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Analysis of Driver Injuries Caused by Frontal Impact
during Abnormal Driver Position

Jiyang Park, Younghan Youn~, Youngchan Kwak, Changki Son’
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ABSTRACT

Recently, the driver can be assisted by the advanced active safety devices such as ADAS from road traffic
risks. With this system, driver and passenger may freed from can driving tasks or kept eyes on forward
direction while on the road. Help from adoptive cruise control, auto parking and newly develped automated
driving vehicles technologies, the driver positions will vary significantly from the current standard driver
position during the travel time. On this hypothesis, the objective of this study is analyze the behavior and
injuries of drivers in the event of frontal impact under these abnormal driver position. Based on the KNCAP
frontal impact testing method, this simulation matrix was set—up with dummies of 5" tile female Hybrid III
dummy and 50" tile male Hybrid III dummy. The small sedan type passenger car was modeled in this
simulation. The series of simulation was performed to compare the injuries and behaviour of each dummy,
varying the seating status and seat position of each dummy.
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Fig. 1 Abnormal driver seating postures
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Fig. 2 Sled model for full wrap frontal crash test
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Fig. 3 X Directional vehicle acceleration pulse
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Fig. 4 50" male Hybridlll dummy seating location
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Fig. 5 5% female Hybridlll dummy seating location
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Table 1 50" male Hybridlll dummy Injury criteria

requirement
lower | upper

HIC15 600 | 1000

Head

HIC36 600 | 1000

Fx(kN) 1.9 3.1

Neck Fz(kN) 2.7 3.3
Mocy(Nm) 42 57

Displace— | Chest deflection(mm) | 22 50
ment VC(m/s) 0.5 1.0
Spine T12 Fx(kN) 1.5 2.0

Chest -

Spine Spine T12 Fy(kN) 1.5 2.0
T12 Spine T12 Mx(Nm) | 150 | 200
Spine T12 My(Nm) 150 | 200

Femur Femur Force 3.80 | 9.07

Table 2 5% male Hybridlll dummy injury criteria
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Table 3 Injury of 50" male Hybridlll dummy in mid seating

position
Dummy Seating angle 90° | 102.5° | 115°
HIC15 367 | 2222 499
Head
HIC36 514 | 2222 925
Fx(kN) 14| 33 0.002
Neck Fz(kN) 1.3 5.2 1.7
Mocy(Nm) 6.7 | 163 49
Displace— Chest( iil)emon 57 56 921
C| ment
h VC(m/s) 06| 06 0.1
e Spine T12 Fx(kN) | 2.0 | 1.6 3.5
S|  Spine Spine T12 Fy(kN) | 0.3 | 0.03 0.03
t T12 Spine T12 Mx(Nm) | 227 | 328 113
Spine T12 My(Nm) | 234 | 289 694
Femur Femur Force 7.5 6.3 2.5

Table 4 Injury of 50" male HybridIll dummy rear mid seating

requirement
lower | upper
Head HIC15 500 | 700
HIC36 500 | 700
Fx(kN) 1.2 | 1.95
Neck Fz(kN) 1.7 | 2.62
Mocy(Nm) 36 49
Displace— | Chest deflection(mm) | 22 48
ment VC(ny/s)
Spine T12 Fx(kN) 1.5 2.0
Chest -
Spine Spine T12 Fy(kN) 1.5 2.0
T12 Spine T12 Mx(Nm) | 150 | 200
Spine T12 My(Nm) | 150 | 200
Femur Femur Force 3.80 | 6.8
3. &= AlEToA

3.1 50" male Hybridll AFaf=] 23}

50" male Hybridlll dummy mid seating position®]
7% dummy®] A U F7ke] Paste] 77.5°9 49
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ol AafAl= 102,504 HICE 17} 71 A vk
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position
Dummy Seating angle 77.5°| 90° |102.5°| 115°
HIC15 408 | 351 | 796 | 826
Head
HIC36 823 | 653 | 1219 | 1111
Fx(kN) 0.1 |0.1] 0.8 |0.001
Neck Fz(kN) 0.3 ]23] 35 1.9
Mocy(Nm) 2 42 | 61 46
. Chest deflection
Dlsplacte— (mm) 43 | 64 73 14
men
VC(m/s) 0.3 07| 0.7 | 0.04
C Spine T12 Fx
18 1.9 21 3.0
h (kN)
e Spine T12 Fy
0.1 10.05| O 0.4
S| Spine (kN)
t T12 i
Spine TIZMx 107 958 | 288 | 78
(Nm)
Spine T12 My o7 1919 | 376 | 732
(Nm)
Femur Femur Force 25123 75 3.5

