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MADYMO 3D Simulations of
Hybrid IIl Dummy Sled Tests

ABSTRACT

This paper presents a three-dimensional 15-
segment model of the Hybrid Il dummy for the
MADYMO 3D Crash Victim Simulation program. The
model is based on measurements conducted on two
Hybrid 1l dummies by Wright Patterson Air Force
Base. Results of MADYMO 3D simulations will be
compared with Hybrid Il sled tests conducted by
Ford Motor Co. These tests were conducted at three
different impact severity levels. For the three test con-
ditions good agreement between model and experi-
mental results could be observed for most of the out-
put parameters. Recommendations for further model
improvements will be made.

MADYMO is a computer program particularly devel-
oped for Crash Victim Simulations (1)*. The program
predicts the kinematics and the dynamical behaviour
of a crash victim or any other structure which can be
represented by a number of connected rigid bodies,
based on data of the victim, the environment, the
safety devices and the crash conditions. The package
differs from most of the existing CVS programs by its
flexibility in choice of number of linkages and number
of elements in each linkage. Great flexibility in the
modelling of force interactions between elements and
environment is assured by the fact that user-defined
submodels can readily be incorporated.

There are two versions of MADYMO: MADYMO
2D and MADYMO 3D for two- and three-dimensional

* Numbers in parentheses designate references at
end of paper

J. Wismans and J.H.A. Hermans
TNO Road-Vehicles Research Institute
Delft

The Metherlands

simulations, respectively. Both versions have been
used extensively in the past for the simulation of
frontal crashes, pedestrian and cyclist accidents, side
impacts, sport accidents, etc....

This paper is related to the application of
MADYMO 3D in a frontal crash environment. A math-
ematical model (= input data set) of the Hybrid Il
dummy will be presented. This dummy is generally
considered to be one of the most advanced crash test
dummies available at the moment. The MADYMO 3D
Hybrid Il database presented here is mainly based
on measurements conducted by the Biodynamics &
Bioengineering Division of the Harry G. Armstrong
Aerospace Medical Research Laboratory, Wright Pat-
terson Air Force Base in Ohio, USA. (Further refered
to as WPAFB). These measurements were carried
out on two dummies: one standing dummy and one
sitting dummy (2). The work presented here is part of
the activities conducted by the Analytical Human Sim-
ulation Taskforce of the SAE Human Biomechanics
and Simulation Subcommittee. As part of the work of
this Taskforce also a series of Hybrid Il sled tests
have been carried out by Ford Motor Co. (3). These
tests will be used here for validation of the proposed
MADYMO 3D Hybrid Il model.

Simular model validation studies have been car-
ried out by Prasad (4) for the MADYMO 2D model, by
Obergefell et al. (5) for the ATB-CVS program and by
Khatua (6) for the CALSPAN CVS program.

In the next section the Hybrid Il dummy model
will be formulated followed by a section describing the
model of the environment of the Hybrid Ill dummy, i.e.
the sled and the restraint system. In the subsequent
section model predictions will be presented together
with experimental results. A final discussion con-
cludes this paper.

0148-7191/88/0229-0645502.50 )
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HYBRID Il DUMMY MODEL

SEGMENT SELECTION - Fifteen segments
have been selected in this study to define the Hybrid
Il dummy in MADYMO 3D. Segment numbers and
segment names are summarized in Table 1. In the
measurement program conducted by WPAFB a simi-
lar segment division was used except for the hands
which were measured separately. In the model pro-
posed here the hands have been included in the
lower arm segments. A reprint of the computer output
of MADYMO 3D explaining the selected MADYMO
input data is given in Annex A. For an explanation of
this input description see the MADYMO 3D User's
Manual (7). In the following sections the most impor-
tant input parameters will be discussed briefly and the
most important model assumptions will be summa-
rized.

TABLE 1 - ELEMENT NAMES OF MODEL OF
HYBRID Il DUMMY

Element number Element name

Lower Torso
Spine

Upper Torso
Neck

Head

Upper Arm Left
Lower Arm Left
Upper Arm Right
Lower Arm Right
Upgar Leg Left
Lower Leg Left
Foot Left

Upper Leg Right
Lower Leg Right
Foot Right
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LOCAL COORDINATE SELECTION - For each
segment a local right-handed coordinate system
(x,y,z) has been defined. For the sitting position illus-
trated in Fig. 1 all local z-axes are directed upward, all
x-axes are forward and all y-axes to the left. Table 2
specifies in more detail the location of these local
coordinate systems. The origins of the coordinate
system of the limbs and the lower torso have been
selected in the joint centers of rotation. For the other
segments the coordinate system origins were chosen
in the centers of the end planes of the rubber cylin-
ders representing neck and lumbar spine.

Fig. 1 Location of local coordinate systems.

MASS DISTRIBUTION - Segment masses, cen-
ters of gravity and principal moments of inertia are
based on rough data obtained from WPAFB in the
beginning of 1987. In certain cases these rough data
will differ from the data to be presented in the final
report of WPAFB which is planned to be published in
1988 (8). In the input dataset principal moments of
inertia of less than 0.01 kg.m2 have been set at 0.01
kg.m? in order to reduce the computer time (cpu)
required for a simulation. The influence of this on the
simulation results is negligible. WPAFB measure-
ments show that for most segments the deviation in
orientation between principal moments of inertia axes
and local coordinate system axes is small. Only the
head principal axes appear to deviate significantly.
Consequently it was decided to introduce a separate
principal moment of inertia coordinate system only for
the head. In the other segments the orientation of this
coordinate system is taken identical to the segment
local coordinate system orientation.

