Authors:

Documentation

FAT LS-DYNA
BioRID Il Model - Version 2.5

User's Manual
Manual Release 2.0 for Model BioRID 2.5
April 15, 2009
|
DYNAmore GmbH
www.dynamore.de
Germany

Sebastian Stahlschmidt
Alexander Gromer

Uli Franz



Contact Address:

Sebastian Stahlschmidt

DYNAmore GmbH

Industriestr. 2

70565 Stuttgart

Germany

Tel: +49-(0)711-459600-0
sebastian.stahlschmidt@dynamore.de

Copyright 2008 DYNAmMore GmbH



CONTENTS

Contents

1 General information
1.1 Development and validation. . . . ... ... .............
1.2 Numberingscheme. . . . .. .. .. .. ... .. ... .. .. ...,
1.3 KeywordsUsed. . . .. .. .. . . .. ... .
1.4 Accelerometers. . . . . . . . . .

1.5 Local coordinate systems . . . . . . ... ...

2 Extraction of occupant injury criteria
2.1 Head acceleration. . . . . ... .. ... ... ..
2.2 Spine acceleration . . . . . .. .. L
2.3 Pelvisacceleration . . . . . .. .. ... ...
24 Neck lLoadcells. . . ... ... ... .. .. .. .
2.5 Pelvisinterfaceloadcell. . . . ... ... ... ... ... ..

2.6 Force between head and head restraint . . . . . .. ... ......

3 Incorporating the dummy in seat models
3.1 Positioning, tree le. . . . . . . ... ..
3.2 Positioning File . . . . . . ...
3.3 Repairing Seatbelt Elements. . . . . . ... ... ... ........
3.4 Numbering. . . . . . . ..
3.5 Contactdenitions . . . . .. . .. . ...

3.6 Additional remarks . . . . . ...



CONTENTS 1
4 Prestressed components of the BioRID 26
5 Release notes 28
5.1 Release notes fromv2.0tov25 . ... ... ... ... ....... 28
5.2 Release notes fromvl5tov2.0 . ... ... ... .......... 29

6 Material tests 30
7 Performance 32
7.1 Sledtestwithspineonly. . ... ... ... ... .. ......... 32
7.1.1 Resultsof spine xeduptoT1 . .. ... ........... 34

7.1.2 Results of spine xeduptoT8 . .. .. ... ......... 40

7.1.3 Results of spine xeduptolL6 . .. .............. 46

7.2 Sled test with spine andtorso esh. . . . ... ... ... ...... 52
7.3 Calibrationtestresults. . . .. ... .. .. ... ... .. ...... 54
7.4 Pelvistestresults. . . . .. .. ... ... 55
7.5 Sportscarseatresults. . . .. ... ... . L 57

8 Future work 64
9 List of Figures 65



1 GENERAL INFORMATION 2

1 General information

1.1 Development and validation

The development and validation has been performed on di eng¢ platforms. The
following LS-DYNA versions have been used:

LS-DYNA Version Date Revision No.
971 MPP 08/13/2007 | R2 Rev. 7600.1224
971 MPP 09/18/2008 | R3.2.1 Rev. 477564

Because of a new material model in conjunction with the pre-s tress, it is
very important to use the following LS-DYNA versions:

LS-DYNA Version Date (use no older versions) Revision No.
970 04/24/2006 or newer 6763.361
971 R2 (R2 = 971.7600 10/19/2006 or newer 7600.528
971 R3 (R3> 971.7600) 10/06/2006 or newer 9080

If older versions are used, LS-DYNA will not have an error ter mination
but the results of the BioRID model will be wrong! Please cont act your
local LS-DYNA distributor to get the right LS-DYNA version.

With the version v 2.5 the following keyword les are deliveed.

File name Content

biorid_v_2.5 mm_ms kg.key dummy model, the name may vary
depending on the unit system

positioning_biorid2_2.5 mm_ms_kg.key | Parameterised le to:

move whole dummy

rotate upper legs

move/rotate head relative to T1 vertebrae

repair_seatbelt elements.* Script to repair Seatbelt and
Slipring Elements
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1.2 Numbering scheme

The numbering scheme of the original model is shown below. @yguest, we renumber
the input according to your speci cations.

Item Min Node-/ Max Node-/ Total numbers
Element-1D Element-1D

Nodes 10.000 159.136 148.457

Solids 11.000 212.197 111.752

Beams 10.000 212.649 4.576

Shells 126.816 212.671 72.835

Discrete elements 10.500 10.501 2

Time history nodes 10.000 10.007 7

Time history beams 10.000 10.002 3

Seat belts 10.200 213.752 391

Slip rings 10.000 10.109 110

Material 1.001 1.146 47

Sections 1.001 1.130 25

EOS 1.000 1.000 1

Hourglass 1.001 1.004 4

Load curves/tables 1.000 1.210 103

Parts 1 490 402

Joints 1.000 1.033 20

General joint sti ness 1.000 1.370 62

Local coordinate systems 1.001 2.016 102

Accelerometers 1.001 1.007 7

Set Part 1.001 1.500 23

Contacts 1.001 1.012 6

1.3 Keywords Used

The following keywords are used in the BIORID 2 model.

