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Abstract

: An extensive real world in-depth crash accident data is needed to make a precise occupant injury risk

prediction at crash accidents which might be a critical information from the scene of the accident in ACNS(Automatic

Crash Notification System). However it is rather unfortunate that there is no such a domestic database unlike other

leading countries. Therefore we propose a numerical method, i.e., crash simulation using a sled model to make a virtual

database that can substitute car crash database in real world. The proposing crash injury risk prediction is validated

against a limited domestic crash accident data.
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Table 1 Domestic real world in-depth crash accident data
collected for this study

Minor Major
(ISS<15) (ISS>15)
Driver Driver
Sedan 6 12
N Y 1 1

3. NHTSA report =%
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A= Bl Ael AMEE 1 ghEo] A 2
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Table 2 Crash pulse availability for domestic car model from

the NHTSA database
Type Mass Brand name Acceleration Curve
(kg) 40km [48km| 56km
1100 |HYUNDAI ACCENT X (@] O
1300 |[HYUNDAIELANTRA | O X
Sedan
1500 |HYUNDAI SONATA O X O
1700 |HYUNDAI XG350 X (@] O
1300 |KIA SOUL X X (@]
1500 [HYUNDAI TUCSON (@] X O
SOV 1800 |[HYUNDAISANTAFE| O X O
2000 |KIA BORREGO O X (@]
5 A3, 56km/h o] 7= BE 2poll gk 7t
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Fig. 1 Characteristics of frontal crash pulse
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Table 3 Crash pulse for 40km/h

Impact
vehicle |speed |Gl |G2|dl | d2 | d3 | d4 ds

(kph)
AVEO | 39.8 |12.519.3]58.9]228.2232.6429.3 |416.7

CIVIC 40.2 [15.3]20.5(81.1]|262.8|265.7|412.7 |400.9

FIT 39.8 |13.1]20.1|86.5{211.7 |212.7|413.2|410.3

COROLLA| 39.3 |11.5]18.7|47.5|346.8 |351.9|481.4 |468.2

YARIS | 39.8 |14.9]29.1|73.3]318.1322.0/393.1|384.9

average | 39.8 |13.5]21.5/69.5]273.5|276.9|425.9 |416.2
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3.3 30km/h 715 HA FH

A4:(30km/h)ol A o] 7HEE H A A4S 9@ 9
oA A& T H 53 o] &8t HEak
2 Ao 3k =9 Gl, G2, d1, d2, d3, d4, d5¢]
B ahS AL o] F o] g5te] HuAtd FA A
22 FEHEE AR b Zhzhe] A Gkl gig
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o]t
G1=0.1476 V+6.7565 4)
G2 =0.4899 V+0.6072 (5)
d1=2.3218 V—17.624 (6)
d2 = 2.2489 V+201.86 (7)
d3 =2.4426 V+198.38 )
d4=11.351+0.3522 )
d5 =11.094 V—0.7492 (10)
Table 4 Estimated 30kmvh crash pulse from a regression

Velocity Gl G2 D1 D2 D3 D4 D5
30 11.2 | 153 | 52 |269.3|271.7|340.9|333.8
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[AD  Arm to Door

HD H-Point to Door

HR Head to Side Header
HS Head to Side Window
KK Knee to Knee

SHY Striker to H-Point

CD Chestto Dash

[CS  Chest to Steering Wheel Hub
HH  Head to Header

HW  Head to Windshield
HZ  Head to Roof

[KDA Knee to Dash Angle
KDL Left Knee to Dash
[KDR Right Knee to Dash
NA  Nose to Rim Angle

NR  Nose to Rim

PA  Pelvic Angle

RA  Rim to Abdomen

SA  SeatBack Angle

SCA  Steering Column Angle

Vertical
SH  Striker to H-Point T TR
SK  Strikerto Knee

ST Striker to Head =
[SWA Steering Wheel Angle ’— —
TA  Tibial Angle Pasg N |
WA Windshield Angle i N
i e
Vertical Longitudinal Planes