JOINT PROPERTIES - In MADYMO 3D two
types of joint models can be distinguished (1). The
cardan joint model was used to simulate shoulder,
elbow, hip, knee and ankle joints. The flexion-torsion
joint model was chosen to approximate the neck and
lumbar spine flexibility. For each segment member of
a joint, a local joint coordinate system has to be
defined. The orientation of these coordinate systems
has been selected such that for the sitting position of
the dummy which is illustrated in Fig. 1 both joint
coordination systems of a joint coincide. Fig. 2 pre-
sents the location of the joint local coordinate systems
for which the orientation differs from the orientation of
the local coordinate system.



TABLE 2 - SPECIFICATION OF LOCAL COORDINATE SYSTEMS*®

Lower Torso origin:
y-axis:
X-axis:

Spine origin:

H-point.
Along centerline through left and right hip center.
Pointing forwards parallel to pelvis top plane.

The center of the plate on the lumbar spine which attaches the

pelvis and the spine.

y-axis:
X-axis:

Upper Torso origin:

Parallel to centerline through left and right hip center.
Parallel to x-axis of the lower torso local coordinate system.

The center of the plate on the lumbar spine which attaches the

spine and the upper torso.

y-axis:
X-axis:

Neck origin:
Z-axis:

Head origin:
z-axis:

origin:
X-axis:

Upper Arm

Z-axis:

origin:
y-axis:

Lower Arm

origin:
y-axis:
X-axis:

Upper Leg

origin:
y-axis:
z-axis:

Lower Leg

Foot origin:
z-axis:

Parallel to centerline throug left and right hip center.
Parallel to x-axis of the lower torso local coordinate system.

Center of the lower aluminium neck spacer.
Along centerline neck.

Center of the neck/head pivot.
Along centerline neck.

Center of shoulder pivot for abduction/adduction motion.
Along centerline of shoulder pivot for abduction/adduction
motion.

Along the line between center of shoulder and elbow pivot.

Center of elbow pivot.
Along centerline of elbow pivot.

Center of hip.
Along centerline through left and right hip center.
Intersects the knee centerline

Center of the knee.
Along centerline of knee pivot.
Along the line between center of knee and ankle pivot.

Center of the ankle.
Along the line through center of knee and center of ankle.

* Mote: if not specified in other way, all positive x-axis are forward, all positive y-axis are to the left and all positive z-axis are upward (in

sitting position)

Both the cardan joint model and the flexion-tor-
sion model allow three degrees of freedom. Joint
motions in MADYMO 3D can be suppressed by defin-
ing relatively stiff elastic joint characteristics. The
number of degrees of freedom allowed in the various
joints of the present model is summarized in Table 3.
The Hybrid Il shoulder assembly allows motion in
four pin joints: two joints for rotation of the shoulder
assembly relative to the thorax and two joints for rota-
tion of the upper arms relative to the shoulder assem-

bly. Both rotations of the shoulder assembly have
been neglected in the model.

Most of the elastic joint properties in the model
have been derived from the rough data provided by
WPAFE. Values for the neck and lumbar spine were
based on additional data obtained from Ford Motor
Co. (4). Due to the limited information available no
separate bending properties for rearward and lateral
bending in the neck and lumbar spine could be
defined in the present model. Properties in these



Fig. 2. Orientation of joint coordinate systems in
dummy reference position for which the orientation
differs from the orientation of the local coordinate
systems.

directions have been chosen identical to frontal flex-
ion data. For the validation studies presented here the
effect of this is expected to be small. Most of the
damping coefficients have been estimated assuming
that the joints are less than critically damped. First a
rough estimate was made of a critical damping coeffi-
cient: the actual values in the model were selected
below this critical damping depending on the type of
joint. Friction torques have been calculated assuming
that the dummy joints are preset to hold the segment
in a static equilibrium position (1G setting). The upper
and lower arm are both kept horizontally. For the hip
joint both lower leg and upper leg are placed in a hori-
zontal position.
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Fig. 3 Contact ellipsoids in Hybrid il model.

CONTACT ELLIPSOIDS Results of the
WPAFB measurements include dimensions and loca-
tions of dummy segment contact ellipsoids. The con-
tact ellipsoids in the MADYMO 3D have been speci-
fied based on this information and additional data
contained in technical drawings of the Hybrid Il
dummy. Fig. 3 illustrates the resulting Hybrid il sur-
face description.

MODEL OF SLED AND RESTRAINT SYSTEM

A series of sled tests with the Hybrid Il dummy
in a three-point harness system have been carried out
by Ford Motor Co. (3). Dummy responses for three
levels of impact severity are available. The peak

TABLE 3. DEGREES OF FREEDOM IN JOINTS OF HYBRID Il MODEL.

joint degrees of freedom type of motion

neck (upper and lower) 3 bending (x/y)* and torsion (z)*

spine (upper and lower) 3 bending (x/y and torsion (z)

shoulders 2 flexion-extension (x) and adduction abduction (z)

elbow 2 flexion-extension (z) and twist (x)

hip 3 flexion-extension (x), twist (z) and adduction-
abduction (y)

knee flexion-extension (x)

ankle flexion-extension (x)

* for explanation of rotation axes; see MADYMO User's Manual {7
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Fig. 4 Sled acceleration-time histories used as input in MADYMO.

values for the sled acceleration of the low, mid and
high severity tests were 23.5, 27.5 and 32.2 G,
respectively. The sled velocity in these tests was 15.3
m/s. MADYMO 3D simulations have been carried out
for all three impact severities. Fig. 4 shows the sled
acceleration-time histories used in the simulations.
The initial position of the dummy and the locations of
the various belt parts are shown in Fig. 5.

