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MADYMO Manuals

An overview of the MADYMO solver related manuals is given below. From Acrobat Reader,
these manuals can be accessed directly by clicking the manual in the table below. Manuals
marked with a star (*) are also provided in hard-copy (major releases only).

Theory Manual The theoretical concepts of the MADYMO solver.

Reference Manual* Detailed information on how to use the MADYMO solver
and how to specify the input.

Model Manual* Dummy, Dummy Subsystem and Barrier Models with
simple examples.

Human Model Manual Human Models and applications that make use of Human
Models.

Tyre Model Manual Documentation about Tyre Models.

Utilities Manual User’s guide for MADYMO/Optimiser, MADYMO/Scaler,
MADYMO/Dummy Generator, MADYMO/Tank Test
Analysis

Folder Manual Describes the use of MADYMO/ Folder.

Programmer’s Manual Information about user-defined routines.

Release Notes Describes the new features, modifications and bug fixes
with respect to the previous release.

Installation Instructions Description for the system administrator to install
MADYMO.

Coupling Manual Description of coupling with ABAQUS, LS-DYNA, PAM
CRASH/SAFE and Radioss and the TCP/IP coupling with
MATLAB/Simulink.

TASS International provides extensive and high quality support for its products to help you
in utilizing the software most efficiently. TASS International offers extensive hotline support
for our software products, MADYMO, PreScan and Delft-Tyre. Our hotline support can be
reached over phone as well as via email and will assist you with your questions regarding our
different software products. Your requests will be dealt with in a fast and effective manner to
support you in the continuation of your work in progress. On the website you will find your
local representative with the accompanying support contact details.
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Preface

This manual contains background information and user instructions for the models included
in the MADYMO model database. Tyre Models and Human models are described in the Tyre
Model Manual and Human Model Manual respectively. Every other chapter describes models
of one specific hardware dummy or barrier. In these chapters also examples are given, in which
the models are applied. These examples are included to illustrate the usage of the models.
Further examples of MADYMO applications are presented in the Applications Manual.

In this manual, the location of model files is given relative to the installationdirectory. The
installationdirectory can be requested by running the runscript madymo?77 -show.

This manual will be continually updated and extended as part of the services provided under
the MADYMO maintenance agreement and based on the results of research activities at TASS
International.

Suggestions from users for improvements in the models are welcome. We also appreciate users
sending us their own model application input decks and/or results for possible inclusion in
this manual.
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1 Introduction

This part of the manual describes MADYMO models of crash dummies and subsystems. This
chapter gives a generalised description of all these models and forms the basis for the under-
standing of the models and how to use them. In each of the following chapters, the models
available are described.
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1.1 Model description

This section describes general features of the different types of MADYMO models. It also gives
information on application of the models and what models are currently available.

Model specific features are discussed in the model description sections of the following chap-
ters. The sections present the configurations of, respectively, the ellipsoid, the facet and the
finite element model. For the latter two, only those parts are described that differ from the
ellipsoid model.

1.1.1 Model types

Three MADYMO model types are distinguished. These model types are:

1. Ellipsoid models
2. Facet models

3. Finite Element models

The main difference between the model types lies in the modelling techniques applied to rep-
resent the geometry and mechanical properties of the modelled components. The geometry
of the models is based on contour maps derived from digital surface measurements, technical
drawings, or both.

All MADYMO models have a similar basis, consisting of chains of rigid bodies with inertial
properties, which are connected by kinematic joints. This basis allows for a general positioning
procedure for three model types. Instrumentation is also modelled the same way (with some
exceptions) in the three model types. Load cells are modelled by bracket joints at the sensor
locations. Accelerometers and displacement transducers are modelled as output defined for
points on bodies. The models of dummies include the inertial properties of standard dummy
instrumentation in the inertial properties of the related bodies. Inertial properties of optional
dummy instrumentation is not included in the models. Also the inertial properties of sensor
cables and dummy clothing is not included in the dummy models. If desired, the user could
add these properties, although it is noticed from user applications and dummy validations
that in general satisfactory results are obtained without such modifications.

Below, the specific features of the three types of models are described.

ELLIPSOID MODELS

Ellipsoid models are models that are based fully on MADYMO's rigid body modelling fea-
tures. The inertial properties of the hardware components are incorporated in the rigid bodies
of the model. Their geometry is described by means of ellipsoids, cylinders and planes.

Structural deformation of flexible components is lumped in kinematic joints in combination
with dynamic restraint models. Deformation of soft materials (like flesh and skin components
in dummies) is represented by force-based contact characteristics defined for the ellipsoids.
These characteristics are used to describe contact interactions within the models and between
the model and environment.

10
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FACET MODELS

Facet models are in principle also multibody models, but compared to the ellipsoid models
they benefit from more advanced multibody and also rigid surface FE technology. The inertial
properties of the hardware are incorporated in the rigid and deformable bodies of the model.

In facet models the outer surfaces of the model is described with meshes of shell-type, massless
contact elements (further referred to as facet surfaces). These facet surfaces are fully connected
to rigid bodies and/or deformable bodies. They allow a more accurate geometric representa-
tion in comparison with ellipsoids. Although the facet surfaces are defined in FE_MODEL el-
ements, facet models are still multibody models, since no FE solver is used in the simulations.
Consequently, they require only a MADYMO multibody solver license and not a MADYMO
structural license.

Structural deformation of flexible components such as ribs, is represented by deformable bod-
ies. These deformable bodies enable a more realistic representation of structural deformation
than the joints and restraint models used in the ellipsoid models. Deformation of soft materi-
als (flesh and skin components in dummies) is represented by stress-based contact character-
istics defined for the facet surfaces. Using these contact characteristics in contact definitions,
soft material deformation is represented accurately through the contact interactions within the
model and between the model and its environment.

FINITE ELEMENT MODELS

In the MADYMO FE models important deformable parts are modelled with finite elements. In-
ertial properties of components are represented by the inertial properties of both the rigid bod-
ies and the FE meshes. Using these models requires both a MADYMO solver and a MADYMO
structural license.

Compared with ellipsoid and facet models, the FE models are able to reproduce accurately
not only kinematics and global deformations, but also local deformations of components and
flesh/skin/honeycomb materials. The FE meshes are defined with respect to those bodies of
the rigid body chain to which they are connected. This enables the FE models to be positioned
in the same manner as the ellipsoid and facet model: simply by initialising the positioning
joints.

1.1.2 What model type to use

Ellipsoid models are the most CPU-time efficient type of models. Therefore, they are partic-
ularly suitable for concept, optimisation and extensive parameter sensitivity studies. Their
time efficiency has the most benefit in a multibody environment that is modelled similarly by
ellipsoids, planes and cylinders. Nevertheless, ellipsoid models can also be used in a facet or
FE environment and in coupling with several other FE codes.

Facet models are more realistic and detailed than ellipsoid models, but are still very CPU-
time efficient compared to FE models. They include a number of degrees of freedom that is
comparable to that of the ellipsoid models. The limited increase in CPU costs are mainly due
to the additional evaluations performed in the contact algorithm. Because of their CPU-time
efficiency, the facet models are highly suitable for use in optimisation and parameter variation
studies. Most benefit is gained from them when the environment is represented in similar or
higher level of geometric detail, either by facet surfaces or finite elements.

11
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FE models incorporate a vast amount of degrees of freedom and require a small timestep. As
a result of this, they are much less CPU-time efficient than the ellipsoid and facet models. FE
Models are recommended for use in the most detailed studies, where local effects of contact
interactions and local material deformations are of interest for the user. Compared to ellip-
soid and facet models, FE models are less suitable for concept, optimisation and extensive
parameter sensitivity studies.

1.1.3 Available models and examples

The MADYMO models are split up in six modules: frontal and rear impact dummies, side
impact dummies, child dummies, subsystems, and an aviation module. The models available
in a certain MADYMO release are listed with their corresponding version numbers in the
Release Notes of that release. All dummy and subsystem model files can be found in directory
installationdirectory /share/dbs/dummies/3d. For many models, examples are provided in
which the models are applied. The available examples are also listed in the Release Notes and
can be found in the directory installationdirectory /share/appl/3d.

Note that model updates and new models are also released in between MADYMO releases. In
this case, the models are be released through the download area on the MADYMO website:
www.tassinternational.com.

12
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1.2 Model validation

MADYMO supplied models are calibrated and validated both on component and full system
level. Calibration is performed on an iterative basis: when the full system level validation
results are not satisfactory, a step back may be made to component level in order to get results
improved. Component level calibration concerns static and dynamic mechanical properties,
translated into model parameters such as stiffness and damping for joint-, kelvin- and point
restraints, flexible body modes and contact interactions within the components. FE material
parameters are generally based on material level test data, but where found necessary they
have been adapted during component level calibration. The (contact) interactions between
components are calibrated at assembled component and full system level.

Major effort is put into the systematic validation of the models in a loading range that covers
all realistic applications. A review of the component and full system test data used for model
calibration and validation, is given for each model in the referring chapter. Also examples are
given of results of the validation process.

13
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1.3 Instructions for model application

1.3.1 General

The “user instructions’ sections in this chapter and all following chapters describe how to han-
dle the models. In these sections, information is given that guides the users through imple-
menting models into their own applications.

Each MADYMO model is defined by a single system. This allows for a modular set-up of a
MADYMO input deck, where each physical system is represented by a SYSTEM.MODEL ele-
ment. Loads applied to systems (acceleration fields) and interactions between systems (contact
definitions) can be defined outside the systems, while for instance contact interactions between
parts of the same system can be defined within the system.

Although modelled as a single system, each MADYMO model is supplied in two files: an
include file ((name)_inc.xml) and a user file ((name)_usr.xml).

The include file contains the model itself, including features like internal contact interactions
and dummy sensor output definitions. It is strongly advised not to modify any parameters in
the include files ‘(name)_inc.xml’, since this may affect the performance of the models. Model
include files can be called directly from the MADYMO installation directories.

The user file contains the model system, in which the user interactive model elements are de-
fined and the include file is called. The user-interactive elements are those model elements
that may need modification when applying the model. Besides the model’s system, the user
file contains the required control elements and a reference space system. This makes it a com-
plete MADYMO input deck containing the model defined in its reference position. Figure 1.1
shows the general set-up of a model user file.

Models can be applied in two ways:

1. by building an "environment” model around the model in the user file. Besides systems
representing the ‘environment’, also applied acceleration fields and contact interactions
between model and environment should be included in the user file.

2. by including the model (the SYSTEM.MODEL element in the user file) in an existing ‘en-
vironment’ model input deck. Again, applied acceleration fields and contact interactions
between model and environment should be included.

When calling model sensor output signals, or defining loads onto and contact interactions
with a model, reference must be made to the model system. This can be done by referring
either to the system ID or to the system NAME. When a model is included more than once in
an application, the system IDs and NAMEs should be made unique.

14
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Figure 1.1: Set-up of a model user file input deck.

Integration method and timestep

It is recommended for all models to use the Euler time integration method. Each model has
a recommended maximum multibody (MB) integration time step. This time step is defined
for each model in the CONTROL.ANALYSIS_TIME element in the user file (see Figure 1.1).
It is also presented in the user instruction section of the referring chapter in this manual. For
the ellipsoid and facet models the recommended maximum MB timesteps lie in the order of
1.0E-04s to 1.0E-05s. In general in FE models the FE components have a predefined variable
FE timestep included, which can vary between the recommended maximum MB timestep and
a mininum FE time step of 1.0E-06s. The maximum MB timesteps for the FE models are found
to vary between 2.0E-05 and 1.0E-06. A maximum MB timestep of 1.0E-06 effectively results
in a FE model timestep that is kept constant.

1.3.3 Positioning of dummy models

To position a dummy model the INITIAL.JOINT_POS elements have to used. For all the joints
needed for positioning a dummy model, the INITIAL.JOINT_POS elements are defined in

15
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the dummy model user file (see Figure 1.1). For joints of the types FREE and SPHERICAL
the rotational degrees of freedom are to be defined in the related ORIENTATION elements.
The defined elements use the successive rotation method. Initial velocities on joint degrees
of freedom can be applied in the INITIAL.JOINT_VEL elements. Joints can be locked in the
INITTIAL.JOINT_STATUS elements.

Positioning and orientation of dummy components (such as arms and legs) can be done by
initialising the related positioning joints. Positioning of the complete dummy must be done
by initialising the so-called dummy joint (‘Dummy_jnt’), which is a free joint connecting the
H-point of the dummy to its environment.

All joints needed for dummy positioning are listed in the dummy model positioning tables
in user instruction sections of the following chapters. In these tables all rotations are referred
to with the terms pitch, roll and yaw. Joint degree of freedom translations and rotations are
defined according to the direction definitions in Figure 1.2. The directions given in the tables
refer to the positive translation and rotation directions. For all joints, the directions are defined
with respect to their co-ordinate system orientation when the dummy model is in its reference
position.

A dummy model is by default positioned relatively to the (global) reference space co-ordinate
system. When a user wishes to position a dummy relative to a body of another system, this
can be done by ‘attaching’ the dummy model to this body. This attachment is made through
the dummy joint. The dummy attachment elements are the CRDSYS_OBJECT element named
‘Dummy_Attachment” and the associated orientation element named ‘Dummy_Attachment_ori’.

The reference position defined in the user file represents the dummy in a seated position,
where initial deformation due to gravity is not taken into account. This refers particularly
to the lumbar spine and neck components, which show some deformation, in terms of com-
pression and bending, in response to gravity. In order to get a dummy model seated in an
equilibrium position, the user could follow one of the procedures described below:

1. Position the dummy model just above the seat and perform a pre-simulation in which
gravity pulls the dummy into the seat. In this pre-simulation, the user can choose to lock
some of the positioning joints of the dummy model. By using OUTPUT_JOINT_DOF for
the non-locked positioning joints, the dummy equilibrium position can be read out and
included in the INITIAL.JOINT_DOF in the actual simulation to be performed.

2. Position the dummy in the estimated seated position. Then perform a one to five mil-
lisecond simulation with only gravity load included, to check if the dummy acceleration
peaks remain close to zero level. When this is the case, the dummy can be considered
in equilibrium position. If desired, the user can predefine small deformations in e.g.
lumbar spine and neck joints to compensate for gravity forces.

16
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Figure 1.2: Definition of translations and rotations for dummy model positioning joints.

1.3.4 Definition of contact interactions

All relevant internal contact interactions inside the hardware tool are predefined in the model.
The user has to define the external contact interactions between the model and its environ-
ment. To facilitate this, the models have pre-defined contact groups that can be referred to in
the external contact definitions. These pre-defined contact groups are available for all relevant
components. Model specific information on these contact groups is given in tables in the refer-
ring chapters. Friction parameters for external contact definitions will differ from application
to application and are therefore not supplied. It is recommended to perform experiments in or-
der to obtain accurate friction parameters. General guidelines for contact definitions between
a dummy and its environment are given below.

Ellipsoid dummy models:

All contacts defined between an ellipsoid dummy and its environment should use the element
CONTACT.FORCE_CHAR. The following guidelines can be defined for contact definitions
with ellipsoid models:
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1. Contacts defined with a stiff multibody environment or any FE environment should
use the contact characteristics of the dummy surface (defined with attribute CON-
TACT_TYPE).

2. For contact definitions between a dummy and a deformable (padded) multibody envi-
ronment, combined contact characteristics should be used.

3. In general, the ellipsoid dummy model contact functions are defined such that the EVAL-
UATION option is not needed in contact definitions. Therefore, the attribute EVAL-
UATION_TYPE under CONTACT.MB_MB normally has to be set to NONE for con-
tacts with the ellipsoid dummy models. If in the future, for new and updated ellip-
soid dummy models, the contact functions would be defined for use with EVALUA-
TION_TYPE=CONTINUOUS, this will be mentioned explicitly in the "Dummy contacts"
section in the related chapter in this manual.

Facet dummy models:

Contacts defined between a facet dummy and a facet or FE environment should be defined as
elastic contacts, using the element CONTACT_FORCE.CHAR. For facet dummies in contact
with a facet or FE environment it is recommended to model the contacting environmental
surfaces as closed meshes, to prevent incorrect contacts near surface edges. It is important
to always keep the SYMMETRIC option OFFE. Also the definition of master surface and slave
surface is very important. The following guidelines for selection of master and slave surface
are given in decreasing order of priority:

1. It should always be avoided to have surface edges directly in contact. This can often
be done by simply extending the mesh at the edge. For those conditions where it is
impossible to extend the mesh (like for FE membrane belts) the surface with the edge in
contact should be chosen as the slave surface.

2. When nodal penetrations are large in comparison to the surface curvatures, the most
significantly curved surface should be the slave surface.

3. When master and slave surface have different mesh densities, the surface with the high-
est mesh density should be the slave surface.

From MADYMO R6.2.1 onwards, it has been possible to use combined facet to facet surface
contacts. In earlier versions of MADYMO, the most compliant surface was typically chosen
to define the contact interaction, and the other surface was treated as rigid. If both surfaces
were equally compliant, the modeller would then have to use a user-defined contact func-
tion, and design a new contact function that combined the stiffness characteristics of the two
contact surfaces. In the current MADYMO release, the characteristics of the surfaces can eas-
ily be combined using the "CONTACT_TYPE=COMBINED" option. Some notes apply: the
combined option can only be used with the "CONTACT_MODEL=STRESS" option, and the
combined option may result in longer simulation times, in particular when the contact char-
acteristics of the surfaces are non-linear. A large hysteresis slope and large damping values
will also increase simulation time. If the contact characteristics of the two surfaces are very
different, i.e. one surface is clearly much stiffer than the other, it is advised to treat that surface
as rigid and use the "CONTACT_TYPE=MASTER" or "CONTACT_TYPE=SLAVE" options.

When master and slave surfaces are not modelled with similar mesh densities and, following
guidelines 1 or 2 above, the master surface turns out to have the more refined mesh, problems
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may occur when the contact characteristics of the master surface need to be used. In this
situation the difference in mesh density would lead to an underestimation of the total contact
surface and total contact force. Workarounds for this situation are:

e When possible, adjusting the mesh density of master or slave surface, in order to obtain
similar mesh densities.

o Copying the contact characteristics for the master surface onto those for the slave surface,
and then use the slave surface contact characteristics. Note that hysteresis is not handled
correctly in this situation (important for rebound loading) and the points of application
of the friction forces are at the wrong surface (important for sliding movement of the
contacting surfaces).

e Scaling up the contact functions manually in order to compensate for the underestimated
contact forces.

FE dummy models:

Contacts defined between a FE dummy and FE environment should be defined as elastic con-
tacts, using the elements CONTACT_FORCE.PENALTY or CONTACT_FORCE.ADAPTIVE.
In these types of contacts, penetration of the contacting surfaces is minimised. Some general
guidelines for this type of contact are:

1. If mesh densities are significantly different, the most refined surface should be chosen as
the slave surface.

2. If the master surface material is more compliant than the slave surface material, for CON-
TACT_FORCE.PENALTY the penalty factor defined for the contact should be increased
so that penetrations are kept small. It should be increased to a level that ensures con-
verged dummy sensor output signals.

3. If contact is defined between relatively coarse meshes, the SYMMETRIC option may be
switched ON in order to avoid master surface nodes penetrating locally through the
slave surface elements.

1.3.5 Belt positioning

Concerning the choice between conventional and finite element belts, it is recommended to
use conventional belts on the ellipsoid dummy models and finite element belts on the facet
and finite element dummy models.

Conventional belts are positioned over the dummy through the belt attachment points. For
some dummy models, recommended points are predefined as POINT_OBJECT elements in the
dummy model user file. However, if considered necessary, the user can modify the positions
of these points. The lateral co-ordinates of belt positioning points usually differ from test to
test, and should be modified accordingly. Predefined belt attachment points are listed in the
user instructions section of the referring chapter. For more information on FE belt positioning,
the user is referred to the MADYMO application manual.
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1.3.6 Application of acceleration fields

Gravity load and other applicable acceleration fields can best be applied to a model on sys-
tem level, using the element LOAD.SYSTEM_ACC. In applications where a dummy is loaded
through interactions with a decelerating environment (e.g. the vehicle interior), it is customary
in simulations to apply the inverse acceleration field to the dummy model, rather than decel-
erating the environment itself. With the actual environment being part of the inertial space,
the crash pulse is applied on the dummy only. More information on this is given in the theory
manual.

Note that for dummies the reference position defined in the user file does not take into account
initial component deformation due to gravity (see also Section 1.3.3).

1.3.7 Output definition

Model output signals and injury criteria are predefined for each model in the include file.
The sensors included in the dummy models have orientations according to the SAE J211/1
sign convention. Output signals are also filtered according to this convention unless stated
otherwise in this manual. In order to avoid problems with filtering of output signals, it is rec-
ommended to use an output timestep of 1.0E-04 s (TIME_STEP under CONTROL_OUTPUT).

Output from the sensors belonging to the standard instrumentation of the hardware, is
called for in the user file. This is done in the TIME_HISTORY.MB element inside the CON-
TROL_OUTPUT element (see Figure 1.1). In a COMMENT block all available output signal
names, meaning both standard and optional instrumentation, are listed. The user can place
these names in the elements inside the TIME_HISTORY.MB element, in order to obtain sen-
sor output from optional instrumentation. To obtain injury criteria output, the injury must be
specified in the INJURY_LIST in the CONTROL_OUTPUT element. The required signals to
calculate the injury also need to be selected. Model specific information on the output signals
and injury criteria is given in tables in the user instructions section of the referring chapter.

From MADYMO V7.3 on, the user has the option to select time-history output signals for
conversion to ISO-MME data format (i.e. ISO-TS13499:2003 Road Vehicles - Multimedia data
exchange format for impact tests). With the new element TIME_HISTORY_ISO_MME under
CONTROL_OUTPUT, the user can define sets of time-history signals in the input deck and
assign ISO-MME channel codes to them. For those dummy models that have ISO-MME signal
output requests already predefined in their *_usr.xml files, more information is given in the
next chapters of this manual in paragraph 'Output’ under "User Instructions’.
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2 Hybrid Il 50th percentile Q Dummy

As a follow-up to the frontal module ellipsoid and facet Hybrid IIT 50 percentile dummy
models the quality (Q) ellipsoid and the quality (Q) facet Hybrid IIT 50t percentile dummy
models have been developed, because of the increasing market need for a more CPU-efficient
and user-friendly dummy model with a high quality. The quality of the models is determined
by an objective rating method. For more information on this subject, the reader is referred to
the quality reports supplied with these models.

Figure 2.1: Hybrid ITI 50t percentile ellipsoid Q (left) and facet Q (right) dummy models in the reference
position.
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2.1 Model description

Quality ellipsoid and facet models of the Hybrid IIT 50" percentile male dummy are available.
The input is given in the files:

Ellipsoid model: d_hyb350el_Q_usr.xml
d_hyb350el_Q_inc.xml

Facet model: d_hyb350fc_Q_usr.xml
d_hyb350fc_Q_inc.xml

To run these models, the following licenses are required:

Ellipsoid model: MADYMO/Solver (Multibody)
MADYMO/Dummy Models/Frontal

Facet model: MADYMO/Solver (Multibody)
MADYMO/Dummy Models/Hybrid III

Figure 2.1 shows the quality ellipsoid and facet model in the reference position. The ellipsoid
and facet model consists of 211 bodies including 50 bodies for the jacket and 6 bodies for the
left and the right shoe.

ELLIPSOID MODEL AND FACET MODEL

The ellipsoid model has the same multibody basis as the facet model. The facet model has
been developed on basis of the CAD scanning data while the ellipsoid model gives a very
good approximation of the facet model using ellipsoid surfaces.

For the facet model the internal geometry, which is only used for the visualisation, is placed in
separate FE-models.

In the next sections the components of the dummy will be described in detail. The description
is for both model types the same, since the multibody basis are the same. Only the geometry
description differs, ellipsoids or facet surfaces.

To enable energy flow output MB and compound groups are added to the models. In the
user files for both models energy output groups are pre-defined (see user instructions). These
groups can be used in combination with other energy output groups to evaluate the energy
flow of the application.

