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Development of Practical and Simplified Human Whole Body FEM M odel
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Abstract

A practical and simplified human whole body FEM model was developed. During the model development, it was noticed that the
simulation with the model was done within an appropriate CPU time (the practical validation cycle) and the modeling did not have the
excessive biofidelity (the reduction of the model development man-hours). For simplification, bones were modeled by a hollow shell
structure and muscles and ligaments were modeled by a bar/beam element.

To validate this model, frontal/lateral impact simulations were performed referring to cadaver tests which were already published. Asa
result, it was found that the simulation results of bone fracture and impact force agreed well with the cadaver tests. However, at the location
where the soft tissue influenced the damage, a difference was found between the simulation and the cadaver test because the modeling of
the soft tissue was insufficient. The author plans to improve this point it in the future.

Modeling, Finite element method, Computer aided engineering(CAE), Injury & Trauma
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Fig.1  Human whole body FEM model.

Table 1 Specification of human whole body FEM model.

Fig.2  Spine FEM model.

Table 2 Specification of spine FEM model.

ITEM SPEC
Num. of node 88748
Num.of Beam 126
element Bar 2210
Membrane 684
Shell 67878
Salid 38080
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ITEM SPEC
Num. of node 14187
Num. of Bar 1518
element Membrane 86
Shell 18625
Solid 3809
Ligament Anterior longitudinal ligament
Posterior longitudinal ligament
Ligamentaflava
Ligamentaintertransversaria
Ligamentainterspinalia
Ligamentum supraspinale
Capsular ligaments
Intervertebral disks (Anulus fibrosus)
Iliolumbar ligament
Vertebrae Rigid shell structure
Intervertebral | Ligament-rainforced elastic-plastic
disks solid structure
Connection | Rigid connection between vertebral
body and end plate
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Fig. 3  Chest FEM model.

Table 3 Specification of chest FEM model.
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ITEM SPEC
Num. of node 2717
Num. of Bar 536
element Shell 3006
Ligament Ligamentum capitis costae radiatum

Ligamentum costoransversarium

Ligamentum lumbocostale

Ligamentum costotransversarium laterale
Ligamentum costotransversarium superius
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Muscle Mm. intercostales externi
Membranaintercostalis externa
Mm. intercostales interni
Membranaintercostalisinterna
M. quadratus lumborum
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Ribs Elastic-plastic shell structure

Cartilago costalis | Elastic-plastic shell structure

Sternum Elastic-plastic shell structure
Connection Covalent binding between ribs, cartilago

Costalis and sternum

000000000000000000
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Ligament connection between ribs and spine

O0000O0O0OFg. 14000000000

0000000 R&DODODODODOVol. 36 No.2 (2001.6)




20

Back

Fig. 4  Shoulder FEM model.

Table 4 Specification of shoulder FEM model.

ITEM SPEC
Num. of node 2024
Num. of Bar 99
element Shell 2340
Ligament Ligamentum costoclaviculare
Ligamentum sternoclaviculare
Ligamentuminterclaviculare
Ligamentum acromioclaviculare
Ligamentum conoideum
Ligamentum trapezoideum
Ligamentum coracoacromiale
Muscle M. rhomboideus minor
M. rhomboideus major
M. levator scapulae
M. trapezius
M. subclavius
Scapula, clavicula | Elastic-plastic shell structure
Connection Sphere-jointed between humerus and scapula
Muscle-binded between scapulaand spine
Ligament-binded between scapulaand clavicula
Lig. & M.-binded between 1st rib and clavicula
Table 5 Specification of abdomen FEM model.
ITEM SPEC
Num. of node 1788
Num. of Bar 53
element Solid 1380
Soft tissue | Linear visco-elastic solid structure
Rainforced soft tissue modulus around spine
Connection | Bar-connected with buttock model
Contact definition between soft tissue and spine
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Fig. 5 Abdomen FEM model.
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Fig. 6  Simulation model.
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Fig. 7 Impact force vs. deflection of abdomen.
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Fig. 9  Simulation model.
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Fig. 10 Time history of impact force on shoulder.
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Fig. 8  Deflection behavior of abdomen.
Table 6 Comparison between cadaver and
simulation by tolerance.
ITEM SIMULATION CADAVER(MEAN)

Max. deflection 49.4 % (125 mm) 50 % (150 mm)

Max. impact force | 7060 N (SAE60:6360 N) 8000 N
V Cmax 2.87 m/sec 1.82 m/sec
Vmax] Cmax 4,94 m/sec 5.00 m/sec
Acc.(T12) 509 m/g 447 m/s

0 msec

and shoulder.

Fig. 11 Deflection behavior of chest
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Fig. 12 Simulation model.
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Fig. 13 Time history of impact force on chest.

0 msec

20 msec

40 msec

Fig. 14 Deflection behavior of chest.
(Lateral impact)
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Fig. 15 Simulation model.
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Fig. 16 Imact velocity vs. Max. impact force of buttock.
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Fig. 17 Deflection behavior of buttock. Fig. 18 Simulation model.
(Lateral impact)
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Fig. 19 Impact force vs. deflection of chest.
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Fig. 20 Deflection behavior of chest (Frontal impact).
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