SEAT - A hard seat pan without foam was used
in these tests. This seat is modeled in MADYMO 3D
by planes attached to the inertial space. The contact
stiffnesses for the interaction between pelvis and seat
were measured by Ford Motor Co. Additional planes

were defined in MADYMO for the contact between
feet and floor (see Fig. 5). Stiffness data for this con-
tact were also obtained from Ford Motor Co.
RESTRAINT SYSTEM - The anchor locations
for the restraint system were exactly as in the tests.
The inboard strap used in the test was not simulated.
In the model the part of the shoulder belt leading from
chest to inboard buckle was assumed to extend from
the chest to the inboard floor tunnel-anchor point.
Similarly, the inboard portion of the lap belt was
assumed to extent from the pelvis to the same
inboard anchor point. These simplifications of the belt
geometry are expected to have a minor effect on the

Fig. 5 Initial position.



model results since the inboard strap is also made of
webbing material.

Five belt segments are used in the model to rep-
resent this restraint system: retractor part, shoulder
belt, lower torso part, inboard lap and outboard lap.
The retractor outlet function used in the model ('film
spool effect’) and belt properties were measured by
Ford Motor Co. Lap belt stiffness data were corrected
for compression of the dummy flesh based on static
tests conducted by Ford Motor Co.

RESULTS

Mathematical simulations have been conducted
with MADYMO 3D for the three impact severity levels
discussed in the preceding section. Fig. 6 illustrates
the resulting motion (gross kinematics) of the Hybrid
Il dummy model in the mid-severity test (27.5 G).
These plots were obtained using the MADYMO
Graphics Program. The predicted gross kinematics
appeared to agree very well with the observations
from the high speed films.

ACCELERATIONS - Fig. 7 shows a comparison
between the model and experimental acceleration-
time histories. Results are given for the resultant
accelerations of the head, thorax (upper torso) and
pelvis (lower torso) for the three impact severity lev-
els. Model predictions for the head and thorax accel-
erations appear to be very realistic for all impact
severity levels. Both the peak values and the shapes
of the acceleration-time curves are close to the exper-
imental findings. For the pelvis accelerations peak
values predicted by the model appear to exceed the
experimental peak values for all impact severity lev-
els. The most likely explanation for this deviation is
the compliance of the pelvis/fabdomen flesh (sub-
marining!) which was only partly taken into account in
our simulations. Parameter variations of the lap belt
stiffness showed indeed that improvements in the
model response can be obtained easily by adjusting
the lap belt stiffness.

BELT LOADS - Fig. 8 presents the belt force-
time histories in the retractor belt part, the shoulder
belt part and the outboard lap belt. Results are pre-
sented for all three impact severity levels. A quite
good agreement between model and experimental
results can be observed.

DISCUSSION

The 15-segment database developed in this
study should be considered as a first attempt to
develop a computer simulation model of the Hybrid 11l
dummy for MADYMO 3D. In spite of a number of limi-
tations in the present study the resulting model pre-
dictions appear to be very promising, particularly in

view of the fact that reliable model results have been
obtained here for three different impact severity lev-
els. In the past most validation studies presented in
the literature concerned only one test condition. In
such a case quite often acceptable model results can
be obtained simply by tuning some of the model input
parameters. However, using such a ‘tuned' database
under different test conditions sometimes results in
rather unreliable and disappointing model predictions.

The database presented here is based on rough
data obtained from Wright Patterson Airforce Base
(WPAFB) in Dayton, Ohio. When the final WPAFB
data becomes available parameters in the present
database probably have to be adjusted slightly. Fur-
ther it should be noted here that WPAFB measure-
ments have been conducted on earlier Hybrid Il
dummy types. Recently some design changes have
been introduced in the thorax and neck segments.
Such changes will also influence the selected model
input parameters. For these dummy segments addi-
tional measurements are therefore recommended.

Another area of concern is the representation of
the neck and lumbar spine in the model. Additional
static and dynamic tests are needed, particularly for
lateral and rearward impact directions. Further it
should be realized that both the neck and lumbar
spine are represented by 2 ball and socket joints in
the model while in reality these (rubber) elements are
much more complicated. Flexible model elements
should be developed to simulate this type of struc-
tures.

The presented model consists of 15 segments.
Further model improvements can be obtained if sepa-
rate shoulder segments are included in order to repre-
sent the shoulder assembly rotion. Also one or more
separate sternum elements, as introduced by Prasad
(4) in de MADYMO 2D Hybrid Il database, would
improve the model. Due to suci: database extensions
the shoulder belt-thorax interaction would become
more realistic. In addition separate stemum elements
will allow the determination of the chest deflection
which is one of the most important Hybrid Il injury
parameters.

In the lower torso area a further model improve-
ment could be realized by simulating sliding of the lap
belt relative to the pelvis and the corresponding sub-
marining response. MADYMO allows this type of sim-
ulations by defining a separate segment while this
segment can slide and penetrate relative to the lower
and middle torso using adequate contact surfaces.