Head and neck

The head has been modelled with a rigid body having three associated ellipsoid surfaces,
representing the skull, the face and the nose, for the ellipsoid model. The facet model uses one
closed surface. It is connected by a bracket joint to the upper neck load cell.

The neck is composed of four parts: the upper neck load cell, the neck nodding plate, the neck
column with cable and the neck bracket. The upper and lower neck load cells are modelled
with bracket joints. The nodding joint is a revolute joint combined with a restraint. The neck
bracket is modelled with a revolute joint which is locked during the simulation. When the
neck bracket joint has not the default value of zero, the lower neck load cell results will not be
the same as in the hardware dummy.
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Figure 2.2: Hybrid III 50" percentile ellipsoid Q (left) and facet Q (right) head-neck geometry.
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The neck column with cable is represented by 6 joints of which four are universal and two are
cylindrical joints. Two triple joint restraints are used for the lower and the upper part of the
neck. Universal joints are located in the centres of the 4 rubber disks (see Figure 2.3).

The neck parts are coupled with bracket joints, further the neck assembly is coupled with a
bracket joint to the thoracic spine.

Figure 2.3: Hybrid III 50t percentile ellipsoid Q (left) and facet Q (right) neck model.
g y p p g
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Thorax

The thorax consists in general of the following parts: the spinebox, the ribcage, the clavicles,
the bib and the jacket. The thorax is modelled with multiple chains of bodies and joints.

The spinebox has been modelled by means of three bodies, representing the thoracic spine and
the lower and upper part of the thoracic load cell, connected with bracket joints. The bracket
joint between the thoracic load cell parts represents the load cell itself.

The ribcage has been modelled with 12 chains of bodies and joints forming the six ribs (see
Figure 2.4). Another chain models the potentiometer and ends with the sternum body. It uses
two revolute joints, representing the potentiometer, a spherical joint and a translational joint
modeling the connection from the potentiometer to the sternum. The front of the ribs are
connected to the front rib end bodies with universal joints, forming closed loops. The front rib
end bodies are connected with point restraints to the sternum. All kinematic joints have joint
restraints which give the ribcage its stiffness.

Figure 2.4: Hybrid III 50th percentile ellipsoid Q (left) and facet Q (right) ribcage model.

The clavicles are modelled with eight bodies and eight joints, where two are bracket joints
to represent the load cells of the left and right clavicle. Revolute joints are connecting the
shoulder yokes to the clavicles and the clavicles to the clavicle load cells. Revolute joints also
connecting the clavicle links to the thoracic spine.

The bib has been modelled with a point restraint and a kelvin element. Both elements are
connected between the sternum body and the upper neck bracket body. Additionally three
point restraints were connected between jacket bodies and left and right clavicle and upper
neck bracket bodies.

The jacket is modelled separately with 50 bodies and free joints. The bodies are connected to
each other with a lot of point and cardan restraints (see Figure 2.5). The body at the lower back
side of the jacket is connected to the thoracic spine by means of a free joint.
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Figure 2.5: Hybrid I1I 50t percentile ellipsoid Q (left) and facet Q (right) jacket model.

Interaction between jacket and spinebox, ribcage and clavicles is modelled by means of point
restraints (see Figure 2.6).

Figure 2.6: Hybrid ITI 50" percentile ellipsoid Q (left) and facet Q (right) jacket ribcage interaction model.
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Lumbar spine

The lumbar spine assembly consists of the lumbar spine mould with the lumbar load cell. The
influence of the lumbar spine cables is lumped in the multibody chain of the lumbar spine
mould. The lumbar spine mould is represented with seven bodies. Two bodies and a bracket
joint are used for the load cell.

The chain of joints of the lumbar spine mould consists of four universal and three cylindrical
joints. Two sets of universal - cylindrical - universal joint sequences make use of a triple joint
restraint and the cylindrical joint in the middle has a normal joint restraint (see Figure 2.7).
The lumbar spine mould is coupled to the load cell by means of a bracket joint.

Figure 2.7: Hybrid ITI 50" percentile ellipsoid Q (left) and facet Q (right) lumbar spine model.

In the complete physical dummy, lumbar spine deformation is not only resisted by the lumbar
spine itself but also by contact interactions with ribcage, abdomen and pelvis. These interac-
tions are included in the model in the form of point restraints. For the ellipsoid model these
point restraints are attached to the abdomen and connected at the lower side of the abdomen
to the pelvis and at the upper side to the lower ribs. For the facet model these point restraints
are referred to as "Abdomen vertical compression left/middle/right".

Abdomen and pelvis

The abdomen has been modelled as a separate body, which is connected to the pelvis by means
of a free joint for the ellipsoid and a bracket joint for the facet model.

The abdomen body of the ellipsoid model is associated with six ellipsoid surfaces while the
facet model is associated with a closed facet surface. The abdomen body of the ellipsoid model
is connected to the surrounding components with point restraints to represent the contact with
the pelvis, lumbarspine and lower ribs.
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Figure 2.8: Hybrid IIT 50" percentile ellipsoid (left) and facet (right) abdomen model.

The pelvis has been modelled with three bodies and three joints, one free dummy joint and
two spherical joints for the hips and are part of the pelvis assembly. Sixdof restraints mod-
elled between the pelvis and the hips models the stiffness of the spherical hip joint and the
compression of the femur and pelvis flesh around the femurs. The friction in the hip joints
is represented in joint restraints which are located in the user file and can be modified by the
user.

The ellipsoid model has 43 ellipsoids to model the skin of the pelvis, 2 ellipsoids represent the
pelvis buttocks and 6 ellipsoids the iliac wings.

The facet model has surfaces representing the metal skeleton. The pelvis outer facet surface
model is divided into parts which have seven different contact characteristics and variable
thicknesses (see Figure 2.9). This is because the proportion of PVC-skin and foam material in-
side the hardware pelvis is different. The outer and inner PVC-skin is always about 5mm thick
and in the PVC-skin the foam filling thickness varies from 1lcm up to about 10 cm. Therefore
characteristic contact 1 is for material thickness up to 6cm, 2 for thickness from 6cm to 11cm,
3 and 4 for hole edges, 5 for the back hole, 6 for pelvis-abdomen area and 7 for top iliac wings
area. Since the abdomen is behind the pelvis skin only the pelvis has been calibrated. This
means that the abdomen stiffness is included in the pelvis skin characteristics.
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Figure 2.9: Front of pelvis, ellipsoid (left) and facet surface parts (right).

Figure 2.10: Back of pelvis, ellipsoid (left) and facet surface parts (right).

Arms

The arm consists of the upper arm and the lower arm with the hand. Figure 2.11 shows the
model of the arm for both the ellipsoid Q and facet Q models.
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Figure 2.11: Hybrid III 50th percentile ellipsoid Q (left) and facet Q (right) arm model.

The upper arm has been modelled by means of two bodies one for the upper arm and one for
the elbow and two revolute joints, one connecting the upper arm to the shoulder and the other
one connecting the elbow to the upper arm.

The lower arm has been modelled by means of three bodies for the lower arm, the wrist and
the hand and three revolute joints connecting the lower arm to the elbow part of the upper
arm, the wrist part to the lower arm and the hand to the wrist part of the lower arm.

Legs

The femurs have been modelled with five bodies and joints. Four of them are bracket joints,
and one is a revolute joint used for the knee. The femur load cells are modelled, using bracket
joints, as well as the part of the femurs. The femurs are coupled to the pelvis assembly by
means of the bracket joints.

The tibias are modelled with three bodies: one for the upper part, one for the mid part and one
for the lower part. Bracket joints are defined for the lower tibia and the upper tibia load cell
and connects the lower, mid and upper part of the tibia bodies. A translational joint is used to
model the knee slider and connects the tibia to the knee.

Figure 2.12 shows the model of the leg for both the ellipsoid Q and facet Q models.

29




Hybrid III 50th percentile Q Dummy MADYMO Model Manual

Figure 2.12: Hybrid III 50t percentile ellipsoid Q (left) and facet Q (right) leg model.

Feet and ankles

The foot has been modelled by means of three bodies one for the foot and two for the toes
connected with two revolute joints. A spherical joint connects the foot to the tibia to represent
the ankle (see Figure 2.13).

Figure 2.13: Hybrid III 50t percentile ellipsoid Q (left) and facet Q (right) foot model.

Shoes

The shoes have been implemented as separate components. Each shoe consists of three bodies,
two revolute joints and one free joint. The free joint links the shoe to the foot. This joint is
restrainted and allows translation and rotation of the foot inside the shoe. The ellipsoid model
has four additional point restraints to model the interaction between the foot and the shoe at
the toes and heel positions. The toes are made deformable by means of the revolute joints. (see
Figure 2.14).
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Figure 2.14: Hybrid IIT 50t percentile ellipsoid Q (left) and facet Q (right) shoe model.

CONTACTS BETWEEN DUMMY COMPONENTS

The contacts between dummy components defined can be found in Table 2.1 for both models.

Table 2.1: Intercomponent contacts for the Hybrid ITI 50" percentile Q models.

Model type Contact surface
master slave

ellipsoid Jacket_gmb Head_gmb
Jacket_gmb ArmL_gmb
Jacket_gmb ArmR_gmb
FemurKneel_gmb ArmLowL_gmb
FemurKneeR_gmb ArmLowR_gmb
Jacket_gmb FemurKneel._gmb
Jacket_gmb FemurKneeR_gmb
FemurKneeR_gmb FemurKneeL_gmb
TibiaR_gmb TibiaL_gmb

facet Jacket_gfe Head_gfe
Jacket_gfe ArmUpL_gfe
Jacket_gfe ArmLowL_gfe
Jacket_gfe ArmUpR_gfe
Jacket_gfe ArmLowR_gfe
FemurKneeL_gfe ArmLowL_gfe
FemurKneeR_gfe ArmLowR_gfe
Jacket_gfe FemurKneeL_gfe
Jacket_gfe FemurKneeR_gfe
FemurKneeR_gfe FemurKneeL_gfe
TibiaR_gfe TibiaL_gfe
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2.2 User instructions

Timestep

Table 2.2: Recommended timestep for the Hybrid IIT 50" percentile Q dummy model.

Model timestep (s)
Ellipsoid <1.0-1075
Facet <10-10°°

Dummy positioning

The generic way to position the dummy model is to start with the dummy joint. The dummy
joint is located at the H-point of the dummy model and is meant to position the complete
model in reference space or relative to another body (e.g. seat). The thorax is next to be
positioned by rotating the lumbar spine joints. The easiest way is to divide the total angle
between the pelvis and thorax over the lumbar spine joints. An alternative way is to use the
Q-HIII Spine Angle Calculator in xMADgic and use the values for joints LumbarMouldPart<1,
3 and 5> and LumbarSpineUp. Older facet Q dummy model versions may have separately
modelled spine cables (models v3.0 to v3.3). In this case the spine angle calculator must be
used in order to position the cables correctly inside the lumbar mould. A third method is to
do a pre-simulation to get the lumbar spine in the desired position and use the joint position
output as initial position in the actual simulation. Remember that the lumbar spine is a rubber
component and needs external loading to keep it bended.

If necessary the head can be positioned by rotating the neck joints. This can be achieved by
dividing the total angle or by a pre-simulation, similar as with the lumbar spine. The legs can
then be positioned by rotating the hips, knees and ankles. Finally the arms can be positioned
by rotating the shoulder, elbow and wrist joints. It might be possible that the upper arm is
initially contacting the jacket resulting in initial accelerations in the thorax. To reduce the
initial accelerations the upper arm needs to be rotated more from the jacket.

Table 2.3: Positioning joints of the Hybrid III 50th percentile ellipsoid Q and facet Q dummy models

Joint Identifier Degree of freedom (@) Comment
Description
Complete Dummy_jnt D1 forward D2 leftward D3 upward
dummy R1 roll right R2 pitchdown R3 yaw left
Neck bracket NeckBracket_jnt R1 pitch down ()
Neck element NeckPivotl_jnt R1 pitch up R2  roll right ()
NeckCylinderl_jnt R1 yaw left (©
D1 upward
NeckPivot2_jnt R1 roll right R2  pitch up (©
NeckPivot3_jnt R1 pitch up R2  roll right ()
NeckCylinder2_jnt R1 yaw left (©
D1 upward
NeckPivot4_jnt R1 roll right R2  pitch up ()

Continued on the next page
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Table 2.3 cont.

Joint Identifier Degree of freedom (@) Comment
Description
Left shoulder ShoulderYokeL_jnt R1 pitch down
ShoulderL_jnt R1 roll right
Right ShoulderYokeR_jnt R1 pitch down
shoulder ShoulderR_jnt R1 roll right
Left elbow ElbowPivotL_jnt R1 yaw left
ElbowL_jnt R1 pitch down
Right elbow ElbowPivotR_jnt R1 yaw left
ElbowR_jnt R1 pitch down
Left wrist WristPivotL_jnt R1 yaw left
WristL_jnt R1 roll right
Right wrist WristPivotR_jnt R1 yaw left
WristR_jnt R1 roll right
Lumbar Spine ~ LumbarSpineUp_jnt R1 roll left R2  pitch down (@)
LumbarMouldPart6_jnt Rl yaw left (@)
D1 upward
LumbarMouldPart5_jnt R1 pitchdown R2 roll left ()
LumbarMouldPart4_jnt R1 yaw left (@)
D1 upward
LumbarMouldPart3_jnt  R1 roll left R2  pitch down ()
LumbarMouldPart2_jnt R1 yaw left (@)
D1 upward
LumbarMouldPartl_jnt R1 pitchdown R2 roll left (@
Left hip HipL_jnt R1 roll right R2 pitchdown R3 yaw left
Right hip HipR_jnt R1 roll right R2 pitchdown R3 yaw left
Left knee KneeL_jnt R1 pitch down
Right knee KneeR_jnt R1 pitch down
Left ankle AnkleL_jnt R1 yaw left R2  roll right R3  pitch down
Right ankle AnkleR_jnt R1 yaw left R2  roll right R3  pitch down

(@) Positive translation or rotation given in global coordinate system while dummy is in reference position (see

Figure 1.2).

(!) The neck bracket angle corresponds directly to that of the physical dummy. If the lower neck load cell is used in

the physical dummy, this angle must be zero.

() Only for equilibrium state.

@) In principle only for equilibrium state, however it might be necessary to rotate lumbar joints to position upper
torso with neck and head correctly.
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Dummy contacts

Table 2.4: Available groups to define contact between the Hybrid ITI 50" percentile Q components and

environment.

Contact Description

Identifier  (9)(®)

Ellipsoid model ()

Facet model (V)

Full Dummy

Head

Neck

Left Upper Arm
Right Upper Arm
Left Lower Arm and Hand

Right Lower Arm and Hand

Thorax

Jacket

Clavicles

Abdomen

Lumbarspine

Pelvis

Left Femur and Knee

Left Femur
Left Knee

Dummy_ctg

Head_ctg

Neck_ctg

ArmUpL_ctg
ArmUpR_ctg
ArmLowL_ctg

ArmLowR_ctg

Thorax_ctg

Jacket_ctg

Clavicles_ctg

Abdomen_ctg

LumbarBack_ctg

Pelvis_ctg

IliacWings_ctg
FemurKneel_ctg

FemurL_ctg
KneeL _ctg

all exterior ellipsoids
except the shoes

Head_ell
Face_ell
Nose_ell

NeckPlateLow_ell
NeckPlateUp_ell
NeckPart(i)_ell,
fori=1to 3

ArmUpL_ell
ArmUpR_ell

ArmLowL_ell
HandL_ell

ArmLowR_ell
HandR_ell
Jacket(7)_ell,

for i=01 to 50
Jacket99_ell
ClavicleL/R_ell
ClavicleLinkL /R_ell
ShoulderYokeL/R_ell
Jacket(7)_ell,

for i=01 to 50
Jacket99_ell

AbdomenLow_ell
AbdomenMid_ell
AbdomenUpL/R_ell
AbdomenL/R_ell

LumbarSpineLow_ell
LumbarSpineUp_ell

Elements and nodes

Elements and nodes

Elements and nodes
Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes

LumbarMouldPart(i)_ell,

fori=1to 6
Pelvis(i)L/R_ell,

for i=01 to 20
Pelvis(i)_ell,

for i=21 to 23
PelvisButtockL /R_ell
IliacWingLowL/R_ell
IliacWingMidL/R_ell
IliacWingUpL /R _ell

FemurFleshL_ell
KneeFleshl _ell

FemurFleshL_ell
KneeFleshl _ell

Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes
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Table 2.4 cont.

Contact Description

Identifier (@) (b)

Ellipsoid model (?)

Facet model (%)

Right Femur and Knee

Right Femur
Right Knee
Left Tibia

Right Tibia

Left Foot

Left heel

Left toes

Right Foot

Right heel
Right toes

Left Shoe

FemurKneeR_ctg

FemurR_ctg
KneeR _ctg
Tibial_ctg

TibiaR _ctg

FootL_ctg ()

HeelL_ctg (©)
ToesL_ctg ()

FootR _ctg (©)

HeelR_ctg ()
ToesR_ctg ()

Shoel _ctg ()

FemurFleshR_ell
KneeFleshR_ell

FemurFleshR_ell
KneeFleshR_ell

TibiaFleshUp (i)L_ell,
fori=1to 2
TibiaFleshMid (j)L_ell,
for j=1to 2
TibiaFleshLowL_ell
TibiaFleshUp (i)R_ell,
for i=1to 2
TibiaFleshMid (j)R_ell,
for j=1to 2
TibiaFleshLowR_ell

Toes(i)L_ell,
fori=1to 3
FootDorsal(j)L_ell,
for j=1to 2
FootBack (k)L_ell,
for k=1 to 2
HeelL_ell

HeelL_ell

Toes(i)L_ell,
fori=1to 3

Toes(i)R_ell,
fori=1to 3
FootDorsal(j)R_ell,
for j=1to 2
FootBack (k)R _ell,
for k=1to2
HeelR_ell

HeelR_ell

Toes(i)R_ell,
fori=1to 3

ShoeBackL_ell
ShoeDorsal(i)L_ell,
fori=1to 6
ShoeHeellL/RL_ell
ShoeHeel (j)L_ell,

for j=2 to 4
ShoeSole(k)L/RL_ell,
for k=1to 3
ShoeSole(I)L_ell,
forl=4to 6

Elements and nodes

Elements and nodes
Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes

Continued on the next page
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Table 2.4 cont.

Contact Description Identifier  (@)(?) Ellipsoid model (®) Facet model (¥)
Right Shoe ShoeR_ctg (©) ShoeBackR_ell Elements and nodes
ShoeDorsal(i)R_ell,
fori=1to 6

ShoeHeellL/RR_ell
ShoeHeel (j)R_ell,
forj=2 to 4
ShoeSole(k)L/RR_ell,
for k=1to 3

ShoeSole (/)R _ell,
forl=4to 6

(@) ctg= contact group, for the ellipsoid models ctg is replaced by gmb(group_multibody) and for the facet model ctg
is replaced by gfe (group_finite element).

(V) L = Left; R = Right

() If the dummy wear shoes only the shoe contact groups should be selected and not those of the feet.

FE belt positioning and contact definition

In the application manual an example is given on how to position a FE belt on a facet dummy
model (see Application manual). FE belts can also be created and repositioned with XMADgic
5.0 and higher.

For the lapbelt to facet Q model contact it is recommended to add besides the normal lapbelt
to pelvis contact an extra contact definition (model version 3.1 and higher). This contact is
between the iliac wings and the lapbelt with the iliac wings as slave and the option RELEDG
to ON. This option prevents the lapbelt, with relatively large elements, to get stuck around an
iliac wing.

The recommended contacts between dummy and belts are pre-defined in the user file under
the SYSTEM.MODEL Belt_to_Dummy_contacts. The references in FE_MODEL of Shoulder-
Belt_gfe and LapBelt_gfe needs to be changed to the proper FE-models to make the contacts
work. By default the user file will give two warnings due to the fact that the referred FE-model
for the belts is empty.

MB seat to ellipsoid pelvis contact definition

The contact definition between the ellipsoid pelvis and multi-body seat (CONTACT.MB_MB)
need some attention. The stiffness of the seat can be modelled with a multi-body chain, in
contact characteristics or with a combination of the two.

When the stiffness of the seat is modelled in the multi-body chain and therefore the contact
surfaces are considered to be rigid or very stiff, the characteristics of the pelvis should be used.
In this case the contact EVALUATION_TYPE needs to be set to NONE.

When the stiffness of the seat is modelled in the contact characteristics. Meaning the contact
surface is considered deformable and the modelled characteristics of the seat will be used. In
general the contact EVALUATION_TYPE should be set to CONTINUOUS. This depends on
how the characteristics are created.
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Output

From MADYMO V7.3 on ISO-MME output can be generated for the Hybrid ITT 50" percentile
Q dummy models. Output requests for signals in ISO-MME format are pre-defined in the

CONTROL_OUTPUT element in the user file.

Table 2.5: Hybrid III 50th percentile Q dummy model output signals.

Sensor Identifier Signal Filter
resul- direc- y direc- 2 direc-
tant tion (@) tion (@) tion (@)
Head
CG HeadCG_acc ar al forward a2 lateral a3 vertical CFC1000
accelerometer(?)
Neck
Upper load cell NeckUp_lce_F_CFC1000 fr f1 shear f2  shear f3 axial CFC1000
NeckUp_lce_F_CFC600 fr f1 shear f2  shear f3 axial CFC600
NeckUp_lce_T tr tl  roll t2  pitch t3 yaw CFC600
Lower load cell NeckLow_lce_F fr f1 shear f2  shear f3 axial CFC1000
NeckLow_lce_T tr tl  roll t2  pitch t3 yaw CFC600
Thorax
accelerometer (@) Thorax_acc ar al forward a2 lateral a3 vertical CFC180
Chest ChestDeflection_dis dr d1l displace- CFC600
deflection ment
ChestDefl_dis_ dr d1l displace- CFC180
CFC180 ment
ChestDeflection_vel vr vl velocity CFC600
CFC600
ChestDeflection_vel_ vr vl velocity CFC180
CFC180
ChestDeflection_ vr vl velocity CFC60
CFC60_vel
Clavicles ClavicleL_lce_F fr fl shear f2  shear f3 axial CFC1000
ClavicleR_Ice_F fr f1 shear f2  shear f3 axial CFC1000
Lumbar Spine
Thoracic load Thoracic_lce_F fr f1 shear f2  shear f3 axial CFC1000
cell Thoracic_lce_T tr t1 roll t2  pitch t3  yaw CFC1000
Lumbar load Lumbar_lce_F fr f1 shear f2  shear f3 axial CFC1000
cell Lumbar_lce_T tr tl roll t2  pitch t3  yaw CFC1000
Pelvis
accelerometer(®) Pelvis_acc ar al forward a2 lateral a3 vertical CFC1000
Femur
Left load cell FemurL_lce_F fr f1 shear f2  shear f3 axial CFC600
FemurL_lce_T tr t1 roll t2  pitch t3  yaw CFC600
Right load cell FemurR_Ice_F fr f1 shear f2  shear f3 axial CFC600
FemurR_lce_T tr tl  roll t2  pitch t3  yaw CFC600
Knee
Left Slider KneeL _dis dr dl displ CFC180
Right Slider KneeR_dis dr d1l displ CFC180
Tibia
Left Upper load TibiaUpL_lce_F fr fl shear f2  shear f3 axial CFC600
cell TibiaUpL_lce_T tr tl roll t2  pitch t3 yaw CFC600
Right Upper TibiaUpR_lce_F fr fl shear f2 shear f3 axial CFC600
load cell TibiaUpR_lce_T tr tl roll t2 pitch t3 yaw CFC600

Continued on the next page
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Table 2.5 cont.
Sensor Identifier Signal Filter
resul- X direc- y direc- 7 direc-
tant tion (@) tion (@) tion (@)
Left Lower load TibiaLowL_lce_F fr f1 shear f2  shear f3 axial CFC600
cell TibiaLowL_Ice_T tr tl roll t2  pitch t3 yaw CFC600
Right Lower TibiaLowR_lce_F fr f1 shear f2 shear f3 axial CFC600
load cell TibiaLowR_lce_T tr t1 roll t2  pitch t3 yaw CFC600
Foot
Left foot FootL_acc ar al forward a2 lateral a3 wvertical CFC1000
accelerometer(?)
Right foot
accelerometer(?) FootR_acc ar al forward a2 lateral a3 vertical CFC1000

() Positive direction given according to SAE J211/1.

