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Abstract: With the pressing demand of environmentally friendly personal transportation vehicles, mobility
scooters become more and more popular for the short-distance transportation. Similar to pedestrians and bicy-
clists, scooter riders are vulnerable road users and are expected to receive severe injuries during traffic acci-
dents. In this research, a MADYMO model of vehicle-scooter crash scenarios are numerically setup. The
model of the vehicle with the scenario are validated in pedestrian-vehicle accident investigation with previous
literatures in terms of throwing distance and HIC;5 value. HIC;s values gained at systematic parametric stud-
ies. Injury information from various vehicle crashing speeds angles, contact positions are extracted, analyzed
and then compared with those from widely studied pedestrian-vehicle and bicycle-vehicle accidents. Results
show that the solowheel provides better impact protection for the riders, pedestrians would receive the most
severe injuries at the same conditions in terms of head injury. The responsible reasons should be the smaller
friction coefficient between the wheel-road than the heel-road interactions, different body gestures leading to
different contact positions and forces. Results may shed lights upon the future research of mobility scooter
safety analysis and also the safety design guidance for the scooters.
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Figure 1. A baseline scenario of crash model
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Figure 2. Four types of vulnerable road users multibody models
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Figure 3. The relation of impéEt speéa and VRUs’ AFD at side impact cases
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Figure 4. A baseline scenario of crash model
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Figure 5. Description of different impact angles

B 5. TEIRlER YR

U1 1] 6 225 SR 55 7 il R BE 9 10mVs i 15ns IR , B 2 0 2 N (14 3k 3 HI Cos 1 K 22 U AL T2 4 F PR R (HICys
<700) o PRI R NI [ SO0 RSk, Sk AR e

4000

n —=— [0m/s
45 Impact speed —e— 15m/s
3000 F ——20m/s
U:
= 2000F ﬂ
Safety 1 -
1000 margin :
0

0 a3 2n/3 w43 Sa/3
Intersection angle, 8, (rad)
Figure 6. Coupling effect of impact speed and angles on HIC15 of solowheel rider
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Figure 7. Coupling effect of impact speed and angles on HIC15 of doublewheel rider
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Figure 8. Coupling effect of impact speed and angles on HIC15 of pedestrian
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Figure 9. Description of different impact positions
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Figure 10. Coupling effect of impact speed and impact position on HIC;s of solowheel
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Figure 11. Head acceleration-time history of solowheel rider at 20m/s impact cases
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Figure 12. Coupling effect of impact speed and impact position on HIC;s of doublewheel
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Figure 13. Head acceleration-time history of doublewheel rider at 20m/s impact cases

13. WA ZEWZE A TE 20m/s FOREIETE B R A FlEfb i B Sk 30 ns i gh 28
4 R4

HLSPA 48 2 1) 5 SRR BROR, BT DURA 0 B0 e 22 S R BEAT AT AT o A SO i B A AL st 28 ) A8 Sl 4 37 55 4
Pr PR . B, AR LB AT U ER IS TR AT, R T T 1SS S A N
o R PEE AR I S RO S B O i o SR, o B — 3 IR CUPRE Sk P il 43 37 B AR £ )
XA R E ST LR, AT A BEAT 4, IR R T 2 2 Ve AR . 45 /R, #
BRIV -7 22 AR A TR ORI 25 A T, S A 327 AR D ) T LR BELRAT Ao 285 AT DU BT 42 17
FNERERG, W] DS R A8 MU m] ik 4 e R B
Bt

TR AL B OTE B R A PR 2 7 i die (it ) P T A

SE Tk (References)

[1] R. A. Blackman and N. L. Haworth, "Comparison of moped, scooter and motorcycle crash risk and crash severity," Accident Analysis &
Prevention, vol. 57, pp. 1-9, 2013.

[2] W. H. Organization, "Global status report on road safety 2013: supporting a Decade of Action," World Health Organization, 2013.

[3] J Yao, J Yang, and D. Otte, "Investigation of head injuries by reconstructions of real-world vehicle-versus-adult-pedestrian accidents," Safety
Science, vol. 46, pp. 1103-1114, 2008.

[4] Y. Peng, C. Deck, J. Yang, and R. Willinger, "Effects of pedestrian gait, vehicle-front geometry and impact velocity on kinematics of adult and
child pedestrian head," International Journal of Crashworthiness, val. 17, pp. 553-561, 2012.

[5] Y. Peng, J. Yang, and C. Deck, "Development of head injury risk functions based on real-world accident reconstruction,” International Journal of
Crashworthiness, vol. 19, pp. 105-114, 2014.

[6] K. Joon-Ki, K. Sungyop, G. F. Ulfarsson, and L. A. Porrello, "Bicyclist injury severities in bicycle-motor vehicle accidents," Accident Analysis
& Prevention, vol. 39, pp. 238-251, 2007.

[7] N. Eluru, C. R. Bhat, and D. A. Hensher, "Mixed Generalized Ordered Response Model for Examining Pedestrian and Bicyclist Injury Severity
Level in Traffic Crashes," in Transportation Research Board 87th Annual Meeting, 2008, pp. 1033-1054.