Control cards used:

*CONTROL _ACCURACY *CONTROL _ENERGY
*CONTROL _BULK _VISCOSITY *CONTROL _OUTPUT
*CONTROL _CONTACT *CONTROL _SHELL
*CONTROL _CPU *CONTROL _TERMINATION
*CONTROL _DYNAMIC _RELAXATION *CONTROL _TIMESTEP
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Database cards used:

*DATABASE _ABSTAT *DATABASE _HISTORY _NODE
*DATABASE _BINARY _D3PLOT *DATABASE _INTFORC
*DATABASE _BINARY _RUNRSF *DATABASE _MATSUM
*DATABASE _DEFORC *DATABASE _NODOUT
*DATABASE _ELOUT *DATABASE _RBDOUT
*DATABASE _EXTENT _BINARY *DATABASE _RCFORC
*DATABASE _GLSTAT *DATABASE _SBTOUT
*DATABASE _HISTORY _BEAM *DATABASE _SLEOUT

Material models used:

*MAT _ELASTIC

*MAT _ELASTIC _TITLE

*MAT _FU_CHANG _FOAM _TITLE

*MAT _LINEAR _ELASTIC _DISCRETE _BEAM _TITLE

*MAT _LOW _DENSITY _FOAM _TITLE

*MAT _MOONEY-RIVLIN _RUBBER_TITLE

*MAT _NONLINEAR _ELASTIC _DISCRETE _BEAM _TITLE

*MAT _NULL_TITLE

*MAT _PLASTIC _KINEMATIC _TITLE

*MAT _RIGID _TITLE

*MAT _SEATBELT _TITLE

*MAT _SIMPLIFIED _-RUBBER_TITLE

*MAT _SPRING_NONLINEAR _ELASTIC

*MAT _VISCOELASTIC _TITLE

Other LS-DYNA keywords:

*CONSTRAINED _EXTRA _NODES_NODE

*CONSTRAINED _JOINT _CYLINDRICAL _ID

*CONSTRAINED _JOINT _REVOLUTE _ID

*CONSTRAINED _JOINT _SPHERICAL _ID

*CONSTRAINED _JOINT _STIFFNESS_GENERALIZED

*CONSTRAINED _RIGID _BODIES

*CONTACT _AUTOMATIC _NODES_TO_SURFACE_ID

*CONTACT _AUTOMATIC _SINGLE_SURFACE_ID

*CONTACT _FORCE_TRANSDUCER _PENALTY _ID

*CONTACT _TIED _SURFACE_TO_SURFACE_ID

*DAMPING _GLOBAL
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*DEFINE _COORDINATE _NODES

*DEFINE _COORDINATE _NODES_TITLE

*DEFINE _CURVE

*DEFINE _CURVE _TITLE

*DEFINE _TABLE

*DEFINE _TABLE _TITLE

*ELEMENT _BEAM

*ELEMENT _DISCRETE

*ELEMENT _SEATBELT

*ELEMENT _SEATBELT _ACCELEROMETER

*ELEMENT _SEATBELT _SLIPRING

*ELEMENT _SHELL

*ELEMENT _SOLID

*END

*EOS_GRUNEISEN_TITLE

*HOURGLASS

*INITIAL _FOAM _REFERENCE _GEOMETRY

*KEYWORD

*LOAD _BODY _Z

*NODE

*PART _CONTACT

*SECTION _BEAM

*SECTION _BEAM _TITLE

*SECTION _DISCRETE

*SECTION _SEATBELT _TITLE

*SECTION _SHELL

*SECTION _SHELL_TITLE

*SECTION _SOLID

*SET_PART _LIST_TITLE

*TITLE

OASYS Primer keywords used:

*ASSEMBLY

*DUMMY _END

*DUMMY _START

*H_POINT

*UNITS
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1.4 Accelerometers

Acc 1006
node 10005

Acc 1001
node 10000

Acc 1002
node 10001

Acc 1007
node 10007

Acc 1004
node 10003

Acc 1005
node 10004

Acc 1003
node 10002

Figure 1: Location of accelerometers and history nodes

Figure 1 depicts the accelerometer and time history nodes. The foling table shows

the de nition of the nodes.