(%) The calculated acceleration is corrected in the x-direction for a prescribed fictitious acceleration field to get correct

values (see Theory manual).

Table 2.6: Injury criteria defined for the Hybrid III 50th percentile Q dummy models.

Injury criteria Identifier Filter
Head

HIC (15) HIC15_inj

HIC (36) HIC36_inj

3ms (cumulative) H3MS_inj

max Res Acc

Neck
max Tension
max Compression

HaccRpeak_inj

NecktensZpeak_inj
NeckcompZpeak_inj

MOC
lateral MOCx_inj
frontal MOCy_inj
MOCy_CFC1000_inj
FNIC
tension FNICtension_inj
shear FNICshear_inj
bending FNICbending_inj
NIJ

tension-extension
tension-flexion
compression-extension
compression-flexion

tension-extension
tension-flexion
compression-extension
compression-flexion

Thorax
3ms (cumulative)
3ms (contiguous)
Chest Compression

max Res Acc
CTI

NTE_inj
NTE_inj
NCE_in]
NCF_inj
NTE_CFC1000_inj
NTE_CFC1000_inj
NCE_CFC1000_inj
NCF_CFC1000_inj

T3MS_inj
TCon3MS_inj
ThCC_inj
ThCC_CFC600_inj
TaccRpeak_inj
CTLinj

CFC600 (force and moment)
CFC600 (force and moment)
CFC1000/CFC600 (force/moment)

CFC1000
CFC1000
CFC1000/CFC600 (force/moment)

CFC600 (force and moment)
CFC600 (force and moment)
CFC600 (force and moment)
CFC600 (force and moment)

CFC1000/CFC600 (force/moment)(?)
CFC1000/CFC600 (force/moment) ()
CFC1000/CFC600 (force/moment)(?)
CFC1000/CFC600 (force/moment) ()

CFC180
CFC600
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Table 2.6 cont.

Injury criteria

Identifier

Filter

vC

Femurs
FFC
Left
Right
max Left Compression
max Right Compression

Knees
Left Compression
Right Compression
Tibia
TI
Upper Left
Upper Right
Lower Left
Lower Right

Upper Left
Upper Right
Lower Left
Lower Right

TCFC
Upper Left
Upper Right
Lower Left
Lower Right

Feet
max Res Acc Left(©)
max Res Acc Right(”)

VC_inj_CFC180
VC_inj_CFC600

FFCL_inj
FFCR_inj
FemurLcompZpeak_inj
FemurRcompZpeak_inj

kneesliderL_inj
kneesliderR _inj

TIUpL_inj
TIUpR_inj

TILowL_inj
TILowR_inj
TIUpL_adjusted_inj(?)
TIUpR _adjusted_inj(?)
TILowlL,_adjusted_inj(?)
TILowR_adjusted_inj(*)

TCFCUpL._inj
TCFCUpR _inj

TCFCLowL_inj
TCFCLowR _inj

FootLaccRpeak_inj
FootRaccRpeak_inj

CFC180 (deflection)
CFC600 (deflection)

CFC600
CFC600

CFC600
CFC600
CFC600
CFC600

CFC600
CFC600
CFC600
CFC600

CFC600
CFC600
CFC600
CFC600

(@) N1y injury output with other filtering than CFC600 will generate a warning in the reprint file in MADYMO release

7.2 and older.

() Eccentricity feature is not available in MADYMO release 7.2 and older and will result in wrong values. Feature is

available from MADYMO 7.3 on.

() The result of the 2-D acceleration vector (in ZX-plane) will be given as the maximum value. In MADYMO release

7.3 and older the result of the 3-D acceleration vector will be given.
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3 Hybrid Il 5th percentile Q Dummy

The Hybrid IIT 51" percentile small female dummy represents the smallest size in the adult
population and has been derived from scaled data from the Hybrid IIT 50t percentile dummy.
Originally developed in 1988, the dummy was upgraded in 1991 to evaluate seat belt sub-
marining, and again in 1997 to improve the dummy’s ability to evaluate the aggressiveness
of airbags, mainly in "Out-of-Position" (OOP) test conditions. The dummy is also included in
FMVSS 208.

As a follow-up to the available standard Hybrid III 5™ percentile dummy models, the quality
(Q) ellipsoid and the quality (Q) facet Hybrid IIT 5! percentile dummy models have been
developed. This is because of the increasing market need for a more CPU-efficient and user-
friendly dummy model with a high quality. The quality of the models is determined by an
objective rating method. For more information on this subject, the reader is referred to the
quality reports supplied with these models.

Figure 3.1: Hybrid IIT 5" percentile ellipsoid Q (left) and facet Q (right) models.

The Q models of the Hybrid IIT 5" percentile dummy are similar to the Hybrid IIT 50" per-
centile Q models. The differences with respect to the Hybrid III 50th percentile Q models are
described below. For a description of equivalent parts, please refer to Chapter 2.
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3.1 Model description

Quality ellipsoid and facet models of the Hybrid III 5" percentile female dummy are available.
The input is given in the files:

Ellipsoid model: d_hyb305el_Q_usr.xml
d_hyb305el_Q_inc.xml

Facet model: d_hyb305fc_Q_usr.xml
d_hyb305fc_Q_inc.xml

To run these models, the following licenses are required:

Ellipsoid Q model : MADYMO/Solver (Multibody)
MADYMO/Dummy Models/Frontal

Facet Q model: MADYMO/Solver (Multibody)
MADYMO/Dummy Models/Frontal /HIII 5th Fc Q

Figure 3.1 shows the models in the reference position. Both models consist of 229 bodies.

ELLIPSOID AND FACET Q MODELS

The ellipsoid Q model has the same multibody basis as the facet Q model. The facet Q model
has been developed on basis on the CAD scanning data combined with the datastructure of
the Hybrid IIT 50" percentile facet Q dummy model while the ellipsoid model represents the
very good approximation of the facet Q model using ellipsoid surfaces. This paragraph gives
a summarised description of the design of both models.

Ellipsoid Q model

The configuration of the ellipsoid Q model of the Hybrid III 51" percentile dummy model is
almost identical to the configuration of the ellipsoid Q model of the Hybrid IIT 50" percentile
dummy (see Chapter 2). The thorax has only two extra ellipsoids, describing the 5™ percentile
female dummy breasts. The feet are modelled somewhat more simply.

Facet Q model

The configuration of the facet Q model is almost identical to the configuration of the facet Q
model of the Hybrid IIT 50t percentile dummy (see Chapter 2). The feet are modelled some-
what more simply.

Head and neck

The head and the neck of the Hybrid IIT 5™ percentile Q models are modelled in the same
way as for the Hybrid IIT 50t percentile Q models, except that the head has been modelled in
more detail with the mounting block to measure the head acceleration as a separate body. The
mounting block is connected to the upper neck load cell by means of a bracket joint. For more
information about the head and the neck modelling the user is referred to Chapter 2. For more
details see Figure 3.2 and Figure 3.3.
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Figure 3.2: Hybrid IIT 5" percentile ellipsoid Q (left) and facet Q (right) head models.

Figure 3.3: Hybrid III 5" percentile ellipsoid Q (left) and facet Q (right) neck models.

Thorax

The thorax structure of the Hybrid IIT 5% percentile Q models is the same as for the 50 per-
centile Q models. This means that the thorax for both models consists of the spinebox, the
ribcage, the clavicles and the jacket. The whole multibody chain has the same structure as for
the 50" percentile Q models (see Chapter 2).

The facet thorax model of the Hybrid IIT 5% percentile differs from the 50 percentile in the
sense that the 5™ has vertical restraints on the ribcage to model the vertical ribstops. The
frontal part of the jacket is modelled with two surfaces: one surface represents the undeformed
breasts and is used only for visualisation; another surface, lying slightly behind the outer one,
represents the pre-compressed breasts and is used in the contact. Note that an insignificantly
small load can result in such a pre-compression of foam and breasts.

The geometry of the ellipsoid Q thorax model is also very accurate; not only the external but
also the internal parts are represented with ellipsoids.

See Figure 3.4 for an overview of the ellipsoid and facet Q thorax models.
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Figure 3.4: Hybrid III 5t percentile ellipsoid Q (left) and facet Q (right) thorax models.
g y p p g

While all of the components now have a detailed facet mesh, the thorax is by far the most
complex structure, its stiffness determined not only by its shape and material, but also by the
interaction of several independently-moving structures.

Lumbar spine
The multibody chain of the lumbarspine is the same as for the 50" percentile Q models (see

Chapter 2). The chain of the 5% is straight while the chain of the 50" is curved.

The thoracic adaptor is connected to the lumbarmould part of the lumbarspine by means of
the bracket joint and is located at the bottom of the lumbarspine.

Abdomen and pelvis

The abdomen part for both models has been modelled as a separate body. In the ellipsoid
model, this is connected to the pelvis by means of a free joint, and the abdomen is retained in
place by point restraints modelling the physical restraint of the abdominal cavity. The facet
model has a locked translational joint and the stiffness of the abdomen in contact is modelled
wholly in the contact characteristics.

Both the ellipsoid and facet Q models require a characteristic based force contact with the lap
belt.

For the pelvis part the user is also referred to Chapter 2. For more details see Figure 3.5.
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Figure 3.5: Hybrid III 5" percentile ellipsoid Q (left) and facet Q (right) pelvis and abdomen models.
g y p p ght) p

The iliac wing load cells are modelled in the pelvis by means of bracket joints. Part of the
outer surface of the pelvis is supported to the iliac wing load cells upper part bodies to ensure
a proper load transfer through the load cells.

Figure 3.6: Hybrid IIT 5" percentile ellipsoid Q (left) and facet Q (right) iliac wing load cell models.

Arms

The arms of both models are modelled in the same way as for the 50"

(see Chapter 2).

percentile Q models

For more details see also Figure 3.7.
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Figure 3.7: Hybrid III 5th percentile ellipsoid Q (left) and facet Q (right) arm models.

Legs

The femurs for both models have been modelled with eight bodies and eight joints. Five of
them are bracket joints, two are revolute joints and one is a translational joint. Two load cells
are modelled as part of the femurs. The femurs of the ellipsoid model have two associated
ellipsoid surfaces representing the femur flesh and the knee flesh. The facet model has its
corresponding facet surfaces.

The tibias for both models are modelled with ten bodies: three for the upper part, one for the
mid part, three for the lower part, and one for the knee-clevis, the ankle-shell and the tibia
respectively. They are connected to each other by means of bracket joints. Two load cells for
the upper and the lower tibias are included. The tibia of the ellipsoid model has five associated
ellipsoid surfaces representing the tibia flesh for the upper (two), the mid (two) and the lower
part (one). The tibia of the facet models has corresponding facet surfaces.

Figure 3.8 and Figure 3.9 show the models of the leg for both models.
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Figure 3.8: Hybrid IIT 5 percentile ellipsoid Q (left) and facet Q (right) femur models.

J A

Figure 3.9: Hybrid I 5% percentile ellipsoid Q (left) and facet Q (right) tibia models.

Feet and ankles

The geometry of the feet is described in detail by three ellipsoids for the ellipsoid Q model and
by facet surfaces for the facet Q model. One spherical joint connects the foot body to the tibia
(see Figure 3.10).
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Figure 3.10: Hybrid ITI 5t percentile ellipsoid Q (left) and facet Q (right) foot models.

Shoes

The shoes have been implemented as separate components. Each shoe assembly consists of
one single rigid body and a free joint that links the shoe to the foot. The shoe is restrained by
several point and cardan restraints that allow translation and rotation of the foot inside the
shoe (see Figure 3.11).

S Mo

Figure 3.11: Hybrid III 5th percentile ellipsoid Q (left) and facet Q (right) shoes.

CONTACTS BETWEEN DUMMY COMPONENTS

In both models, contacts are already defined between the head and the thorax, between the
thorax and the left and right upper leg, between the left upper leg and the left lower arm,
between the right upper leg and the right lower arm, between the left upper leg and the right
upper leg and between the left tibia and the right tibia.

Table 3.1: Intercomponent contacts for the Hybrid I1T 51" percentile Q models.

Model Type Contact Master Surface Slave Surface

ellipsoid HeadToJacket_cnt Jacket_gmb Head_gmb
ArmLowLToFemurKneel_cnt FemurKneel_gmb ArmLowL_gmb
ArmLowRToFemurKneeR_cnt FemurKneeR_gmb ArmLowR_gmb

Continued on the next page
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Table 3.1 cont.

Model Type Contact Master Surface Slave Surface
AbdomenToSpinebox_cnt LumbarBack_gmb Abdomen_gmb
FemurKneeLToThorax_cnt Jacket_gmb FemurKneel_gmb
FemurKneeRToThorax_cnt Jacket_gmb FemurKneeR_gmb
FemurKneeL.ToFemurKneeR_cnt FemurKneeR_gmb FemurKneeL_gmb
TibialL.ToTibiaR_cnt TibiaR_gmb TibialL_gmb

facet HeadToJacket_cnt Jacket_gfe Head_gfe

ArmLowLToFemurKneel._cnt
ArmLowRToFemurKneeR_cnt
FemurKneeLToJacket_cnt
FemurKneeRToJacket_cnt
FemurKneeL.ToFemurKneeR_cnt
TibiaL.ToTibiaR_cnt

FemurKneeL_gfe
FemurKneeR_gfe
Jacket_gfe
Jacket_gfe
FemurKneeR_gfe
TibiaR_gfe

ArmLowL_gfe
ArmLowR_gfe
FemurKneel_gfe
FemurKneeR_gfe
FemurKneeL_gfe
TibiaL_gfe
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3.2 User instructions

Timestep

Table 3.2: Recommended timestep for the Hybrid IIT 5" percentile dummy models.

Model timestep (s)
Ellipsoid <1-10°°
Facet <1-107°

Dummy positioning

The ellipsoid and facet Hybrid IIT 5" percentile Q models can be positioned in the same way
as the Hybrid IIT 50" percentile Q models (see Chapter 2).

Table 3.3: Positioning joints of the Hybrid IIT 5" percentile dummy models.

Joint Identifier Degree of freedom () Comment

Description

Complete Dummy_jnt D1 forward D2 leftward D3 upward

dummy R1 roll right R2 pitchdown R3 yaw left

Neck bracket NeckBracket_jnt R1 pitch down ()

Neck element NeckPivot4_jnt R1 roll right R2  pitch up (©
NeckCylinder2_jnt D1 upward Rl yaw left ()
NeckPivot3_jnt R1 pitch up R2 roll right (©
NeckPivot2_jnt R1 roll right R2  pitch up (©)
NeckCylinderl_jnt D1 upward Rl yaw left (©
NeckPivotl_jnt R1 pitch up R2 roll right (©)

Left shoulder ShoulderYokeL _jnt R1 pitch down
ShoulderL_jnt R1 roll right

Right ShoulderYokeR_jnt R1 pitch down

shoulder ShoulderR_jnt R1 roll right

Left elbow ElbowPivotL_jnt R1 yaw left
ElbowL_jnt R1 pitch down

Right elbow ElbowPivotR_jnt R1 yaw left
ElbowR_jnt R1 pitch down

Left wrist WristPivotL_jnt R1 yaw left
WristL_jnt R1 roll right

Right wrist WristPivotR_jnt R1 yaw left
WristR_jnt R1 roll right

Lumbar spine LumbarFlangeUp_jnt R1 roll left R2  pitch down ()
LumbarMouldPart6_jnt  R1 yaw left ()

D1 upward
LumbarMouldPart5_jnt R1 pitchdown R2 roll left ()
LumbarMouldPart3_jnt  R1 roll left R2  pitch down ()
LumbarMouldPart2_jnt R1 yaw left ()
D1 upward
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Table 3.3 cont.
Joint Identifier Degree of freedom (@) Comment
Description
LumbarMouldPartl_jnt R1 pitchdown R2 roll left )
Left hip HipL_jnt R1 roll right R2 pitchdown R3 yaw left
Right hip HipR_jnt R1 roll right R2 pitchdown R3 yaw left
Left knee KneeL_jnt R1 pitch down
Right knee KneeR_jnt R1 pitch down
Left ankle AnkleL_jnt R1 yaw left R2  roll right R3  pitch down
Right ankle AnkleR_jnt R1 yaw left R2  roll right R3  pitch down

(@) Positive translation or rotation given in global co-ordinate system while dummy is in reference position (see

Figure 1.2).

(t) Angle for the neck bracket is directly to derive from the physical dummy. A lower neck load cell in the physical

dummy means a zero angle for the neck bracket.

(©) only for equilibrium state.

(@) In principle only for equilibrium state, however it might be necessary to rotate lumbar joints to position upper

torso with neck and head correctly.

Dummy contacts

Table 3.4: Available groups to define contact between the Hybrid ITI 5" percentile Q components and

environment.
Contact Description Identifier  (@)(?) Ellipsoid model (®) Facet model (?)
Full Dummy Dummy_ctg all exterior ellipsoids
Head Head_ctg Head_ell Elements and nodes
Face_ell
Cheek_ell
Neck Neck_ctg NeckPlateLow_ell Elements and nodes
NeckPlateUp_ell
NeckPart(7)_ell
for i=1to 3
Left Upper Arm ArmUpL_ctg ArmUpL_ell Elements and nodes
Right Upper Arm ArmUpR_ctg ArmUpR_ell Elements and nodes
Left Lower Arm and Hand ArmLowL_ctg ArmLowEIbowL_ell Elements and nodes
ArmLowlL_ell
HandL_ell
Right Lower Arm and Hand ArmLowR_ctg ArmLowEIbowR_ell Elements and nodes
ArmLowR_ell
HandR_ell
Thorax Thorax_ctg Jacket(7)_ell Elements and nodes

for i=01 to 50
Jacket(i)Low_ell

for i=04 to 08
Jacket(j)_ell

for j=97 to 99
ClavicleL/R_ell
ClavicleLinkL /R_ell
ShoulderYokeL /R_ell

Continued on the next page
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Table 3.4 cont.

Contact Description

Identifier  (@)(b)

Ellipsoid model (?)

Facet model (?)

Jacket

Clavicles

Lumbar Spine

Abdomen

Pelvis

Iliac Wings
Left Femur and Knee

Left Femur
Left Knee
Right Femur and Knee

Right Femur
Right Knee
Left Tibia

Right Tibia

Left Foot

Left heel
Left toes

Jacket_ctg

Clavicles_ctg

LumbarBack_ctg

Abdomen_ctg

Pelvis_ctg

TliacWings_ctg
FemurKneel_ctg

FemurL_ctg
KneeL _ctg

FemurKneeR_ctg

FemurR_ctg
KneeR_ctg
Tibial_ctg

TibiaR_ctg

FootL_ctg (<)

Heell_ctg (©)
ToesL_ctg ()

Jacket(7)_ell

for i=01 to 50
Jacket(i)Low_ell
for i=04 to 08
Jacket(j)_ell

for j=97 to 99

ClavicleL/R_ell
ClavicleLinkL /R_ell
ShoulderYokeL /R_ell

LumbarSpineLow_ell
LumbarSpineUp_ell
LumbarMouldPart(i)_ell
fori=1to 3
LumbarMouldPart(j)_ell
for j=5to 6
AbdomenL/R_ell
AbdomenLow_ell
AbdomenMid_ell

PelvisFemurL/R_ell
Pelvis_ell
Pelvisbone_ell
PelvisBottomL /R_ell
PelvisUpL/R_ell
pelvis_LCL/R_ell
pelvislliacL /R_ell

FemurFleshL_ell
KneeFleshl_ell

FemurFleshL_ell
KneeFleshl _ell

FemurFleshR_ell
KneeFleshR_ell

FemurFleshR_ell
KneeFleshR_ell

TibiaFleshUp (i)L_ell,
fori=1to 2
TibiaFleshMid (j)L_ell,
forj=1to2
TibiaFleshLowL_ell
TibiaFleshUp (i)R_ell,
for i=1to 2
TibiaFleshMid (j)R_ell,
forj=1to2
TibiaFleshLowR_ell

FootL_ell
ToesL_ell
Heell_ell

Heell_ell
ToesL_ell

Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes
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Table 3.4 cont.

Contact Description Identifier  (@)(?) Ellipsoid model (®) Facet model (?)

Right Foot FootR_ctg (©) FootR_ell Elements and nodes
ToesR_ell
HeelR_ell

Right heel HeelR_ctg () HeelR_ell

Right toes ToesR_ctg (©) ToesR_ell

Left Shoe Shoel _ctg () ShoeSolel_ell Elements and nodes

ShoeHeell_ell
ShoeFrontL_ell

Right Shoe ShoeR_ctg () ShoeSoleR _ell Elements and nodes
ShoeHeelR_ell
ShoeFrontR_ell

(@) ctg= contact group, for the ellipsoid models ctg is replaced by gmb(group_multibody) and for the facet model ctg
is replaced by gfe (group_finite element).

() L = Left; R = Right

() If the dummy wear shoes only the shoe contact groups should be selected and not those of the feet.

FE belts can be created and (re)positioned with the belt fitting tool of XM ADgic (version 5.0
and higher).

The recommended contacts between dummy and belts are pre-defined in the user file un-
der the SYSTEM.MODEL Belt_to_Dummy_contacts. From model version 2.0 of the ellipsoid
model the lateral orthotropic friction values recommended for the contact between lap belt
and the pelvis and abdomen are different to the standard modelling recommendations: 0.65
instead of 0.5. This is based on experimental validation of the interaction.

The references in FE_ MODEL of ShoulderBelt_gfe and LapBelt_gfe need to be changed to the
proper FE-models to make the contacts work. By default the user file will give two warnings
due to the fact that the referred FE-model for the belts is empty.

Output

From MADYMO V7.3 on ISO-MME output can be generated for the Hybrid IIT 5 percentile
Q dummy models. Output requests for signals in ISO-MME format are pre-defined in the
CONTROL_OUTPUT element in the user file.

The output signals for the Hybrid IIT 5™ percentile Q models are almost the same as for the
Hybrid IIT 50™ percentile Q models. See Table 3.5 for a complete overview of those output
signals.

Table 3.5: Hybrid III 5th percentile output signals.

Sensor Identifier Signal Filter
resul- X direc- direc- 2 direc-
tant tion (@) tion (@) tion (@)
Head
CG HeadCG_acc ar al forward a2 lateral a3 vertical CFC1000

accelerometer(?)