[8] M. A. Quddus, R. B. Noland, and H. C. Chin, "An analysis of motorcycle injury and vehicle damage severity using ordered probit models,”
Journal of Safety Research, vol. 33, pp. 445-462, 2002.

[9] C.Wang, L. Lu, and J. Lu, "Statistical Analysis of Bicyclists' Injury Severity at Unsignalized Intersections,” Traffic Injury Prevention, vol. 16,
pp. 507-512, 2015.

[10] P. Edirisinghe, I. Kitulweatte, and U. Senarathne, "Injuries in the vulnerable road user fatalities; a study from Sri Lanka," Journal of forensic and
legal medicine, vol. 27, pp. 9-12, 2014.

[11] E. Carter and C. E. Neal-Sturgess, "MADY MO reconstruction of a real-world collision between a vehicle and cyclist," International Journal of

INFATS Conferencein Xiamen, December 4-5, 2015 406



Crashworthiness, vol. 14, pp. 379-390, 2009.

[12]J. Yang, "Investigation of Brain Trauma Biomechanicsin Vehicle Traffic Accidents Using Human Body Computational Models," Computational
Biomechanics for Medicine: Soft Tissues and the Musculoskeletal System, pp. 5-14, 2011 2011.

[13]J. Xu, Y. Li, X. Chen, Y. Yan, D. Ge, M. Zhu, et al., "Characteristics of windshield cracking upon low-speed impact: Numerical simulation based
on the extended finite element method," Computational Materials Science, vol. 48, pp. 582-588, 2010.

[14] X. Q. Xu, B. H. Liu, Y. Wang, Y. B. Li, and J. Xu, "A numerical model on PVB laminated windshield subjected to headform low-speed impact,”
in Journal of Physics: Conference Series, 2013, pp. -.

[15]H. Zhao, Z. Yin, G. Yang, X. Che, J. Xie, W. Huang, et al., "Anaysis of 121 fatal passenger car-adult pedestrian accidentsin China," Journal of
forensic and legal medicine, vol. 27, pp. 76-81, 2014.

[16]R. W. G. Anderson, A. J. Mclean, M. J. B. Farmer, B. H. Lee, and C. G. Brooks, "Vehicle travel speeds and the incidence of fatal pedestrian
crashes," Accident Analysis & Prevention, vol. 29, pp. 667-674, 1997.

[17]1D. P. W. C K Simms and D. G. Walsh, "The Relationship between Vehicle Impact Speed and Pedestrian and Cyclist Projection Distance," Solid
Mechanics & Its Applications, 2009.

[18]J. Yang, J. Yao, and D. Otte, "Correlation of different impact conditions to the injury severity of pedestriansin real world accidents,” in Proc.
19th Int. Technical Conf. Enhanced Safety of Vehicle, 2005.

[19] G. Crocetta, S. Piantini, M. Pierini, and C. Simms, "The influence of vehicle front-end design on pedestrian ground impact,” Accident Analysis &
Prevention, vol. 79, pp. 56-69, 2015.

[20]J. Xuand Y. Li, "A Simulative Analysis on Bicyclist’s Head Injury in Vehicle-Bicycle Collision Accident,” Automotive Engineering, vol. 30, pp.
667-670, 2008.

[21] M. F. Ballesteros, P. C. Dischinger, and P. Langenberg, "Pedestrian injuries and vehicle type in Maryland, 1995-1999," Accident Analysis &

Prevention, val. 36, pp. 73-81, 2004.

[22]J. Kerrigan, C. Arregui-Damases, and J. Crandall, "Assessment of pedestrian head impact dynamics in small sedan and large SUV collisions,”
International Journal of Crashworthiness, vol. 17, pp. 243-258, 2012.

[23] YANG, "EFFECTS OF VEHICLE FRONT DESIGN PARAMETERS ON PEDESTRIAN HEAD-BRAIN INJURY PROTECTION,"
PROCEEDINGS OF 18TH INTERNATIONAL TECHNICAL CONFERENCE ON THE ENHANCED SAFETY OF VEHICLES, HELD
NAGOYA, JAPAN, 19-22 MAY 2003, 2003.

[24] Q. A. Lin, H. T. C. Xu, J. University, and Changchun, "Throw Distance Model for Vehicle/Pedestrian Collisions," Automotive Engineering,
2007.

[25] T. Maki, J. Kgjzer, K. Mizuno, and Y. Sekine, "Comparative analysis of vehicle-bicyclist and vehicle—pedestrian accidents in Japan,” Accident
Analysis & Prevention, vol. 35, pp. 927-940, 2003.

[26] S-C. Lin and C.-C. Tsai, "Development of a Self-Balancing Human Transportation Vehicle for the Teaching of Feedback Control," leee
Transactions on Education, vol. 52, pp. 157-168, Feb 20009.

[27]C.-C. Tsai, H.-C. Huang, and S.-C. Lin, "Adaptive Neural Network Control of a Self-Balancing Two-Wheeled Scooter," leee Transactions on
Industrial Electronics, vol. 57, pp. 1420-1428, Apr 2010.

INFATS Conferencein Xiamen, December 4-5, 2015 407