In the present validation study the complete
dummy response predicted by the model has been
compared with test results. Additional validation stud-
ies are proposed here to evaluate the response of
specific dummy components, for instance in well-con-
trolled calibration (impactor) tests.
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CONCLUSIONS

» A 15-segment MADYMO 3D-model has been
developed based on data obtained from Wright-Pat-
terson Air Force Base.

* Model predictions have been compared with well
controlled slecd tests under various impact severity
levels conducted by Ford Motor Co.

« Model results show good agreement with experi-
mental results.

« Areas for future model improvements have been
identified and additional Hybrid Il measurements
are proposed.

* In addition to full scale or sled test also local impact
tests on certain dummy parts should be carried out
for model validation purposes.
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APPENDIX A:
MADYMO reprint of input dataset for Hybrid 1l sled test simulation (mid severity impact level)
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ELASTIS CHARAC.
HYS

|
[=1= . |
1 3 1500000.- | FOOT PLANE
1 3 1500000. | FLOOR PLAHE
2 L3 B2%000. | SEATCUSH
2 4 BZ3000. | SEATBACK
1
|
o.0 |
13%.0 §
50,0 |
F00.0 |
|

T R R R R T R R R R R T R T T

B R L R R
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HASSES ARD PRINCIRAL HOMEHTS OF INERTIA "7

| HASS [Es| | HOMENT ©F INERTIA [®GM2I] 1

| | XX » IZZ 1

] 2.0LTE=01 2,3931E=01 B.230E-02 L.647E=01 | LOWEER TOREQ

] 1.5&TE=0DD 1,000E=D2 1.000E-03 L.000E=02 | SPLIHE

1 L.S503E+01 | 2,9&LE=D1 2.31%e-01 L.35%E=01 | WPFEE TORED

1 L.420E=00 | 1l.000E=02 1.000E-03 L.000E=02 | WECK

| 4.53%E+00 | l.590E=D02 1.400E-02 Z.2110E=D02 HEAD

1 I.08SE+00 | L.180E=02 1.130E-02 1.000E=02 UFPER ARM LEFT
| 2.313E+00 | 1.31090E=02 31.170E-02 1.000E=02 | LOWER ARM LEFT
| 2.08SE+QT | L.le0E=02 1.130€E-02 1.000E=02 | UFPER ARM RIGHT
| 2,318E+D0 | }.3190E=02 1.170E-02 1.000E=02 LOWEE ARM RIGHT
| 6.220E+00 | 4§ .8B0E=02 6, T40E-02 1.210E=02 UFPPER LEG LEFT
| 31.Z83E+0Q | 7.580E-02 T.4I0E-012 1.000E=02 LOWER LEG LEFT
| 1.2%0E+040 | L.00DE-02 L. 000E-DZ 1.000E=-02 FOOT LEFT

i 6.220E+00 | &.380E-02 §.T40E-02 1.210E=02 UFFER LEG RIGHT
] 3.283E+00 | 7.58DE-02 T.830E-012 1.000E=02 LOWER LEG RIGHT
1 L.2%1E+00 | 1.000E-02 L.200E-D2 1.000E=02 FOOT RIGHT

ARIEHTATION OF MOMENTS OF INERTIA COORDINATE SYSTEM RELATIVE TO ELEMENT CODRDIWNATE SYSTER

EL
5

']