Continued on the next page
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Table 3.5 cont.
Sensor Identifier Signal Filter
resul- X direc- y direc- 7 direc-
tant tion (@) tion (@) tion (@)
Neck
Upper load cell NeckUp_lce_F_CFC1000 fr f1 shear f2  shear f3 axial CFC1000
NeckUp_lce_F_CFC600 fr f1 shear f2  shear f3 axial CFC600
NeckUp_lce_T tr t1 roll t2  pitch t3 yaw CFC600
Lower load cell NeckLow_lce_F fr fl shear f2  shear f3  axial CFC1000
NeckLow_Ice_T tr tl  roll t2  pitch t3  yaw CFC600
Thorax
accelerometer(?) Thorax_acc ar al forward a2 lateral a3 vertical CFC180
Chest ChestDeflection_dis dr dl displace- CFC600
deflection ment
ChestDefl_dis_ dr dl displace- CFC180
CFC180 ment
ChestDeflection_vel _ vr vl velocity CFC600
CFC600
ChestDeflection_vel_ vr vl velocity CFC180
CFC180
Sternum SternumUp_acc ar al forward a2 lateral a3 vertical ~CFC1000
accelerometer(?) SternumLow_acc ar al forward a2 lateral a3 vertical CFC1000
SternumMid_acc ar al forward a2 lateral a3 wvertical CFC1000
Lumbar Spine
Thoracic load Thoracic_lce_F fr fl shear f2  shear f3  axial CFC1000
cell Thoracic_lce_T tr tl  roll t2  pitch t3  yaw CFC1000
Lumbar load Lumbar_lce F fr f1 shear f2  shear f3 axial CFC1000
cell Lumbar_lIce_T tr t1 roll t2  pitch t3  yaw CFC1000
Pelvis
Accelero- Pelvis_acc ar al forward a2 lateral a3 wvertical CFC1000
meter(?)
Left iliac wing TliacL._lce_F fl forward CFC600
load cell IliacL_lIce_T t2  pitch CFC600
Right iliac wing  IliacR_Ice_F f1 forward CFC600
load cell IliacR_lce T t2  pitch CFC600
Femur
Left load cell FemurL_lce_F fr fl shear f2  shear f3  axial CFC600
FemurL_lce_T tr tl1 roll t2  pitch t3 yaw CFC600
Right load cell FemurR_lce_F fr fl shear f2  shear f3  axial CFC600
FemurR_lce T tr tl roll t2  pitch t3 yaw CFC600
Knee
Left Slider KneeL_dis dr dl displ CFC180
Right Slider KneeR_dis dr dl displ CFC180
Tibia
Left Upper load  TibiaUpL_lce_F fr f1 shear f2  shear f3 axial CFC600
cell TibiaUpL_lce_T tr tl roll t2  pitch t3 yaw CFC600
Right Upper TibiaUpR_lce_F fr f1 shear f2  shear f3 axial CFC600
load cell TibiaUpR_Ice_T tr tl roll t2 pitch t3  yaw CFC600
Left Lower load TibiaLowL_lce_F fr f1 shear f2  shear f3 axial CFC600
cell TibiaLowL_Ice_T tr tl roll t2  pitch t3  yaw CFC600
Right Lower TibiaLowR_Ice_F fr fl shear f2  shear f3  axial CFC600
load cell TibiaLowR_lce_T tr t1 roll t2  pitch t3  yaw CFC600

(@) Positive direction given according to SAE J211/1.

(b) The calculated acceleration is corrected in the x-, y- and z-directions for a prescribed fictitious acceleration field to
get correct values (see Theory manual).
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Injury
The injury criteria selected for the Hybrid III 5*" percentile component models are almost the

same as for the Hybrid IIT 50" percentile Q models. See Table 3.6 for a complete overview of
those criteria.

5th

3

Table 3.6: Injury criteria defined for the Hybrid III 5th percentile .

Injury criteria Identifier Filter
Head

HIC (15) HIC15_inj

HIC (36) HIC36_inj

3ms (cumulative) H3MS_inj

max Res Acc

HaccRpeak_inj

Neck
MOC
lateral MOCx_inj CFC600 (force and moment)
frontal MOCy_inj CFC600 (force and moment)
FNIC
tension FNICtension_inj CFC1000
shear FNICshear_inj CFC1000
bending FNICbending_inj CFC1000/CFC600 (force/moment)
NIJ
tension-extension NTE_inj CFC600 (force and moment)
tension-flexion NTE_inj CFC600 (force and moment)
compression-extension NCE_inj CFC600 (force and moment)
compression-flexion NCF_inj CFC600 (force and moment)
tension-extension NTE_OOP_inj CFC600 (force and moment)
tension-flexion NTF_OOP_inj CFC600 (force and moment)
compression-extension NCE_OQOP_inj CFC600 (force and moment)
compression-flexion NCF_OOP_inj CFC600 (force and moment)
Thorax
3ms (cumulative) T3MS_inj
3ms (contiguous) TCon3MS_inj
Chest Compression ThCCL_inj CFC180
CTI CTL inj
vC VC_inj_CFC180 CFC180 (deflection)
VC_inj_CFC600 CFC600 (deflection)
Femurs
FEC
Left FFCL_inj CFC600
Right FFCR_inj CFC600
max Left Compression FemurLcompZpeak_inj
max Right Compression FemurLcompZpeak_inj
Knees
Left Compression kneesliderL_inj CFC180
Right Compression kneesliderR_inj CFC180
Tibia
TI
Upper Left TIUpL _inj CFC600
Upper Right TIUpR_inj CFC600
Lower Left TILowL_inj CFC600
Lower Right TILowR_inj CFC600

Continued on the next page
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Table 3.6 cont.

Injury criteria Identifier Filter
TCFC
Upper Left TCFCUpL_inj CFC600
Upper Right TCFCUpR_inj CFC600
Lower Left TCFCLowL_inj CFC600
Lower Right TCFCLowR_inj CFC600
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4 Hybrid 11l 95th percentile Q Dummy

The Hybrid III 95" percentile male dummy stands for the largest size in the adult population
and has been derived from scaled data from the Hybrid I11 50" percentile dummy. The dummy
has recently been included in FMVSS 208.

As a follow-up to the available standard Hybrid III 95th percentile dummy models, the quality
(Q) ellipsoid and the quality (Q) facet Hybrid III 95th percentile dummy models have been
developed. This is because of the increasing market need for a more CPU-efficient and user-
friendly dummy model with a high quality. The quality of the models is determined by an
objective rating method. For more information on this subject, the reader is referred to the
quality reports supplied with these models.

Figure 4.1: Hybrid ITI 95" percentile Q dummy model; ellipsoid model (left) and facet model (right).
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4.1 Model description

The ellipsoid Q model of the Hybrid III 95th percentile dummy is derived from scaling the
Hybrid III 50th percentile ellipsoid Q model version 1.0. The facet Q model of the Hybrid III
95th percentile dummy is derived from scaling the Hybrid III 50th percentile facet Q model
version 4.0.

Quality ellipsoid and facet models of the Hybrid IIT 95" percentile dummy are available. The
input is given in the files:

Ellipsoid model: d_hyb395el_Q_usr.xml
d_hyb395el_Q_inc.xml

Facet model: d_hyb395fc_Q_usr.xml
d_hyb395fc_Q_inc.xml

To run these models, the following licenses are required:

Ellipsoid Q model: MADYMO/Solver (Multibody)
MADYMO/Dummy Models/Frontal

Facet Q model: MADYMO/Solver (Multibody)
MADYMO/Dummy Models/Frontal /HIII 95th Fc Q

Figure 4.1 shows the models in the reference position. Both models consist of 211 bodies in-
cluding 50 bodies for the jacket and 6 bodies for the left and the right shoe.

ELLIPSOID AND FACET Q MODELS

The ellipsoid Q model has the same multibody structure as the facet Q model. The facet Q
model has been developed on basis of scaling the Hybrid IIT 50" percentile facet Q model and
checked against CAD scanning data while the ellipsoid model represents the very good ap-
proximation of the facet Q model using ellipsoid surfaces. This paragraph gives a summarised
description of the design of both models.

Head and neck

The head has been modelled with a rigid body having two associated ellipsoid surfaces, repre-
senting the skull and the face, for the ellipsoid model. The facet model uses one closed surface.
It is connected by a bracket joint to the upper neck load cell.

The neck is composed of four parts: the upper neck load cell, the neck nodding plate, the neck
column with cable and the neck bracket. The upper and lower neck load cells are modelled
with bracket joints. The nodding joint is a revolute joint combined with a restraint. The neck
bracket is modelled with a revolute joint which is locked during the simulation. When the
neck bracket joint has not the default value of zero, the lower neck load cell results will not be
the same as in the hardware dummy.
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Figure 4.2: Hybrid IIT 95" percentile ellipsoid Q (left) and facet Q (right) head models.

The neck column with cable is represented by 6 joints of which four are universal and two are
cylindrical joints. Two triple joint restraints are used for the lower and the upper part of the
neck. Universal joints are located in the centres of the 4 rubber disks (see Figure 4.3).

Figure 4.3: Hybrid IIT 95 percentile ellipsoid Q (left) and facet Q (right) neck models.
g y p p g

Thorax

The thorax consists in general of the following parts: the spinebox, the ribcage, the clavicles
and the jacket. The thorax is modelled with multiple chains of bodies and joints.

The spinebox has been modelled by means of three bodies, representing the thoracic spine and
the lower and upper part of the thoracic load cell, connected with bracket joints. The bracket
joint between the thoracic load cell parts represents the load cell itself.

The ribcage has been modelled with 12 chains of bodies and joints forming the six ribs (see
Figure 4.4). Another chain models the potentiometer and ends with the sternum body. It uses
two revolute joints, representing the potentiometer, a spherical joint and a translational joint
modeling the connection from the potentiometer to the sternum. The front of the ribs are
connected to the front rib end bodies with universal joints, forming closed loops. The front rib
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end bodies are connected with point restraints to the sternum. All kinematic joints have joint
restraints which give the ribcage its stiffness.

Figure 4.4: Hybrid III 95th percentile ellipsoid Q (left) and facet Q (right) ribcage model.

The clavicles are modelled with eight bodies and eight joints, where two are bracket joints
to represent the load cells of the left and right clavicle. Revolute joints are connecting the
shoulder yokes to the clavicles and the clavicles to the clavicle load cells. revolute joints also
connecting the clavicle links to the thoracic spine.

The jacket is modelled separately with 50 bodies and free joints. The bodies are connected to
each other with a lot of point and cardan restraints (see Figure 4.5). The body at the lower back
side of the jacket is connected to the thoracic spine by means of a free joint.
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Figure 4.5: Hybrid IIT 95" percentile ellipsoid Q (left) and facet Q (right) jacket model.

Interaction between jacket and ribcage is modelled by means of point restraints (see
Figure 4.6).

Figure 4.6: Hybrid IT1 95" percentile ellipsoid Q (left) and facet Q (right) jacket ribcage interaction model.
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Lumbar spine

The lumbar spine assembly consists of the lumbar spine mould with the lumbar load cell. The
influence of the lumbar spine cables is lumped in the multibody chain of the lumbar spine
mould. The lumbar spine mould is represented with seven bodies. Two bodies and a bracket
joint are used for the load cell.

The chain of joints of the lumbar spine mould consists of four universal and three cylindrical
joints. Two sets of universal - cylindrical - universal joint sequences make use of a triple joint
restraint and the cylindrical joint in the middle has a normal joint restraint (see Figure 4.7).
The lumbar spine mould is coupled to the load cell by means of a bracket joint.

Figure 4.7: Hybrid ITI 95" percentile ellipsoid Q (left) and facet Q (right) lumbar spine model.

In the complete physical dummy, lumbar spine deformation is not only resisted by the lumbar
spine itself but also by contact interactions with ribcage, abdomen and pelvis. These inter-
actions are included in the model in the form of point restraints. These point restraints are
referred to as "Abdomen vertical compression left/middle/right".

The ellipsoid model has two large ellipsoids attached to the lower and upper part of the lum-
bar spine representing the lower and upper lumbar spine region at the back of the dummy
model.

Abdomen and pelvis

The abdomen has been modelled as a separate body, which is connected to the pelvis by means
of a bracket joint.

For the ellipsoid model the abdomen body is associated with two ellipsoid surfaces, for the
lower and upper part, while the facet model is associated with facet surfaces. The ellipsoid
pelvis is made of 6 ellipsoids of which two are used to model the pelvis buttock. The iliac
wings are modelled separately with 4 ellipsoids (see Figure 4.8).
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Figure 4.8: Pelvis ellipsoid surface parts.

The facet model has surfaces representing the metal skeleton. The pelvis outer facet surface
model is divided into parts which have seven different contact characteristics and variable
thicknesses (see Figure 4.9). This is because the proportion of PVC-skin and foam material in-
side the hardware pelvis is different. The outer and inner PVC skin is always about 5mm thick
and in the PVC skin the foam filling thickness varies from lecm up to about 10 cm. Therefore
characteristic contact 1 is for material thickness up to 6cm, 2 for thickness from 6cm to 11cm,
3 and 4 for hole edges, 5 for the back hole, 6 for pelvis-abdomen area and 7 for top iliac wings
area. Since the abdomen is behind the pelvis skin only the pelvis has been calibrated. This
means that the abdomen stiffness is included in the pelvis skin characteristics.

Figure 4.9: Pelvis facet surface parts.

The pelvis has been modelled with three bodies and three joints, one free dummy joint and
two spherical joints for the hips and are part of the pelvis assembly. Sixdof restraints mod-
elled between the pelvis and the hips models the stiffness of the spherical hip joint and the
compression of the femur and pelvis flesh around the femurs. The friction in the hip joints
is represented in joint restraints which are located in the user file and can be modified by the
user.

Arms
The arm consists of the upper arm and the lower arm with the hand.
Figure 4.10 shows the model of the arm for both the ellipsoid Q and facet Q models.
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Figure 4.10: Hybrid III 95th percentile ellipsoid Q (left) and facet Q (right) arm model.

The upper arm has been modelled by means of two bodies one for the upper arm and one for
the elbow and two revolute joints, one connecting the upper arm to the shoulder and the other
one connecting the elbow to the upper arm.

The lower arm has been modelled by means of three bodies for the lower arm, the wrist and
the hand and three revolute joints connecting the lower arm to the elbow part of the upper
arm, the wrist part to the lower arm and the hand to the wrist part of the lower arm.

Legs

The femurs have been modelled with five bodies and joints. Four of them are bracket joints,
and one is a revolute joint used for the knee. The femur load cells are modelled, using bracket
joints, as well as the part of the femurs. The femurs are coupled to the pelvis assembly by
means of the bracket joints.

The tibias are modelled with three bodies: one for the upper part, one for the mid part and one
for the lower part. Bracket joints are defined for the lower tibia and the upper tibia load cell
and connects the lower, mid and upper part of the tibia bodies. A translational joint is used to
model the knee slider and connects the tibia to the knee.

Figure 4.11 shows the model of the leg for both the ellipsoid Q and facet Q models.
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Figure 4.11: Hybrid ITI 95 percentile ellipsoid Q (left) and facet Q (right) leg model.

Feet and ankles

The foot has been modelled by means of three bodies one for the foot and two for the toes
connected with two revolute joints. A spherical joint connects the foot to the tibia to represent
the ankle (see Figure 4.12).

Figure 4.12: Hybrid IIT 95" percentile ellipsoid Q (left) and facet Q (right) foot model.

Shoes

The shoes of both models are the same as for the 50" percentile Q models size 11XW that meet
military specification MIL-S-13192P.

The shoes have been modelled as separate components. Each shoe consists of three bodies,
two revolute joints and one free joint. The free joint links the shoe to the foot. This joint is
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restrainted and allows translation and rotation of the foot inside the shoe. The toes are made

deformable by means of the revolute joints. (see Figure 4.13).

Figure 4.13: Hybrid ITT 95t percentile ellipsoid Q (left) and facet Q (right) shoe model.

CONTACTS BETWEEN DUMMY COMPONENTS

The contacts between dummy components defined can be found in Table 4.1 for both models.

Table 4.1: Intercomponent contacts for the Hybrid IIT 95" percentile Q models.

Model type Contact surface
master slave

ellipsoid Jacket_gmb Head_gmb
Jacket_gmb FemurKneel_gmb
Jacket_gmb FemurKneeR_gmb
FemurKneeR_gmb FemurKneel_gmb
Head_gmb ArmUpL_gmb
Head_gmb ArmUpR_gmb
ArmLowR_gmb ArmLowL_gmb
Head_gmb ArmLowL_gmb
Head_gmb ArmLowR_gmb
FemurKneeL_gmb ArmLowL_gmb
FemurKneeR_gmb ArmLowR_gmb
Tibial._gmb ArmLowL_gmb
TibiaR_gmb ArmLowR_gmb
TibiaR_gmb TibiaL_gmb
ShoeR_gmb Shoel_gmb

facet Jacket_gfe Head_gfe
Jacket_gfe FemurKneeL_gfe
Jacket_gfe FemurKneeR_gfe
FemurKneeR_gfe FemurKneeL_gfe
Head_gfe ArmUpL_gfe
Head_gfe ArmUpR_gfe

ArmLowR_gfe

ArmLowL_gfe
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Table 4.1 cont.

Model type

Contact surface
master

slave

Head_gfe
Head_gfe
FemurKneeL_gfe
FemurKneeR_gfe
TibiaL_gfe
TibiaR_gfe
TibiaR_gfe
ShoeR_gfe

ArmLowL_gfe
ArmLowR_gfe
ArmLowL_gfe
ArmLowR_gfe
ArmLowL_gfe
ArmLowR_gfe
TibiaL_gfe

Shoel_gfe

67




Hybrid III 95th percentile Q Dummy MADYMO Model Manual

4.2 User instructions

Timestep

Table 4.2: Recommended timestep for the Hybrid IIT 95" percentile dummy models.

Model timestep (s)
Ellipsoid <1-10°°
Facet <1-107°

Dummy positioning

Table 4.3: Positioning joints of the Hybrid III 95th percentile ellipsoid Q and facet Q dummy models

Joint Identifier Degree of freedom (@) Comment
Description
Complete Dummy_jnt D1 forward D2 leftward D3 upward
dummy R1 roll right R2 pitchdown R3 yaw left
Neck bracket NeckBracket_jnt R1 pitch down (b)
Neck element ~ NeckPivotl_jnt R1 pitch up R2 roll right (©
NeckCylinderl_jnt R1 yaw left (©)
D1 upward
NeckPivot2_jnt R1 roll right R2  pitch up (©
NeckPivot3_jnt R1 pitch up R2  roll right ()
NeckCylinder2_jnt R1 yaw left (©
D1 upward
NeckPivot4_jnt R1 roll right R2  pitch up (©
Left shoulder ShoulderYokeL_jnt R1 pitch down
ShoulderL_jnt R1 roll right
Right shoulder  ShoulderYokeR_jnt R1 pitch down
ShoulderR_jnt R1 rolright
Left elbow ElbowPivotL_jnt R1 yaw left
ElbowL_jnt R1 pitch down
Right elbow ElbowPivotR_jnt R1 yaw left
ElbowR_jnt R1 pitch down
Left wrist WristPivotL_jnt R1 yaw left
WristL_jnt R1 roll right
Right wrist WristPivotR_jnt R1 yaw left
WristR_jnt R1 roll right
Lumbar Spine ~ LumbarSpineUp_jnt R1 roll left R2  pitch down ()
LumbarMouldPart6_jnt  R1 yaw left ()
D1 upward

=

LumbarMouldPart5_jnt R1 pitchdown R2 roll left
LumbarMouldPart4_jnt R1 yaw left

=

D1 upward
LumbarMouldPart3_jnt  R1 roll left R2  pitch down ()
LumbarMouldPart2_jnt R1 yaw left ()
D1 upward

Continued on the next page
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Table 4.3 cont.
Joint Identifier Degree of freedom (@) Comment
Description
LumbarMouldPartl_jnt R1 pitchdown R2 roll left )
Left hip HipL_jnt R1 roll right R2 pitchdown R3 yaw left
Right hip HipR_jnt R1 roll right R2 pitchdown R3 yaw left
Left knee KneeL_jnt R1 pitch down
Right knee KneeR_jnt R1 pitch down
Left ankle AnkleL_jnt R1 yaw left R2  roll right R3  pitch down
Right ankle AnkleR_jnt R1 yaw left R2  roll right R3  pitch down

(@) Positive translation or rotation given in global coordinate system while dummy is in reference position (see

Figure 1.2).

(t) The neck bracket angle corresponds directly to that of the physical dummy. If the lower neck load cell is used in

the physical dummy, this angle must be zero.

() Only for equilibrium state.

(@) In principle only for equilibrium state, however it might be necessary to rotate lumbar joints to position upper

torso with neck and head correctly.
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Dummy contacts

Table 4.4: Available groups to define contact between the Hybrid ITI 951" percentile Q components and

environment.

Contact Description

Identifier  (9)(®)

Ellipsoid model ()

Facet model (V)

Head

Neck

Left Upper Arm
Right Upper Arm
Left Lower Arm and Hand

Right Lower Arm and Hand

Thorax

Jacket

Clavicles

Abdomen

Pelvis

Left Femur and Knee

Left Femur
Left Knee
Right Femur and Knee

Right Femur
Right Knee

Head_ctg

Neck_ctg

ArmUpL_ctg
ArmUpR_ctg
ArmLowL_ctg

ArmLowR _ctg

Thorax_ctg

Jacket_ctg

Clavicles_ctg

Abdomen_ctg

Pelvis_ctg

TliacWings_ctg

FemurKneeL _ctg

FemurL_ctg
KneeL_ctg
FemurKneeR_ctg

FemurR_ctg
KneeR_ctg

Head_ell
Face_ell

NeckPlateLow_ell
NeckPlateUp_ell
NeckPart(i)_ell
fori=1to 3

ArmUpL_ell
ArmUpR_ell

ArmLowL_ell
HandL_ell

ArmLowR_ell
HandR_ell

Jacket(7)_ell

for i=01 to 50
Jacket(j)_ell

for j=97 to 99
ClavicleL/R_ell
ClavicleLinkL /R_ell
ShoulderYokeL /R_ell
Jacket(i)_ell

for i=01 to 50
Jacket(j)_ell

for j=97 to 99
ClavicleL/R_ell
ClavicleLinkL /R_ell
ShoulderYokeL /R_ell
AbdomenLow_ell
AbdomenMid_ell

Pelvis_ell
PelvisFront_ell
PelvisFemurL/R_ell
PelvisButtockL /R_ell
IliacWingL /R _ell
TliacWingUpL /R _ell

FemurFleshl_ell
KneeFleshl_ell

FemurFleshL_ell
KneeFleshl _ell

FemurFleshR_ell
KneeFleshR_ell

FemurFleshR_ell
KneeFleshR_ell

Elements and nodes

Elements and nodes

Elements and nodes
Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes
Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes
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Table 4.4 cont.

Contact Description

Identifier (@) (b)

Ellipsoid model (?)

Facet model (%)

Left Tibia

Right Tibia

Left Foot

Left heel
Left toes

Right Foot

Right heel
Right toes

Left Shoe

Right Shoe

Tibial_ctg

TibiaR_ctg

FootL_ctg (©)

Heell_ctg ()
ToesL_ctg ()

FootR _ctg (©)

HeelR ctg (©)
ToesR_ctg (©)

Shoel _ctg ()

ShoeR_ctg ()

TibiaFleshUp (i)L_ell,
fori=1to 2
TibiaFleshMid (j)L_ell,
for j=1to 2
TibiaFleshLowL_ell
TibiaFleshUp (i)R_ell,
fori=1to 2
TibiaFleshMid (j)R_ell,
for j=1to 2
TibiaFleshLowR_ell

Toes(i)L_ell,
fori=1to 3
FootDorsal (j)L_ell,
for j=1to 2
FootBack (k)L_ell,
for k=1 to 2

HeelL _ell

Heell_ell

Toes(i)L_ell,
fori=1to3

Toes(i)R_ell,
fori=1to 3
FootDorsal(j)R_ell,
for j=1to 2
FootBack (k)R _ell,
for k=1to2
HeelR_ell

HeelR_ell

Toes(i)R_ell,
fori=1to 3

ShoeBackL_ell
ShoeDorsal(i)L_ell,
fori=1to 6
ShoeHeelL_ell
ShoeSole(j)L_ell,
for j=1to 6

ShoeBackR_ell
ShoeDorsal (i)R_ell,
for i=1to 6
ShoeHeelR_ell
ShoeSole(j)R_ell,
for j=1to 6

Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes

Elements and nodes

(@) ctg= contact group, for the ellipsoid models ctg is replaced by gmb(group_multibody) and for the facet model ctg
is replaced by gfe (group_finite element).

() L = Left; R = Right

() If the dummy wear shoes only the shoe contact groups should be selected and not those of the feet.