Item Accelerometer ID| 1st node| 2nd node| 3rd node
Head 1001 10000 10164 10165
Vertebra C4 1002 10001 10166 10167
Vertebra T1 left 1003 10002 10168 10169
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Vertebra T1 right 1007 10007 10177 10178
Vertebra T8 1004 10003 10170 10171
Vertebra L1 1005 10004 10172 10173

Pelvis 1006 10005 10174 10175

1.5 Local coordinate systems

Coor 1001
upper neck
load cell

Coor 1003 OC

Coor 1004 C1

Coor 1005 C2
Coor 1006 C3

Coor 1007 C4

Coor 1008 C5

Coor 1009 C6

Coor 1010 C7
Coor 1011 T1
Coor 1002

lower neck
load cell

Coor 1012 T1

Figure 2: Location of coordinate systems on the neck

Figure 2 shows the coordinate systems on the neck vertebrae. The doling table
shows the de nition of the coordinate systems and the locatn.

ltem Coordinate system ID| 1st node| 2nd node| 3rd node
Upper Neck load cell 1001 10051 10052 10053
Lower Neck load cell 1002 10055 10056 10057
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Occipital 1003 10601 10602 10603
Vertebra C1 1004 10604 10605 10606
Vertebra C2 1005 10607 10608 10609
Vertebra C3 1006 10610 10611 10612
Vertebra C4 1007 10613 10614 10615
Vertebra C5 1008 10616 10617 10618
Vertebra C6 1009 10619 10620 10621
Vertebra C7 1010 10622 10623 10624
Vertebra T1 1011 10625 10626 10627
Vertebra T1 1012 10628 10629 10630

Coor 1013 4
2l s - Coor 1014/1015
T s .

Coor 1016/1017 — &

Coor 1018/1019
Coor 1020/1021 ———

Coor 1024/1025 — —— Coor 1022/1023

Coor 1026/1027

Coor 1030/1031

{‘ — Coor 1034/1035

fi—— Coor 1038/1039
i

Coor 1044/1045 \ 2R Coor 1042/1043
=2l afs

Coor 1047 ——m— : ——— Coor 1046
Py

pelvis interface
load cell

Figure 3: Location of coordinate systems on the thoracic arldmbar spine

Figure 3 shows the coordinate systems on the thoracic and lumbar spinThe coordi-
nate systems are used to de ne the torsional beams of the seim the joint sti ness
cards. The advantage of this discretization is that after a @sitioning simulation all
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torsional beams are prestressed automatically. To de ne adtional moment between
the vertebrae there are further coordinate systems CID 20002016. These Coor-
dinate systems are not shown in the picture above. The follamg table shows the
de nition of the coordinate systems and it's location.

Iltem Coordinate 1st node 2nd node 3rd node
system ID
Washer 111 1013 10062 10063 10064
Washer 112 1014 10065 10066 10067
Washer 113 1015 10068 10069 10070
Washer 114 1016 10071 10072 10073
Washer 115 1017 10074 10075 10076
Washer 116 1018 10077 10078 10079
Washer 117 1019 10080 10081 10082
Washer 118 1020 10083 10084 10085
Washer 119 1021 10086 10087 10088
Washer 120 1022 10089 10090 10091
Washer 121 1023 10092 10093 10094
Washer 122 1024 10095 10096 10097
Washer 123 1025 10098 10099 10100
Washer 124 1026 10101 10102 10103
Washer 125 1027 10104 10105 10106
Washer 126 1028 10107 10108 10109
Washer 127 1029 10110 10111 10112
Washer 128 1030 10113 10114 10115
Washer 129 1031 10116 10117 10118
Washer 130 1032 10119 10120 10121
Washer 131 1033 10122 10123 10124
Washer 132 1034 10125 10126 10127
Washer 133 1035 10128 10129 10130
Washer 134 1036 10131 10132 10133
Washer 135 1037 10134 10135 10136
Washer 136 1038 10137 10138 10139
Washer 137 1039 10140 10141 10142
Washer 138 1040 10143 10144 10145
Washer 139 1041 10146 10147 10148
Washer 140 1042 10149 10150 10151
Washer 141 1043 10152 10153 10154
Washer 142 1044 10155 10156 10157
Washer 143 1045 10158 10159 10160
Washer 144 1046 10161 10162 10163
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Vertebra T2 2000 10750 10751 10752
Vertebra T3 2001 10753 10754 10755
Vertebra T4 2002 10757 10758 10756
Vertebra T5 2003 10760 10759 10761
Vertebra T6 2004 10764 10763 10762
Vertebra T7 2005 10766 10767 10765
Vertebra T8 2006 10769 10770 10768
Vertebra T9 2007 10772 10773 10771
Vertebra T10 2008 10774 10775 10776
Vertebra T11 2009 10778 10779 10777
Vertebra T12 2010 10780 10782 10781
Vertebra L1 2011 10784 10783 10785
Vertebra L2 2012 10788 10787 10786
Vertebra L3 2013 10791 10790 10789
Vertebra L4 2014 10793 10792 10794
Vertebra L5 2015 10797 10796 10795
Vertebra sacrum 2016 10799 10800 10798
Pelvis interface load cell 1047 10059 10060 10061