DUMMY MEAS UREMENTS FOR FRONT SEAT OCCUPANTS
Fig. 2 Dummy positioning from NHTSA database
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Table 5 Sled parameter for computer simulation (sedan)

Parameter Change
. 2
1 Airbag (on, off)
2 Seat belt 2
(on, off)
3 Vehicle mass 4
1100, 1300, 1500, 1700kg)
4
4 | Impactspeed (30, 40, 48, 56km/h)
5 Dummy size . 3 .
(5%tile female, 50, 95%tile male)
total case 192(144)

Table 6 Sled parameter for computer simulation (SUV)

Parameter Change
. 2
1 Airbag (on, off)
2 Seat belt 2
(on, off)
3 Vehicle mass 3
(1500, 1800, 2000kg)
4
4 | Impactspeed (30, 40, 48, S6km/h)
5 Dummy size . 3 .
(5%tile female, 50, 95%tile male)
total case 144(108)

(3

olEl7} lomw Alelata s dEe] g

] Apo] el 5%tile o4 TR 7F L 0. B2 A 2] 5}

ATk flok B2 HEE 7 A HTA o= ofgfjof 22

Sdl= W dES g3t t(Table 5, Table 6).
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Fig. 3 Driver side sled model
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Femur load 345 NHTSA & EHIZ~E tu|oA &4
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Alar ol 4853t

5.2 Sled model HZS

TAE U= R HES A A EHAE
g 3lo] 48km/h e} 56km/holl A o] FH & F-Fof A

o] 3l #h& AL HEAES] NHTSA H.3A] T

ol A LFERt A3l #k3) H] skl T Table 7).
Al EH ol Aa, T, F5, shA| ol A 9] sl 1t
Q1 HIC, Thorax G, Femur load 3k ©] 50%tile T ©] | 3
Fol= £ 48km/h e} 56km/holl A o] HAE A
o} FARSHA YERd A& SISt eA R
5%tile TIV]= Bl B9} 22 2221 bW ES 5}
A] 22, 40km/holl Al B2 S off ) A1 A 77} A A
A1g el gt =4 e 3o w YERTh
95%tile TIH]&] -5+ A Al@ZA37F 7] vl
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Table 7 Comparing NHTSA result with simulation (50%tile)

48km/h Test Simulation Diff. (%)
HIC 248 255 2.8
Thorax G 43 44.13 2.6
Femur load (kN) 4288 4206.23 1.8

56km/h Test Simulation Diff. (%)
HIC 371 347 6.5
Thorax G 44 49.45 12.4
Femur load (kN) 4288 4206.23 1.8




g2 = 2 AE20|M2 0|88 ASK HH
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Table 8 Simulation result about same condition as real world
in-depth accident data

No | Belt Air | Weight | Speed | Head Thorax | Femur

bag | (kg) | (kph) | (HIC)| (G) |(mm)| (kN)
1|10 |0 | 1500 48 | 2115|373 |27.2]3.180
21 X |0 | 1500 48 | 2479 | 65.0 | 64.7 | 8.671
31X |0 | 1100 56 3623 | 72.7 |76.8 |12.799
410 |0 | 1500 56 | 327.0 | 47.3 | 31.2 | 4.469

SolM X Hel SR Ao BEA HT

Table 9 HIC, Thorax G, delection, Femur load value at each

AIS level

AIS Head Thorax Femur
(HIC) (G) (mm) (kN)

1+ 330-586 13-21 7-11
2+ 587-966 22-50 42-78 12-15
3+ 967-1435 51-69 79-107 16-19
4+ 1436-1848 70-133 108-192 20-24
5+ 1849-2182 134-248 192< 25-28

6+ 2182< 248< 28<

vl sk7] §1af AlE e o]l o] Aap = dofxl AA
Al gk AIS 55 o= kS| ofF Frt

£ 913} Eppinger'” <} Kuppa' "7} #A| A 8+ AIS 557
A& o] g-8ko] B HE 50%E 7] o= 4k ZFAIS

SN AT AN L UAS I3k 82 Prol

o
1£mEI=J

Ol

H of o WA lE—*H %E el 2%’4 1T
SOl Biek ALS S =
“5}%3 tHTable 9).