50 male Hybridlll dummy Rear Mide] 73-9- Abefjx]&=
102.5°, 115°¢]14 HIC, Spine %ol Aa) %7} Table
48} Zol 714 A st
Table 59 7o) 50" male Hybridll dummy Rear®]
A9 Aex)E= 102.5°, 115°004 HIC, Spine -0l 4]
&7 7 A gkt
Table 69 7&49} 7+o] 50" male Hybridlll dummy
Rear Most®] 73-9- AFall x| 102.5°, 115°) 4 HIC, Spine
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Table 5 Injury of 50" male Hybridlll dummy rear seating
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3.2. 5" female Hybridll AFaix] Az}

Table 79 A&} 7ol 5% female Hybridlll dummy
Forward Most®] 74$ dummy®] 24 Wi F7ko] P4
ato] 77.5°% aekA] STk AalAl= 90°, 115°¢04

position
Dummy Seati 1 77.5°| 90° | 102.5° | 115°
Y >ealing anee Table 7 Injury of 5% female Hybridll dummy for most seating
HIC15 773 | 382 | 1450 | 721 i
Head position
HIC36 848 | 701 | 1450 | 1181 -
Fx(kN) 04 | 01| 27 0.07 Dummy Seating angle 90 102.5° | 115
Neck Fz(kN) 14 | 22| 71 0.1 Head HICIS o 369 602
Mocy(Nm) | 36 | 28 | 128 | 58 HIC36 1035 | 721 | 812
Fx(kN) 1.0 0.24 | 0.02
Chest
Displace— deflection 64 68 80 7.4 Neck Fz(kN) 3.61 1.68 0.1
ment (mm) Mocy(Nm) 52 28 36
. VC(m/s) | 0.9 | 05| 1.2 |0.016 Displace— Chest( deﬂ)ectlon 72 | 51 | 36
Spine T12 Fx 39 26| 40 35 ment mm
h (kN) a) ~ : VC(m/s) 07 | 03 ]0.25
e -
Spine T12 Fy C Spine T12 Fx
S 0.07 | 0.3 0 0.6 2.4 3.1 4.0
£ Spine (kN) h (kN)
T12 Spine T12 Mx S Spine T12 Fy
0.3 0.3 0
(Nm) 141 | 371 | 287 56 s Spine (IN)
- t T12 Spine T12 Mx
Spine T12 My >pme 61 | 125 | 223
(Nm) 309 | 261 | 506 | 776 (Nm)
Femur Femur Force | 2.8 | 35| 45 | 4.3 Spine T12 My | 00 | o1 | 565
(Nm)
Table 6 Injury of 50" male Hybridll dummy rear most seating Femur Femur Force 43 3.2 2.4
position
- - - - - Table 8 Injury of 5" female Hybridlll dummy forward mid
Dummy Seating angle 77.5°0 90° |102.5°| 115 seating position
Head HIC15 622 | 557 | 1062 | 1077
ea : o o o
HIC36 745 | 1034 | 1128 | 1401 Dummy Seating angle 90 102.5° | 115
HIC15 585 | 1055 | 602
Fx(kN) 0| 01| 25 | %0 Head
X : : 07 HIC36 592 | 1283 | 800
Neck FzkN) | 36| 33 | 48 |01 Fx(kN) 07 | 12 ]002
Mocy(Nm) 5 11 108 | 70 Neck Fz(kN) 024 | 04 0.1
Chest Mocy(Nm) 64 82 32
Displace — deflection 70 70 80 6.2 . Chest deflection
ment (mm) DlSplaCte— (mm) 61 65 34
men
VC(m/s) 06 | 0.6 1.3 ]0.01 VC(m/s) 1.0 0.7 0.1
C - B
Spine T12 Fx C Spine T12 Fx
2 (N) 32| 24 42 | 28 N (kN) 1.2 3.1 4.3
Spine T12 Fy e Spine T12 Fy
S 0.1 |0.002 0 0.06 0.2 0.4 0
¢ | Spine (kN) s Spine (kN)
T12 Spi t T12 i
Spine T12 M| 50 1 507 | 303 | o8 Spine TIZMx 0| g5y | 980
(Nm) (Nm)
Spine T12 My Spine T12 My
(Nm) 238 | 297 | 552 | 807 (Nm) 181 693 614
Femur Femur Force | 4.3 | 4.3 9.0 1.9 Femur Femur Force 8 2.2 2.6
NSt Es X M10d3, M3=, 2018 35
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Table 9 injury of 5" female Hybridll dummy mid seating
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Table 11 Injury of 5% female Hybridll dummy rear seating