FE belt positioning and contact definition

In the application manual an example is given on how to position a FE belt on a facet dummy
model (see Application manual). FE belts can also be created and repositioned with XMADgic

5.0 and higher.
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For the lapbelt to facet Q model contact it is recommended to add besides the normal lapbelt
to pelvis contact an extra contact definition. This contact is between the iliac wings and the
lapbelt with the iliac wings as slave and the option RELEDG to ON. This option prevents the
lapbelt, with relatively large elements, to get stuck around an iliac wing.

The recommended contacts between dummy and belts are pre-defined in the user file under
the SYSTEM.MODEL Belt_to_Dummy_contacts. The references in FE_MODEL of Shoulder-
Belt_gfe and LapBelt_gfe needs to be changed to the proper FE-models to make the contacts
work. By default the user file will give two warnings due to the fact that the referred FE-model
for the belts is empty.

Output

From MADYMO V7.3 on ISO-MME output can be generated for the Hybrid III 95th percentile
Q dummy models. Output requests for signals in ISO-MME format are pre-defined in the
CONTROL_OUTPUT element in the user file.

The output options for the Hybrid ITT 95t percentile are the same as those of the hybrid I 50t
percentile dummies from which they were derived. See Table 4.5 for a complete overview of
those signals.

Table 4.5: Hybrid III 95th percentile Q dummy model output signals.

Sensor Identifier Signal Filter
resul- X direc- y direc- 7 direc-
tant tion (@) tion (@) tion (@)
Head
CG HeadCG_acc ar al forward a2 lateral a3 vertical CFC1000
accelerometer(?)
Neck
Upper load cell NeckUp_lce_F_CFC1000 fr f1 shear f2  shear f3 axial CFC1000
NeckUp_lce_F_CFC600 fr f1 shear f2  shear f3 axial CFC600
NeckUp_lce_T tr t1 roll t2  pitch t3 yaw CFC600
Lower load cell NeckLow_lce_F fr f1 shear f2  shear f3 axial CFC1000
NeckLow_lce_T tr tl roll t2  pitch t3 yaw CFC600
Thorax
accelerometer(”)  Thorax_acc ar al forward a2 lateral a3 vertical CFC180
Chest ChestDeflection_dis dr dl displace- CFC600
deflection ment
ChestDefl_dis_ dr dl displace- CFC180
CFC180 ment
ChestDeflection_vel vr vl velocity CFC600
CFC600
ChestDeflection_vel vr vl velocity CFC180
CFC180
Clavicles(© ClavicleL_lce_F fr f1 shear f2  shear f3 axial CFC1000
ClavicleR_lce_F fr fl shear f2  shear f3 axial CFC1000
Lumbar Spine
Thoracic load Thoracic_lce_F fr f1 shear f2 shear f3 axial CFC1000
cell Thoracic_lce_T tr tl roll t2  pitch t3 yaw CFC1000
Lumbar load Lumbar_lce F fr f1 shear f2  shear f3 axial CFC1000
cell Lumbar_lIce_T tr tl roll t2  pitch t3 yaw CFC1000

Continued on the next page
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Table 4.5 cont.
Sensor Identifier Signal Filter
resul- X direc- y direc- 7 direc-
tant tion (@) tion (@) tion (@)
Pelvis
Accelero- Pelvis_acc ar al forward a2 lateral a3 wvertical CFC1000
meter(®)
Femur
Left load cell FemurL_lce_F fr fl shear f2  shear f3 axial CFC600
FemurL_lce_T tr tl  roll t2  pitch t3 yaw CFC600
Right load cell FemurR_Ice_F fr f1 shear f2  shear f3 axial CFC600
FemurR_lce T tr tl roll t2  pitch t3 yaw CFC600
Knee
Left Slider KneeL_dis dr dl displ none
Right Slider KneeR_dis dr d1l displ none
Tibia
Left Upper load TibiaUpL_lce_F fr f1 shear f2  shear 3 axial CFC600
cell TibiaUpL_lce_T tr t1 roll t2  pitch t3 yaw CFC600
Right Upper TibiaUpR _lce_F fr f1 shear f2  shear f3 axial CFC600
load cell TibiaUpR_lce_T tr t1 roll t2  pitch t3 yaw CFC600
Left Lower load TibiaLowL_lce_F fr fl shear f2  shear f3 axial CFC600
cell TibiaLowL_lce_T tr tl  roll t2  pitch t3 yaw CFC600
Right Lower TibiaLowR_lce_F fr fl shear f2 shear f3 axial CFC600
load cell TibiaLowR_lIce_T tr tl  roll t2  pitch t3 yaw CFC600

(@) Positive direction given according to SAE J211/1.

() The calculated acceleration is corrected in the x-direction for a prescribed fictitious acceleration field to get correct
values (see Theory manual).

(©) The physical Hybrid III 951" percentile dummy do not have clavicle load cells. The fact that the clavicle load cells
are available in this model is because it is a scaled version of the Hybrid I 50! percentile dummy model.

Injury criteria

Table 4.6: Injury criteria defined for the Hybrid III 95" percentile Q dummy models.

Injury criteria Identifier Filter
Head

HIC (15) HIC15_inj

HIC (36) HIC36_inj

3ms (cumulative) H3MS_inj

max Res Acc

Neck
max Tension
max Compression
MOC
lateral
frontal

ENIC
tension
shear
bending

HaccRpeak_inj

NecktensZpeak_inj
NeckcompZpeak_inj

MOCx_inj
MOCy_inj

FNICtension_inj
FNICshear_inj
FNICbending_inj

CFC600 (force and moment)
CFC600 (force and moment)

CFC1000
CFC1000
CFC1000/CFC600 (force/moment)

Continued on the next page
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Table 4.6 cont.
Injury criteria Identifier Filter
NIJ
tension-extension NTE_inj CFC600 (force and moment)
tension-flexion NTE_inj CFC600 (force and moment)
compression-extension NCE_inj CFC600 (force and moment)
compression-flexion NCF_inj CFC600 (force and moment)
Thorax
3ms (cumulative) T3MS_inj
3ms (contiguous) TCon3MS_inj
Chest Compression ThCCL_inj CFC180
ThCC_CFC600_inj CFC600

max Res Acc
CTI
vC

Femurs
FFC
Left
Right
max Left Compression
max Right Compression

Knees
Left Compression
Right Compression
Tibia
TI
Upper Left
Upper Right
Lower Left
Lower Right
TCFC
Upper Left
Upper Right
Lower Left
Lower Right

TaccRpeak_inj
CTLinj
VC_inj_CFC180
VC_inj_CFC600

FFCL _inj
FFCR_inj

FemurLcompZpeak_inj
FemurRcompZpeak_inj

kneesliderL_inj
kneesliderR_inj

TIUpL_inj
TIUpR _inj
TILowL_inj
TILowR_inj

TCFCUpL_inj
TCFCUpR_inj
TCFCLowL_inj
TCFCLowR_inj

CFC180 (deflection)
CFC600 (deflection)

CFC600
CFC600

CFC600
CFC600
CFC600
CFC600

CFC600
CFC600
CFC600
CFC600
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5 Standing Hybrid Il 50th percentile Dummy

The standard Hybrid IIT 50" percentile dummy has been developed for seated automotive
applications. The standing Hybrid III contains some adapted parts and thereby has a wider 5
range of application including standing. There is however, no well-defined application for
the physical standing dummy. The design of the dummy has also not been based on specific
biofidelity requirements like for testing pedestrian accidents.

The model is based on the standard Hybrid IIT 50! percentile model. The differences with
respect to standard Hybrid IIT 50t percentile ellipsoid model are described below. For a de-
scription of those parts equivalent to the standard Hybrid IIT 50 percentile is referred to
Chapter 36.

Figure 5.1: Ellipsoid standing Hybrid III 50th percentile dummy model.
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5.1 Model description

An ellipsoid model of the standing Hybrid IIl dummy 50th percentile is available. The input
is given in the file:

Ellipsoid model: d_shb350el_usr.xml
d_shb350el_inc.xml

To run the model, the following licenses are required:

Ellipsoid model: MADYMO/Solver (Multibody)
MADYMO/Dummy Models/Frontal

Figure 5.1 shows the model in the reference position. The ellipsoid model consists of 35 bodies.

ELLIPSOID MODEL

Almost all parts of the standing Hybrid Il dummy 50" percentile are equal to the parts of the
ellipsoid model of the Hybrid IIT dummy 50" percentile as described in Chapter 36. The only
exceptions are the lumbar spine, abdomen, pelvis. legs, ankles and feet as described below.

Lumbar Spine

The standing Hybrid III has a straight lumbar spine while the standard Hybrid Il has a curved
lumbar spine. The model geometry and inertia were adapted for this modification, but the
protected lumbar spine deformation resistance model was not modified.

Abdomen

The geometry and inertia of the abdomen is adapted with respect to the standard Hybrid III
and the model is adapted accordingly.

Pelvis

The geometry and inertia of the pelvis, is adapted. The hip joints of the standing Hybrid III
have a large free range of motion similar to the human range of motion. The range of motion
of the standing dummy was measured and implemented. The joint frictions in hips have been
implemented using Coulomb friction in RESTRAINT.JOINT and have been set to rather high
values needed for standing.

Legs

The geometry and inertia of the upper legs were adapted. The joint frictions in knees have
been implemented using Coulomb friction in RESTRAINT.JOINT and have been set to rather
high values needed for standing.

Ankles and feet

The model of ankles and feet are based on the ankles that allow 30 degrees dorsiflexion. The
joint frictions in ankles have been implemented using Coulomb friction in RESTRAINT.JOINT
and have been set to rather high values needed for standing.
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CONTACTS BETWEEN DUMMY COMPONENTS
For the ellipsoid model contact is defined between the head and thorax.
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5.2 Model validation

The tests for the validation of the model are described in Table 5.1.

Table 5.1: Component tests for Hybrid III 50" percentile dummy model.

Component Test Model
description specifications Ellipsoid
Neck Static forward bending Range +57/-80° X
Static lateral bending +57/-57° X
Static torsion +45/-45° X
Dynamic forward bending Sled test 7g, 15g X
7,9.5,13.5m/s (with X

contact on forehead or

chin)
Dynamic rearward bending Sled test 7g X
Dynamic lateral bending Sled test 7g X
Clavicles Static downward Range +5/-5° X
Static forward +12/-12° X
Shoulders, Static all implemented loading/ Complete range of motion X
Elbows & unloading functions
Wrists
Dynamic shoulder adduction Velocity 3.5,45,6.5m/s X
Dynamic shoulder flexion/ extension 3.5,4.5,6.5m/s X
Thorax Static sternum loading Force 3.0kN at 5mm/s X
Static rib loading 3.5kN at 3, 5mm/s X
Static oblique rib loading 2.4kN at 4mm/s X
Static vertical loading 0.5kN at 2mm/s X
Dynamic sternum loading Mass & 9kg & 5.5m/s X
velocity 43kg & 2.5m/s X
Dynamic rib loading Mass & 9kg & 5.5m/s X
velocity 43kg & 2.5m/s X
Dynamic large plate loading Mass & 9kg & 5.5m/s X
velocity
Abdomen Dynamic lap belt loading
Lumbar spine  Static forward bending Range +57/-45° X
Static lateral bending +34/-34° X
Static torsion +57/-57° X
Static forward shear +0.25/-0.25 m X
displacement
Static lateral shear +0.25/-0.25 m X
displacement
Static elongation/ compression +0.005/-0.022m X
displacement
Dynamic forward bending Pendulum- 6m/s & 3.8 kg X
Dynamic rearward bending test: velocity 6m/s & 3.8kg X
Dynamic forward shear & mass of 6m/s & 3.8 kg X
Dynamic torsion impactor 6m/s & 3.8 +2.85 kg X
Dynamic compression 6m/s & 3.8 kg X

Continued on the next page
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Table 5.1 cont.

Component Test Model
description specifications Ellipsoid
Hip joints Static flexion Range +50/-50° X
Static abduction +20/-20° X
Static exo/endo-rotation
Dynamic flexion Sled test: 6,10,20 & 30 m/s X
velocity

Knees & Ankles Equal to Shoulders, Elbows & Wrists in this table

Ankle, Foot &  Dynamic compression mass & 10 kg, 7.5m/s X
Shoe Dynamic dorsiflection velocity 9.75kg, 3-8.5m/s X
Dynamic inversion 9.75kg, 4-8.5m/s X
Surface Static lower torso — flat plate X
compliance Static thorax foam jacket — flat plate X
Dynamic lower torso - flat plate mass & 20.15kg,1.7,3.5,5m/s X
velocity 20.15kg,2.1,3.5,5.5
Dynamic thorax jacket — flat plate m/s X
6kg,2,3.8m/s
Dynamic thorax jacket-sphere X
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5.3 User instructions

Timestep

Table 5.2: Recommended timestep for the Hybrid III 50th percentile standing dummy model.

Model timestep (s)

Ellipsoid <2.107*

Dummy positioning

When the dummy model is in the reference position, it is approximately in equilibrium with
gravity on a rigid horizontal surface when contact is defined with the shoes. Additional sup-
ports of the upper torso may be implemented to fully stabilise the dummy:.

Notes

Joint friction values can be adjusted in the model if required.
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6 Hybrid Il 50th dummy with THOR-LX legs

The THOR-LX leg is a retrofit design lower leg for the Hybrid-IIl dummy family that replaces
the standard lower leg and foot. THOR-LX was commissioned by the National Transportation
Biomechanics Research Center (NTBRC) of the NHTSA Research and Development Office.
The design is based on the leg used in the THOR ATD, but has been modified for compatibility
with the standard Hybrid-IIIl dummy. The THOR-LX dummy attaches to the Hybrid-III knee.
The THOR dummy has been developed by GESAC Inc. A description of THOR-LX, and more
background information can be found on the NHTSA website (www.nhtsa.gov).

The MADYMO model of THOR-LX contains all features and functionality of the hardware leg.
All outputs from load cells and accelerometers are defined.

Figure 6.1: THOR-LX leg (left side).
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6.1 Model description

The THOR-LX leg is available as a facet model, as a part of the standard Hybrid-III model.
The input is given in files:

Facet model: d_hyb350fc_thorlx_usr.xml (user file)
d_hyb350fc_thorlx_inc.xml  (model file)

To run the model, the following licenses are required:

Facet model: MADYMO/Solver (Multibody)
MADYMO/Dummy Models/Frontal

FACET MODEL

The facet model has been created by 3D-scanning the surfaces of the foot, the shoe, and the
leg skin. Foot and shoe are separate bodies, each with a facet surface description and contact
characteristics. The model follows the hardware leg closely, and includes all the ankle joints,
the Achilles tendon, the compliant tibia element, the knee bumper and the tibia guard.

CONTACTS BETWEEN DUMMY COMPONENTS

Contacts are defined between the shoe and the foot of the THOR-LX leg. Forces that are ap-
plied to the sole and heel of the shoe are transmitted through the foot to the lower leg.
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6.2 Model validation

The THOR-LX model has been developed for use with the Hybrid-III in frontal impacts. The
model has been developed and validated with data from component tests. The components
tests were set up to:

e Determine joint characteristics and response to loading ;

e Determine compliant tibia characteristics and response to loading ;

e Determine leg skin stiffness (impact response) at several points along the length of the
lower leg.

The data required was acquired through two types of tests:

e Impactor tests to the foot and heel, with and without the shoe ;

e Impactor tests to the leg skin at various points along the length of the lower leg.

An example of a test of the first category is shown in the figure below: in the test the foot and
lower leg are loaded by a circular impactor.

Figure 6.2: 5 m/s dorsi-flexion test. Initial position shown in wireframe.
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The second series shows the response of the upper tibia to impactor loading. The velocity of
the impactor is 4 m/s.
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Figure 6.10: Impactor deceleration (left) and upper femur Z-force (axial loading, right) ; simulation
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Figure 6.12: Knee slider displacement ; simulation ( ), experiment (— — —).

87



Hybrid III 50th dummy with THOR-LX legs

MADYMO Model Manual

6.3 User instructions

Timestep

Table 6.1: Recommended timestep for the THOR-LX model.

Model

timestep (s)

Facet

<5.10°°

Dummy positioning

Table 6.2: Positioning joints of the Hybrid III 50th percentile dummy model with THOR-LX legs.

Joint Identifier Degree of freedom (a) Comment
Description
Dummy Dummy_jnt D1 forward D2 leftward D3 upward Dummy
position
Neck bracket ~ NeckBracket_jnt ~ R1 pitch down (b)
Neck element ~ NeckPivot(i)_jnt, R1 roll right R2  pitch down R3  yaw left only for
for i=1 to 4 (©) equilibrium
state
Left clavicle ClavicleL_jnt R1 roll right R2  yaw left only for
equilibrium
state
Right clavicle ClavicleR_jnt R1 roll right R2  yaw left
Left shoulder ShoulderL_jnt R1 pitch down R2  roll right
Right shoulder ~ ShoulderR_jnt R1 pitch down R2  roll right
Left elbow ElbowL _jnt R1 yaw left R2  pitch down
Right elbow ElbowR_jnt R1 yaw left R2  pitch down
Left wrist WristL_jnt R1 yaw left R2 roll right
Right wrist WristR_jnt R1 yaw left R2  roll right
Lumbar spine ~ LumbarSpine_jnt ~ R1 roll right R2  pitch down R3  yaw left only for
D1 forward D2 leftward D3 upward equilibrium
state
Left hip HipL_jnt R1 roll left R2 pitchdown  R3 yaw left
Right hip HipR_jnt R1 roll left R2 pitch down R3  yaw left
Left knee KneeL_jnt R2  pitch down
D1 compression always zero
Right knee KneeR_jnt R2  pitch down
D1 compression always zero
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Table 6.2 cont.

Joint Identifier Degree of freedom (a) Comment

Description

Left ankle Ankle_torsionL R1 yaw left
_jnt
Ankle_flexionL R1 pitch up
_jnt
Ankle_versionLL R1 roll right
_jnt

Right ankle Ankle_torsionR R1 yaw left
_jnt
Ankle_flexionR R1 pitch up
_jnt
Ankle_versionR R1 roll right

_jnt

(@) Positive translation or rotation given in global co-ordinate system while dummy is in reference position (see

Figure 6.1)

(t) Angle for the neck bracket is directly to derive from the physical dummy. A lower neck load cell in the physical
dummy means a zero angle for the neck bracket.

() Part(i): numbered from bottom to top / rear to front / right to left.

Dummy contacts

The contacts groups of the Hybrid-III model with THOR-LX legs are identical to those of the
standard Hybrid-III 50th percentile dummy, with exception of the tibia and the foot/shoe.
The new contact groups for these parts only are given in table 6.3 below. All other contacts are
defined in the chapter ‘Hybrid-IIT 50t percentile dummy’, under “Dummy contacts’.

Table 6.3: Available modified groups to define contact between the Hybrid III 50th percentile dummy
with THOR-LX legs and the environment.

Contact description

Identifier

(a)(D)

Left Tibia

Right Tibia

Left Shoe

Right Shoe

TibiaUpL_gfe
TibiaMidL_gfe
TibiaLowL_gfe

TibiaUpR_gfe
TibiaMidR_gfe
TibiaLowR_gfe

OuterShoeL_gfe
OuterSolel._gfe
OuterHeell_gfe

OuterShoeR_gfe
OuterSoleR_gfe
OuterHeelR_gfe

(@) ¢ctg= contact group, for all ellipsoid models ctg is replaced by gmb(group_multibody).
() L=Left; R=Right.

Output
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Table 6.4: Hybrid III 50th percentile with THOR-LX legs output signals.

Sensor Identifier Signal Filter
resul- X direc- y direc- 2 direc-
tant tion (@) tion (@) tion (@)
Head
CG accelero- HeadCG_acc ar al forward a2 lateral a3 vertical CFC1000
meter(?)
Neck
Upper load cell NeckUp_lce_F_CFC1000 fr f1 shear f2  shear f3 axial CFC1000
NeckUp_lce_F_CFC600 fr f1 shear f2  shear f3 axial CFC600
NeckUp_lce_T tr tl roll t2  pitch t3 yaw CFC600
Lower load cell NeckLow_lce_F_CFC1000 fr f1 shear f2  shear f3 axial CFC1000
NeckLow_lce_F_CFC600 fr fl shear f2  shear f3  axial CFC600
NeckLow_lce_T tr tl1 roll t2  pitch t3 yaw CFC600
Thorax
accelerometer  Thorax_acc ar al forward a2 lateral a3 vertical CFC180
deflection ChestDeflection_dis dr d1l displace- CFC600
ment
Chest ChestDefl_dis_CFC180 dr d1l displace- CFC180
ChestDeflection_vel_CFC600 vr vl ment CFC600
velocity
Sternum
accelerometer  Sternum_acc ar al forward a2 lateral a3 wvertical CFC1000
Upper Spine
accelerometer ~ UpperSpineT1_acc ar al forward a2 lateral a3 vertical CFC180
Lower Spine
accelerometer ~ LowerSpineT12_acc ar al forward a2 lateral a3 vertical CFC180
Lumbar Spine
Upper load cell LumbarSpineUp_lce_F fr f1 shear f2  shear f3 axial CFC1000
LumbarSpineUp_lce_T tr tl roll t2  pitch t3 yaw CFC1000
Lower load cell LumbarSpineLow_Ice_F fr f1 shear f2  shear f3 axial CFC1000
LumbarSpineLow_lce_T tr t1 roll t2  pitch t3 yaw CFC1000
Pelvis
Accelerometer  Pelvis_acc ar al forward a2 lateral a3 wvertical CFC1000
Femur
Left load cell FemurL_lce_F fr fl shear f2  shear f3  axial CFC600
FemurL_lce_T tr tl1 roll t2  pitch t3 yaw CFC600
Right load cell ~FemurR_lce_F fr f1 shear f2  shear f3 axial CFC600
FemurR_lce_T tr t1 roll t2  pitch t3 yaw CFC600
Tibia
Left Upper TibiaUpL_lIce_F fr f1 shear f2  shear CFC600
load cell TibiaUpL_lce_T tr tl1 roll t2  pitch CFC600
Right Upper TibiaUpR_lce_F fr f1 shear f2  shear CFC600
load cell TibiaUpR_lce_T tr t1 roll t2  pitch CFC600
Left Lower TibiaLowL_lce_F fr fl shear f2  shear f3  axial CFC600
load cell TibiaLowL_lce_T tr tl roll t2  pitch CFC600
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Table 6.4 cont.
Sensor Identifier Signal Filter
resul- X direc- y direc- 7 direc-
tant tion (@) tion (@) tion (@)
Right Lower TibiaLowR_lce_F fr f1 shear f2  shear f3 axial CFC600
load cell TibiaLowR_lce_T tr t1 roll t2  pitch CFC600
Accelerometers Tibial._x_acc al forward
TibiaL_y_acc al lateral
Foot_L_xyz_acc ar al forward a2 lateral a3 vertical
TibiaR_x_acc al forward
TibiaR_y_acc a2 lateral
Foot_R_xyz_acc ar al forward a2 lateral a3 vertical

(4) Positive direction given according to SAE J211/1.

() The calculated acceleration is corrected in the x direction for a prescribed fictitious acceleration field to get correct

values (see Theory manual).

Injury Criteria

Table 6.5: Injury criteria defined for the Hybrid III 50th percentile with THOR-LX legs.