Coor 1062/1063

Coor 1064/1065 7 ¢

Coor 1066/1067

Coor 1078/107 /

79 |

Coor 1074/1075 |

Coor 1076/1077

Coor 1056/1057

Coor 1058/1059
Coor 1060/1061

Coor 1068/1069

Coor 1070/1071
Coor 1072/1073

Coor 1048/1049
on the H-point

Coor 1050/1051
\

| Coor 1052/1053

|
| Coor 1084/1085

Coor 1080/1081

Coor 1082/1083

Figure 4. Location of coordinate systems on the arms and legs

Coor 1054/1055
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Figure 4 shows the location of coordinate systems of the joints in tH&oRID 2 model.

The coordinate systems are used to de ne the joint sti nessfahe extremities. These
coordinate systems are also important to build a tree le sticture to position the

dummy. The following table shows the de nition of the coordiate systems and the
location.

ltem Coordinate 1st node 2nd node 3rd node
system ID
H-point 1048 10504 10505 10506
1049 10500 10501 10502
yoke left 1050 10489 10486 10488
1051 10426 10429 10430
upper arm left 1052 10443 10444 10428
1053 10442 10441 10480
elbow left 1054 10465 10456 10453
1055 10466 10482 10467
lower arm left 1056 10435 10483 10436
1057 10421 10415 10424
wrist left 1058 10437 10413 10412
1059 10440 10485 10472
hand left 1060 10448 10447 10419
1061 10449 10450 10474
yoke right 1062 10588 10587 10589
1063 10526 10529 10530
upper arm right 1064 10543 10544 10528
1065 10542 10541 10580
elbow right 1066 10565 10556 10553
1067 10566 10582 10567
lower arm right 1068 10535 10583 10536
1069 10521 10515 10524
wrist right 1070 10537 10513 10512
1071 10540 10585 10572
hand right 1072 10548 10547 10519
1073 10549 10550 10574
knee left 1074 10664 10659 10652
1075 10652 10666 10651
foot ankle left 1076 10662 10660 10661
1077 10655 10657 10656
hip joint left 1078 10672 10673 10675
1079 10676 10677 10679
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knee right 1080 10694 10689 10682
1081 10682 10696 10681
foot ankle right 1082 10692 10690 10691
1083 10685 10687 10686
hip joint right 1084 10702 10703 10705
1085 10706 10707 10709
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2 Extraction of occupant injury criteria

To extract the occupant injury criteria of the BioRID 2 model the following prepa-
rations have been made:

2.1 Head acceleration

Node 10000
- ) to measure
] Head acceleration

Rigid Skull

Figure 5: Head acceleration

Figure 5 shows the head model; the Node 10000 is positioned at the gemf gravity
of the head and an accelerometer is de ned.

Item | Node ID | Component
Head| 10000 | x-acceleration
Head| 10000 | z-acceleration
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2.2 Spine acceleration

Four di erent accelerometers are de ned on the spine of theiBRID. The accelerom-
eters are shown in the Figures.

Vertebra C4
Node ID 10001

Vertebra T1 left/right
Node ID 10002/10007

Vertebra T8
Node ID 10003

Vertebra L1
Node ID 10004

Figure 6: Spine accelerometer nodes

Item Node ID Component
Vertebra C4 10001 | x-acceleration and z-acceleration
Vertebra T1 10002 | x-acceleration and z-acceleration
left hand side

Vertebra T1 10007 | x-acceleration and z-acceleration
right hand side
Vertebra T8 10003 | x-acceleration and z-acceleration

Vertebra L1 10004 | x-acceleration and z-acceleration
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2.3 Pelvis acceleration

Pelvis foam

Pelvis accelerometer
Node ID 10005

Hollow space

H-Point Node ID 10500
Pelvis Bone

Figure 7: Pelvis acceleration

Figure 7 shows a plane cut along the z-x plane. The accelerometer isunted in the
marked hollow space. Node 10005, on the top of the Hollow spads used as the
accelerometer Node and an accelerometer is de ned on it.

Item | Node ID | Component
Pelvis| 10005 | x-acceleration
z-acceleration
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2.4 Neck Load cells

Upper Neck load cell
Element ID 10000

Lower Leck load cell
Element ID 10001

Figure 8: Neck load cells and discrete element IDs

Figure 8 shows the location of the upper neck load cell and the lower akeload cell.
Both are modelled as discrete beams. The table below givedaldls on the extraction
of the loads.

