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Collision Configurations Reconstruction Using Deformation Shape
and Deformation Severity of Car Body
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ABSTRACT

Collision accident reconstruction algorithms are developed based on the deformation shape
and severity of a car body. At first, the body stiffness equation representing the
force-deformation relationship is derived using finite element analysis for head on collision of
two cars. The database of deformation shapes and energies is constructed for five different
collision configurations; each configuration contains three velocity conditions. Deformation
shapes are obtained using a curve fitting method and result in cubic polynomials. Deformation
energies are calculated using a stiffness equation and deformation data. Three algorithms are
developed to reconstruct collision configuration compared with constructed database.. The
developed algorithms show reasonably good performance to find collisions conditions for some
test problems.
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Nomenclature C . crash
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AV : velocity variation, mn/s 1. A B
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Table 1 Comparison of deformation energy for head
on collision

Velocity |LS-DYNA3D |force-deform| Error
(kph) (N-mn) (N-um) (%)
20 3.4546E+07 | 2.5591E+07 | 259
25 5.3581E+07 | 4.5512E+07 | 15.1
30 7.6241E+07 | 7.3959E+07 | 3.0
35 1.0333E+08 | 1.0228E+08 | 1.0
40 1.3349E+08 | 1.2687E+08 | 5.0
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Table 2 Deformation database( coefficients of deformation shape and deformation energy)

Config.| Velocity | car % + ax + %2 xz + a3 x3
No. (eph) # ay a as aj Energy(N-mm)

1 | 92973E+03 | .25680E+00 | .11497E-03 | -.33311E-07 5.0395E+07

© 2 | 86263E+03 | .33156E+00 | .88212E-04 | -.28621E-07 5.7967E+07

1 | .J0613E+04 | .27178E+00 | .53948E-04 | -.37654E-07 2.9943E+07

! 0 2 | .10S07E+04 | .24992E+00 | .69878E-04 | -.35633E-07 3.1775E+07
1 | .11780E+04 | .24061E+00 | .37294E-04 | -.49214E-07 1.6403E+07

& 2 | 11888E+04 | .24334E+00 | .36227E-04 | -.50799E-07 1.5412E+07

1 | 56957E+02 | .31954E+01 |-.26156E-02 | .74359E-06 6.3274E+07

o 2 | 11034E+04 | .70550E-01 | .14685E-03 | -.54528E-07 4.2785E+07

1 | B4211E+03 | .12474E+01 | -.43698E-03 | -.17420E-07 4.0929E+07

2 0 2 | .11559E+04 | .75655E-01 | .12769E-03 | -.37399E-07 2.8362E+07
1 | .I0349E+04 | .81810E+00 | ~.25566E-03 | ~.62003E-07 1.2725E+07

2 2 | J2167E+04 | .17673E+00 | .15418E-03 | -.59964E-07 1.5294E+07

1 | .25920E+03 | .24410E+01 | -.19516E-02 | .57847E-06 7.1558E+07

o 2 | 16963E+04 | -50574E+00 | 47640E-04 | -47173E-07 5.7597TE+07

1 | 57571E+03 | .15681E+01 | -.82446E-03 | .11681E-06 4.3394E+07

’ 0 2 | J4913E+04 | -51223E-01 | -46741E-04 | -91503E-07 3.8876E+07
1 | .1028IE+04 | .70223E+00 | -.13017E-03 | -.92753E-07 1.3056E+07

2 2 | .15189E+04 | -.21035E-01 | -51188E-04 | -.34334E-07 1.2545E+07

1 | .20539E+03 | .27848E+01 | -.26176E-02 | .86466E-06 8.3120E+07

© 2 | .12063E+04 | -.10334E-01 | - 858%4E-05 | -.13053E-06 8.7702E+07

1 | 42058E+03 | .25709E+01 | -.22407E-02 | .65203E-06 3.8816E+07

: * 2 | .14717E+04 | -.19308E+00 | .40847E-04 | -.56505E-07 3.6701E+07
1 | .10747E+04 | 57405E+00 | -.99548E-04 | -.74973E-07 1.4862E+07

2 2 | 15629E+04 | -.24765E+00 | .43085E-04 | -.78205E-03 1.5262E+07

1 | .75988E+03 | .53246E+00 | .12988E-04 | -.38193E-07 6.2415E+07

© 2 | 99758E+03 | .26226E+00 | .97147E-04 | - 58489E-07 4.1654E+07

1 | 97270E+03 | .39300E+00 | .38425E-04 | -.52500E-07 3.4691E+07

0 0 2 | 11346E+04 | .11164E+00 | .10422E-03 | -.23108E-07 2.TA00E+07
1 | 11154E+(4 HO410E+00 | -.71417E-04 | -.69897E-07 1.3061E+07

2 2 | J2075E+04 | .12659E+00 | .8B983E-04 | -.41770E-07 1.8511E+07
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Fig. 3 Collision configurations for deformation

database conconstruction
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Table 3 Result of No. 1 example applied to
database input <180° , 28kmh, config.
#1>
method No. 1 2 3

Check dbase ID| 180° 150° 180°

for car #1 27.8kn/h|29.5kn/h |27 8km/h

Check dbase ID| 180° 150° 180°

for car #2  |28.0km/h|{29.0km/h|28.0km/h

€ $%=7F 28 kn/hd Aol 2WA HA
WA 7HEA BE AHEE B5E At
gk vy, €34 A Hade 4
e FE A8 W FAR FE ARE
HolE Ho]2o A HME Tt AT
AN 2P FE A FE9 9 AdAA
t AA FET £59 28 kn/he} 0.2 kn/h
9l9 mAd X2 el

Table 4 Result of No. 2 example applied to
database input <135° , 35km/h, config.
#3>

method No. 1 2 3

Check dbase ID| 135° 135° 150°

for car 1  |31.6kn/h|31.6kn/h|33.0kn/h

Check dbase ID| 135° 135° 135°
36.3km/h |36.3km/h [36.3km/h

for car #2
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Table 5 Result of No. 3 example applied to

database input <155° , 35km/h, similar
to config. #2>

method No. 1 2 3

Check dbase ID| 135° 150° 165°

for car #1  |31.3km/h|32.6kn/h|34.9kn/h

Check dbase ID| 165° 135° 165°
37.9km/h | 28.0km/h |37.9km/h

for car #2
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Table 6 Result of No. 4 example applied to

database input <170° , 3Skmwh, similar
to config. #1>
method No. 1 2 3

Check dbase ID| 165 165 165°
41.2km/h | 34.0kn/h | 34.0km/h

Check dbase ID| 180° 150° 165°

for car #1

for car #2 | 33.0km/h | 36.8km/h | 38.1kn/h
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