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INTRODUCTION 

 

There are various types of child restraint systems (CRS) such as 5 point harness, impact shield 

and child vest. In the regulation, child dummies are used to evaluate CRS performance. However, the 

shapes and characteristics of the rib cage or pelvis of dummies are different from those of the human 

body. Therefore, the injuries to the thorax or abdomen due to compression from restraints are difficult 

to evaluate in detail using crash dummies. In the present research, a 3-year-old (3YO) child human 

finite element (FE) model has been developed by scaling from a Total Human Model for Safety 

(THUMS) AM50 human FE model to investigate the potential injury risks from restraints. 

 

CHILD FE MODEL 

 

Model Development and Validation 

The shape and material properties of the 3YO FE model were determined by scaling from the 

THUMS AM50. The anthropometry data of the 3YO child are based on the research by Young et al. 

(1976) to develop child dummies. The size scale factors of the 3YO child to adult were determined so 

that λx, λy and λz have values as similar as possible. Dimensional errors in each body region were 

within 10% of Young’s 3YO clay model. The mass of the FE model is 16.7 kg. 

The bone elastic modulus scale factor of λE = 0.475 of Irwin et al. (1997) was used for the FE 

model. Based on bone bending tests at various ages performed by Curry (1975), the failure stress and 

strain were obtained, and the factors λσ = 0.8 and λε = 1.6 were applied for the stress-strain curves of 

an adult. Based on the bone material properties, a 3-point static bending test was simulated for a test 

piece (3×2×25 mm) used by Curry. The child bone properties of the 3YO FE model represented the 

small failure force with large deformation (Fig. 1). For soft tissues, the same properties of an adult 

were used for the 3YO FE model. However, λE = 0.7 was used for the child skin stiffness which is 

softer than that of the adult according to Yamada (1970). 

The child human FE model was validated based on the requirements of 3YO child dummy 

certification tests. The pendulum (1.7 kg) was impacted against the thorax at 6.0 m/s (Fig. 3). The 

impact force of Hybrid III has oscillation due to the rib cage mass and stiffness. The force of the 

human FE model has a plateau area, which is closer to the corridor scaled from AM50 cadaver 

responses. Lumbar spine flexion test was performed, and the force was 160 kN at 45° torso flexion 

angle, which also satisfied the requirement (130-180 kN). Lap belt loading is applied to the abdomen 

of the human FE model according to human volunteer tests conducted by Chamouard et al (1996). The 

lap belt force and abdomen penetration characteristics of the FE model are similar to those of human 

volunteers, which are softer than the Hybrid III or TNO P3 dummy. 
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Fig. 1  Three-point bending simulation              Fig. 2  3-year-old human FE model 
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CRS Sled Test Simulation 

An ECE R44 sled test was simulated using the human FE model, and results were compared to 

the test using Hybrid III. An impact shield type CRS was used for investigation. Fig. 4 shows the 

behavior of the FE model and Hybrid III. The Hybrid III torso flexed at the lumbar spine since it has a 

stiff thorax spine box without joints. For the human FE model, the whole thorax flexed around the 

impact shield. This spine flexion behavior of FE model agrees with that of the cadaver test by 

Wismans et al. (1979). The chest compression of the FE model was 44 mm, which was larger than that 

of a Hybrid III dummy (40 mm). This result of the human FE model shows that the impact shield of 

CRS can cause compression injuries to the thorax. 

 

Human FE model 

Corridor by Irwin et al. (3YO)

Requirement (Hybrid III 3YO)
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Fig. 3  Thorax impact test by human FE model and Hybrid III with corridor 

 

 
    (a) Human FE model simulation                      (b) Hybrid III test 

Fig. 4  Child dummy and human FE model behavior in an ECE R44 test 

CONCLUSIONS 

 

A 3YO child FE model was developed by scaling from a THUMS AM50 human FE model. The 

model met the requirements of thorax impact and lumbar spine flexion of a Hybrid III crash dummy. A 

CRS sled test was performed and the FE model showed more human-like behavior than Hybrid III. 

Potential injuries due to various CRS can be evaluated by the human FE model. 
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