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Analysis of Car-Pedestrian Collisions Using Scaled Korean Dummy
Models
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ABSTRACT

According to the pedestrian protection regulations of Europe and Japan, the head injury must not exceed a
limitation in the defined test condition for the protection of pedestrians from a vehicle crash. However, it is
difficult to evaluate the performance of protection because each regulation has different test conditions such as
dummy, impact speed and so on. This circumstance needs the development of a model that describes the
anthropometry of the crash victim with a sufficient accuracy. We constructed scaled pedestrian dummies using
MADYSCALE. Simulations were performed for various crash speeds and pedestrian postures. The scaled Korean
dummies and HybridIll dummies were used to compare the pedestrian dynamic behaviors and head injury criteria
during the collision. The HIC values of scaled korean dummies were found to be higher than those of Hybrid

III dummies. The impact for gait posture was less than that for standing.

Key Words : Pedestrian (E.3§2}), Head injury (@8] “}3l), Anthropometric data (U A& 4 &), MADYMO
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Fig. 1 Pedestrian protection test method
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Table 1 Anthropometric data used in MADYSCALE

1 Weight 19 | Forearm-hand length |
2 Standing height 20 | Biceps circumference
3 Shoulder_height 21 | Elbow circumference
4 Armpit_height 22 | Forearm circumference
5 Waist_height 23 | Wrist circumference
6 Seated height 24 | Knee height, seated
7 Head length 25 | Thigh circumference
8 Head breadth 26 | Upper leg circumference
9 Head to chin height | 27 Knee circumference
10 | Neck circumference | 28 Calf circumference
11 Shoulder breadth 29 Ankle circumference
12 Chest_depth 30 | Ankle height, outside
13 Chest breadth 31 Foot_breadth

14 Waist depth 32 Foot length

15 Waist breadth 33 Hand breadth

16 Buttock depth 34 Hand length

17 | Hip breadth, standing { 35 Hand depth

18 |Shoulder to efbow length .
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Fig. 2 Flowchart of MADYSCALE
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Fig. 3 Korean pedestrian models
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(a) Front view (b) Side view
Fig. 4 Vehicle model of compact car

Fig. 5 Situation of car-pedestrian collision
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Table 2 Collision results at 30 km/h A A 47 B9 AR AAREd v
. Maximum FEo| FAYoY, 35 kmh J BEE AW BR
Model {r‘n';‘;’ acceleration | HIC AE Eo AwGee] S0 LAt
—— — 1(2(2”2 = 30 km/holAdE HA 2dE o Huyisx
- T R . 5 =1 v .
7539 zr 522 ) i 3 Ayt est 2Ass Alztel P, Hybridll
30-34 yr 153.4 125.9 820 Bulel Bld #%e UL Table 204 3R
35-39 yr 149.1 1272 929 o}, #=2Qo HUNEE o] ¢ I5GAE B¢
40-49 yr 1531 126.8 769 ), HICZ Al 40~494 29g A9stn 853
P Hybridll | 1563 1108 8% 7 YEFRTh Table 3904 @ & QA%el 35 kmh
o] £ o= P HybridlIt v 9} 20~24419] &=
Table 3 Collision results at 35 km/h ol g2 2do] 7% FAME g 23th 40 kmh
. Maximum o M 40~494 timjelA 71 B TME e @&
Model I::; acceleration HIC BATKTable 4). 2 ZolE 20~244 v
©) 10G, P, HybridlIH vl Bt} 206 Fx 9] Aol7} o}
20-24 yr 1394 162.8 1775 E]— ‘,Tk E}_
25-29 yr 138.7 148.8 1541 :
30-34 yr 1394 1333 1330 B2 A gAY A$ oA dAHE F
35-39 yr 131.8 1563 1581 WS 2 2 PARe] FELE gt ME
40-49 yr 127.2 139.2 1185 Q_]jq. -ﬂ-}\]-éj- %h‘g}—‘g_— i%]% E}?_]_ﬁ]-?j\:}, o].‘f o g
P, _HybridIll 143.1 161.0 1702 9l 2497 Mz BAsH AHHQ Aol7t A

2 @7 WEolth EF 20~2449 FF=¢ @A
2do] P HybridlItiv}$} 7} §A18 2498 »
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Table 4 Collision results at 40 km/h

Time Maximum : © Ao glo] 2EA o] W
Model acceleration HIC Fig. 6& 4 & 249 SFE5E9 W3l
(ms) @) whE HICZS wlm aYolth aYolM B A
20-24 yr 1225 1978 2738 2 Ak 30 km/he) FE01A HICZ 1000 ©}3HE
2529 yr 1246 1877 2528 Holm ¢ AROZ = AAYS o
o B T o ]:aflj 5 40 km/hel T%quﬁi fxi?k:l
3539 yr 1184 187.0 2176 ' ; =M=
40-49 yr 110.8 1532 1933 1000 2935 1, 43¢ A7}t Adech £ &
P__Hybridll | 1260 205.8° 2757 F3 P, Hybridlltiv] 2% 7|1& HHAE T8}
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Tables 5~7& FELE Wl e 39 ¢
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Aol ALS-E Aol AFAtEFolr] wjEo HHe

Fig. 6 Comparison of HIC values for male
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# 1000018t ¥ P, HybridITi 9] 10008 %
#gE & + Utk o]t P,_Hybridltiw|gho] 3}
Fo AW freg o FE3U7] WEolth 40 kmh
8] ALdME A A2 2 AMAA HICZ o]
10000]8& B, FFe 487t ddect olg §
8 9499 Z4E 4 F2 e g dAA
22 35 kmhg! A9E HlZ HATRE ¢ F
At 22U FE Sxd ma IIUH A
_Hybridllt) vl ol A} HICZ®] 222 54§ &
& H&arlde Fert AeE 4 AU

Table 5 Collision results at 30 km/h

Time Maximum
Model (ms) acceleration HIC
G
20-24 yr 151.0 1194 561
25-29 yr 150.3 122.8 598
30-34 yr 149.5 118.2 553
35-39 yr 149.7 114.5 509
40-49 yr 150.2 99.6 379
£,_Hybrid Il 157.6 147.3 1012

Table 6 Collision results at 35 km/h

Timé Maximum
Model (ms) acceleration HIC
(S)

20-24 yr 129.3 143.3 974
25-29 yr 128.9 144.6 978
30-34 yr 127.8 142.1 967
35-39 yr 127.6 144.2 936
40-49 yr 127.2 139.2 871
P/_HybridIH 135.6 148.6 1212
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Table 7 Collision results at 40 km/h

Time | Maximum
Model (ms) acceleration HIC
' (S)
20-24 yr 113.3 151.1 1275
25-29 yr 112.9 152.3 1303
30-34 yr 1118 1524 1267
35-39 yr 1114 154.0 1248
40-49 yr 110.8 153.2 1180
P, _Hybridll 118.5 157.0 1502
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1200 -
Q 800
T

400 4

0
20-24yr  25-28yr  30-34yr 35-38yr 40-4yr P, Hybrid I

Fig. 7 Comparison of HIC values for female
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Fig. 8 Comparison of impact velocities
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Fig. 9 Time histories of head acceleration

Table 8 Collision results for two postures

Time Maximum
Collision posture acceleration HIC
Standing impact | 153.5 106.3 750
Gait _impact 139.4 162.8 1775
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