Injury criteria Identifier Filter
TI
Upper left TILUp_inj CFC600
Upper right TIRUp_inj CFC600
Lower left TILLow_inj CFC600
Lower right TIRLow_inj CFC600
TCEC
Upper left TCFCLUp_inj CFC600
Upper right TCFCRUp_inj CFC600
Lower left TCFCLLow_inj CFC600
Lower right TCFCRLow_inj CFC600
Neck
FNIC
tension FNICtension_inj CFC1000
shear FNICshear_inj CFC1000
bending FNICbending_inj CFC1000
NIJ

tension-extension
tension-flexion
compression-extension

compression-flexion

NTE_inj
NTF_inj
NCE_inj

NCF_inj

CFC600 (force)
CFC600 (moment)
CFC600 (force)
CFC600 (moment)
CFC600 (force)
CFC600 (moment)
CFC600 (force)
CFC600 (moment)

Continued on the next page
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Table 6.5 cont.
Injury criteria Identifier Filter
NIJ lower neck
tension-extension NTELow_inj CFC600 (force)
CFC600 (moment)
tension-flexion NTFLow_inj CFC600 (force)
CFC600 (moment)
compression-extension NCELow_inj CFC600 (force)
CFC600 (moment)
compression-flexion NCFLow_inj CFC600 (force)
CFC600 (moment)
Thorax
3ms T3MS_inj
vC VC_inj_CFC180 CFC180
VC_inj_CFC600 CFC600 (deflection)
Femurs
FEC
Left FFCL_inj CFC600
Right FFCR_inj CFC600
Tibia
TI
Upper left TIUpL_inj CFC600
Upper right TIUpR_inj CFC600
Lower Left TILowL_inj CFC600
Lower right TILowR_inj CFC600
TCEC
Upper left TCFCUpL_inj CFC600
Upper right TCFCUpR_inj CFC600
Lower Left TCFCLowL_inj CFC600
Lower right TCFCLowR_inj CFC600
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7 Hybrid Il standard Part 572 Dummy

In 1973, the 50t percentile standard Part 572 (Hybrid IT) dummy was the first dummy to be
mandated by NHTSA for use in testing automotive restraint systems to meet Federal Mo-
tor Vehicle Safety Standards (FMVSS) 208. Nowadays, the dummy is used mainly in non-
automotive applications, in particular for aircraft seat certification according to FAA/JAA reg-
ulations.

The 50" percentile standard Part 572 (Hybrid II) dummy is available as an ellipsoid model
with improved facet parts.

Figure 7.1: Ellipsoid Hybrid I 50" percentile standard Part 572 dummy model.
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7.1 Model description

The user can find the input for the Hybrid IT 50" percentile standard Part 572 dummy model
in the following files:

Ellipsoid model: d_p57250el_usr.xml
d_p57250el_inc.xml

To run the model, the following license combination is required:

Ellipsoid model: MADYMO/Solver (Multibody)
MADYMO/Dummy Models/Hybrid II

Figure 7.1 shows the model in the reference position. The ellipsoid model consists of 183 bod-
ies.

ELLIPSOID MODEL

The neck model uses flexion-torsion restraints to represent bending and torsion.

The ribcage is modelled with a chain of bodies and joints with appropriate restraints. The
jacket surface is represented by 50 ellipsoids, its mass is distributed over 50 bodies and its
stiffness is modelled through point and cardan restraints. The interaction between ribcage
and jacket is also modelled with point and cardan restraints. The ribcage and jacket are shown
in Figure 7.2 .

Figure 7.2: Hybrid IT 50t percentile standard Part 572 thorax (ribcage and jacket) model.

The lumbar spine is modelled with a succession of 4 universal and two cylindrical joints, com-
bined with two triple joint restraints (see Figure 7.3).
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Figure 7.3: Hybrid I1 50t percentile standard Part 572 spine model.

The pelvis combines ellipsoid and facet surfaces for optimal contact interactions with the en-
vironment (Figure 7.4). The bottom part of the pelvis uses ellipsoids for seat contact, the front
part uses facet surfaces for lap belt contact. A more detailed description of the contact groups
is given in the paragraph "Dummy contacts".

Figure 7.4: Hybrid IT 50" percentile standard Part 572 pelvis model.

The data for the dimensions of the ellipsoids have been determined from technical drawings
available at TASS International. The masses of the different components of the models have
been checked against the specifications of dummies available from dummy hardware manu-
facturers.
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CONTACTS BETWEEN DUMMY COMPONENTS

Contact is defined between the following components:

Table 7.1: Intercomponent contacts for the Hybrid IT 50" percentile standard Part 572 dummy model.

Model Type Contact Master Surface Slave Surface

ellipsoid ThoraxHead_con Jacket_gmb Head_gfe
Head_tibial._con TibiaL_gmb Head_gfe
Head_tibiaR_con TibiaR_gmb Head_gfe
HandL_ShoeL._con Shoel_gmb HandL_gfe
HandR_ShoeR_con ShoeR_gmb HandR_gfe
HandL_FemurL_con FemurKneeL_gmb HandL_gfe
HandR_FemurR_con FemurKneeR_gmb HandR_gfe
Thorax_FemurL_con FemurL_gmb Thorax_gmb
Thorax_FemurR_con FemurR_gmb Thorax_gmb
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7.2 Model validation

The Part 572 model is developed and validated for frontal loading (automotive applications)
and vertical loading (aircraft applications!). The performed component and full dummy tests
are given below in Table 7.2 and Table 7.3.

Table 7.2: Component tests for the Hybrid IT 50" percentile dummy model.

Component Test Model
Description Specifications Ell
Head Repeated drop tests Certification X
Neck Repeated pendulum tests Certification, 4.14 - 4.25m/s X
Thorax Repeated impact tests Certification, low velocity 4.2 - 4.34m/s X
Certification, high velocity 6.58 - 6.74m/s X
Lumbar Spine Axial loading test Low velocity 4.19m/s X
High velocity 7.95m/s X
Repeated pendulum tests Without spine cable, 0.52 - 2.3m/s X
With spine cable, 0.54 - 2.29m/s X
Knee Repeated impact tests 2.Im/s X
Table 7.3: Full tests for the Hybrid IT 50t percentile dummy model.
Test Model
Description Specifications Ell
Repeated dynamic sled tests 2-point belt, 0 degrees X
Repeated dynamic sled tests 2-point belt, 60 degrees X
Repeated dynamic sled tests 3-point belt, 0 degrees X
Repeated dynamic sled tests 4-point belt, 0 degrees X

IManning J.E., Happee R., "Validation of the MADYMO Hybrid II and Hybrid 111 50" percentile models in vertical
impacts", Presented at Specialists” Meeting: Models for aircrew safety assessment: uses, limitations and requirements.
Ohio USA, 26-28 October, 1998.
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7.3 User instructions

Timestep

Table 7.4: Recommended timestep for the Hybrid IT 50t percentile model.

Model timestep (s)

Ellipsoid <5-10-°

The recommended timestep for the Hybrid II 50" percentile model is smaller than for other

comparable ellipsoid models, due to the detailed lumbar spine model.

Memory Allocation

Table 7.5: Recommended memory allocation values for the Hybrid II 50th percentile model.

Type Allocation
I_SIZE 2-10°
R_SIZE 2-10°
C_SIZE 2-10°

The recommended allocation values are higher than the default values due to the higher num-
ber of bodies and ellipsoids.

Dummy positioning

Table 7.6: Positioning joints of the Hybrid II 50th percentile model

Joint Identifier Degree of freedom (@) Comment
Description
Dummy Dummy_jnt D1 forward D2 leftward D3 upward

R1 roll right R2 pitchdown R3 yaw left
Neck bracket ~ NeckBracket_jnt R1 pitch down (&)
Upper neck NeckPivotUp_jnt R1 roll right R2 pitchdown  R3 yaw left ©
joint
Lower neck NeckPivotUp_jnt R1 roll right R2 pitchdown R3 yaw left (©
joint
Left shoulder ShoulderL_jnt R1 pitch down R2  roll right
Right shoulder  ShoulderL_jnt R1 pitch down R2  roll right
Left elbow ElbowL _jnt R1 yaw left R2 pitch down
Right elbow ElbowR_jnt R1 yaw left R2 pitch down
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Table 7.6 cont.
Joint Identifier Degree of freedom (a) Comment
Description
Left wrist WristL_jnt R1 yaw left R2  roll right
Right wrist WristR_jnt R1 yaw left R2  roll right
Lumbar Spine ~ LumbarFlangeUp_jnt R1 roll left R2  pitch down (©
LumbarMouldPart6_jnt R1 yaw left (©
D1 upward
LumbarMouldPart5_jnt R1 pitch down R2  roll left (©
LumbarMouldPart3_jnt R1 roll left R2  pitch down (©
LumbarMouldPart2_jnt R1 yaw left (©
D1 upward
LumbarMouldPartl_jnt ~ R1 pitch down R2  roll left ©
Left hip HipL_jnt R1 roll right R2 pitchdown R3 yaw left
Right hip HipR_jnt R1 roll right R2 pitchdown R3 yaw left
Left knee KneeL_jnt R1 pitch down
Right knee KneeR_jnt R1 pitch down
Left ankle AnkleL_jnt R1 pitch down
Right ankle AnkleR_jnt R1 pitch down

(@) Positive translation or rotation given in global co-ordinate system while dummy is in reference position (see

Figure 1.2).

(&) Angle for the neck bracket is directly derived from the physical dummy.

() Only for equilibrium state.

Dummy contacts

Table 7.7: Contact groups for the Hybrid II 50th percentile dummy model.

Contact Description Identifier  (#) Surfaces involved (?)  Comment
Head Head_gfe Elements and nodes
Neck Neck_gmb NeckNoddingPlate_ell
Neck_ell
Left Upper Arm ArmUpL_gmb ArmUpL_ell
Right Upper Arm ArmUpR_gmb ArmUpR_ell

Left Lower Arm

Right Lower Arm

Left Hand

Right Hand

ArmLowL_gmb

ArmLowR_gmb

HandL_gfe

HandR_gfe

ArmLowlL_ell

ArmLowR_ell

Elements and nodes

Elements and nodes

Continued on the next page
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Table 7.7 cont.

Contact Description

Identifier (@)

Surfaces involved (%)

Comment

Clavicles and Shoulders

Jacket

Thorax

Abdomen

Pelvis

Left Femur and Knee

Right Femur and Knee

Left Femur

Right Femur

Left Knee

Right Knee
Left Tibia
Right Tibia
Left Foot
Right Foot

Left Shoe

Right Shoe

Clavicles_gmb

Jacket_gmb

Thorax_gmb

Abdomen_gmb

Pelvis_gmb

Pelvis_gfe
FemurKneel_gmb
FemurKneeR_gmb
FemurL_gmb
FemurLapBeltL_gmb

FemurR_gmb

FemurLapBeltR_gmb

Kneel._gmb

KneeR_gmb

TibiaL_gmb

TibiaR_gmb

FootL_gmb

FootR_gmb
Shoel_gmb

ShoeR_gmb

ClavicleL/R_ell
ClavicleLinkL/R_ell
ShoulderYokeL/R_ell

Jacket(i)_ell
for i=01 to 50
Jacket99_ell
Collar_ell

Jacket(i)_ell

for i=01 to 50
Jacket99_ell
Collar_ell
ClavicleL/R_ell
ClavicleLinkL/R_ell
ShoulderYokeL /R_ell

AbdomenMid_ell

Pelvis_ell
PelvisUp_ell
PelvisFemurR/L_ell
PelvisButtockL /R_ell

Elements and nodes

FemurL_ell
Kneel_ell

FemurR_ell
KneeR_ell

FemurL_ell

FemurLapBeltL_ell

FemurR_ell

FemurLapBeltR_ell

Kneel_ell

KneeR_ell

TibialL_ell

TibiaR_ell

FootL_ell

FootR_ell

ShoeSolel_ell
ShoeHeelL_ell
ShoeSoleR_ell
ShoeHeelR_ell

Jacket_gmb +
Clavicles_gmb

for seat contact

for FE lap belt contact

for seat contact

for FE lap belt contact

for seat contact

for FE lap belt contact

(#) L=Left, R=Right
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Use of conventional belts

Table 7.8 is a sequential list of the proposed points of attachment for a conventional belt to the
ellipsoid dummy model. These are valid for a left hand side positioned belt; for a right hand

side belt, replace LHS with RHS and switch the pelvis order.

Table 7.8: Belt attachment points defined for the Hybrid II 50th percentile model.

Attachment point
point 1 (POINT_REF_1)

point 2 (POINT_REF_2)

defined by user (D-ring)
ClavicleLHS_pnt
RibsLowLHS_pnt
defined by user (buckle) PelvisR_pnt

PelvisL_pnt

defined by user

ClavicleLHS_pnt
RibsLowLHS_pnt
defined by user (buckle)

Use of FE belts

In many applications of this dummy, a FE belt can be used instead of a conventional belt. Dur-
ing loading conditions with a significant vertical component, slip of the belt over the dummy
is relevant, and the most convenient way to take this aspect into account is to use a FE belt.

In the application manual an example is given on how to position a FE belt on a facet dummy
model (see Application manual). A similar procedure can be applied to position a FE belt on
an ellipsoid dummy model. The MADYMO XMADgic editor can also be used to automatically

design FE belt systems.

When FE belts are used the dummy-belt contacts should be defined as described in Table 7.9.
In the user file of the dummy model, those contact definitions are also available in a DISABLE
block so that the user can easily use them in his own application.

Table 7.9: Contact definition for the Hybrid II 50th percentile dummy - FE belt interactions.

Contact Description Master Group(s)

Slave group

Remarks

Shoulder Belt to Dummy  Neck_gmb
Thorax_gmb
ArmUpL_gmb
ArmUpR_gmb
Abdomen_gmb

Lap Belt to Abdomen Abdomen_gmb

Lap Belt to Pelvis Pelvis_gfe

Lap Belt to Femurs FemurLapBeltL_gmb

FemurLapBeltR_gmb

ShoulderBelt_gfe

LapBelt_gfe

LapBelt_gfe

LapBelt_gfe

Use orthotropic friction
Longitudinal friction 0.3
Lateral friction 0.4

Friction 0.3

Use orthotropic friction
Longitudinal friction 0.3
Lateral friction 1.0

Friction 0.3
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Output

Table 7.10: Output signals for the Hybrid I 50th percentile dummy model.

Sensor Identifier Signal Filter
resul- X direc- y direc- 2 direc-
tant tion (@) tion (@) tion (@)
Head
CG HeadCG_acc ar al forward a2 lateral a3 vertical CFC1000
acceleration(®)
CG position HeadCG_pos dr dl forward d2 leftward d3 upward CFC600
Neck
Upper load NeckUp_lce_F fr f1  shear f2  shear 3 axial CFC1000
cell NeckUp_lce_T tr t1 roll t2  pitch t3 yaw CFC600
Lower load NeckLow_lce_F fr fl shear f2  shear f3 axial CFC1000
cell NeckLow_lce T tr t1 roll t2  pitch t3 yaw CFC600
Thorax
Accelera- Thorax_acc ar al forward a2 lateral a3 vertical CFC180
tion(®)
Chest ChestDeflection_dis dr d1l displace- CFC600
deflection ment
ChestDefl_dis_CFC180 dr dl displace- CFC180
ment

Lumbar Spine

Lower load LumbarSpineLow_lce_F fr f1 shear f2  shear f3 axial CFC1000

cell LumbarSpineLow_lce_ T tr t1 roll t2 pitch t3 yaw CFC1000
Pelvis

Accelera- Pelvis_acc ar al forward a2 lateral a3 vertical CFC1000

tion(?)

Position Pelvis_pos dr dl forward d2 leftward d3 upward CFC600
Femur

Leftload cell FemurL_lce_F fr f1 shear f2  shear f3 axial CFC600

FemurL_lce_T tr t1 roll t2  pitch t3 yaw CFC600
Right load cell FemurR_lce_F fr f1 shear f2  shear f3 axial CFC600
FemurR_lce_T tr t1 roll t2  pitch t3 yaw CFC600

Knee

Position

Left KneeL_pos dr dl forward d2 leftward d3 upward CFC600

Right KneeR_pos dr dl forward d2 leftward d3 upward CFC600
Tibia

Left Upper TibiaUpL _lce_F fr f1 shear f2  shear 3 axial CFC600

load cell TibiaUpL_lce_T tr t1 roll t2  pitch t3 yaw CFC600

Right Upper  TibiaUpR_lce_F fr f1 shear f2  shear 3 axial CFC600

load cell TibiaUpR_Ice_T tr tl roll t2  pitch t3 yaw CFC600

Left Lower TibiaLowL_lce_F fr fl shear f2 shear f3 axial CFC600

load cell TibiaLowL_lce_T tr tl  roll t2  pitch t3 yaw CFC600

Right Lower TibiaLowR_Ice_F fr f1 shear f2  shear f3 axial CFC600

load cell TibiaLowR_lce_T tr t1 roll t2  pitch t3 yaw CFC600

() Positive direction given according to SAE J211/1.

() The calculated acceleration is corrected in the x direction for a prescribed fictitious acceleration field to get correct
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values (see Theory manual).
Injury

Table 7.11: Injury criteria defined for the Hybrid II 50th percentile dummy model.

Injury criteria Identifier Filter
Head
HIC(no window) HIC_inj CFC1000
HIC (15ms) HIC15_inj CFC1000
HIC (36ms) HIC36_inj CFC1000
HIC (50ms) HIC50_inj CFC1000
Thorax
3ms (cumulative) T3MS_inj CFC180
3ms (contiguous) TCon3MS_inj CFC180
Femurs
FEC
Left FFCL_inj CFC600
Right FFCR_inj CFC600

Position Markers

For comparison of kinematic data, markers have been defined at the locations of the head
centre of gravity, the pelvis H-point, and the left and right knees. The displacement of these
locations can be determined relative to a reference point named Disp_Ref_point, which is to
be defined in the main application XML file. See the dummy model user file for the definitions
of these points.

Notes

Hardware calibration procedures prescribe that "Limb joints are set at 1 G, barely restraining
the weight of the limb when it is extended horizontally" (CFR part 572 subpart B, paragraph
11). Static hip joint friction is estimated to be about 56.1 Nm to comply with the hardware
calibration procedures. However, a friction much below 56.1 Nm is often applied in real dum-
mies. A default friction of 12.8 Nm is defined in the model. These values can be adjusted in
the model if required. Note that the frictions settings in the joints can have a significant influ-
ence on the dummy model response, so it is important to check this setting with the settings
of the actual dummy used, or to be used, in the experiment.
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7.4 Example: sled test with two-point FE belt restraint

This example features the Hybrid IT 50" percentile dummy in a sitting position on a sled with
rigid seat, restrained by a two-point FE harness. The dummy is subjected to a crash pulse with
a peak acceleration of 16 G and duration of 170 ms. This example is meant to help the user in
correct usage of the dummy model, particularly on positioning and contact definitions. The
input of the model is given in the file:

Ellipsoid model: e_p57250el.xml

The model set-up is illustrated in Figure 7.5. The example uses a FE harness. The harness has
been positioned using the XMADGIC Belt fit preprocessor.

Figure 7.5: Two-point lap belt test set-up for the Hybrid II 50th percentile ellipsoid model.

Results

For a complete overview of the results the reader is referred to the Quality Report.
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8 Hybrid Ill 50 FAA Dummy

The Hybrid I 50" percentile FAA dummy is a Hybrid 11T 50" percentile male based dummy
used for the development and certification of aircraft seats. The dummy is allowed by the
Federal Aviation Administration (FAA) as an alternative to the Hybrid II dummy in dynamic
aircraft seat test regulations FAR/JAR 23, 25, 27 and 29 Section 562. The main difference be-
tween the standard Hybrid III and the Hybrid FAA is the lumbar spine, that is capable of
a more realistic response in severe vertical loading. The major improvement of the Hybrid
ITT 50" FAA over the Hybrid IT dummy is the extended instrumentation, in particular in the
thorax, neck, and leg regions.

Figure 8.1: Hybrid ITI 50" FAA ellipsoid dummy model in reference position.
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8.1 Model description

An ellipsoid model of the Hybrid III 50th FAA dummy is available. The input is given in the
files:

Ellipsoid mode d_hyb350faael_usr.xml
d_hyb350faael_inc.xml

To run the model, the following licenses are required:

Ellipsoid model: MADYMO/Solver (Multibody)
MADYMO/ Aviation

Figure 8.1 shows the model in reference position. The ellipsoid model consists of 49 bodies.
The inertia properties in the model include the standard instrumentation consisting of the
sternum deflection sensor and the acceleration sensors of the lower torso, the upper torso and
the head. The inertia of the clothes is not included in the model.

ELLIPSOID MODEL

The model is based on the standard Hybrid IIT 50t percentile model. The differences with
respect to the standard Hybrid IIT 50t percentile ellipsoid model are described below. For a
description of those parts equivalent to the standard Hybrid IIT 50" percentile is referred to
"ELLIPSOID MODEL" on page 416.

Thorax/Ribs and sternum

The chest flesh is a Hybrid II part. The chest flesh is modelled similar to the Hybrid IIT 50t
percentile male dummy ellipsoid model, but the size, location and contact characteristics of
the ellipsoids have been adjusted.

Lumbar spine

The lumbar spine is a Hybrid II part. The lumbar spine model is quite detailed, with repre-
sentations of both the straight rubber column as well as the internal steel cable. The rubber
colum is a series of bodies connected by free joints which are limited in their range of mo-
tion by protected joint resistance models. The division into mutiple bodies connected by free
joints has been done in order to allow a realistic deformation of the lumbar spine in different
loading modes. The protected joint resistance model describes the lumbar spine compliance
in the model. The relations between rotations (bending and torsion) and displacements (com-
pression, elongation and shear) are specified in the protected model. The mass and inertia
properties of the actual lumbar spine have been divided over the lumbar spine bodies. The
upper spine body is connected to the upper torso by means of a bracket joint, similarly the
lower spine body is connected to the lower torso. These bracket joints allow for the output
of constraint loads at the upper and lower lumbar spine loadcells. The detail in the model
ensures that loads and forces at both ends of the lumbar spine are measured correctly.

In the complete physical dummy, lumbar spine deformation is not only resisted by the lumbar
spine itself but also by contact interaction of the rib cage, the abdomen and the lower torso.
This interaction is included in the models with three point-restraints. These point-restraints
are referred to as "AbdomenVertL/M/R".

106



MADYMO Model Manual Hybrid III 50 FAA Dummy

Abdomen

The abdomen is a standard Hybrid II part. The abdomen has been modelled as a separate
body, which is connected to the lower torso with a translational joint. This body is included to
describe the combined deformation of the abdomen and the lower torso flesh in response to
lap belt loading. A modified Hybrid III FAA exists, in which the abdomen has a cut-away to
make place for the Hybrid III chest deflection potentiometer. The Hybrid ITT 50" FAA ellipsoid
model also represents the modified hardware dummy.

Pelvis

Two additional ellipsoids have been added to the pelvis. These represent the inferior points
on the metal pelvis bone casting of the Hybrid-III pelvis and can be used to model contact
between the pelvis bone and the seat if the pelvis flesh is fully compressed.

Legs, ankles and feet

The legs, ankles and feet are Hybrid II components, but the lower legs and feet are Hybrid
III. The model is identical to the ellipsoid Hybrid IIT 50t percentile dummy, but inertia and
dimensions have been modified to represent Hybrid II legs instead.

CONTACTS BETWEEN DUMMY COMPONENTS

In the model contacts are defined between the head and thorax, the thorax and left and right
upper leg, between the upper legs and between lower arms and upper legs.
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8.2 Model validation

The validation of model components that have been taken from the Hybrid IIT 50t percentile
male dummy ellipsoid model, is described in "Model validation" on page 78. In this chapter
only Hybrid ITI 50t FAA specific validation is described.

Component tests

The component tests used for development of the Hybrid IIT 50t FAA specific components are
summarised below. Validation results of the thorax are shown in Figure 8.2.

Table 8.1: Component tests performed for Hybrid III 50th FAA specific components.

Component Test Model
description specifications Ellipsoid
Thorax Pendulum impact mass 23.4 kg, X
velocity 3.97m/s
23.4 kg, X
6.68 m/s
4000 A
z
O}
o
S 2000 -
LL
0K . . . ,
0 0.01 0.02 0.03 0.04
Deflection [m]
Figure 8.2: Results of thorax pendulum impact validation, experiment (— — —) and simulation ( )-

Full dummy tests

The tests with the complete dummy used for development and validation of the models are
summarised in Table 8.2. A sled test is shown in the example (See section 8.4 "Example: sled
test with FE harness restraint” on page 116.). The result of the sled test example is shown in
Figure 8.3.
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Table 8.2: Full dummy tests for Hybrid III 50th FAA models.