i
| COSTHE MATRIX | 0.38%43 0,900! 0.4475 -0.0001 =1.0000 O0.0006 ©.4475 -0.0006 -0.5943 |

o

CARDAN JOINTS

Ha | IBENTIFIER |
|
1 | LOWER TORSQ - UPPER LEG LEFT
1 | LOWER TORSOQ = UPFER LEG RIGHT
1 | UPPER LES LEFT = LOWER LEG LEFT |
4 | UPPER LES RIGHT - LOWER LEG RIGHT |
5 | LAWER LE4 LEFT - FOOT LEFT i
& | LAWER LEG RIGHT - FOOT RIGHT 1
7 | UPPFER TORSO - WBEPER ARM LEFT |
3 | UPFER TORSO - UPPER ARM RIGHT |
3 | UPFER ARM LEFT - LOWER ARM LEFT |
10 | UPFER ARM RIGHT - LOWER ARM BIGHT |
Ha | 1 ELASTIC CHAR. PHI | ELASTIC CHAR. THETR | ELASTIC €
| ELI ELJ | L@ UHL HES ¥EL | LO UNL HY¥ 3 XEL L2 UNL
1| 1 10 ] 1 1 0. @.000 | 12 1] 0. o.004 ] ]
r B 1 11 ] 1 i 0. @.000 | 4 o 0. ¢.000 | 3 a
3 | 1a 11 | 5 1] 0. 9.000 | & 1] 0. o.0040 | ] a
i | 1y 11 )] =5 1] . @.000 | & a 0. @.000 | & a
5 1 i1 13§ 7 o . @.000 | & a 0. G.000 | ] a
& | 14 15 | 7 1] . @.000 | & o 0. G.000 | & a
i | 3 6] &8 0 G. 9.000 | & O 6. @.000 | 9 0
I 3 B | A o 6. 0.000 | & 3 0. G.000 | L0 a
a | & T | 11 -] . 0.000 | & o g, @.o000 | L2 ]
10 | 8 3 | 11 @ 0. 0.000 | & [} g. 0.000 | L2 a
ORIENTATION OF CARDAN JOIHT COORDINATE SYSTEM RELATIVE TO ELEMENT CORORDINA
[J2IHT DEHOTED BY IT5 HIGHER HUMBERED ELEMENT ELJ,ELEMENT DENOTED BY ELEM)
ELJI| ELEM
Lo 1 ROTATIONS ] ¥. 1.5708 0. ©.0000 0. D0.0000
L0 10 ROTATIONS 1 ¥. 1.57a8 o o.0009 0. 0.0000
L3 1 ROTATIONS 1 3. 1.5708 0. ©.0000 0. 0.0000
L3 13 RATATIONS 1 3. 1.5708 6. ©.0000 0. 0.00040
Ll 10 ROTATIONS i 3. 1.5708 B. ©.00400 0. G.0000
1l 1l RATATIONS i 3. 1.%708 @. ©.0000 0. 0.0009
14 i3 HOTATIONS ] 3. 1.%7408 @, a.00o0 0. 0,009
14 14 ROTATTONS ] 3. 1.%7408 @, Oo.o000 a. B,4%00
12 11 BOTATIONS i 3. 1.%708 o. o.o000 &, ©0.0000
12 12 BOTATIONS i 1. 1.5708 a. a.o000 4. 0.0000
15 14 BOTATIONS i . 1.570%8 a. do.o000 4. @.oo00
15 15 ROTATIONS 1 1. 1.570% a. @d.0000 a. @.0000
6 | i AOTATIONS 1 1. 1.570% 2. 1.5708 a. @.0e00
6 | & ROTATIONS 1 1. 1.,570% 2. 1.5708 a. @.0000
] 3 RAOTATICHS 1 1. L1.5708 2. 1.5708 da. @.0000
] .3 ROTATIONS | 1. 1.5708 d. 1.5708 9. G.0000
7 & AOTATIONS | 2, =1.5708 i. -1.5704 @. G.0000
2 b AOTATIONS 1 2, =1.5704 i. =1.5708 6. a.0000
] a ROTATIONS | 1. =1.8708 1. =1.5708 0. G.0000
] g | ROTATIONS | 1. =1.5708 1. =1.5708 0. d.0d00
*+ PARQUE CHARACTERISTICS CARDAN JOIATS **
TORQUE [NM| A5 FUKCTION OF ANGLE |RAD] :
HE L | HE 2 HR 3 I HR
|
=L.600 =55F.0 | -1.48040 =537.0 —-2.000 =-5Q0.0 =1.650
-9 .600 =52.0 | -0.800 =a7.@ -1.000 G.0 -8 _650
a.0040 0.9 | a.600 0.0 1.000 0.0 o.000
@.900 &8.40 | 0.&50 46.0 2.000 500.0 a.800
L.0049 96.9 | 1,650 546.0 1.800
2.000 596.0 |
|
TORQUE [HM] &3 FORCTION OF AHNGLE [RAD] 1
KR 7 i KR B BR 8 MR
1
=1.%09 =537.0 | =3.500 -500.0 o.00d .0 =3.500
-0.%04 =37.0 | =2-%00@ G0 2.%00 26.0 -3.500
-0, 400 a.8 | o.ooo a.0 31.%040 q26.0 g.000
G.a00 a.0 | 1.300 a.0
a.700 0.9 | 2.100 500.0
3.800 1.9 |
1.800 f41.9 |
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HAR .
HES

CoOOOoOooooo

TE SY¥aT

=548&.0
4.0
.0
87.0
587.0

DAMFIRG [RMS/ RAD]
PHI THETA PaI
6.00 6.00 5.00
.00 6.00 5.04
5.00 7.50 4.00
5.00 7.5%0 4.00
1.00 1.00 1.00
1.00 1.00 1.00
2.00 q.00 4.00
2.00 q.00 4.00
2.00 q4.00 2.00
2.00 .90 .00
|
|
HE 3 |
[
=2.%70 -300.9
=1.5%70 0.4
o.ono 0.9
o.2&0 0.9
o.7L1L0 31.49
0.890 41.9
1L.890 581.0
WR L1
=1.BE0 -3400.0
=0 _BED a.0
o.880 a.0
L.A@0 500.0

[

=1l.000
1.000

FRICTION [HM]
HI ~ THETh  PSI
00 45.00 14.900
.09 45.00 14.00
.00 4.0 0.00
.00 a.p0 o0.00
.00 ©0.00  ©.O00
.00 0.00 ©.00
40 0.00 1l.40
40 0.00 1L.d@
.20 d.o0  3.30
.10 o.on 3,30 |
HR & |
|
=500.9 |
500.0 |
HE 112
=544.0
=44, 0
=11.0
a.0
a.0
3040.0




** FLEXIOW-TORSIOH JOINTS +*+

Ha IDENTIFIER |
1 LOWER TORSO - SPINE
1 S5PINE - UPFER TORSOQ
1 | UPPER TORSQ - NECHK
4 | WECK - HEAD

HO | ELASTIC CHAR. FLEXION | ELASTIC CHAR. TORSION | DAMPING | FRICTION | RFAC |

ELI ELY | LO UHNL HES IEL LO UNL HYS XEL | IBHS/RAD) | [ HH ] | |

1 1 2| 1 o 0. a.o00 PR 0. 0.000 | 30.54 | o.ao | a1
z 2 E I 1 [-] [+] n.aon | 2 a g, g.0a0 | 10.540 | 0,00 a |
I 3 4 1 ] [-] g. n.a00 | 4 L] o, g.000 | 2.34 | 2.00 a |
] L] 51 ] Q g, o.o00 | ] L] @, g.000 | 2,340 | 2.00 a

