 31 A Aol 74 S Fsh
ozt Soixl Szl S viEkEE AN HE A
A5HAt.

Fig. 12. Damaged parts of SM5
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Fig. 10. Final stop location of SM5
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Fig. 13. Damage to Lexus
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Fig. 14. The left side of Lexus
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Fig. 15. Collision Position Simulation (2D)
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Fig. 17. Simulation of Trajectory Before and After
Impact(3D)

Fig. 18. Simulation of Progress Trace After
Collision (2D)
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Table 3. Collision

HA HE AR YA7HA] ¥ JAsie] A BEEa Vehicle SM5 Lexus
t [s] 0.00 0.00
LS E-ﬂ/\ XA R 8 HFS] A Z] 2| A =] zo]_
SM5E A A 2 W] AX| g FRAcZHE F Pre Impact vel. (km/hl 131.00 74.00
A ‘IJrﬂ 9}: 12.5m XP\(E]—/] ]'/H LHZ“ oF 0.6m XP@ Pre Impact vel. [km/h] 20.29 38.81
o] FB|A M= T 215177 520 oF 15y Velocity change (dV) [km/h] 110.95 99.72
ol #3l F=o] = ol FiAsk, e 5 Deformation depth [m] 1.54 0.04
Aol TGS 8L, oF 156.37° 3AH A dwo| <F EES [km/h] 139.89 2131
7/\] 1:}31—‘63’-% ‘éc‘}iéﬁ QFZ_]_— E 2] _C,)_I:HZ_}—/S]_ %1—‘63‘-% H]—E}—EJE. Stiffness [kN/m] 959.3 37166.2
- _ Separation speed [km/h] 20.1
= X 2]5] AL =]
AN HZ Aok, HALe JAEE HAFolA Friction coefficient (mu) 0.60
9F 26m EojA 725 Yol YA|5t=r F=7AofA Point of Impact x [m] 21.02
okHHo] F=o0F T Bu|Eol7} R AEFEo Point of Impact y [m] -14.86
I defut, ks 1AL Point of Impact z [m] 0.45
2 EofA Ut oF 64.27° 31HH A SM59] ZgFareF Angle of contact plane (phi) [deg] 120.42
Zx}iq] 1:501 oF 5/\] tﬂ-og:_,] T:HZ-v]'}fl 1%]—53:%_ H]’ﬂ’_‘i‘ Angle of contact plane (psi) [degl 0.00
= Agls Total Deformation Energy [J] 1169506.44
= AR T BA s Impulse [Ns] 46536.01
Direction of impulse [deg] 179.46
Moment arm about C.G. [m] 0.34 0.11
PDOF (SAE) [deg] 1.46 19.48
3. AIEY0|M A} dV/EES 0.79 468
T % 25 3 uys
TE R, R TR Ao} gl A1 A Table 4. Values Before Collision
Fﬂ:,] -‘Ji ;GX] T]X] To= ‘G'EX]@ oL Z]'}""%‘ =4 6_]' Vehicle SM5 Lexus
7] 9I5te] A|EFolHe 45Tt Velocity magnitude (v) [km/h] 131.00 74.00
Heading angle [deg] 0.91 -161.07
Velocity direction (8) [deg] 0.91 198.93
Table 1. Start Values Yaw velocity [rad/s] 0.00 0.00
Vebicle V5 Texus Center of gravity x [m] 20.27 23.42
Velocity magnitude (v) [km/h] 131.00 74.00 Center Of gravity y [ml -14.51 -14.99
Heading angle [deg] 0.91 -161.07 Center of gravity z Im) 0.0 0.40
Velocity direction (B) [deg] 0.91 198.93
Yaw velocity [rad/s] 0.00 0.00 o
Center of gravity x [m] 2027 23.42 Table 5. Values After Collision
Center of gravity y [ml] -14.51 -14.99 Vehicle SM5 Lexus
Center of gravity z [m] 0.30 0.40 Velocity magnitude (v) [km/h] 20.29 38.81
Heading angle [deg] 0.91 -161.07
Velocity direction (8) [deg] 8.91 319.98
Table 2. End Values Yaw velocity [rad/s] -6.15 -1.70
Vehicl M5 Toxus Center of gravity x [m] 20.27 23.42
Velocity magnitude (v) [km/h] 0.40 0.59 Center Of grav'%ty y [m] -1451 ~14.99
Heading angle [deg] 156.37 6427 Center of gfavny z [m] 0.30 0.40
Velocity direction (8) [deg] -35.38 265.58 Roll velocity [rad/s] 023 -0.90
Yaw velocity [rad/s] 0.00 -0.04 Pitch velocity [rad/s] -2.70 -0.76
Center of gravity x [m] 24.72 34.00
Center of gravity y [m] -14.84 -21.94 - - -
enter of gravity z [ml] 0.30 0.40 = EOU\] OJ: Z}%kgl S Ell = X]—k”% Table 1 ~
Velocity vertical [km/hl -0.24 -0.00 Table 33 Z1, = A% A}FE Table 4, Table 52}
Roll angle [deg] -0.31 0.75 =
Roll angle [deg] -1.07 -0.46 Z:_'}E]- Table Zoﬂﬁ e H]—S)Jr é—o] SMSQJ( E“H/\ =
Roll velocity [rad/s] -0.05 -0.01 2= 131.00 km/h, 74.00 km/ho]3l, &2 0.91
Ditch velocity [rad/s] 0.04 -0.00 ° -161.07 °, &% =82 0.91 °, 198.93 °o|t}. Q &
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= 0.00 rad/s, 0.00 rad/s, x& W&o FASFHL -
1451 m, -14.99 m, y= ¥ FASAHL 20.27 m
23.42 m, z& BF9 FASHL 030 m 0.40 mo|t}.
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