Table 9 ©]-&3}o] Al&eo]ide] A3} gk
THoE Wgkslal Ak $xte] g =) Hlﬂ
5199 t(Table 10).

Hask A3 FHo] A= Gats 7o =2 5k
= HH AL o] H 9 AR 3hS A5 7 AAA

sl 9] A= AlEE ol o] At
H H* Al e 3o 2 F1E T

==
N
N,
19
uic)
o
|

ru1o
5
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Table 10 Comparing simulation result with real world in-depth accideint data

() : simulation result
Thorax : (based on deflection, based on G)

Driver SZf/eitcye Vehicle AIS
No H(iiril;t W(‘:g” Belt ﬁai; W(‘Eg“ (Slf;js) Codel | AISI | Code2 | AIS2 | Code3 | AIS3
1 165 70 ¢} 0 (i;l)g) ‘(‘468‘)‘ Abdomen 2 Thorax (112) I;Er;zzr 1
2| 178 76 X | o (1‘5‘33) ‘(‘:8‘; Thorax (2?3) Abdomen | 2 exlir‘;‘;firty 2
3 170 65 X (0] (123(3)) ?4684; Thorax (2?3) Head 2 Abdomen 2
4 159 63 X 0 &?33) ?26; Head (411) Face 2 Thorax (2?4)
5 179 85 0 0 (i:‘l)g) ?;]6; Thorax (;) Abdomen 2 e)ft(r)e‘jr‘:irty (‘3))
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Fig. 4 The method to set injury value range in different AIS
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1
P=
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TEAIS T HoE, SHHETE AlEH ol 219
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x1 = Airbag, x2 = Seatbelt, x3 = size

x4 = impactspeed, x5 = veichle mass

offof o} ¢ W E o] B9-= MHE50, 485
12 AAsta vA] faese AAgs 485k
Selaleh. SHWsE A3 Foll= 37174 E o
%0}0% 2b7ko] A9 ' AIS SHHEE B #HES
ATk A EAYHEE FEWUSF AISTE 1~67)
Jol A e FEEe] Qo FAY RA~E 3
A ARt 24 diks ved 2
(Table 11).
A 2= ol tsf bkl FAI= 5
Aoz FeolatA] e Aoz teht A9E

ulo] E74 0% folah

142 szXSXIZets=2F M2 M55, 2013

Table 11 £ value in injury risk prediction

Sedan AIS 1 2 3 4 5
constant | -1.94 | -2.32 | -2.61 | -2.79 | -2.83
belt -1.17 | -1.17 | -1.17 | -1.17 | -1.17
Head airbag | -1.92 | -1.92 | -1.92 | -1.92 | -1.92
size 0.02 | 0.02 | 0.02 | 0.02 | 0.02
mpact | oo | on | o1 | oo
speed
constant -5.39 | -6.51 | -7.31
belt -1.14 | -1.14 | -1.14
Thorax size 0.02 0.02 | 0.02
impact 0.5 | 0.15 | 0.15
speed
constant | -1.90 | -1.97 | -2.03 | -2.32 | -2.41
Lower belt 247 | 247 | 247 | 247 | -2.47
extremity size 0.02 0.02 0.02 | 0.02 0.02
(Lef)y [
mpACt | 058 | 0.058 | 0.058 | 0.058 | 0.058
speed
constant | -1.68 | -2.07 | -2.47 | -2.56
Lower belt 2.7 | <297 | <297 | 277
extremity | size 0.022 | 0.022 | 0.022 | 0.022
(Right) |
mpACt | 669 | 0.069 | 0.069 | 0.069
speed
SUV AIS 1 2 3 4
constant -1.81 -2.08 -2.48 -2.69
belt -1.18 -1.18 -1.18 -1.18
Head airbag -1.95 | -195 | -1.95 | -1.95
size 0.02 0.02 0.02 0.02
mpact o | oo | oo | ool
speed
constant -5.72 -6.34 -7.2
belt -1.05 -1.05 -1.05
Thorax size 0.03 0.03 0.03
impact 015 | 0.15 | 0.5
speed
constant -1.5 -1.9
Lower belt -2.49 -2.49
extremity size 0.03 0.03
(Left) ;
mpact | 6056 | 0.056
speed
constant -1.47 -1.88
Lower belt -2.49 -2.49
extremity size 0.015 | 0.015
(Right) ;
mpact | o102 | 0.102
speed
) ghe Ao Ueht AelHgin) dnson v
= 5ol sl xkFe] FAlel tigk Wiart A8




