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General Information MORE

1. Generali nformation

The development and validation has been performed on differen t platforms. The
following LS -DYNA versions have been used:

LS-DYNA Version Date Revision Nr.

971 R3.2.1 MPP 09/18/2008 47756

971 R3.2 MPP 08/06/2008 46862

971 R4.2 MPP 02/04/2009 50638 Product ID 53355

Table 1: LS-DYNA version s

With the version 1 .0 ofthe World SID 50™ model the following keyword files are
delivered:

File name Content

worldSID 50 v 1.0 mm_ms_kg.key Dummy model; the file name might
vary depending on the system of units
wsid50_position_file _mm_ms_kg .key Paramet erized file to position arms,
torso an d upper legs (chapter  3.2).
wsid50 pdb v1.0 _mm_ms kg COMP- | License file ; the file name might vary
ANY_NAME_DATEL1 license_DATEZ2.asc depending on the system of units

wsid50_pdb_v1.0_mm_ms_ kg_load_ Work file use d for pre -processing

curves_work.key instead of license file. The file name
might vary depending on the system of
units

Table 2: Delivered Files

The work file  wsid50_pdb_v1.0_ mm_ms_kg_load curves work.key can be used
for pre -proc essing the dummy.

This work file includes the same input as the encrypt ed license file. The only
difference is the scaling of the load curves in the work file. The load curves are

scaled randomly in a wrong range and they are much too s oftto be used fora
LS_DYNA simulation. But the file can be used to observe the quality and course

of the material curves.

A LS-DYNA simulation in use of the work file will give wrong results and is very
unstable.

The numbering scheme of the original mo delis shownin Table 3. Onrequest, we
deliver renumbered input decks, according to user specifications.

Component Min 1D Max 1D Total number
Nodes 10000 182190 16 9406
Solids 11001 227173 97176
Beams 10000 107775 597

Shells 107776 230003 113216
Discrete elements 10030 10047 14
Accelerometer 1001 1020 20

Set shell 1001 1001 1

Set parts 1001 1501 21
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Parts

Materials

Sections

Hourglass

Joints

Joint stiffness
Contacts

Local coordinate systems
Load curves / tables
Define SD orientation
Time history nodes
Time history elements

1001
1001
1001
1001
1001
1001
1001
1001
1001
10001
10000

758
1050
1064
1008
1023
1035
1020
1073
1149
1008
10025
10019

591
50
64

23
35

69
132

20
20

Table 3: Model numbering scheme
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1.1 Keywords used

The following control and database keywords are used:

*CONTROL_ACCURACY
*CONTROL_BULK_VISCOSITY
*CONTROL_CONTACT
*CONTROL_CPU

*CONTROL _ENERGY

*CONTROL_OUTPUT
*CONTROL_SHELL
*CONTROL_TERMINATION
*CONTROL_TIMESTEP

Table 4: Control cards used

The following database cards are defined

*DATABASE_ABSTAT
*DATABASE_BINARY_D3PLOT
*DATABASE_BINARY_RUNRSF
*DATABASE_DEFORC
*DATABASE_ELOUT
*DATABASE_EXTENT_BINARY
*DATABASE_GLSTAT
*DATABASE HISTORY BEAM ID

*DATABASE_HISTORY_NODE_ID
*DATABASE_JNTFORC
*DATABASE_MATSUM
*DATABASE_NODO UT
*DATABASE_RBDOUT
*DATABASE_RCFORC
*DATABASE_SBTOUT
*DATABASE_SLEOUT

Table 5: Database cards used

The following material models are used:

*M AT_ANISOTROPIC_VISCOPLASTIC
*MAT_ELASTIC
*MAT_FU_CHANG_FOAM

*MAT_LI NEAR_ELASTIC_DISCRETE_BEAM

*MAT_NULL
*MAT_PLASTIC_KINEMATIC
*MAT_RIGID
*MAT_SIMPLIFIED_RUBBER

*MAT SIMPLIFIED RUBBER WIT H DAMAGE

*MAT_SPRING_ELASTIC
*MAT_VISCOELASTIC
*MAT_VISCOUS_FOAM

Table 6: Material models used

The following other keywords are used:

