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Abstract :

The most common kind of vehicular accident is the low-speed rear-end impact that result in high portion of

insurance claims and Whiplash Associated Disorders(WAD). The low-speed collisions have specific characteristics that
differ from high speed collisions and must be treated differently. This paper presents a simple continuous contact force
model for the low-speed rear-end impact to simulate the accelerations, velocities and the contact force as functions of
time. A smoothed Coulomb friction force is used to represent the effect of braking, which was found to be significant in
simulating low-speed rear end impact. The intervehicular contact force is modeled using nonlinear damping and spring
elements with coefficients and exponents. This paper presents how to estimate analytically stiffness and damping
coefficients. The exponent of the nonlinear contact force model was determined to match the overall acceleration pulse
shape and magnitude. The model can be used to determine A V's and peak accelerations for the purpose of accident

reconstruction and for injury biomechanics studies.
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Fig. 1 Diagram of vehicles in rear-end impact
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F; (Friction force)
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Fig. 2 Smoothed Coulomb's law for braking force
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Continuous Contact Force Model for Low-Speed Rear-End Vehicle Impacts
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Table 1 Rear-end collision tests

Target(1) Bullet(2) Vro
Event #
Model  m;(kg) Model mx(kg) (km/h)
Opel Opel
DSD Crash | Kadett 890 Senator 425 18.0
Crash 2 Opel 870  Fiat127 710 25.0
Kadett
Opel
Crash 5 1060 VW Passat 1090 18.5
Ascona
Crash6 * " 235581000 Saab900 1200 17.0
Kombi
Mitsubishi Mercedes
Crash 9 Galant 1135 W1i24 1420 3.0
Mitsubishi Mercedes
Crash 10 Galant 1135 W124 1420 7.5
Mitsubishi Opel
Crash 11 Galant 1135 Kadett E 895 230
Crash 12 B3N1[ZZ/ 1022 Volvo 242 1289 125
(90%) Crash 13 Bé\fg:, 1022 Volvo242 1289 16.0
Dodge Pontiac
Brach Test 1 Shadow 1287 Bonneville 1637 3.88
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Table 2 Summary of rear-end collision simulation results

4 . K . At (sec) AVi(m/s)  AV;(m/s) Xem (M) Apeak ()
Exp Sim Exp Sim Exp Sim Exp Sim Exp Sim a a

Crash 1 0.88 1.29E+05 1.00E+03 0.145 0.166 0.150 0.109 3.09 3.59 -2.64 -224 0303 0289 498 -3.11
Crash2 0.87 1.16E+05 3.77E+02 0.167 0.124 0.110 0.094 371 3.51 -439 -430 0379 0363 561 -6.88
Crash5 096 1.94E+05 1.42E+03 0.183 0246 0.120 0.099 296 325 -3.12 -3.16 0263 0257 508 -494
Crash 6 090 1.65E+05 L.52E+03 0.239 0273 0.130 0.108 291 3.15 -294 -2.86 0260 0.249 442 -401
Crash9 0.86 1.03E+05 1.39E+04 0.277 0385 0.180 0.136 0.59 0.64 -0.47 -0.51 0.053 0.049 070 -0.56
Crash 10 0.94 1.70E+05 2.35E+03 0.180 0.211 0140 0.105 139 140 -1.07 -112 0116 0113 207 -1.66
Crash 11 0.97 1.09E+05 4.61E+02 0.331 0.313 0.138 0.128 4.09 3.70 -442 -4.69 0405 0385 434 -550
Crash 12 1.00 1.65E+05 1.39E+03 0.186 0.251 0.150 0.115 2.00 242 -2.12 -1.92 0204 0202 333 -2.64
Crash 13 0.75 141E+05 2.98E+03 0.315 0.351 0.150 0.108 2.89 335 -296 -2.66 0236 0211 440 -349

Test1 094 1.13E+05 3.87E+03 0225 0.267 0.183 0,145 0.76 0.77 -0.56 -0.60 0.080 0.078 081 -0.64

Crash 1: 18.0kmib

Crash 2: 25.0kmh Crash §: 18.Skmh

Fig. 6 Nonlinear model results compared to experimentally
measured acceleration
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