Item Beam ID | Component

Upper neck force] 10000

X - direction axial

z - direction shear-t

y - moment moment-s
Lower neck force| 10001

X - direction axial

Z - direction shear-t

y - moment moment-s
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2.5 Pelvis interface load cell

Pelvis interface ﬂ
load cell - &

Element ID 10002

Figure 9: Pelvis interface load cell and discrete element ID

Figure 9 shows the location of the pelvis interface load cell. It is nieled as a discrete
beam and is used to extract the interface forces between theiree and pelvis. The
table below gives details on the extraction of the loads.

ltem Beam ID | Component
Pelvis force | 10002
X - direction axial
z - direction shear-t
y - moment moment-s
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2.6 Force between head and head restraint

Contact surface to
measure the contact
force between head
and head restraint

Figure 10: Contact shells to extract forces on the head

Figure 10 shows the contact shells at the back of the head.

A *CONTACT _FORCE_TRANSDUCER_PENALTY _ID is de ned between this part
and all other parts. This allows to extract the head contactdrces from the RCFORC
le. The table below gives details on the extraction of the frce.

Item Contact ID Component
force head and head restraint 1012 Resultant Force
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3 Incorporating the dummy in seat models

3.1 Positioning, tree le

The BioRID 2 model is delivered with a tree le for the OASYS Pimer pre-processor
(may work also for ALTAIR Hypermesh, not veried by DYNAmore). This allows

the user to position the dummy and adjust the parts accordingo their degree of
freedom.

Yoke left/right
H-point joint
to adjust the pelvis angle Upper arm
/ left/right

Hip joint left/right

/— Elbow left/right
Knee joint left/right j\

\ Lower arm
Ankle left/right left/right

Wrist left/right

Hand left/right

Figure 11: Joints in the BioRID 2 model

Figure 11 shows the connections of movable parts via tree le. The aampanying
local coordinate systems are shown in Figurg All revolute joints are visualized by
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beams.

An additional spherical joint is modelled at the H-point. Itis connected to a global
coordinate system which can translate but not rotate. Thusit is possible to measure
the pelvis angle during simulation. This might be of intergsparticularly during a
simulation for positioning the model and is also used to datmine the initial pelvis
angle with OASYS Primer.

Movable parts and revolute joints are:

Hand, left and right (stop angle: +-50.0 degrees)

Wrist, left and right (stop angle: +-90.0 degrees)

Lower arm, left and right (stop angle: -90.0 and 1.0 degrees)
Elbow, left and right (stop angle: +-90.0 degrees)

Upper arm, left and right (stop angle: -1.0 and 60.0 degrees)
Yoke, left and right (stop angle: -20.0 and 90.0 degrees)

Foot, left and right about their ankle joints (stop angle: lacal x and z direction
+-5.0 degrees local y direction -20.0 and 45.0 degrees)

Lower leg, left and right about their knee joints (stop angle -0.1 and 90.0
degrees)

Upper leg, left and right about their hip joints (stop angle: -10.0 and 20.0

degrees)

If the upper legs are rotated at the hip joints about the giverstop angles, initial
penetrations will occur. This can be observed in the hardwaralso.
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pelvis position indicator

-
angle in respect
to the pelvis 20.8 °

Pelvis angle 26.5°
delivering position

/ /

Figure 12: Location of H-Point and initial pelvis angle

Figure 12 shows the location of H-Point and the pelvis position indidar. More
details are given in the "User's Guide BioRID II; 2002, Dento ATD, Inc.".

The following delivering position is used:

H-Point Node-ID | x coordinate | y coordinate | z coordinate
10500 0.0 0.0 0.0
Pelvis angle 26.5 degrees

3.2 Positioning File

If the upper legs are rotated at the hip joints, initial penetations would occur. This
reaction is based on the hardware.In the hardware, the geotneis deformed if the
position of the upper leg is changed with respect to the pekui

It is better to position the upper legs by a pre-simulation. Aspecial positioning- le
< positioning_biorid2_v2.5 mm_ms_kg.key> is delivered to do this pre-simulation.
This le can also be used to move and rotate the head relativeotthe T1 vertebrae.
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The positioning le of BioRID2 is very easy to use. At the top 6 this le you will
nd a set of parameters to be de ned. These parameters are shio in the following
table.

Parameter | Description

term termination time of pre-simulation

tmove time to move parts

trans_x translation of whole dummy model in x direction
trans_z translation of whole dummy model in z direction
movhead global x translation head

rothead local y rotation head

[femry left femur rotation about local y

rfemry right femur rotation about local y

lfemrz left femur rotation about local z

rfemrz right femur rotation about local z

If you do not want to translate or rotate an assembly use a vergmall value
like 1.0E-20. Please do not use zero as value, because zersaaing factor is
default 1 in LS-DYNA. As the second step you have to Il in yourinclude- les
necessary for positioning the dummy model. Usually only theeat model and
the dummy model are used for the positioning procedure. Plea de ne a *CON-
TACT _AUTOMATIC _SURFACE_TO_SURFACE for contact between dummy and
the seat(environment). The BioRID2 v2.5 properties for thg contact are de ned in
the part set 1500.