QRIENTATION of FLEXIQN-TORSION JOINT COGORDINMATE S¥STEHM RELATIVE TO ELEMERT COORDINATE SYSTEM
|JOINT DENOTED BY ITS MIGHER HUMBERED ELEMENT ELJ, ELEMERT DENOTED BY ELEMI

ELJ| ELEM|
i 1 ROTATIONS | 2. 0.4768 0. o0.0000 0. o.0000 |

** TOHQUE CHARACTERISTICS FLEXION-TORSION JOINTE *°*

TORQUE [HM]| AS FUKCTION OF AHGLE (RAD| OB FUNCTIOW FOR FACTOR

BE 1 | WR 2 | HRE 3 1 HR 4 1
| | 1
a.008 G.0 | -1.000 -12s8.0 | o.o000 6.0 | -1.4900 -i03.0 1
1.009 a978.0 | -9.17% =40.0 | 0.021 4.7 | -0.175 -28.0 |
| a.17% a0.0 0.180 .0 | 0,175 8.0 |
| 1.000 L26.0 0.%00 40.6 | 1.000 Lei.o |
| | 0.5%0 53.7 |
| | 0,660 7.1 | |
| | 0,630 L |
| | 0,740 Bd.B |
| 1 1.7L0 s3s.0 |
*s ELLIPSQIDS **
Be | EL | SEMI-AXES [#] | CENTER (M] | DEG | ELASTIC CHARRC.
| | EX EY EX | x k3 T | | Lo UHL Y s
1 1 0.12% ©0.1831 0.122 | 0.000 0.000 G.000 2 o i 0, | LOWER TORSO
) 2 0.110 @0.L&% 0.1L0 0.024 0.4000 0.066 2. Q o . | ABDOMEN
3 3 0.120 0.L%8 @o.138 0.075 0,000 0.124 2. 1 o B, UPPER TORSO
4 3 @.0%0 0.220 o.0%0 | @.061 O0.000 ©.20%5 i. a ] e, SHOUVLDERS
5 4 @9.043 0.9431 ©.074 | @0.000 O.000 O.044 2. a o . HECH
[ 5 @.10% 0.9%7) ©.165% | 0,014 0.000 O_050 2. ] [} . HEAD
T & a.048 0,944 &.153 | 0,000 @.000 =0.113 2.1 @ '] 0. UFFER ARM LEFT
a 1 9.%45 0,945 0.230 | 0.000 ©.000 =0.188 2.1 % o 0. LOWER ARM LEFT
3 1 a.048 0.044 0.153 | 0.000 ©.000 -0.113 1. a o Q. UPFER ARM RIGHT
10 ] 0.045 0.045 ©.230 | 0.000 Q.000 -0.183 2. a 1] Q. LOWER ARM RIGHT
11 14 0.334 0.072 o.0B0 | 0.208 Q.060 d.000 2. o o Q. UPPER LES LEFT
12 1 0.068 0©0.0%2 O.068 | O.4206 Q.000 0.000 1. o o a. KHEE LEFT
13 11 0.055 ©0.0%2 0.248 | 0.005 9.000 -0.210 2 ] ] a. LOWER LEG LEFT
14 12 0.137 0.040 ©0.044 | 0.080 0.000 =0.045 2. 0 Q Q. FOAT LEFT
15 13 0.234 ©.074% 0,084 | 0.202 0.000 0.000 2. a [} a. UPFER LEG RIGHT
15 13 | o0.068 @.052 O0.068 | ©0.420 0,000 O.004 2. a a 0. ENEE RIGHT
17 14 | ©0.055 9.052 @©.248 | ©.005 0.000 -0.219 2. ] a [ LOWER LEA BRIGHT
18 19 | ©.137 o0.040 ©.040 | O.0BO 0.000 -9.046 z. a a 0. FAOT BRIGHT
13 5 | @.020 d.020 O.0%0 | 49.l00 0,000 -9.041 2. L] L] o. CHIN .
20 | L1 | ©.030 0.930 9,030 | =0.035 0,000 -0.070 | . | @ ] o. HEEL LEFT
21 | L5 | ©0.030 0.9030 0.030 | =0.035 0,000 -0.070 | . | @ i a. HEEL RIGHT

