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ABSTRACT

Owing to the lack of biofidelity, crash dummies can not adequaiely express crash injuries,
Numerical luman body modeling has strong potential to add bisfidelity. Recently, a finite element
hman model (named and registered as H-Model™), which cansists af outer skin and detailed
internal components such ay skeleton and soft fissues, has been developed The outer skin is
divided into 200 ripid segments, which ave tnterconnecred by the various joint tvpes, Each segmens
incorporates all relevant dinamic properties such as mass, location of center of masses, inertias
and joint resistances determined by using anthropometric data. A simple version is givern by the
“Human Articwlated Righd Body (HARB) " model. Detailed local models for important body parts
fe.g neck thorax, pelvis, knee, ete.) are also developed. These local modiles can be selectively
added intor the HARE model as needed. In practice. H-Model™ iy an assembly of the HARB model
and the local modules that are selected depending upon the purpose of the investigation of the
moment, The fARB model can be used alone for evaluating efobal necupamt behavior in crash
situations. For elucidating individual infury mechanism such as bone fractire or soft tissue
rupture, relevant local component modide(s) should be added into the whele-body dummy modiel
The distinguishing feature of the present finite element human dummy model is omni-directionality,
Ax opposed to curvently available mechanical dummy models that cater to particular Impact
directions, the omai-directional H-Model™ can be utitized for all prayitle combinations of impact
directions.

INTRODUCTION

his paper only gives an introductory summary of the structure of ES1 Software’s H-Mode! ™,

Interested readers are referred to the H-Muodel Reference Manuals (ES] Sofiware/IPS-Intl.) for
many more details. The basic model represents the 50-th percentile male human body and was
conceived primarily to study injury mechanisms and to assess injuries of the human skeleton and
organs which result from car accidents, including pedestrian injuries. The basic model permits in
particular a fast and ongoing absorption of the nowadays rpidly growing biomechanical research
results, the conception of improved crash protection measures and devices for the human driver
{not the dummy), the omni-directional analysis of different impact directions (front, side, rollover
with a single model with global and local responses 1o bags, bells, head restraints, knee bolsters,
ete), the analysis of différent body postures, the effect of muscle activity, and the reduction of the
number of tests needed for the safe design of passenger cars.

20



Injvry Biomechanicy Research

Features.

Major features of the H-Model™ are given by a modular assembly of the deformable external and
internal components into an underlying multi-body H-ARB (Human Articulated Rigid Body)
model. Modularity permits to make zooms and study i detuil cuch body part of interest, such as,
for example, the head in head impacts, the neck in whiplash events, the thorax and abdomen for
belt injuries, the lower extremity in knee impacts, the foot/ankle complex in toe panel intrusions
and the upper extremity and shoulder complex in side impacts and airbag aggressions. Figure |
shows an overall view of the model with skin and skeleton,

History.

The H-Model is a recent combination of two previous ESI Group biomechanical models of the
human body, namely the "ROBBY" and the "H-Dummy” model families. The overall
anthropometric properties of both models were mainly extracted from the report by D.H. Robbins
“Anthropomerry of Motor Vehicle Occupants™, Vols. 2-3, University of Michigan, UMTRI-83-53-
2, 1983, after which the ROBBY family had been named. The new model family is now co-
developed by the Seoul and Paris biomechanics teams of ESI Group.

Validation.

All listed models and sub-models have been validated with existing literature results. The basic
validation tests and results are deseribed in the H-Mode! Reference Manuals (ESI Software/TPS-
Intl. )

Figure 1. H-Model with skin and skelelon Figure 2. H-ARB version of H-Model

The H-ARB Human Articulated Rigid Body Model

The H-ARB version of the H-Model consists of articulated rigid body segments with flexible
joints, after the Robhins Report (Robhins, D.H., 1983).. It represents the basic platform for the
modular assembly of detailed skeleton components with soft tissues, It serves for the evaluation of
the overall behavior kinematic and kinetic behavior of the occupant for omni-directional nmpacts.
Figure 2 shows the H-ARB version of the H-Model with the joint tripods indicating the location
and direction of the anatomical joints,
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Figure 3 represents the overall respense of the H-ARB model in a frontal car crash sled test
scenario, while Figure 4 shows the overall response of this model in an arbitrary oul-of-position
{CHOP) scenario of a car passenger.
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Figure 3, Sled test with H-Model H-ARB
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Figure. 4. OO passenger airhag with H-Model/H-ARR

FLooms.

