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MODULE 1 -- INTRODUCTION TO THE MVMA 2-D CRASH VICTIM SIMULATIdN

SLIDE 1

Since 1966, sopnisticated analyses have been developed which can
be used for estimating the dynamic response of a human or an anthropo-
morphic dummy in a crash environment. The use of such mathematical
models as tools in automotive safety design has been made possible by
modern large-storage, high-speed computers.



COMPUTER SIMULATION
OF OCCUPANT DYNAMICS
IN A CRASH ENVIRONMENT

GIVEN (lnput):

1) Description of a biomechanical system representing
the occupant

2) Description of a mechanical system representing
the occupant compartment

3) Time-history of occupant compartment motion

4) Occupant position at onset of crash

DETERMINED (Qutput):

1) Qccupant motion
2) Forces on Occupant

3) Derived descriptions and measures of the crash
dynamics

FIGURE 1-1 Computer Simulation of Occupant Dynamics

SLIDE 1-2




SLIDE 2

The problem of determining occupant dynamics in a crash environment
can be simply stated. A description of a mechanical or biomechanical
system, the occupant, is given. A description of a potentially inter-
acting mechanical system, the occupant compartment, is given. The
occupant's position and orientation and their rates of'change are speci-
fied for some single instant of time. And finally, the motion in
space of the occupant compartment as a function of time is specified.

It is required to determine the subsequent motion of the occupant and
the forces which describe his interaction with the vehicle interior.
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FIGURE 1-2 Relationship of Position Conditions and Interaction Forces
Within the Framework of an Initial Value Problem

SLIDE 1-3
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SLIDE 3

This figure illustrates the relationship between the motion and
the forces. From the initial position and velocity conditions of the
occupant re?ativé to a vehicle-fixed reference frame, the instantaneous
state of displacements between body and vehicle elments, and hence the
interaction forces, may be deterpined. The instantaneous interaction
forces thus found, together with the motion eguations of classical
mechanics, namely Newton's Laws, determine the instantaneous accelera-
tions essentially as force divided by mass. Integration of the
accelerations then yields the occupant velocities and positions at a
new time, different from the time at which forces were determined by
an arbitrarily small amount, at. New position and velocity conditions
having been determined, new deflections can be determined and so forth
so that the entire time histories for motion and forces are established.

This flow sequence is an appropriate description for all mathematical
models which could be used for determining occupant dynamics.

The embodiment of a mathematical model within a computer program
is called a "computer model." Computer models which have been used to
simulate occupant crash dynamics include both two-dimensional and
three-dimensional motion simulators. The two-dimensional models
are appropriately used for simulating crash events in which primary
occupant motions may be expected to 1ie within a plane. Thus, two-
dimensional models are most useful for simulating front-end
and rear-end impacts. With care, however, they may be used for some
oblique and side impacts as well. One such planar'motion model, the
"MVMA Two-Dimensional Crash Victim Simulator," is the subject of this
Tutorial System.




MODULES OF THE MVMA 2-D
CRASH VICTIM SIMULATION TUTORIAL SYSTEM

MODULE

1 Introduction to the MVMA 2-D Crash Victim Simulation

2 The Body Linkage
3 Neck and Shoulder Models

4 Contact Surfaces Attached to the Occupant
5 Contact Surfaces Attached to the Vehicle
6 Generation of Contact Forces on the Occupant (Parts 1 and 2)

7 Occupant Positioning with Respect to the Vehicle

8 Crash Deceleration Profiles and Head Applied Forces
9 Belt Restraint Systems
10 Airbag Restraint System

n (Module 11 is reserved for an energy absorbing steering
column) '

12  Model Operation

13 Example Crash Simulations

FIGURE 1-3 Modules of the MVMA 2-D Crash Victim
Simulation Tutorial System

SLIDE 1-4
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SLIDE 4

The MVMA 2-D model is a large and complex computer program. I[ts
many options and features provide the user considerable flexibility
in defining a crash event but at the same time impo§e considerable
demands for.specification of input data. As a means of facilitating
learning to use the model, the Tutorial System combines a self-study
guide with an audio-visual program. Both the se]féstudy manual and
the audio-visual program are divided into thirteen segments called "modules."
Each of the Modules 2 through 12 deals with the data requirements of a set of
related model features. Data decks for two example simulations are described
and assembled in Module 13. The titles of the modules are descriptive of
their content and are listed here. It should be noted that Module & is
in two parts and that there is no Module 11.



