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ABSTRACT

This study is to develop the prediction model for the HIC15 in frontal vehicle crash tests. The 28 frontal
impact test results of the MY2019 and MY2020 USNCAP are utilized. The metrics for evaluating the crash
pulse severity such as moving average acceleration, Restraint Quotient (RQ) and ride—down efficiency are
reviewed to find out whether the metrics can predict the HICI5. It is observed that the R® values based on
the linear regression of all pairs between the existing metrics and the occupant injuries such as the HIC15,
3 ms chest g's and chest deflection are very low. In this study, using the vehicle crash pulses, the linear
regression model for estimating the HIC15 is developed. The vehicle crash pulse is splitted seven 10 ms
intervals in 70 ms after impact for extracting the average accelerations in each intervals. The prediction
model can predict effectively not only the HIC15 but also the maximum head g’s, chest deflection and 3 ms
chest g's of 13 vehicles out of 28 vehicles.
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Table 1 Specifications of tested vehicles

W Driver

No.| Vehicle Type Weight DisElZi?lient Jggiictty j::\ o
1 | V10387 | Sedan |1530kg| 1,500cc | 56.07 kph S _
2 | V10391 | MPV | 2199kg| 2400cc |56.32kph ~ 200
3 | V10555 | Hatchback | 1,646kg | 2,000cc | 56.71 kph =
4| V10556 | SUV | 1,988kg| 2,000cc | 56.02kph mj ‘ | ‘ | | ‘ ‘
5 | V10562 | SUV  |2933kg| 5,600cc |56.61kph o " - ” p 5
6 | V10576 | Sedan |1,261kg| 1,600cc | 56.13kph Vehicle Number
7 | V10635 MPV 1,770 kg 2,500 cc 56.14 kph Fig. 1 HIC15 (Head Injury Criterion)
8 | V10642 SUV  |2328kg| 3,000cc |56.34kph
9 | V10647 SUV  |[1971kg| 2400cc |56.13kph o —
10 | V10648 |  SUV | 1964kg| 2400cc |56.34 kph 70 DS
11 | V10651 | Hatchback | 1,550 kg 2,000 cc 56.41 kph ‘% e
12| V10656 | Sedan | 1,889kg| 3,500cc | 56.19 kph —Q 0
13| V10680 | SUV  |2.884kg| 5300cc |56.62kph 2"
14 | V10690 | SUV  |2732kg| 5300cc |56.73kph I U ‘ |
15| V10704 | SUV | 1,790kg| 2,500cc | 56.27 kph =
16 | V10712 SUV  [1371kg| 1,600cc |56.48kph 0
1 11 1

17 1 V10713 SUV 1,983 kg 2,000 cc 56.48 kph

Vehicle Number

18 | V10721 SUV 1,825 kg 2,000 cc | 56.01kph

Fig. 2 Maximum head acceleration
19 | V10763 MPV 1,607 kg 1,600 cc 56.56 kph

20 | V10770 Sedan 1,714 kg 2,500 cc | 56.62 kph

40

o

21 | V10830 SUV | 1,495kg| 2,000cc |56.44 kph . mOriver
22 | V10836 SUV | 1,715kg| 1,500cc | 56.10 kph a0 Passenger
23| V10914 |  Sedan |1,625kg| 1,500cc | 56.24 kph g2
24 | V10917 SUV 1,946kg | 2,000cc | 56.88 kph § 20
25 | V10918 Suv 2,394kg | 3,600cc | 56.57 kph E 1
26| V10966 | Sedan | 1,333kg| 1,600cc | 56.21kph e ‘
27 | V10976 | Hatchback | 1,362kg| 1,600 cc | 56.37 kph °
1 11 16 21 26

28 | V10982 Sedan 2,126 kg 2,000 cc | 56.82 kph

Vehicle Number

Fig. 3 Chest deflection
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Table 2 Linear regression results between metrics and driver

injuries
5 Head Peak Chest 3 ms
2
R HIC15 Acceleration | Deflection | Chest g’s
o 0.0100 0.0092 0.0974 0.0447
RQ, 0.0310 0.0311 0.1082 0.0615
£, 0.0087 0.0142 0.0025 0.0857
OLC 0.0721 0.0659 0.0966 0.4466
MMAA 0.0006 0.0129 0.1294 0.3414
(10 ms)
MMAA 0.0026 0.0030 0.1739 0.2512
(25 ms)
MMAA 0.0300 0.0002 0.1251 0.1495
(50 ms)
AsSxetdaEg X Mi12&, 45, 2020
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Table 3 Linear regression results between metrics and
passenger injuries

9 Head Peak Chest 3 ms
R HICIS Acceleration | Deflection | Chest g's
I 0.0002 0.0149 0.0013 0.0578
RQ, 0.0217 0.0049 0.0276 0.0589
E, 0.0275 0.0079 0.0430 0.0964
OLC 0.0524 0.0983 0.0850 0.5092
A 0.0001 0.0157 0.0042 0.3886
(10 ms)
0.0015 0.0061 0.0122 0.5153
(25 ms)
0.0068 0.0023 0.0320 0.6155
(50 ms)
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Table 4 Coefficients of linear regression model for the
reduced model (driver)

Coefficient | HIC15 |H. Peak A.| Chest Defl | 3ms g's
By —23.3643 | —86.7980 | —14.7630 | —9.7190
By —7.8610 | —1.4995 0.2769 | —0.1655
By 3.3585 0.82901 0.2998 0.3464
By 7.0892 1.8694 0.5891 0.4525
B, 5.0903 1.1534 0.2645 0.2481
Bs 9.9924 3.3746 0.1822 0.6112
Bs —=7.0620 | —2.0829 0.1302 0.2206
By —2.1283 1.5357 0.1594 0.1984

Table 5 Coefficients of linear regression model for the
reduced model (passenger)

Coefficient | HIC15 |H. Peak A.| Chest Defl | 3ms g's
By —1180.69 | —37.5019 | 35.7579 | —11.3569

By —2.0652 0.1645 —0.4152 | 0.6619

By 4.8181 0.2192 —0.1287 | 0.6095

Bs 28.0290 1.7563 0.5459 —1.0312

B, 9.9291 0.5153 —0.1509 0.5803

Bs 24.5221 1.6424 0.2064 0.0646

Bs —17.9418 | —1.1496 —0.4887 1.0723

B; 19.5458 1.2752 —0.2919 0.0315
NS XetMErs| X M12d, H4s, 2020
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Table 6 Linear regression results between test and estimated
results of occupant injuries

R? .
(Test vs Estimation) Driver Passenger
HIC15 0.9627 0.6444
Head Peak Accel. 0.8899 0.4705
Chest Deflection 0.6604 0.5220
3 ms Chest g's 0.8505 0.8306
ANSIerMEts X H12d, M4s, 2020
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