For detailed studies (“zooms™) of the impagt response of the individual body paris, it is possible 1o
substitute their delailed finite element models inte the H-ARB version of H-Model, The following
sections outlime such detailed models. This modular approach saves CPU time while the overall
model response correctly represents the kinematics of the body to generate the dynamic boundary
conditions for the required zoom.

H-Head: Skull and Brain

The detailed FE head model (H-Head) of the H-Model mainly consists of deformable bone and
brain components. The cerebro-spinal fluid (CSF) is presently modeled with the Mumaghan
equation of state, (p=po+Bi(p/ po)”') where p is the hydrostatic pressure, p. is the mass density
and B and y are material constants. For the modeling of the vacuum cavity that can develop at the
mterface between the skull and brain from negative countercoup pressures, ideal gas equations are
used. The model is fully compatible with the H-Neck spinal cord mode

Figure 5 shows the head and brain model in cutaway views and the head model in the position of 4
simulated pendulum impact. Figure 6 shows contours of the pressure at the surface of the brain
mafier as they develop at several tmes after the pendulum impact
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Figure 6. H-Head pressure respanse of brain o pendulum impact

H-Neck: Cervical Spine with active muscles

The H-Model is equipped with a cervical spme model (H-Neck) with rigid vertebrae and
deformable ligaments and discs, that is stabilized with muscle bars. The muscle forces obey the
well known sctive and passive Hill muscle law, The H-Neck model is fully compatible and
interfaced with the H-Head model. The muscle bars arc curved in space and can change curvature
with the increasing flexure deformation of the cervical spine, assuring a correct introduction of the
muscle forces. Figure 7 shows the assembled H-Head/H-Neck model.

The vertebrae of the H-Meck model are interconnected by the neck ligaments, modeled as bars. or
membranes, The inter-vertebral contacts are modeled with sliding interfaces. Figure 8 shows the
extension response of the H-Neck model in 4 rear passenger car impact, while Figure 9 represents
the flexion response for a frontal crash.
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Figure 1) shows the response of the H-Neck mode]l mounted on the H-ARB version of the H-
Maodel o rear impact sled tesl simulation with o headresl, while in the simulation of Figure 11
such a headrest was absent.

Figure 7. Assembled H-Head/H-Neck model

H-MODEL™OVERVIEW DESCRIPTION

Figiire 9. H-Neck flexion due to frontal impai
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Figure 10, H-Model/H-Neck rear impact sled simulation with headrest

el

Figure | 1. H-Mode|/H-Neck rear impact shed simulbation without hesdrest

H-Thorax: Rib Cage and thoracic organs

The thorax of the H-Model (H-Thorax) mainly consists in deformable and damageable nb and
spine bones and the thoracic organs and great vessels with internal air and blood modeling, Figure
12. The blood-filled vessels are simulated with their incompressible fluid, while the lungs can
compress like airhags. Both models can leak out Muid or compressible ar (“bio-bags™).