*CONSTRAINED_JOINT_CYLINDRICAL_ID

*CONSTRAINED_JOINT_REVOLUTE_ID

*CONSTRAINED_JOINT_SPHERICAL_ID

*CONSTRAINED_JOINT_STIFFNESS_
GENERALIZED

*CONSTRAINED_JOINT_STIFFNESS _
TRANSLATIONAL

*ELEMENT_SEATBELT_

ACCELEROMETER
*ELEMENT_SHELL
*ELEMENT_SOLID
*END

*HOURGLASS
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*CONSTRAINED_RIGID_BODIES

*CONTACT_AUTOMATIC_SINGLE_SURFACE
*CONTACT_FORCE_TRANSDUCER_PENALTY
*CONTACT_TIED_SHELL_EDGE_TO_
SURFACE_ID_OFFSET
*DAMPING_PART_STIFFNESS
*DEFINE_COORDINATE_NODES
*DEFINE_CURVE
*DEFINE_SD_ORIENTATION_TITLE
*DEFINE_TABLE
*ELEMENT_BEAM
*ELEMENT DISCRETE

*INITIAL_FOAM_REFERENCE_
GEOMETRY

*KEYWORD

*NODE

*SECTION_BEAM

*SECTION_DISCRETE
*SECTION_SHELL
*SECTION_SOLID
*SET_PART_LIST
*LOAD_THERMAL _LOAD_CURVE
*SET_SHELL_LIST

*TITLE

Table 7: Other keywords used in the model

After the *END keyword the following OASYS Primer keywords are defined:

*ASSEMBLY *DUMMY_END
*DUMMY_START *H_POINT
*UNITS

Table 8: Primer keywords used
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2. Extraction of occupant injury criteria

To extract occupant injury criteria from the model , the following preparations
have been made.

2.1 Sign conven tion in the Model

All relevant coordi nate systems are defined accordingto the S AEJ211 norm. This
means that all coordinate axes in the dummy are oriented with respect to an
upright standing dummy. Thus the x -axis of the coordinate systems in the upper
legs points upwards as shownin Figure 1.

Figure 1: Orientation of the coordi  nate systems for accelerometers
and load cells inthe ~ WORLDSID 50™ model

Only the coordinate systems for evaluating injury criteria are oriented in this
scheme. There are many more coordinate systems in the model which are
sometimes oriented arbitrar ily because of internal features in the dummy.
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2.2 Accelerations

2.2.1 Head acceleration

Node 10001

Figure 2: Head accelerometer and local coordinate directions

The marked node is the head accelerometer node. An accelerometer is defined at
this node . This prints the results in the NODOUT file in the local coordinate
system shownin Figure 2.

ltem Node - 1D Label Available components
Head 10001 accelerometer head local x -,y-,z- acceleration

Table 9: Head accelerometer node

2.2.2 T1, T4 and T12 acceleration

T1 node ID 10002

T4 node ID 10003

T12 n ode ID 10004

Figure 3: T1, T 4 and T12 accelerometer nodes

- 10 -
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The Figure 3 depicts the nodes which are used as output nodes in the NODOUT
file for T 1, T4 and T12 acceleration. For each single node , an accelerometer with

the local directions  is defined as shown in the Figure.

ltem Node - 1D Label Available components

T1 10002 accelerometer T1 local x -,y-,z- acceleration
T4 10003 accelerometer T4 local x -,y-,z- acceleration
T12 10004 accelerometer T12 local x -,y-,z- acceleration

Table 10: T1, T4 and T12 accelerometer nodes

2.2.3 Pelvis acceleration

X y Iliac wing

Lumbar spine

Pubic symphysis
load cell

Pelvis accel
ID 10005

Figure 4: Node to extract pelvis acceleration.

In Figure 4, aplate cutth rough the pelvis alongthe z -x-planeis shown. The
pelvis accelerometer is located at the back of the sacrum block. The results of
the node 10005 are printed in the NODOUT file in the local coordinate system

which is shown in  Figure 4.

. hode

Item Node - 1D Label Available components

Pelvis 10005 accelerometer pelvis local x -,y-,z- acceleration

Table 11 : Pelvis accelerometer node

- 11 -
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2.2.4 Rib accelerations

The WorldSID 50 ™ model is equipped with twelve rib accelerometers. On each
single rib , one accelerometeris  mounted on the impact side and one on the
opposite side.