** FORCE=PENETRATION CHARACTERISTICS ELLIPSOIDE &+
FORSE [(H] AS FUNGCTION OF PENETRATION [HI]
BE L

|
|
0.904 0.0 |
G.951 z2%0.40 |

s [HITIAL POSITIOR (M] AWD LINEAR VELOCITY [M/s85] OF TREE STREUCTURE ORIGIH IN INERTIAL COORDIMNATE S¥YSTEM *°*

X = o.w0ao T o= o.o0o00 = a.0000
i o= o.o000 NY = a.o0oo00 VT = a.0000

v+ IHITIAL ORIENTATION OF ELEMENT COORDIHATE SYSTEM BRELATIVE To INERTIAL OFR PRECEDING ELEMEHNT COOBRDINATE SYSTEW **

EL

1 I INERTIAL ROTATLONS 2. =0.4538 0. o.0000 9. 9.0000
i | IMERTIAL ROTATIONS 1. =0.4538 0. o.0000 9. 9.o0000
3 | INERTIAL ROTATIONS 2. =0.4538 0. o0.0000 3. 0.0000
4 | INERTIAL ROTATIONS 2. B.0230 0. D.0000 a. 0.0000
5 | IRERTIAMN ROTATIOHS . ©.0330 0. 0.0000 9. D.o004
6 | INERTIAL ROTATIONS 2. -i.1000 0. 0.¢000 a. D.ooodg
T | INERTIAL AOTATIONS ., -1.5708 0. 0,%000 o. p.o00d
4 | INERTIAL ROTATIONS . -1.1000 §, 0,0000 0. 0.0000
3 | IRERTIAL ROTATIOHS . =1.57048 @, 0.0000 0. 0,9000
10 | INERTIAL ROTATIOHNS 1. =0.2990 ¢, @0.0000 o, 0,0000
11 | IHERTIAL RGTATIOHS . =0.%400 6. 0.0000 0, 0,00e80
12 | INERTIAL ROTATIONS 2. =D.%465 L} 0.0c00 0, @.0000
13 | INERTIAL RSTATIOHS 2. =0.2984 6. @.00090 0, o.0000
14 | INERTIAL ROTATIOHS 2. =0.%404 a. 0.00090 g, @¢.0000
1% | INERTIAL | BSTATIOHNS 2. =0.%465 a. ©.0000 0. ©.0000

e L L L L

FoRCE INTERACTIONS

__i..|‘r|...,|..,|.‘.,_...,_.i....,..........,...,.,..|.1......|..|...|.|||-pli.-n-.i-n|.n.n.|-|.1..||pqrq11-r-it-ittlttttllii-l-llll-rll|1l|llrl1-l|l‘!'!li-llli‘-l!lqnl

#** BELT SYSTEM L A

BELT| 5Y51| ELL | COMNECTION 1 | =¥sz| ELZ | CONNECTION 2 |
| xl 1 Il | X2 e 2 |
1] -1 0 | =0.663% ©.406 -0.939 | =1 | 0| =0.%9% 9.152 0,630 |
2 -1 1 0 | =0.%%% 0.252 0.620 | 1] ER| D.17% ©0.055 0.2L2
11 1] 3| 0.13% -0.07% -0.0L3 | -1 | 0 | =0.086 -0.229 -0.22%
BELT| ELASTIC CHARACTERISTIC | FRIC | SLACK | ADD LEN| COR
| La UNL HTS HEL | | | [H] |
N BT y 1170060. o.000 | 0,90 | 0.008 | -0.167 | 1.0 | RETRACTOR PART
1] 2 3 1170000. o0.000 | 6.1 | O0.000 | 0.057 | 1.0 | SHOULDER BELT
Yy j oz 3 1170000. O0.000 | ©.16 | O0.000 0.000 | 1.0 | LOWER ToRso

IRITIAL BELT LENGTHS = 0.513 0.630 0.473

13



RETRACTOR PARAMETERS ++

SPLINE PARAMETER - 1
LOCKE TIME RETRACTOR = o0.001
LOCK VELOCITY RETRACTOR = n.o0

(] -

RETRACTOR CHARACTERISTIC

FORCE [M] AS FUNCTION OF BELT OUTLET ([M]

L

FORCC-RELATIVE ELONGATION CHARACTERISTICS

BELT ELEHENTZ

FORCE [M] A5 FUNCTION OF RELATIVE ELONGATION [M]
SR 1 HR 2 | NR 13 |
|
=0.108 a.o0 =0.100 a0 | a.o00 0.0 I
a.00a a.0 0.000 a.n | a.017 o.o
0.07% 11200.0 o0.020 B70.5 | a.029 2000.0
0.0%% 11792.5 | g.042 ¥s00.0
| a.054 5000.0
** BELT STYSTEM 2 **
BELT| 5¥51| ELl | COMNECTION 1 8Y82| ELZ | cOMNECTION 2 1
| 1 | Xl ¥l zl | 1 2 T2 22 |
1] =11 0 | =0.086 -0.229 -0.229 | i | 1 ] 0.050 =0.L40 0.0%50 |
2 1 11 1] Q.050 o.179 d.050 -1 1 @ | =0.086 0.305 =0.196 |
BELT| ELASTIC CHARACTERISTIC | FRIC | SLACE | ADD LEN| coR |
| L& UML HYS TEL | | 1 my | |
1] 1 2 1170000. O.a000 | 0.00 | @.004 | @.1l01 1.3 | INBOARD LAP
21 1 2 11700d09. O0.000 | 0.00 | Q9.004 | @.101 1.1 | OUTBOARD LAP
INITIAL BELT LENGTHS = 0.439 0.416

FORCE-RELATIVE ELONGATION CHARACTERISTICS
FORCE [N] AS PUNCTION OF RELATIVE ELONGATION

NE 1 I HE 2 |
g.000 a.0 | o.0o0aQ 0.0 I
a.a77 605.0 | g.10% 0.0 |
o.loz a7a.0 | g.150 &§75.0 |
o.Lz8 lLagg.o | 0.230 4500.0 |
0.13%4 2455.40 | |
0.173 3805.0 | |
0.182 1695.0 |
.00 $5531.0 |
0.25%0 1112%.4 | |

** ACCELERATION FIELD *+
ALL STSTEMS :
| FUBCTION |
| ax ar az |
| 1 9 2|
** TIME-ACCELERATION CHMARACTERISTICS **
ACCELERATION [M/3%%2] AS FUNCTION OF TIME [5]