3.3 Repairing Seatbelt Elements

For the BioRID2 v2.5 we o er a small Script which could be usetb repair the Seat-
belt Elements after a full deformed positioning simulation After such a positioning
simulation it may sometimes occur that some Seatbelt Elemenare swapped through
their slip rings. If the user wants to use the Nodal coordinas of the deformed po-
sition, LS-DYNA will have an Error because of the wrongly dened Slipring Elements.
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The o ered Script moves the Nodes of the Seatbelt Elements tbe right location so
that no more pre-processing operations are necessary.

The Script is available for the following systems:

File name System
repair_seatbelt elements.Inx | Linux
repair_seatbeltelements.hp | HP
repair_seatbelt elements.exe| PC
repair_seatbelt elements.iom| IBM
repair_seatbelt elements.sgi | SGI
repair_seatbelt elements.sun| SUN

The Script also asks for a Node ID o set. Here the user can deenthe Node ID o set
between the original numbering of the BioRID and his own nundring of the BioRID.

Please be careful that if the Node IDs between 10000 and 1158@ renumbered
arbitrarily, the Script will not work!

3.4 Numbering

Nodes in the range of 10.000 to 11.500 are used for the de oiti of
joints,accelerometers, etc.

Nodes with node IDs above 11.500 are used only in *NODE and *EMENT
cards.

Elements in the range of 10.000 to 11.500 are used for the diéion of history,
discrete elements,slipring elements, etc.

Elements with IDs above 11.500 are used only in *ELEMENT casl
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3.5 Contact de nitions

Figure 13: Parts used in contact de nition

For the contact of the dummy model with the vehicle and the s¢aan automatic
node to surface or automatic surface to surface contact isqmosed.

The usage of a single surface contact is not recommended. §might interfere
with the contact de nitions of the dummy model itself.

Figure 13 depicts parts proposed to be used in contact de nition of dumy with

vehicle and seat:

ltem Part ID ltem Part ID
head contact shells front 5 upper leg right skin 366
head contact shells rear 6 knee right skin 370
vertebra null shells rear 218 foot null shells 378
vertebra null shells 221 lower leg right skin 379
vertebra null shells 222 shoe right 381
contact shell te on plate on torso| 277 upper arm left skin 408
contact shell te on plate 278 lower arm left skin 409
torso outer contact shells 292 hand left skin 410
pelvis outer skin 304 null shells bones arm left 411
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upper leg left skin 326 upper arm right skin 458
knee left skin 330 lower arm right skin 459
foot null shells 338 hand right skin 460
lower leg left skin 339 null shells bones arm right 461
shoe left 341 null shells on gaps of lower arms 490

3.6 Additional remarks

The modi cation of the *CONTROL cards of the dummy le may have an in-
uence on the performance and robustness of the model. Thésee the *CON-
TROL cards of the dummy model are proposed for simulations thi the seat
model as well.

In case modi cations in the control cards are needed for theeat model, we
o er to run a subset of the validation runs with the modi ed control cards to

evaluate the in uence. Please contact your local support faletails.

All nodes have a connection to an element except the third beanodes of

all beam elements.

The model is free of initial penetrations (except some mid ¢@ nodes on T1

vertebrae)
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4 Prestressed components of the BioRID

The Spine of the BioRID 2 model is fully prestressed. In the teery position the
bumpers and the muscle substitute springs are fully pressgsed. The thoracic and
lumbar spine are in a stress free position.

pre-stressed
bumpers

o b

F1

Figure 14: Joints in the BioRID2 model

Figure 14 shows the prestressed components of the neck. The neck isuathd as
prescribed in the "BioRID Il User's Guide Denton ATD,Inc., 202" The delivery
position of the thoracic and lumbar spine is stress free. Th@e-stresses are generated
as follows:

The initial stress in the bumpers is prescribed by use of thesjword
INITIAL _FOAM _REFERENCE_GEOMETRY.

The muscle substitute springs are prestressed by an o set the load curves.
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The torsional beams of the thoracic and lumbar spine are autmtically pre-
stressed after a positioning simulation. This is done by these of relative

rotation of the coordinate systems, which are referenced the joint sti ness
cards.
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5 Release notes

5.1 Release notes from v2.0 to v2.5

The pelvis foam sti ness is adjusted to the new material beléur of the Pelvis
foam. The new material is included by Denton since the BioRIDuild level G.

Two Pelvis materials are present in the BioRID v2.5 model. Adefault we have
the MID 1118 as the latest pelvis foam material, which is testl in the pelvis
component test. As a variation one can use the pelvis materiaf the BioRID
2 build level G (MID 1119) which was also used in the BioRID2 v@ model.
The same is done for the rubber skin of the pelvis. The new defamaterial is
MID 1120 and the older material is MID 1121.