Right hand side of the Left hand side of the
model model
— i Node 10010
Node 10020
Node 10011
Node 10021
Node 10012
Node 10022
Node 10013
Node 10023
Node 10014
Node 10024
Node 10015
Node 10025
IR-Tracks
Battery system
Spine box
Figure 5: Cut through upper torso and position of r ib accelerometer nodes
The nodal results are printed in the NODOUT file in the local coordinate sy stems

of the accelerometers. On the impact side  (left hand side for the left handed
driver model) the nodes are:

ltem Node-ID | Label Available components

shoulder rib 10010 accelerometer local x -,y-,z- acceleration
shoulder rib left

1. thorax rib 10011 accelerometer upper local x -,y-,z- acceleration
thorax rib left

2. thorax rib 10012 accelerometer middle local x -,y-,z- acceleration
thorax rib left

3. thorax rib 10013 accelerometer lower local x -,y-,z- acceleration
thorax rib left

1. abdomen rib 10014 accelerometer upper local x -,y-,z- acceleration
abdomen rib left

2. abdomen rib 10015 accelerometer lower local x -,y-,z- acceleration
abdomen rib left

Table 12 : Rib accelerometer nodes on the si de of impact

- 12 -
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On the reverse side

of impact (right

the accelerometer nodes are:

hand side for the left handed driver model)

Item Node-ID | Label Available components

shoulder rib 100 20 accelerometer local x -,y-,z- acceleration
shoulder rib  right

1. thorax rib 1002 1 accelerometer upper local x -,y-,z- acceleration
thorax rib right

2. thorax rib 1002 2 accelerometer middle local x -,y-,z- acceleration
thorax rib  right

3. thorax rib 1002 3 accelerometer lower local x -,y-,z- acceleration
thorax rib  right

1. abdomen rib 1002 4 accelerometer uppe r local x -,y-,z- acceleration
abdomen rib  right

2. abdomen rib 1002 5 accelerometer lower local x -,y-,z- acceleration
abdomen rib right

Table 13:

Rib accelerometer nodes on

the side of impact

- 13 -
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2.3 Load cells

All load cells in  the model are defined in the same way. They are modeled using
a discrete beam in combination with a local coordinate system. The results of the
discrete beam are printed inthe  ELOUT file with respect to the local coordinate

system. The local axes to evalu ate the results of the beam are listed in Table 14.
Item Component in elout file
local x -force axial
local y -force shear -s
local z -force shear -t
local x -moment torsion
local y -moment moment -s
local z -moment moment -t

Table 14 : Components of ELOUT file f or evaluating load cell results

2.3.1 Upper and lower neck load cell

Upper neck load cell

beam 100 00
y
X
z
Lower neck load cell
beam 10001
Figure 6: Upper and lower neck load cells

ltem Beam -ID | Label Channels in physical dummy

Upper neck 10000 upper neck load cell six -channel load cell

load cell

Lower neck 10001 lower neck load cell six -channel load cell

load cell

Table 15 : Upper and lower neck load cell beam S

- 14 -
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The neck load cells are  six-channel load ¢ ells. This means that the forces and the
moments in each direction of axis can be evaluated in the hardware.

2.3.2 Shoulder load cell left and right

Shoulder load cell
right beam 10003

Shoulder load cell
left beam 10002

Figure 7: Shoulder load cells , left and right.

ltem Beam -ID | Label Channels in physical dummy
Left shoulder 1000 2 shoulder load cell three -channel load cell

load cell left

Right shoulder 10003 shoulder load cell three -channel load cell

load cell right

Table 16 : Shoulder load cell beam s, left and right hand side

The shoulder load cells are three -channel load cells. This means that the forces in
each direction of axis can be evaluated in the hardware.