position position
Dummy Seating angle 77.5° | 90° | 102.5° | 115° Dummy Seating angle 77.5° | 90° | 102.5° | 115°
HIC15 1083 | 237 | 1200 | 417 HIC15 697 | 678 | 1232 | 254
Head Head
HIC36 1083 | 237 | 1390 | 624 HIC36 937 | 945 | 1439 | 434
Fx(kN) 08 03| 1.2 |0.02 Fx(kN) 07 109 07 |0.02
Neck Fz(kN) 02 |01 0.1 0.1 Neck Fz(kN) 01 |01 0.1 0.3
Mocy (Nm) 36 | 38 72 33 Mocy(Nm) 44 | 52 56 55
Chest Chest
Displace— deflection 64 60 60 37 Displace— deflection 60 61 51 33
ment (mm) ment (mm)
VC(m/s) 09 |09 05 0.1 VC(m/s) 07 107 04 |0.09
C - C -
Spine T12 Spine T12
h Px(kN) 08 |09 28 3.8 h Px(kN) 1.1 (03] 23 3.4
e e
Spine T12 Spine T12
S 04 |01 03 0.5 S 04 | 05| 001 | 0.2
t Spine Fy(kN) t Spine Fy(kN)
T12 Spine T12 T12 Spine T12
M (Nm) 87 | 42 | 176 | 254 Mx(Nm) 75 | 112 104 | 212
Spine T12 Spine T12
My(Nm) 123 | 167 | 647 | 582 My (Nm) 136 | 104 | 518 | 435
Femur Femur Force | 3.3 | 1.1 2.6 3.0 Femur Femur Force | 4.1 | 4.1 4.8 3.4

Table 10 Injury of 5 female Hybridll dummy rear mid
seating position

Table 12 Injury of 5" female Hybridll dummy rear most

seating position

Dummy Seating angle 77.5° | 90° | 102.5° | 115° Dummy Seating angle 77.5° | 90° | 102.5° | 115°
HIC15 688 | 565 | 1053 | 281 HIC15 579 | 541 | 1059 | 249
Head Head
HIC36 877 | 567 | 1260 | 524 HIC36 902 | 922 | 1428 | 418
Fx(kN) 02 | 12| 09 |0.02 Fx(kN) 05 07| 05 |0.02
Neck Fz(kN) 01 |01 0.1 0.3 Neck Fz(kN) 01 |01 0.1 0.2
Mocy(Nm) 27 | 80 58 56 Mocy(Nm) 43 | 46 30 56
Chest Chest
Displace— deflection 58 62 58 36 Displace— deflection 54 59 41 33
ment (mm) ment (mm)
VC(m/s) 09 |09 04 0.1 VC(m/s) 05 |05 03 ]0.01
C - C :
Spine T12 Spine T12
h Px(kN) 09 | 05| 23 3.7 h Px(kN) 1.9 [04] 05 3.5
e e
Spine T12 0.00 Spine T12
S 0.2 0.01 | 0.3 S 02 03| 001 | 2.6
t Spine Fy(kN) 8 t Spine Fy(kN)
T12 Spine T12 T12 Spine T12
M (Nm) 52 | 78 | 151 | 256 Mx(Nm) 90 |151| 108 | 225
Spine T12 Spine T12
My (Nm) 124 | 124| 601 | 509 My (Nim) 259 | 105 | 405 | 458
Femur Femur Force | 4.7 | 2.0 | 3.2 3.1 Femur Femur Force | 3.4 | 44| 45 3.7
36 AsxotEE s X M103, H3%, 2018
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