To switch to the old pelvis material please use for the pelvimam (PID 301)
material, the material MID 1119 instead of MID 1118 and for tke pelvis skin
(PIDs 302, 303, 304, 305), the material MID 1121 instead of 20Q.

The pelvis rotation is validated to new tests with the BioRIDin a sports car
seat. This is done by adjusting the joint sti ness of the hip gints.

The joint sti ness of the feet is also adjusted to the new test

The prestress option for the torso and the upper legs by usingitial foam
reference geometry is switched on.

The script to repair seatbelt elements after pre-simulatios is enhanced to get
fewer errors. The new script can be used for both BioRID v2.0nd BioRID
v2.5 models.
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5.2 Release notes from v1.5 to v2.0

The rubber bumpers in the spine now use the MATL81
(*MAT _SIMPLIFIED _RUBBER) in  conjunction with the  *INI-
TIAL _FOAM _REFERENCE_GEOMETRY. This is the reason, that the
BioRID can only be used with the following LS-DYNA releases:

{ For 970 you have to use:
970.6763.2.361 from the 04/25/2006 or newer.

{ For 971 R2 (R2 means all 971.7600 versions):
971.7600.2.525 from 07/10/2006 or newer

{ For 971 R3 (R3 means all 971 versiors 971.7600):
971.9080 or newer than 07/09/2006.

If another LS-DYNA version is used, the BioRID model will notterminate
with an error but the results of the simulation will be wrong. Please contact
your local LS-DYNA distributor to get the right LS-DYNA version.

At the back of the dummy, the torso esh is opened.

The Te on plate in the back of the torso esh is modeled on corct. It is only
plugged in beadings on both sides in the torso esh.

Friction tests, between dierent parts in the dummy model, hitiated by the
FAT working group are included.

The geometry of the T1 vertebra is modi ed. It is now more acaate and the
lateral strain of the bumpers on T1 is now hindered more realically.

A second accelerometer is de ned on the T1 vertebra on the highand side.
The BioRID2 calibration test is now ful lled .

The gaps of the upper arms are closed by the use of contact $héb get a more
stable contact to the seat.

A small Script is o ered which can be used to repair the SeatlieElements after
a full deformed positioning simulation.
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6 Material tests

Material tests on all major foams and rubber like materials &ve been performed.
The specimens were taken from blocks provided by Denton COR Heidelberg. The
blocks are depicted below.

The following materials were tested:

Pelvis foam

Upper arm foam

Upper leg foam

Lower leg foam

Yellow urethane bumper
Black urethane bumper

Vinyl (Skin)
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Silicone (Thorax esh)

The tests were adapted to derive material data for *MATFU_CHANG_FOAM and
*MAT _SIMPLIFIED _RUBBER. Hence, the emphasis was on static and dynamic ten-
sion and compression tests. For the rubber like materialshé compression tests were
also performed with a lateral obstructed expansion. The udestrain rates were:

Test | Type Strain rate Lateral expansion
1 Tension 0.001 1/s (static) | free

2 Tension 0.11/s free

3 Tension 10 1/s free

4 Tension 100 1/s free

5 Tension 500 1/s free

6 Compression| 0.001 1/s (static) | obstructed
7 Compression| 0.001 1/s (static) | free

8 Compression| 0.1 1/s free

9 Compression| 10 1/s free

10 | Compression 100 1/s free

11 | Compression| 500 1/s free
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7 Performance

7.1 Sled test with spine only

For validation of the Spine we use three dierent sled tests mich are carried out
only with the spine of the BioRID.

The sled is the same in all cases, but the connection of the ito the sled is
di erent in all three cases.

(a) Fixedupto T1 (b) Fixed up to T8

(c) Fixed pelvis plate (L6)

Figure 15: Spine component tests

Figure 15 shows the three connection cases. All cases are loaded witBgatriangular
pulse, which is shown for each case on page 3 of the results.

In the rst case, the spine is connected from the pelvis platep to the T1
vertebra on the sled.
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In the second case, the spine is connected from the pelvistplaip to the T8
vertebra on the sled.

In the third case, the spine is only connected with the pelviglate (L6 vertebra)
to the sled.