HE 1 | ¥R 2 1
o.000 o.o I 0.000 -9.8
0.004 4.2 | 0.100 -3.8
0.004 9.4 |
0.aLe TH.5 |
0.91 117.7 |
g.0L8 L37.3
0.023 LEE.8 | |
0.031 235.4 | 1
0.034 235.4 | I
0.036 2841 | |
9.040 260.0 |
g9.042 260.0 |
a.04% 265 .8 |
09.047 260.0
0.043 260.40
0.0%2 255.1 |
0.0%4 255.1 |
0.080 121.6 |
9.090 9.0 |
2.085 -%.8 |
q.087 -i4.5 |
a.L03 4.7 |
a.L109 -14.7 |
a.115 =§.8 |
a.120 -4.9 |
a.12% -5.4 |
0.130 -2.% |
9.141 -19.4 | |
2.149 -2.% | |
9.152 -14.1 | |

BELT ELEMENTS
[H] =
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#% PLANE - ELLIPSOID CONTACT MODEL **
Mo | 8T | PL | BY | EC | ELASTIC CHARACTERISTIC | DAMF | FRIC | FIW | COR
1 | | | | €HA L& UNL HYS XEL | L[Masm] | 1 [H] |
¢ T TR A H [ B | 2 o a 4. @.000 | TTO.00 | 0.62 | 90.050 | 0 SEATCUSH = LOWEE TORSQ
FINN et T I R R e [ | ] o a @, 9.o000 | o.00 | 0.62 | 9.0%0 | @ SEATBACK = UPFER TORSO
1| =10 4| 1 T | 2 u a @. a.000 | o.00 | 6.62 | 90.0%0 | @ SEATBACK = LOWEE TORSQ
g =L oA i L] z o a 4. @.000 | .00 | 1.00 | ©0.050 | @ | FOOT PLANE = POOT LEFT
8 =] 2| A La 2 o ] @. @.000 | p.on | 1.00 | 0,050 | @ | FLOOR PLANE = POOT LEFT
I Y (O A S ] i ] a. @.c00 | o.00 | 1.0 | 0.050 | 9 | FOOT PLAMNE - FOOT RIGHT
T = o oLl ue 2 0 o 9. @.000 | g.00 | 1.00 | 0.850 | @ | FLOOR PLANE - FoAoT RIGHT
8 1 =11 1] L | 2o | F] 1] o Q. o.000 | o.a0 | 1.@0 | 0.850 | 9 | FOOT PLANE - HEEL LEFT
B l=E0 31 L 2i 2 ] o 0. 6.000 | p.00 | 1.8 | 0.450 | @ | FOOT PLANE - HEEL RIGHT
*+ ELLIPSOEID - ELLIPSOID CONTACT MODEL *#
Ho | SY | ELL| %¥ | ELZ| ELASTIZ CHABACTERISTIC | DaMp | FRIC | COR|
| | 1 | cH@ LO UOHL HYS XEL | [HS/H] | | |
IO PR O O 1] T A A [ ] Fi |} i 0. 0.000 6.08 | .50 | O | CHIHW - UPPER TORSO

SEELAEE]

sam R aEw

QUTRUT CONTROL FARAMETERS

BEA R R R R Rk

R E kR

[(EEEE L]

OQUTFUT DEBUG FILE I3 HNOT STORED

EINEMATIC OUTPUT I3 STORED EACH 90.0199 SEC

COORDINATES OF POINTS FOER WHICH LINEAR ACCELERATIONS WILL BE

FEm R R kR Rk

T T T T T RN

CALCULATED

e T e N e R R R AR R

P S Lt L R T R R T R N T AR R R R R

515 I EL | COCRDINATES [M] | SoRR. PUHMCTIONS | RELATIVE | IDENTIFIER
| x T L | X ¥ | |

1 | 1 | -0.044 0,000 O&.005 | 1 1 1 | LOCAL | LOWER TORSO
11 i | 0.038 0.000 0Q.122 | 1 ] Lo g LOCAL | UPPER TORSO
11 2] 0.90L4 0.000 GQ.050 | 1 -] L LOCAL | HEAD

#* DATA FORL FORCE MODEL OQUTRUT **

FOR | HE | EDENTIFIER

[ |

BELT | 1 | RETRACTOR PART .

BELT | I | SZHOULDER BELT

BELT | 5 | OUTHOARD LAP

- [E R E R R RN N LECRUE B R IR R R R R R EREE SRR LR l-l!rl"-i'-ii'lii'liiilliill!lFrliii‘lii‘i‘lil'l'lll"?'""““"‘"""'il‘l|F""“"

CALCULATED INITIAL FENETHATIONS

P e s e e e e e e e R R R A AL R Rl

** PLANE - ELLIPSOID CONTACT MODEL **

HO | INITIAL PEN. [M]

r | . ] | SEATCUSH - LOWEERE TORSO
z | @.0a00 | SEATBACK - UPFER TORSO
3| G.0000 | SEATABACE - LOWER TAORSOD
I | Q.0006 FOOT PLANE - FooT LEFT
51 Q.0000 FLOOR FPLANE = FOOT LEFT
6 | Q.0006 FOOT PLANE = FOOT RIGHT
T a.o0aco | FLuooRh PLANE = FOOT RIGHT
a | a.0060 | FOOT PLANE - HEEL LETT
? | a.0060 | FOOT PLANE - HEEL RIGHT
## PLLIPSOID - ELLIPESOID CONTACT MODEL **

HO 1

| INITIAL PEH. [HM]|
| S 0.0000

1 CHIB

= UPFPER TOREO
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