Figure | 2. H-Thormy mode] with rib cage ond internal organs

The abdominal cavity is represented as an incompressible bio-bag. Figure 13 shows the global
response of the H-Thorax model under a fromtal pendulum impact after the cadaver tests done by
Kroell, Figare 14 represents the local response in i ttansverse section of the same sinmulation, with
the deformutions of the heart, lungs and cot vessels visible,
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Figure 13, H-Thorax response in fromnl pendulum impact stmulution
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Figure 14, H-Thorox response in frontd penduluim impact simmlation {sections)

H-UE: Shoulder and arms

The upper extremity (H-UE) of the H-Model mainly consists of deformable and domageable bones
and Nesh padding. Acoive and passive muscle forces are modeled with bar elements using the Hill
muscle model.Nonlinear contact interfaces model the cantilage lavers on shoulder und elbow joints.
Figure 15 shows the H-UE model in its comtext, while Figure 16 shows the skeleton and the
altached muscle bars,
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Figure 15 H-UE muodel Figure 16, H-UE model with shoulder muscles

Figure 17 indicates details about the shoulder and elbow ligaments, which are modeled with
nonlinear bars. Figure 18, finally, shows the simulation of a three point bending test including bone
fracture of the humerus bone.

Figure |7, H-UE shoulder snd efbow ligaments
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Fugure 18, H-LTE three point bending simulation of humeras

H-LE: Knee-Thigh-Hip complex

The lower extremity (H-LE) of the H-Model mainly consists of deformable and damageable bone
models with flesh padding and musele bars. Nonlinear contact interfaces model the cartilage layers
of the hip and knee joints. Figure |9 depicts the H-LE model in its context.

Figure 19, H-LE muodel



Inpury Biomechonics Research

Figures 20 to 22 result from the study of the influence of the stiffiess of the knee bolster padding
muterial on the type of injury to the upper leg in b fronial car crash. While a soft pedding (Figure
200 can lead w “condyle splivtng” (distad femur fracture), a soft padding (Figure 21) to hip
dislocation, an intermediate stiff padding ( Figure 22) can lead 1o the relatively benign shafi fracture
of the femur,

Figure 20, H-LE condyle split with hard padding

Figure 21, H-LE hip dislocation with soft padding

Figure 22, H-LE shaft fracture with intermediate padding
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H-Ankle& Foot

The H-Ankel&Foot model mainly consists of deformable and damageable bone models, joint
¢lements for fool bone ariculanons and sliding Interfaces for the major articular surfaces, see
Figure 23. Figure 24 shows the model with its plantar muscles and tendons

Abductor Hallucts
tendons

f-‘ihduclnr Hallucis

Flexor digitorum

brevis muscle /

Apm:mus!i-

Figure 23, H-Foot& Ankle model overview Figare 24, H-Foo&Ankle modet with plontar
muscles

Figures 25 to 27 are H-Foot& Ankle simulation responses to plantar loads, leading to dorsiflexion,
mversion and eversion of the foot/ankle complex.

f Ej! ':'I:If\!_-'

Figure 25, H-Foatd: Ankle Figure 26, H-Foolk Ankle Figure 27, H-Foold Ankle
dorsi flexion TRVErsiin eversion
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CONCLUSIONS

This document presents a short overview on ESI Group's H-Model of the human body, that was
developed mainly for crash and impact studies in passenger car accidents. The latest model and its
Reference Manuals become available in Fall 2000, The model is part of a greater emerging library
of compute models (“BioLib™), which will contain models of the human body that are conceived
and validsted mamly for ergonomics and biomedical spplications. All models benefit from the
synergy created from their different fields of application.
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DISCUSSION
PAPER: H-Model Overview and Description
PRESENTER: Eberhard Haug, ESI group

QUESTION: Gy Nusholrz, Deimeler Chiresler
Id | hear you correet this is a Frankenstein model? You've taken models from all over the
place and kind of glued them together?

ANSWER: Mot quite. We have three different families of models, an old one, the ROBBY model
tamily; a newer one which is the H-model family which has been built from scratch, all new where
the data came from the ViewPoint Datalab Catalog. the VisibleHuman Project.the Robbins report
and 50 on. The third model family is the HUMOS project model that has been brought about in a
three yvear European project which is by now linished and that might continue in a second three
year period. 5o these are three different model families, Only the first one (ROBBY) is sort of a
Frankenstein model where we have imputs from Wayme State university and our own inputs,

Q: Soit's just the first one, the rest were developed from scratch?
Ax Righi
Q: Okay. Thank vou,