Test Model
description specification Ellipsoid

max acc., duration

Horizontal (0° ) sled test with belted dummy on rigid seat 18 G, 142 ms X
Vertical (90° ) sled test with belted dummy on rigid seat 30G, 62ms X
Oblique (60° ) sled test with belted dummy on rigid seat 30 G, 62 ms X

Lower lumbar Fz [KN]

0 25 50 75 100 125 150
Time [msec]

Figure 8.3: Results of lower lumber spine vertical load during full dummy 60 degree oblique sled test on
rigid seat; experiment (— — —), simulation ( ).

Range of validity of the model

Multi-directional component tests were used to develop models of all kinematic joints, the
neck and the lumbar spine.
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8.3 User instructions

Timestep

Table 8.3: Recommended timestep for the Hybrid IIT 50" percentile FAA dummy model.

Model timestep (s)

Ellipsoid <50-10°

Dummy positioning

Table 8.4: Positioning joints of the Hybrid IIT 50t percentile FAA dummy.

Joint Identifier Degree of freedom () Comment
Description
Dummy Dummy_jnt D1 forward D2 leftward D3 upward Dummy
position
Neck bracket ~ NeckBracket_jnt R1 pitch down (b)
Neck element  NeckPivot(i)_jnt, R1 roll right R2 pitchdown R3 yaw left only for
for i=1 to 4 () equilibrium
state
Left clavicle ClavicleL_jnt R1 roll right R2 yaw left only for
equilibrium
state
Right clavicle ClavicleR_jnt R1 roll right R2 yaw left
Left shoulder ShoulderL_jnt R1 pitchdown  R2 roll right
Right shoulder ~ ShoulderR_jnt R1 pitch down R2  roll right
Left elbow ElbowL _jnt R1 yaw left R2  pitch down
Right elbow ElbowR_jnt R1 yaw left R2  pitch down
Left wrist WristL_jnt R1 yaw left R2 roll right
Right wrist WristR_jnt R1 yaw left R2  roll right
Lumbar spine ~ SpineMouldPivot R1 roll right R2 pitchdown R3 yaw left only for
(i) _jnt (1-5) equilibrium
SpineCablePivot state

(i) _jnt (1-5)
SpineCableBall_ jnt
()

Left hip HipL_jnt R1 roll left R2 pitchdown R3 yaw left
Right hip HipR_jnt R1 roll left R2 pitchdown R3 yaw left
Left knee KneeL_jnt R2  pitch down

D1 compression always zero
Right knee KneeR_jnt R2  pitch down

D1 compression always zero
Left ankle AnkleL_jnt R1 yaw right R2  roll left R3  pitch down

Continued on the next page
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Table 8.4 cont.
Joint Identifier Degree of freedom (a) Comment
Description
Right ankle AnkleR_jnt R1 yaw right R2  roll left R3  pitch down

(@) Positive translation or rotation given in global co-ordinate system while dummy is in reference position (see
Figure 8.1)

(t) Angle for the neck bracket is directly to derive from the physical dummy. A lower neck load cell in the physical
dummy means a zero angle for the neck bracket.

() Part(i): numbered from bottom to top / rear to front / right to left.

(@) All SpineMouldPivot_jnt angles should be identical, and no more than 0.05 rad. The SpineCablePivot_jnt and
SpineCableBall_jnt angles should be set at 5/6 (83.3%) of the SpineMouldPivot_jnt angles.

Dummy contacts

Table 8.5: Contact groups for the Hybrid III 50th percentile FAA dummy:.

Contact Identifier (@) (b) Ellipsoid model  (?) (¢)

Description

Head Head_ctg Head_ell
Face_ell

Neck Neck_ctg NeckNoddingPlate_ell
NeckPart(i)_ell,
fori=1to5

Left Upper Arm ArmUpL_ctg ArmUpL_ell

Right Upper Arm ArmUpR _ctg ArmUpR_ell

Left Lower Arm and
Hand

Right Lower Arm
and Hand

Shoulders

Thorax

Ribcage

Abdomen

Pelvis

ArmLowL_ctg

ArmLowR_ctg

Shoulders_ctg

Thorax_ctg

Ribcage_ctg

Abdomen_ctg

Pelvis_ctg

ArmLowL_ell HandL _ell

ArmLowR_ell HandR_ell

Collar_ell
ShoulderL/R_ell

ChestUpL/R_ell
RibPart(i)L/R _ell,
fori=1to 6
Sternum_ell
ThoracicBackPlate_ell

ChestUpL/R_ell
RibPart(i)L/R _ell,
fori=1to 6
Sternum_ell

AbdomenLow_ell
AbdomenMid_ell
AbdomenUp_ell

Pelvis_ell
HipL/R_ell
PelvisButtockL/R

Continued on the next page
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Table 8.5 cont.
Contact Identifier (2) (V) Ellipsoid model
Description
Left Femur FemurL_ctg FemurL_ell
Left Knee KneeL_ctg KneeL_ell
Right Femur FemurR_ctg FemurR_ell
Right Knee KneeR_ctg KneeR_ell

Left Femur and
Knee

FemurKneel _ctg

Right Femur and FemurKneeR_ctg
Knee

Left Tibia TibiaL_ctg

Right Tibia TibiaR_ctg

Left Shoe Shoel_ctg

Right Shoe ShoeR_ctg

FemurL_ell KneeL_ell

FemurR_ell KneeR_ell

TibiaPart(i)L_ell,
fori=1to5
TibiaPart(i)R_ell,
fori=1to5

ShoeSolel_ell
ShoeHeelL_ell
ShoeFrontL_ell
ShoeSoleR_ell
ShoeHeelR_ell
ShoeFrontR_ell

(@) ¢tg= contact group, for all ellipsoid models ctg is replaced by gmb(group_multibody).

(%) L=Left; R=Right.

(©) Part (i): numbered from bottom to top / rear to front / right to left.

Conventional belt positioning

For the usual applications of this dummy, it is recommended to use a FE belt instead of a
conventional belt. During loading conditions with a significant vertical component, slip of the
belt over the dummy is relevant, and the most convenient way to take this aspect into account
is to use a FE belt. If, e.g. for reasons of calculation speed, a conventional belt is needed, the
belt must be attached directly to the dummy. For this purpose the attachment points given
below in Table 8.6 can be used.

Table 8.6: Proposed attachment points on the ellipsoid model for the conventional belt for left hand
side position in sequential order.(?)

Attachment point
point 1 (POINT_REF_1)

point 2 (POINT_REF_2)

defined by user (D-ring)
ClavicleLHS_pnt
RibsUpLHS_pnt
RibsLowLHS_pnt
defined by user (buckle)
AbdomenInsertL_pnt

ClavicleLHS_pnt
RibsUpLHS_pnt
RibsLowLHS_pnt
defined by user (buckle)
AbdomenInsertR_pnt
defined by user
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(@) For a Right Hand Side (RHS) belt, replace LHS (Left Hand Side) by RHS and switch the order of the AbdomenlInsert

point.

FE belt positioning

An example is given in the application manual on how to position a FE belt on a facet dummy
model (see Application manual). A similar procedure can be applied to position a FE belt on
an ellipsoid dummy model.

Note: If a FE belt is used with an ellipsoid dummy, the contact group Ribcage_gmb must be

used, and not the Thorax_gmb or Dummy_gmb contact groups. The reason for this is that
for large deformations of the abdomen or thorax, the FE belt may contact the lumbar spine or
thoracic spine ellipsoids. These ellipsoids are only intended for contacts between the dummy

and the seat and are not supposed to come in contact with the belts.

Output

Table 8.7: Output signals for Hybrid III 50th percentile FAA dummy.

Sensor Identifier Signal Filter
resul- direc- y direc- 7 direc-
tant tion (@) tion (@) tion (@)
Head
CG HeadCG_acc ar al forward a2 lateral a3 wvertical CFC1000
accelerometer
Neck
Upper load NeckUp_lce_F_CFC1000 fr fl shear f2  shear f3 axial CFC1000
cell NeckUp_lce_F_CFC600 fr f1 shear f2  shear f3 axial CFC600
NeckUp_lce_T tr tl  roll t2  pitch t3 yaw CFC600
Lower load NeckLow_lce_F_CFC1000 fr f1 shear f2  shear f3 axial CFC1000
cell NeckLow_lce_F_CFC600 fr fl shear f2  shear f3 axial CFC600
NeckLow_Ice_T tr tl roll t2  pitch t3 yaw CFC600
Thorax
accelerometer Thorax_acc ar al forward a2 lateral a3 vertical CFC180
deflection ChestDeflection_dis dr d1l displace- CFC600
ment
Chest ChestDefl_dis_CFC180 dr dl displace- CFC180
ment
ChestDeflection_vel_ CFC600 vr vl velocity CFC600
Sternum Sternum_acc ar al forward a2 lateral a3 vertical CFC1000
accelerometer
Upper Spine UpperSpineT1_acc ar al forward a2 lateral a3 vertical CFC180
accelerometer
Lower Spine LowerSpineT12_acc ar al forward a2 lateral a3 vertical CFC180
accelerometer
Lumbar Spine
Upper load LumbarSpineUp_lce_F fr f1 shear f2  shear f3 axial CFC1000
cell LumbarSpineUp_lce_T tr t1 roll t2  pitch t3  yaw CFC1000

Continued on the next page
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Table 8.7 cont.
Sensor Identifier Signal Filter
resul- direc- y direc- 7 direc-
tant tion (@) tion (@) tion (@)

Lower load LumbarSpineLow_lce_F fr f1 shear f2  shear f3 axial CFC1000
cell LumbarSpineLow_lce_T tr tl roll t2  pitch t3 yaw CFC1000

Pelvis
Accelero- Pelvis_acc ar al forward a2 lateral a3 wvertical CFC1000
meter(?)

Femur
Leftload cell FemurL_lce_F fr f1 shear f2 shear f3 axial CFC600

FemurL_lIce_T tr tl roll t2  pitch t3 yaw CFC600
Right load cell FemurR_lce_F fr fl shear f2  shear f3  axial CFC600
FemurR_lce_T tr tl  roll t2  pitch t3 yaw CFC600

Tibia
Left Upper TibiaUpL_lce_F fr f1 shear f2  shear CFC600
load cell TibiaUpL_lce_T tr t11 roll t2  pitch CFC600
Right Upper  TibiaUpR_lce_F fr f1 shear f2  shear CFC600
load cell TibiaUpR_lce_T tr tl roll t2 pitch CFC600
Left Lower TibiaLowL_lce_F fr fl shear f2  shear f3  axial CFC600
load cell TibiaLowL_lce_T tr tl roll t2  pitch CFC600
Right Lower  TibiaLowR_lce_F fr fl shear f2  shear f3  axial CFC600
load cell TibiaLowR_lce_T tr tl1 roll t2  pitch CFC600

() Positive direction given according to SAE J211/1.

() The calculated acceleration is corrected in the x direction for a prescribed fictitious acceleration field to get correct
values (see Theory manual).

Table 8.8: Injury criteria defined for the Hybrid III 50th percentile FAA dummy:.

Injury criteria Identifier Filter
Head
HIC (15) HIC15_inj
HIC(36) HIC36_inj
HIC(50) HIC50_inj
Neck
FNIC
tension FNICtension_inj CFC1000
shear FNICshear_inj CFC1000
bending FNICbending_inj CFC1000
NIJ
tension-extension NTE_inj CFC600 (force)
CFC600 (moment)
tension-flexion NTF_inj CFC600 (force)
CFC600 (moment)
compression-extension NCE_inj CFC600 (force)
CFC600 (moment)
compression-flexion NCEF_inj CFC600 (force)
CFC600 (moment)

Continued on the next page
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Table 8.8 cont.
Injury criteria Identifier Filter
NIJ lower neck
tension-extension NTELow_inj CFC600 (force)
CFC600 (moment)
tension-flexion NTFLow_inj CFC600 (force)
CFC600 (moment)
compression-extension NCELow_inj CFC600 (force)
CFC600 (moment)
compression-flexion NCFLow_inj CFC600 (force)
CFC600 (moment)
Thorax
3ms T3MS_inj
vC VC_inj_CFC180 VC_inj_CFC600 CFC180
CFC600 (deflection)
Femurs
FEC
Left FFCL_inj CFC600
Right FFCR_inj CFC600
Tibia
TI
Upper left TIUpL_inj CFC600
Upper right TIUpR_inj CFC600
Lower Left TILowL_inj CFC600
Lower right TILowR_inj CFC600
TCFC
Upper left TCFCUpL_inj CFC600
Upper right TCFCUpR_inj CFC600
Lower Left TCFCLowL_inj CFC600
Lower right TCFCLowR_inj CFC600

Position Markers

For comparison of kinematic data, markers have been defined at the locations of the head
centre of gravity, the pelvis Hpoint, and the left and right knees. The displacement of these
locations can be determined relative to a reference point named Disp_Ref_point, which is to
be defined in the main application XML file. See the dummy model USR file for the definitions
of these points.

Notes

Hardware calibration procedures describe that "Limb joints are set at 1 G, barely restraining the
weight of the limb when it is extended horizontally" (CFR part 572 subpart E). Static hip joint
friction is estimated to be about 56.1 Nm to comply with the hardware calibration procedures.
However, a friction much below 56.1 Nm is often applied in real dummies. A default friction
of 12.8Nm is defined in the model. These values can be adjusted in the model if required.Note
that the frictions settings in the joints can have a significant influence on the dummy model
response, so it is important to check this setting with the settings of the actual dummy used,
or to be used, in the experiment.

It should be noted that shoes of different designs are on the market. The user may adapt the
shoe model to specific shoes applied in experiments.
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8.4 Example: sled test with FE harness restraint

This example features the Hybrid IIT 50" percentile FAA dummy in a sitting position on a
sled, restrained by a FE harness. The dummy is subjected to a severe crash pulse with a peak
acceleration of 30 G and a duration of 62 ms. The direction of impact is 60° from below. The
input of the model is given in the file:

Ellipsoid model: e_hyb350faael.xml

This file is available upon request. The model set-up of the ellipsoid model is illustrated
in Figure 8.4. The example uses a FE harness. The harness has been positioned using the
XMADGIC preprocessor, by creating a new FE belt model for each of the four belts.

Figure 8.4: Model set-up for the Hybrid III 50th percentile FAA ellipsoid model.

Environment

The test environment consists of a rigid seat and a foot plane mounted on a rigid sled. The
dummy is placed in a 60° backwards reclined seating position. The applied pulse is horizontal,
which is 60° from below with respect to the dummy coordinate system. The test environment
is modelled with planes.

Harness system

The finite element harness system is attached to the sled by means of single conventional belt
system segments.

Contact interactions

The dummy interacts with the rigid seat, the foot plane and the belts. The contact interactions
defined are listed in Table 8.9. Kinematic contacts are defined between the dummy and all
harness parts.
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Table 8.9: Contact interactions between dummy and sled for the ellipsoid model.

Model type contact surface
Master Slave

ellipsoid SeatPan_gmb Pelvis_gmb
SeatPan_gmb FemurKneel._gmb
SeatPan_gmb FemurKneeR_gmb
SeatBack_gmb Pelvis_gmb
SeatBack_gmb Thorax_gmb
FootRest_gmb ShoeLl._gmb
FootRest_gmb ShoeR_gmb

Results

Though the test is severe, good results are seen for the example. The lower lumbar spine
axial force is shown in Figure 8.3 on page 109. In this loading direction the harness without
retractors is not very effective in keeping the dummy on the seat.
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9 THOR 50th percentile Dummy

The National Highway Traffic Safety Agency (NHTSA) in the US has invested significant re-
sources into the research and development of a successor to the Hybrid-III ATD, with the aim
of improving the biofidelic occupant response prediction when interacting with advanced re-
straint systems. The successor dummy has been developed in several stages, and the current
designation is the THOR Metric.

The THOR represents a 50 percentile adult male, and is extensively instrumented to capture
in detail the loading to the neck, thorax and legs of an occupant as are currently assessed,
while also measuring injuries to new areas such as the face and abdomen of the dummy:.

Figure 9.1: THOR 50th percentile (THOR-50M) ellipsoid model
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9.1 Model description

An ellipsoid model of the THOR-50M dummy is available. The input is given in the files:

Ellipsoid model: d_thor50el_usr.xml
d_thor50el_inc.xml

To run this model, the following licenses are required:

Ellipsoid model : MADYMO/Solver (Multibody)
MADYMO/Dummy Models/Frontal/THOR

Figure 9.1 shows the model in the reference position.

ELLIPSOID MODEL

The ellipsoid model was developed based on CAD data and drawing packages released by
the NHTSA in September 2015. To this date those documents are still subject to a Request
For Comments and pending a Final Decision Notice. This paragraph gives a summarised
description of the design of the MADYMO ellipsoid model according to the revision provided
by the NHTSA in September 2015.

Head and neck

The head is modelled with several contact surfaces for the skull and the face so that the contact
loads are measured accurately at the load cells. The head casting is attached to the head /neck
mounting platform which supports the front and rear neck cable housings and connects to the
upper neck.

The head/neck mounting platform meets the neck at the occipital condyle joint, modelled
with a revolute joint. Below that, the neck column is represented by a series of free joints with
six-degree-of-freedom restraints applied. This allows the neck to respond omnidirectionally.
The neck cables are modelled using multibody belt elements. See Figure 9.2 for the model
of the head/neck assembly and the overlay with the CAD data provided by the NHTSA in
September 2015.

Figure 9.2: THOR-50M ellipsoid head and neck assembly
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Upper and lower torso

The core of the thorax architecture consists of a central spinal column with two flexible joints,
one each at the thoracic and lumbar regions. The thoracic joint is modelled with a six-degree-
of-freedom restraint, while the lumbar flexion joint is modelled using a triple joint restraint to
capture the kinematic behaviour of a thick beam. The ribs are connected flexibly to the thoracic
spine and are modelled as flexible components using a succession of universal and revolute
joints. See Figure 9.3 for the model of the ribcage and the overlay with the CAD data provided
by the NHTSA in September 2015.

Figure 9.3: THOR-50M ellipsoid ribcage assembly

The posture settings for the dummy are set using DEFINE elements in a GROUP_DEFINE
under the SYSTEM.MODEL THOR_50th_sys. Using these, the dummy’s posture can be set as
erect, normal, slouch or super-slouch.

The ellipsoid model of the THOR-50M includes the SD3 shoulder design. The multi body
chain of the SD3 shoulder assembly forms a closed loop between the thoracic spine block and
the sternum at the front. It is made of a succession of rigid bodies with universal and revolute
joints, completed with joint restraints. See Figure 9.4 for the model of the SD3 shoulder and
the overlay with the CAD data provided by the NHTSA in September 2015.

Figure 9.4: THOR-50M ellipsoid SD3 shoulder assembly
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The upper and lower abdomen components are modelled as compressible bodies, through
both a compliant contact characteristic and the possibility to move relative to the surrounding
dummy parts. Both abdomen components are connected to the spine with free joints but kept
in place and interacting with other components by means of restraints.

The IR-TRACC sensors that measure rib and abdominal deformation are modelled explicitly
and have surfaces assigned to aid visualisation.

The jacket surface is modelled by describing the contact surface with ellipsoids supported
directly on the bodies of the substructure. See Figure 9.5 for an overview of the complete
thorax model including jacket.

Figure 9.5: THOR-50M ellipsoid thorax

The deformability of the pelvis is entirely captured in the contact stiffness definitions applied
to the ellipsoids. The pelvis model also includes iliac wing and acetabular load cells. See
Figure 9.6 for the model of the pelvis and the overlay with the CAD data provided by the
NHTSA in September 2015.
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Figure 9.6: THOR-50M ellipsoid pelvis

Arms

The arms are modelled as a succession of rigid bodies with single revolute joints in between
that represent the different distinct motions of the shoulder, elbow and wrist articulations. The
load cell present in the upper arm is also modelled. See Figure 9.7 for the model of the arm
and the overlay with the CAD data provided by the NHTSA in September 2015.

Figure 9.7: THOR-50M ellipsoid arm

Legs

The femur of the THOR dummy has a compliant section in order to make leg load measure-
ments more biofidelic. This is simulated in the model with a translational joint having a rep-
resentative restraint stiffness. The femoral load cell is also modelled.

According to the drawing package and CAD data provided by the NHTSA in September 2015,
the lower legs of the THOR-50M resemble the lower legs of the THOR-LX and present a
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moulded foot with separate shoe. The neutral position of the ankle shows 15 degrees plan-
tarflexion. See Figure 9.8 for the model of the lower and upper leg and the overlay with the
CAD data provided by the NHTSA in September 2015.

Figure 9.8: THOR-50M ellipsoid lower and upper leg
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CONTACTS BETWEEN DUMMY COMPONENTS

The pre-defined contacts between dummy components can be found in table Table 9.1.

Table 9.1: Intercomponent contacts for the THOR-50M ellipsoid model

Model Type Contact Master Surface Slave Surface

Ellipsoid HeadToJacket_cnt Jacket_gmb Head_gmb
ArmLToJacket_cnt Jacket_gmb ArmL_gmb
ArmRToJacket_cnt Jacket_gmb ArmR_gmb

ArmLowLToArmLowR_cnt
ArmLowLToFemurKneel._cnt
ArmLowLToPelvis_cnt
ArmLowRToFemurKneeR_cnt
ArmLowRToPelvis_cnt
Rib4LToRib5L_cnt
Rib4RToRib5R_cnt
FemurKneeLToFemurKneeR_cnt
FemurKneeLToJacket_cnt
FemurKneeRToJacket_cnt
TibiaLToTibiaR_cnt
TibiaLToKneeR_cnt
TibiaRToKneel._cnt
ShoeL.ToShoeR_cnt
ShoeLToTibiaR_cnt
ShoeRToTibial._cnt
CollarToNeck_cnt
HeadToArmL_cnt
HeadToArmR_cnt
ShoeLToShoeR_cnt

ArmLowR_gmb
FemurKneeL_gmb
Pelvis_gmb
FemurKneeR_gmb
Pelvis_gmb
Rib4L_gmb
Rib4R_gmb
FemurKneeR_gmb
Jacket_gmb
Jacket_gmb
TibiaR_gmb
KneeR_gmb
Kneel._gmb
ShoeR_gmb
TibiaR_gmb
TibialL_gmb
Collar[L IR]_gmb
Head_gmb
Head_gmb
ShoeR_gmb

ArmLowL_gmb
ArmLowL_gmb
ArmLowL_gmb

ArmLowR_gmb
ArmLowR_gmb
Rib5L_gmb
Rib5R_gmb
FemurKneel_gmb
FemurKneeL_gmb
FemurKneeR_gmb
TibialL._gmb
Tibial._gmb
TibiaR_gmb
ShoeL_gmb
Shoel_gmb
ShoeR_gmb
Neck_gmb
ArmL_gmb
ArmR_gmb
Shoel_gmb
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9.2 User instructions

Timestep

Table 9.2: Recommended timestep for the THOR-50M dummy model.

Model

timestep (s)

Ellipsoid

<1-1075

Dummy positioning

Table 9.3: Positioning joints of the THOR-50M dummy model.