- 15 -
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2.3.3 Lumbar load cell

Lumbar spine

Adapter plate

Lumbar load cell
beam 100 04

Figure 8: Lumbar load cell in Sa crum block

The lumbar load cell is adapted into the sacrum block. The load cell is connected

to the adapter plate and the lumbar spine is connected on this adapter plate
Item Beam -1D Label Channels in physical dummy
Lumbar load 10004 lumbar load cell six -channel load cell
cell

Table 17 : Lumbar load cell beam

The lumbar load cell is a six -channel load cell. This means that the forces and the
moments in each direction of axis can be evaluated in the hardware.

2.3.4 Sacro -iliac load cells

The S acro-iliac load cells are positioned on the left and right hand side of the
sacrum block . They are used to measure the forces and moments which come

from the pelvis bones into the s acrum block. The load cells are shown in the
figure .

- 16 -
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Sacro -iliac load cell
right beam 100 06

Sacro -iliac load cell
left beam 100 05

Sacrum block

Figure 9: Sacro-iliac load cell s, left and right hand side

ltem Beam -ID | Label Channels in physical dummy
Sacro -iliac 1000 5 sacro -iliac load cell six-channel load cell

load cell left left

hand side

Sacro -iliac 1000 6 sacro -iliac load cell six -channel load cell

load cell right right

hand side

Table 18 : Sacro-iliac load cell beam s

The sacro -iliac load cells are six -channel load cells. This means that the forces
and the m oments in each direction of axis can be evaluated in the hardware.

2.3.5 Pubic symphysis load cell

ltem Beam -ID Label Channels in physical dummy
Pubic 10007 pubic load cell one -channel load cell
symphysis

load cell

Table 19 : Pubic sy mphysis load cell beam

- 17 -
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The pubic load cell is aone  -channel load cell. This means that only the force in
the local y -direction can be evaluated in the hardware.

Lumbar sp ine

Pubic load cell beam
100 07

Figure 10 : Pubic load cell adapted to pelvis bones

2.3.6 Femoral load cells

The upper legs of the  WorldSID are equipped with fo  ur load cells. At the neck of

the left and right hand side femur , and in the middle of the left and right hand
side femur.
ltem Beam -ID | Label Channels in physical dummy
Femo ral neck 10008 femoral neck load three -channel load cell
load cell left cell left
hand side
Femoral neck 10009 femoral neck load three -channel load cell
load cell right cell right
hand side
Femur load 10010 femur load cell left six-channel load cell
cell left hand
side
Femur load 10011 femur load cell right six -channel load cell
cell right hand
side

Table 20: Femoral load cell beam s

- 18 -
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The results of the load cells can be extracted as described in the following Table.
The exact loc ation of the load cells is shown in the figure below:

Femoral neck load cell
right beam 100 09

X‘x

Femur load cell right
beam 10011

i - Femoral neck load
«— cellleftbeam 100 08

Femur load cell left
beam 100 10

Figure 11 : Upper and lower femur load cells

2.3.7 Knee load cells

The knee load cells can be used to determine the contact times. The load cells in
the hard ware are only one channel load cells.

ltem Beam -ID Label Channels in physical dummy
outboard knee 10012 outer knee contact one -channel load cell

load cell left load cell left

outboard knee 10013 outer knee contact one -channel load cell

load cell right load cell right

inboard knee 10014 inner knee contact one -channel load cell

load cell left load cell left

inboard knee 10015 inner knee contact one -channel load cell

load cell right load cell right

Table 21 : Knee load cell beam s

- 19 -
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Outboard and inboard
load cell right beams
100 13/10015

X
\4 X X X Outboard and inboard
load cell left beams
y _) y y ‘) y l / 100 12/10014
z
z . .

Figure 12 : Knee load cell beams

2.3.8 Tibia load cells

The tibias are also equipped with four load cells. Each tibia consists of two load
cells, in the upper and the lower tibia. They are listed in the Table 22. The
location of the load cells is depicted in the figure below:

Item Beam-ID | Label Channels in physical dummy
Upper tibia 1001 6 upper tibia load six-channel load cell

load cell left cell left

Upper tibia 1001 7 upper tibia load six-channel load cell

load cell right cell right

Lower tibia 1001 8 lower tibia load six-channel load cell

load cell left cell left

Lower tibia 10019 lower tibia load six -channel load cell

load cell right cell right

Table 22: Tibiaload cell beams , left and right hand side

- 20 -
























































































































































































