Construction of Driver’s Injury Risk Prediction in Different Car Type by Using Sled Model Simulation at Frontal Crash

A okl Fi, BHA| o] A= ol o el w3k WS
7F A=A ehokrh ek AR AIS Tl tiEk B
- case o] H-F o= lgko] A4 ekt

>
>
)
IN
rr
§
&
)
o
>~
>,
oo
o
X,
i,
N 2
X0
2
iz
>
>,
!
=
o

zkdo] Ao skt o] = 98] ARt
QoA A aE 20043 A52F =S
ALY ©] Sl T 8 AP E o)
I dlo]E] 9] 1S AAAfo] ==
3 A Edlo) A 213 v A =2 9
EZ 25 gle A5 A9kt Al
A gHEo] B g 0]dolH g E3] o S8 3
A A 71 wf§- o /7] witol] s a1l
T AIS 5HE WHAEES Table 129} o]
Atk ol sy ¢
2

o Mo
-z
N

i)
o,
127
o
)
o
-0
X
il
122
__>|“_',J
>
>,
o,
|
il
E
it
;?124'
[e]
_— = 7
ol
ok

r
L
i—";

o
@ B

3ol

L

b

» 2
ojf Z .
Ll o
1 2

32 o
£ 0

E o
o
_O|L
32
%K £
o o g2 o N R

©
lo,
0%,
o
o
T
=2
=
o
2 2
o e ox
i/t A S )
QL

°
%0
k
>
:?1:11
de Mt do it

A A% S the) o] A4S,

1)

2)

3)

4)

5)

o= 2o HISH d"EHzs 47 <SSl
NHTSAS] AWE= HEE HuAME 36k
15 Ak gk kS e s Te] 912 9f
or] el gk el ekl

NHTSA BaAMoll A A& o gl 7h = e
LxaEs FE&eet FAVE 22 ue A
=9 54%E o835kl 438kt

sdl= Rde] HFE 98 =l AAkaL dHelH
& FHstL A FEol Y Al Suve] 23
21 7395 sk iTh

A S = RS 7435kl t WS HYBRID
11T 50%tile(FTSS-MBS) 2 A3 3 NHTSA H
2E BIAME #AZ8a AALa dlo]E e} vlal
sk T

Table 12 Comparison real world in-depth crash accident data and injury prediction equation

AIS
gane | N A sLelolE] A1 ()
Seatbelt | Airbag (;‘tffe ) fﬁ;ﬁ‘; AIS | AIST | AIS2 | AIS3 | AIS4 | AISS
1 X 0 25 31.1 3 45 36 29 26 25
2 ) 0 32 46.4 4 58 48 41 37 36
A 3 X 0 25 46.4 2 79 73 66 62 61
4 X 0 1 60.7 4 91 88 84 82 81
5 0 0 32 31.1 2 2 16 13 11 10
1 0 0 32 46.4 4 75 50 30
2 X 0 75 46.4 3 96 89 78
7 3 X 0 25 46.4 3 89 7 54
4 0 0 82 60.7 3 99 96 92
5 0 0 32 31.1 3 23 10 4
34 L 1 0 0 82 60.7 3 69 67 66 59 57
s34 R | 1 0 0 82 60.7 3 82 76 68 66
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