Joint Identifier Degree of freedom  (9) Comment
Description
Complete Dummy_jnt D1 forward D2 leftward D3 upward
dummy R1 roll right R2 pitchdown R3 yaw left
Neck element ~ NeckOC_jnt R1 pitch down (b)
NeckPivotl_jnt D1 forward D2 leftward D3 upward ()
R1 roll right R2 pitchdown R3 yaw left
NeckPivot2_jnt D1 forward D2 leftward D3 upward ()
R1 roll right R2 pitchdown R3 yaw left
NeckPivot3_jnt D1 forward D2 leftward D3 upward (b)
R1 roll right R2 pitchdown R3 yaw left
NeckPivot4_jnt D1 forward D2 leftward D3 upward ()
R1 roll right R2 pitchdown R3 yaw left
NeckPivot5_jnt D1 forward D2 leftward D3 upward ()
R1 roll right R2 pitchdown R3 yaw left
Left shoulder ShoulderYokeL_jnt R1 pitch down
ShoulderL_jnt R1 roll right
Right ShoulderYokeR_jnt R1 pitch down
shoulder ShoulderR_jnt R1 roll right
Left elbow ElbowPivotL_jnt R1 yaw left
ElbowL_jnt R1 pitch down
Right elbow ElbowPivotR_jnt R1 yaw left
ElbowR_jnt R1 pitch down
Left wrist WristPivotL_jnt Rl yaw left
WristL_jnt R1 roll right
Right wrist WristPivotR_jnt R1 yaw left
WristR_jnt R1 roll right
Thoracic Spine  ThoracicSpineFlex_jnt D1 forward D2 leftward D3 upward ()
R1 roll right R2 pitchdown R3 yaw left
Lumbear spine LumbarSpineUp_jnt R1 roll right R2  pitch up ()
LumbarSpineMid_jnt R1 yaw left ()
D1 upward
LumbarSpineLow_jnt R1 pitch up R2  roll right ()
Left hip HipL_jnt R1 roll right R2 pitchdown R3 yaw left
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Table 9.3 cont.
Joint Identifier Degree of freedom (@) Comment
Description
Right hip HipR_jnt R1 roll right R2 pitchdown R3 yaw left
Left knee KneeL_jnt R1 pitch down
Right knee KneeR_jnt R1 pitch down
Left ankle AnkleTorsionL_jnt R1 yaw left
AnkleFlexionL_jnt R1 pitch up (©
AnkleVersionL_jnt R1 roll right
AchillesPistonL_jnt D1 upwards (©
Right ankle AnkleTorsionR_jnt R1 yaw left
AnkleFlexionR_jnt R1 pitch up (©
AnkleVersionR_jnt R1 roll right
AchillesPistonR_jnt D1 upwards (©

(@) Positive translation or rotation given in global co-ordinate system while dummy is in reference position (see
Figure 1.2).

() In principle only for equilibrium state, however it might be necessary to rotate joints to position the dummy
correctly.

() The left and right ankle flexion joints are prepositioned using the DEFINE element "AnkleFlexion[L | RJAngle", and
the left and right Achilles piston joints are adjusted automatically using a mathematical formula. See description in
the user file.

Neck and Spine positioning

The THOR-50M dummy has two pitch changing mechanisms in the spine which allow it to be
seated in different postures. The pitches are altered using the DEFINE elements "SpineLow-
PitchAngle" and "NeckPitchAngle". These elements accept the value of the pitch settings in
degrees, rounded (as in the hardware mechanisms) to discrete values in multiples of 3.

SpineLowPitchAngle has predefined positions corresponding to the four basic seated postures
for the THOR-50M, described below:

Table 9.4: Lower spine angles for predefined postures in the THOR-50M .

Posture Angle (deg.)
Erect -9

Neutral 0

Slouch 9

Super Slouch 12

The Slouch posture is the standard seated position analogous to that of the Hybrid-IIT 50t
percentile dummy.
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Dummy contacts

Table 9.5: Available groups to define contact between the THOR-50M components and environment.

Contact zone Contact group (@) Comment
Full Dummy Dummy_gmb
Head Head_gmb
Neck Neck_gmb
Left Arm ArmL_gmb
ArmUpL_gmb
ArmLowL_gmb
Right Arm ArmR_gmb
ArmUpR_gmb
ArmLowR_gmb
Jacket Jacket_gmb
Left Shoulder ShoulderL_gmb
CollarL_gmb
Right Shoulder ShoulderR_gmb
CollarR_gmb
Pelvis Pelvis_gmb
Left Upper Leg FemurKneeL_gmb
FemurL_gmb
Kneel._gmb
Right Upper Leg FemurKneeR_gmb
FemurR_gmb
KneeR_gmb
Left Lower Leg TibialL_gmb
FootL_gmb
HeellL_gmb
ToesL_gmb
Right Lower Leg TibiaR_gmb
FootR_gmb
HeelR_gmb
ToesR_gmb
Left Shoe Shoel_gmb
Right Shoe ShoeR_gmb

(@) L = Left; R = Right

The recommended contacts between dummy and belts are pre-defined in the user file under
the SYSTEM.MODEL Belt_to_Dummy_contacts. The references in FE_MODEL of Shoulder-
Belt_gfe and LapBelt_gfe needs to be changed to the proper FE-models to make the contacts
work. By default the user file will give two warnings due to the fact that the referred FE-model
for the belts is empty.
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Output

Table 9.6: THOR-50M output signals.

Sensor Identifier Signal
resul- direction (@) y direc- 2 direc-
tant tion (@) tion (@)
Head
accelerometers(?) HeadCG_CFC1000_acc ar al frontal a2 lateral a3 vertical
HeadTop_CFC1000_acc al frontal a2 lateral
HeadRear_CFC1000_acc a2 lateral a3 vertical
HeadLeft_CFC1000_acc al frontal a3 vertical
ARS Head_CFC60_avl avr avl roll av2 pitch av3 yaw
Face load cells  FaceEyel._CFC600_lce_F fl compression
FaceEyeR_CFC600_lce_F fl  compression
FaceCheekL_CFC600_lce_F fl compression
FaceCheekR_CFC600_lce_F fl compression
FaceChin_CFC600_lce_F fl compression
Neck
Upper load cell NeckUp_CFC1000_lce_F fr f1 shear f2  shear f3 axial
NeckUp_CFC600_Ice_F fr f1 shear f2  shear f3 axial
NeckUp_CFC600_Ice_T tr t1 roll t2  pitch t3  yaw
Neck OC NeckOC_CFC180_ang phi pitch
Lower load cell NeckLow_CFC1000_lce_F fr f1 shear f2  shear f3 axial
NeckLow_CFC600_Ice_T tr t1 roll t2  pitch t3 yaw
Neck spring NeckFrontSpring_CFC1000_lce_F f3  axial
load cells NeckRearSpring_ CFC1000_lce_F f3 axial
NeckFrontSpring CFC600_lce_F 3 axial
NeckRearSpring_CFC600_lce_F f3 axial
Arms
Upper load cell ArmUpL_CFC600_lce_F fr f1 shear f2  shear f3 axial
ArmUpL_CFC600_lce_T tr t1 roll t2 pitch t3  yaw
ArmUpR_CFC600_Ice_F fr f1 shear f2  shear 3 axial
ArmUpR_CFC600_Ice_T tr t1 roll t2 pitch t3  yaw
Upper Thorax
Clavicles ClavicleInL._CFC1000_lce_F fl shear f3  shear
ClavicleOutL_CFC1000_lce_F f1 shear f3 shear
ClavicleInR_CFC1000_lce_F fl shear f3  shear
ClavicleOutR_CFC1000_Ice_F f1 shear f3 shear
accelerometers(?) SternumMid_CFC1000_acc ar al frontal a2 lateral a3 vertical
Thorax_CFC180_acc ar al frontal a2 lateral a3 vertical
T1_CFC180_acc ar al frontal a2 lateral a3 vertical
T12_CFC180_acc ar al frontal a2 lateral a3 vertical
T4 ARS Thorax_CFC60_avl avr avl roll av2 pitch av3 yaw

Continued on the next page
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Table 9.6 cont.
Sensor Identifier Signal
resul- direction () direc- direc-
tant y tion (@) tion (@)
Chest ChestDeflectionLowL_CFC180_dis dr dl frontal d2 lateral d3 wvertical
deflection ChestDeflectionLowL_CFC600_dis dr dl frontal d2 lateral d3 wvertical
ChestDeflectionLowR_CFC180_dis dr dl frontal d2 lateral d3 vertical
ChestDeflectionLowR_CFC600_dis dr dl frontal d2 lateral d3 wvertical
ChestDeflectionUpL_CFC180_dis dr dl frontal d2 lateral d3 vertical
ChestDeflectionUpL_CFC600_dis dr dl frontal d2 lateral d3 vertical
ChestDeflectionUpR_CFC180_dis dr dl frontal d2 lateral d3 vertical
ChestDeflectionUpR_CFC600_dis dr dl frontal d2 lateral d3 vertical
ThxIrTraccLowLLength_ CFC180_pos  dr
ThxIrTraccLowLLength_CFC600_pos  dr
ThxIrTraccLowRLength_CFC180_pos  dr
ThxIrTraccLowRLength_CFC600_pos ~ dr
ThxIrTraccUpLLength_CFC180_pos dr
ThxIrTraccUpLLength_CFC600_pos dr
ThxIrTraccUpRLength_CFC180_pos dr
ThxIrTraccUpRLength_CFC600_pos  dr
ThxIrTraccLowLAngleY_CFC180_res phi pitch
ThxIrTraccLowLAngleZ CFC180_res phi yaw
ThxIrTraccLowRAngleY_CFC180_res phi pitch
ThxIrTraccLowRAngleZ_CFC180_res phi yaw
ThxIrTraccUpLAngleY_CFC180_res phi pitch
ThxIrTraccUpLAngleZ CFC180_res phi yaw
ThxIrTraccUpRAngleY_CFC180_res phi pitch
ThxIrTraccUpRAngleZ_ CFC180_res phi yaw
Thorax load T12_CFC600_lce_F fr fl shear f2 shear f3  axial
cells T12_CFC600_lce_T tr tl1  roll t2  pitch t3 yaw
T12_CFC180_lce_F fr f1 shear f2  shear f3 axial
T12_CFC180_lce_T tr tl  roll t2  pitch t3 yaw
Abdomen
accelerometers(?) AbdomenUp_CFC1000_acc al frontal
AbdomenUp_CFC180_acc al frontal
Abdomen AbdIrTraccLLength_CFC180_pos dr
deflection AbdIrTraccRLength_CFC180_pos dr
AbdomenDeflectionL_CFC180_dis dr dl frontal d2 lateral d3 vertical
AbdomenDeflectionR_CFC180_dis dr dl frontal d2 lateral d3 vertical
AbdomenDeflectionL_CFC600_dis dr dl frontal d2 lateral d3 vertical
AbdomenDeflectionR_CFC600_dis dr dl frontal d2 lateral d3 vertical
AbdIrTraccLAngleY_CFC180_res phi pitch
AbdIrTraccLAngleZ_CFC180_res phi yaw
AbdIrTraccRAngleY_CFC180_res phi pitch
AbdIrTraccRAngleZ_CFC180_res phi yaw
Pelvis
accelerometers(?) Pelvis_CFC1000_acc ar al frontal a2 lateral a3 vertical
ARS Pelvis_CFC60_avl avr avl roll av2 pitch av3 yaw
Acetabular load AcetabularL._CFC600_lce_F fr f1 shear f2  axial f3 shear
cells(®) AcetabularR_CFC600_lce_F fr fl shear f2 axial f3 shear
Iliac wing load  IliacL_CFC600_lce_F f1 axial
cells TliacR_CFC600_lce_F fl axial
IliacL_CFC600_lce_T t2  pitch
TliacR_CFC600_lce_T t2  pitch
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Table 9.6 cont.
Sensor Identifier Signal
resul- X direction () direc- direc-
tant y tion (@) tion (@)
Femur
load cells FemurL_CFC600_lce_F fr f1 shear f2  shear f3 axial
FemurR_CFC600_lce_F fr fl shear f2  shear f3 axial
FemurL_CFC600_lce_T tr tl yaw t2  pitch t3 roll
FemurR_CFC600_Ice_T tr tl yaw t2  pitch t3 roll
FemurL_CFC180_Ice_F fr f1 shear f2  shear f3 axial
FemurR_CFC180_lce_F fr f1 shear f2  shear f3 axial
FemurL_CFC180_lce_T tr tl  yaw t2  pitch t3  roll
FemurR_CFC180_Ice_T tr tl  yaw t2 pitch t3 roll
Knee
Sliders KneeL_CFC180_dis dl displacement
KneeR_CFC180_dis dl displacement
Tibia
accelerometers(?) TibiaFrontalL._CFC1000_acc al frontal
TibiaFrontalR_CFC1000_acc al frontal
TibiaLateralL_CFC1000_acc a2 lateral
TibiaLateralR_CFC1000_acc a2 lateral
load cells
TibiaUpL_CFC600_lce_F fr f1 shear f2  shear 3 axial
TibiaUpR_CFC600_Ice_F fr f1 shear f2  shear f3 axial
TibiaUpL_CFC600_lce_T tr t1 roll t2  pitch t3  yaw
TibiaUpR_CFC600_Ice_T tr t1 roll t2  pitch t3  yaw
TibiaLowL_CFC600_lce_F fr f1 shear f2  shear f3 axial
TibiaLowR_CFC600_lce_F fr fl shear f2  shear f3 axial
TibiaLowL_CFC600_lce_T tr t1 roll t2  pitch t3 yaw
TibiaLowR_CFC600_lce_T tr tl roll t2  pitch t3  yaw
AchillesL._CFC600_Ilce_F f3 axial
AchillesR_CFC600_lce_F f3 axial
Ankle position ~ AnkleFlexionL._CFC180_ang phi pitch
AnkleFlexionR_CFC180_ang phi pitch
AnkleTorsionL._CFC180_ang phi yaw
AnkleTorsionR_CFC180_ang phi yaw
AnkleVersionL_CFC180_ang phi roll
AnkleVersionR_CFC180_ang phi roll
Foot
accelerometers(?) FootL_CFC1000_acc ar al frontal a2 lateral a3 wvertical
FootR_CFC1000_acc ar al frontal a2 lateral a3 vertical

(@) Positive direction given according to SAE J211/1.

(!) The calculated acceleration is corrected in the x-, y- and z-directions for a prescribed fictitious acceleration field to
get correct values (see Theory manual).

() The left acetabulum load cell output is defined according to the drawing SA572-5128; the polarity is conform to the
SAE J211/1 RIGHT SIDE ONLY.

Additionally, output requests for signals in ISO-MME format are pre-defined in the CON-
TROL_OUTPUT element in the dummy model user file.
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Injury

The injury criteria selected for the THOR-50M component can be found in Table 9.7.

Table 9.7: Injury criteria defined for the THOR-50M.

Injury criteria Identifier Filter
Head
HIC 15ms HIC15_inj CFC1000
BrIC BrIC_inj CFC60
Neck
NIJ CFC600
tension-extension NTE_inj CFC600
tension-flexion NTF_inj CFC600
compression-extension NCE_inj CFC600
compression-flexion NCEFE_inj CFC600
Thorax
Peak deflection ChestDeflectionUpLpeakR_CFC180_inj CFC180
ChestDeflectionUpRpeakR_CFC180_inj CFC180
ChestDeflectionLowLpeakR_CFC180_inj CFC180
ChestDeflectionLowRpeakR_CFC180_inj CFC180
MTIC MTIC _inj CFC180
Abdomen
Peak deflection AbdomenDeflectionLpeakX_CFC600_inj CFC600
AbdomenDeflectionRpeakX_CFC600_inj CFC600
Abdomen Compression AbdomenCompression_inj CFC600
Acetabula
Peak load AcetabulumLpeakFrcR_CFC600_inj CFC600
AcetabulumRpeakFrcR_CFC600_inj CFC600
Femurs
Peak load FemurLpeakFrcZ_CFC600_inj CFC600
FemurLpeakFrcZ_CFC600_inj CFC600
Tibias
Peak load TibiaUpLpeakFrcZ_CFC600_inj CFC600
TibiaUpLpeakMomRxy_CFC600_inj CFC600
TibiaLowLpeakFrcZ_CFC600_inj CFC600
TibiaLowLpeakMomRxy_CFC600_inj CFC600
TibiaUpRpeakFrcZ_CFC600_inj CFC600
TibiaUpRpeakMomRxy_CFC600_inj CFC600
TibiaLowRpeakFrcZ_CFC600_inj CFC600
TibiaLowRpeakMomRxy_CFC600_inj CFC600
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10 BioRID Il Rear Impact Q Dummy

The BioRID II (see Figure 10.1) is the production version of a rear impact dummy developed
by Chalmers University of Technology, that has been produced to meet the need for more biofi-
delic dummy response to rear impact events than can be obtained using a standard Hybrid III
dummy.

While largely based on the Hybrid IIT 50t percentile dummy, the BioRID II has a hinged-
segment spine design, with each of the 24 vertebrae explicitly represented. Stiffening springs
and dampers are fitted to model the effect of the neck muscles, and the thoracic spine and
torso are more flexible than that of the Hybrid III.

Figure 10.1: Facet (left) and FE (right) Q models of the BioRID II dummy:.
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10.1 Model description

Facet and FE models developed by MADYMO are available. The input is given in the files:

Facet model: d_biorid2fc_usr.xml
d_biorid2fc_inc.xml

FE model: d_biorid2fe_usr.xml
d_biorid2fe_inc.xml

To run these models, the following licenses are required:

Facet model: MADYMO/Solver (Multibody)
MADYMO/Dummy Models/BioRID_Facet

FE model: MADYMO/Solver (Multibody)
MADYMO/Solver (FEM)
MADYMO/Dummy Models/BioRID_FE

Figure 10.1 shows the models in the reference position. The facet model consists of 96 rigid
bodies and the FE model of 80.

FACET AND FE MODELS
Head and Neck

The head is modelled with a rigid body having a facet surface of the head attached. It is
connected by a bracket joint to the upper neck load cell, which in turn is connected to the
nodding plate.

Each of the seven cervical vertebrae are represented by a rigid body with a facet vertebra
associated. The bodies are connected in series by revolute joints; the first and seventh vertebrae
are connected by revolute joints to the nodding plate and first thoracic vertebra, respectively.

Muscle substitutes and dampers are also modelled in the neck and upper thoracic spine, using
belt elements to represent the wires. These are attached to springs and dampers as appropriate,
and feed through the neck to the nodding plate. These have a significant influence on the
kinematics of the head.

Thorax and Lumbar spine

As with the neck, each of the twelve thoracic- and five lumbar vertebrae are modelled as
individual rigid bodies, connected in series by revolute joints. The vertebrae are represented
explicitly with facet surfaces; in the facet model this is for visualisation purposes, while in the
FE model the interaction between vertebrae and jacket is explicitly modelled with a contact
interaction. The fifth lumbar vertebra is connected to the sacral block via a revolute joint; this
in turn is connected to the pelvis with a bracket joint.

The first thoracic vertebra is modelled as two bodies joined by a bracket joint, allowing mea-
surements to be taken from the lower neck load cell.

Each clavicle is attached to the first thoracic body with a free joint and in the case of the facet
model, restrained with a SIXDOF restraint that captures the stiffness of the jacket. The clavicles
are attached to the adjacent upper arms.
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The jacket and the water cavity are modelled explicitly in the FE model, nodes of the jacket
corresponding to the position of the spin pins are supported on the relevant spine bodies. The
facet model divides the jacket into layers, each of which is assigned to the relevant pinning
vertebra. The mass of each layer of the jacket is modelled as a rigid body, attached to its parent
vertebra by a planar joint - allowing no out-of-plane lateral movement relative to the spine.
Each body is then restrained to its vertebra with a joint restraint and to adjacent bodies using
kelvin restraints. The band of facet surface appropriate to the mass is supported on the rigid
body:.

Pelvis

The pelvis is a modified version of the Hybrid-IIT 50™ percentile pelvis; the geometry of the
upper edge is adjusted to take account of the jacket and the range of motion of the hips is
slightly different, as the hardware pelvis has been adapted. The flexion-extension stiffness
values are therefore different to those in the Hybrid-III

Head, Arms and Legs
The head, arms and legs of the dummies are identical to the Hybrid-IIT 50" percentile facet

model, as these components of the hardware dummy are also identical.
CONTACTS BETWEEN DUMMY COMPONENTS

Contact is defined between the chin and the neck, the left and right lower arms, between the
lower arms and the femurs, between the lower arms and the pelvis, between the left and right
femurs and between the left and right shoes.
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10.2 Model validation

The facet and FE models were developed co-operatively with Denton ATD Inc, the makers of
the hardware dummy. Component tests were carried out and the model was validated against
the standard thorax calibration test, as described in the BioRID User’s Manual. This is a test
comprising the spine, jacket and head mounted on a sled, which is then given an impulse. The
performed component and full dummy tests are given below in Table 10.1 and Table 10.2.

Table 10.1: Component tests for BioRID I dummy models.

Component Test Model
description specifications Facet FE

Spinal column BioRID II without jacket, springs or Pendulum heights 1.27m and 1.4m and X X

with head damper T6-sacral block rigid pendulum velocity 4.25m/s

Spinal column BioRID II without jacket or damper Pendulum heights 1.27m and 1.4m and X X

with head T6-sacral block rigid pendulum velocity 4.25m/s

Spinal column BioRID II without jacket T6-sacral =~ Pendulum heights 1.27m and 1.4m and X X

with head block rigid pendulum velocity 4.25m/s

Spinal column BioRID II without jacket T12-sacral ~Pendulum velocity 4.25m/s X X

with head block rigid

Spinal column BioRID II without jacket Pendulum heights 1.27m and 1.4m and X X

with head pendulum velocity 4.25m/s

Pelvis stiffness Impactor tests against the pelvis Varying speeds and positions X X

tests

Full torso BioRID II with jacket Pendulum height: 1.9m X X

Table 10.2: Full dummy sled tests for BioRID II dummy models.

Test description Test specification Model

Peak acc. Delta V Facet FE
Sled test, dummy on facet seat 10g 16 km/h X X
Sled test, dummy on facet seat 10g 16 km/h X X
Sled test, dummy on facet seat 10g 16 km/h X X

Range of Validity of the Models

As the spines are modelled in both dummy models using revolute joints, it will not respond
biofidelically to lateral loads and should only be used to investigate longitudinal and vertical
aspects of rear impact dynamics.

136



MADYMO Model Manual BioRID II Rear Impact Q Dummy

10.3 User instructions

Timestep

Table 10.3: Recommended timestep for the BioRID II dummy model.

Model timestep (s)
Facet <1.0-107°
FE <1.0-10°°

Dummy positioning

Table 10.4: Positioning joints of the BioRID II dummy model.

Joint Identifier Degree of freedom (@) Comment
Description

Complete Dummy_jnt R1 roll right R2  pitch down R3  yaw left

dummy D1 forward D2 leftward D3 upward

Left shoulder  ShoulderL_jnt R1 pitchdown  R2 roll right
Right shoulder ShoulderR_jnt R1 pitch down R2  roll right

Left elbow ElbowPivotL_jnt R1 yaw left

pivot

Right elbow ElbowPivotR_jnt R1 yaw left

pivot

Left elbow ElbowL_jnt R1 pitch down

Right elbow ElbowR_jnt R1 pitch down

Left wrist WristPivotL_jnt ~ R1 yaw left

pivot

Right wrist WristPivotR_jnt ~ R1 yaw left

pivot

Left wrist WristL_jnt R1 roll right

Right wrist WristR_jnt R1 roll right

Left hip HipL_jnt R1 pitch down R2  roll left R3  yaw left
Right hip HipR_jnt Rl pitchdown  R2 roll left R3  yaw left
Left knee KneeL_jnt R1 pitch down

Right knee KneeR_jnt R1 pitch down

Left ankle AnkleL_jnt R1 yaw left R2  roll right R3  pitch down
Right ankle AnkleR_jnt R1 yaw left R2  roll right R3  pitch down

(@) Positive values given in global co-ordinate system while dummy is in reference position (see Figure 1.2 and
Figure 10.1)

To position the spine initially, a pre-simulation is strongly recommended. Giving directly ini-
tial angles to the spine joints can lead to instabilities.
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Dummy contacts

Table 10.5: Available groups to define contact between the BioRID II components and environment.

Contact Description Identifier Facet/FE model
Head Head_gfe Elements and nodes
Neck Neck_gfe Elements and nodes
Neck NeckToChinent_gfe Elements and nodes
Left Arm ArmUpL_gfe Elements and nodes
ArmLowL_gfe Elements and nodes
Right Arm ArmUpR_gfe Elements and nodes
ArmLowL_gfe Elements and nodes
Jacket Jacket_gfe Elements and nodes
Pelvis Pelvis_gfe Elements and nodes
Left Femur and Knee FemurKneeL_gfe Element