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A Study on the Development of Child Human Model for
Crashworthiness Analysis

Heon Young Kim®, Sang Bum Kim*, Joon Sik Kim*, In Hyeok Lee** and Jin Hee Lee***

ABSTRACT

This study is focused on the development of a child human model, which is composed of skin, skeleton, joints and
muscle, etc. The dimension of child outer skin is referred to anthropometric data from KRISS (Korea Research Institute
of Standards and Science). The positions of joint and mass properties of body segments are calculated from
ATB(Articulated Total Body) program, GEBOD. The properties of bones and muscles are obtained by the way of scaling
from adult human model. To verify the developed human model, ROM simulation and sled test is conducted. Developed
human model can be effectively applied to the evaluation of human injury in crash situation and development of child
restraint system, The explicit finite element program PAM-CRASH™ was used to simulate six-year old child human

model.
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(a) Three year old child dummy

(b) Six year old child dummy

Fig. 1 Hybrid III child crash test dummy (3 and 6 yr old)
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Table 1 Airbag related injuries in children

Body region Injury

Contusion
Laceration

Skull fracture

Subgaleal hematoma

Epidural hematoma

Head Subdural hematoma

Subarachnoid hemorrhage
Cerebral contusion

Diffuse axonal injury

Brainstem contusion

Brainstem laceration

Abrasion

Contusion

Laceration

Face Burn

Conjunctival hemorrhage

Eye injury

Fracture of mandible, orbit

Abrasion

Contusion

Laceration

Burn

Ligament disruption of cervical

Neck spine

Dislocation or separation of cervical

spine

Fracture of cervical spine
Spinal cord injury

Tear of vertebral artery

Chest Cardiac contusion

Abdomen Liver, splenic, renal injury

Abrasion
Contusion

Burn

Fracture of radius

Upper
extremity

Lower Burn

extremity
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(b) Adult

(a) Infant

Fig. 3 Infant and adult skeletons
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Table 2 Formulas for scale factor’

(C+W+H),
Head Aehead = A, heat = A peat = (C+W+H),
mid male
(HO),
Neck ﬂ'xnec =2 neck — ﬁ:n“ = )
kT ek T (HC) g e
Neck ) - = M =
Stiffness kMXneck — 7y pxpes | TEsoft Gy yoeck

C : Head circumference, W : Head width
H : Head height, HC : Head Circumference
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Fig. 5 Developed 6 year old child human model
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Table 3 Mean vertebral body height measurements. Standard error in parentheses 13

Caprine Vartebral Body Height Human Vertebral Body Height Human Standing Height
(mum} (mm) {mm)
Level Small Mid Large Small Mid Large Small Mid Large
C3 36.6(0.9) | 415(06) | 459(1.2) | 13.0(04) | 151(0.4) | 16.0(0.6)
c4 359(14) | 394(14) { 432(1.0) | 13.0004) | 150(0.5 | 157(0.5)
C5 31.7(0.8) | 33.8(1.0) | 394(1.3) | 13.0(0.3) { 148(0.5 | 16.5(04)
C6 272707 | 31.6(1.3) | 33.1(1.7) | 13.0003) | 151(0.3) | 16.3(0.5)
Cc? 238(09 | 27.0(1.2) | 293(1.2) | 14.3(04) | 158(0.4) | 17.7(04)
Overall 311(L0) | 35.1(11) | 385Q.2) | 13.2(0.2) | 152(0.2) | 164(0.2)
Ratio 0.89 100 L10 087 100 108 0.86 100 1.06

Table 4 Comparison of scaling ratios between the current study, Ching et al. and FMVSS 208"

Ae Lyear Lyear 6-your 12year | Smmall adult NE:“’I‘:‘ Large adult

1{3& 010 0.16 030 062 074 100 113

P;::z‘ sfl’;‘:'e; 013 0.18 038 066 078 1,00 110

g:."‘r’l’x 013 0.19 042 076 089 1.00 103
Chinges ;3::: 033 055 066 1.00
=1.a00n sl;?i; 054 o 076 1.00

Mslfﬁf"“ﬁe 024 034 045 063 100 121
(mYont;B’)a;::rl::;}e 025 030 0.37 063 1.00
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Fig. 8 Neck flexion/extension test installation

(b)Extension moment

Fig. 10 Flexion/extension moment mechanism
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Fig. 16 Three point bending simulation (Humerus)
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Fig. 19 Deformed shapes during sled simulation
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Fig. 20 Deformed shapes of bone structure during sled
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