For each of these cases we again had two modi cations of thersp They are:

the complete spine with rotational damper and with muscle dastitute springs
spine without rotational damper and with muscle substitutesprings
All the following results use the same colouring scheme. Thxack and grey curves

are the test data, the green curves show the results of BioREDv2.0 and the red
curves show the results of the BioRID2 v2.5.
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7.1.1 Results of spine xed up to T1

Figure 16: Spine xed up to T1
Spine xed up to T1 with damper/with muscle substitute sprin gs (Page

1)
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Spine xed up to T1 with damper/with muscle substitute sprin gs (Page
2)

Spine xed up to T1 with damper/with muscle substitute sprin gs (Page

3)
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Spine xed up to T1 without damper/with muscle substitute sp rings (Page
1)

Spine xed up to T1 without damper/with muscle substitute sp rings (Page

2)
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Spine xed up to T1 without damper/with muscle substitute sp
3)

rings (Page
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7.1.2 Results of spine xed up to T8

Figure 17: Spine xed up to T8
Spine xed up to T8 with damper/with muscle substitute sprin gs (Page

1)
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Spine xed up to T8 with damper/with muscle substitute sprin gs (Page
2)

Spine xed up to T8 with damper/with muscle substitute sprin gs (Page

3)
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Spine xed up to T8 without damper/with muscle substitute sp rings (Page
1)

Spine xed up to T8 without damper/with muscle substitute sp rings (Page

2)
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Spine xed up to T8 without damper/with muscle substitute sp
3)

rings (Page
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7.1.3 Results of spine xed up to L6

Figure 18: Spine xed up to L6
Spine xed up to L6 with damper/with muscle substitute sprin gs (Page

1)
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Spine xed up to L6 with damper/with muscle substitute sprin gs (Page
2)

Spine xed up to L6 with damper/with muscle substitute sprin gs (Page

3)
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Spine xed up to L6 without damper/with muscle substitute sp rings (Page
1)

Spine xed up to L6 without damper/with muscle substitute sp rings (Page

2)
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Spine xed up to L6 without damper/with muscle substitute sp
3)

rings (Page
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7.2 Sled test with spine and torso esh

Figure 19: Sled test with torso esh

The torso leans against a half steel cylinder tube. The load & 69 triangular pulse
which is shown on page 3 of the results.

Page 1
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Page 2

Page 3
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7.3 Calibration test results

Figure 20: Calibration test setup

The calibration test setup is done as described in the manuaf the physical dummy
(BioRID Il User's Guide Robert A. Denton, Inc., June 2002).

The required corridors are the blue boxes and lines. The rdtsuof the BioRID2 v2.0
are the green lines and the results of the BioRID2 v2.5 are thed lines.

Results of BioRID2 calibration test
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7.4 Pelvis test results

Figure 21: Pelvis test setup

Due to some changes in the hardware of the BioRID pelvis esmew component
tests on the pelvis esh are performed. The tested pelvis c@ronents are using new
material adjustments of the BioRID2. Two dierent pelvis esh components are
used for testing.

The test is performed as shown in the picture above. For the iiget point of the
pendulum, three di erent heights and two di erent velocities are used.

Figure 22: Pelvis test carried out at di erent heights
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Results of BioRID2 pelvis test - all heights, low velocity

Results of BioRID2 pelvis test - all heights, high velocity
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7.5 Sports car seat results

Figure 23: Whiplash seat

Due to the new pelvis stiness and also to get smoother resaltof the BioRID for
validation of the whole Dummy model, new tests are performed a sports car seat.
The used seat is depicted in the picture above.

SRA16 pulse | 16 km/h plateau
IWPG pulse | 16 km/h triangle

Before the tests, the position of the dummy was measured veaccurately. Addi-

tionally, the position of the arms in simulation is adjustedvery accurately to the test
position. The in uence of the arm position has a major in uere on the results of
the neck load cells.

The prestress is used for the complete model including BioRland Seat model.

In the following the results of the BioRID v2.5 are the red lies. The green lines are
the results of the BioRID v2.0. All other curves are test dataAll grey curves are a
rst BioRID and all blue curves are a second BioRID in test.
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Page 1 SRA16 pulse

Page 2 SRA16 pulse
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Page 3 SRA16 pulse

Page 4 SRA16 pulse
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Page 5 SRA16 pulse

Page 6 SRA16 pulse
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Page 1 [IWPG pulse

Page 2 IIWPG pulse
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Page 3 IIWPG pulse

Page 4 IIWPG pulse
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Page 5 IIWPG pulse

Page 6 IIWPG pulse



8 FUTURE WORK 64

8 Future work

For the next release, additional tests in the sports car seétave been planned:

{ The target of these tests is to nd out the source of the di eraces in the
upper and lower neck load cell.

{ Another purpose of these tests is to nd out the reason for thecatter in
the test for the lower neck z-force.

{ The tests should also be used to validate the upper and loweeck signals
in greater detail, to grasp the test data more accurately.

We shall also work on the di erences in the z-accelerationggials of the Head
and C4-vertebrae in the spine component tests.

Furthermore we are working on a new modelling technique fohé cable in the

dummy. The target is to eliminate all seatbelt elements andse a cable which
also provides a bending sti ness.



LIST OF FIGURES 65
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