PREREQUISITES

@ User familiarity with basic engineering terms is required.
® Knowiedge of algebra and analytical geometry is required.

® Good engineering judgment and an understanding of the
fundamentals of Newtonian mechanics are important.

SLIDE 1-5
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SLIDE 5

The Tutorial System is intended for use by engineers. It is
assumed that the user is familiar with basic engineering terms such
as "acceleration,""force-deflection loading curve," and "moment of
inertia." No mathematical skills are required for understanding most
of the material presented in the Tutorial System modules, but any user
of the computer model is expected to understand the basics of algebra
and analytic geometry. These are required for some aspects of the task
of input data preparation. Knowledge of calculus, differential equa-
tions, and Lagrangian mechanics is not a necessity for any user,
but it is normally the case that a user with skills in these areas
is better able to use the model effectively. But most important,
and independent from a user's mathematical background, are good
engineering judgment and an understanding of the fundamentals of New-
tonian mechanics.

11



MATHEMATICAL SIMULATION

@ Focus of the Tutorial System: preparation of input data

-

@® Design datoe
® The mathematical model

® Engineering judgment

@® Good experimental data for model input parameters is
of critical importance.

SLIDE 1-6
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SLIDE 6

The focus of the Tutorial System is preparation of input data.
It is here that design data, the mathematical model, and engineering
judgment must be brought together. The mathematical model, like all
mathematical models, will allow only imperfect representations of
reality. In order to simulate physical phenomena as accurately as pos-
sible with the model, it is necessary for the user to understand the
- manner by which features of the occupant/vehicle system have been approxi-
mated analytically. Therefore, most of the material in the Tutorial
System is explanation of the features of the mathematical model and the
associated parameters for which the user must supply values. Engineering
judgment is brought to bear in deciding, for simulation of a specific
crash event, which features of the model are best used, how they are
used, and what parameters are critical and therefore require special
attention. For example, special attention might be given to an impor-
tant parameter by experimentally measuring its value as accurately as
possible. It has been demonstrated time and again that for satisfactory
performance of mathematical models, there is no substitute for good experi-
mental data. Reality can be simulated only if reality is represented.

13



MVMA 2-D MODEL

1. Nine-Mass Occupant Model

2. Contact-Sensing Ellipses

3. Collapsing Vehicle Interior

4. Vehicle Exterior for Pedestrian Studies
5. Extensible Two-Joint Neck

6. Flexible Shoulder

7. Time-Dependent Muscle Contraction
8. Deployable Airbag

9. Energy-Absorbing Steering Column
10. Two Belt Restraint-System Submodels
1. Horizontal, Vertical, and Pitching Vehicle Motions

FIGURE 1-4 The MVMA 2-D Model
SLIDE 1.7
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SLIDE 7

This is a schematic of the occupant, vehicle interior, and restraint
systems of the MVMA 2-D model. Listed with the schematic are some of
the basic features of the model. Much of the remainder of this module

is summary of these features. Modules 2 through 12 treat these subjects
in detail.
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THE OCCUPANT MODEL \

A nine-mass, ten-segment body linkage

-

An extensible, two-joint neck and a realistically-flexible
shoulder complex

Energy-absorbing joints
Time-dependent muscle activity level

Contact-sensing ellipses of arbitrary size, position, and number
which define the body profile

General aond arbitrarily-definable nonlinear materials with
energy-absorbing capability for all parts of the body

SLIDE 1-8
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SLIDE 8

The MVMA 2-D model includes the following features in its representa-
tion of the crash victim, which may be either a human or an anthropomor-
phic dummy:

1. A nine-mass, ten-segment body linkage;

2. An extensible, two-joint neck and a realistically-flexible
shoulder complex;

3. Energy-absorbing joints;

4. Time-dependent muscle activity level;

5. Contact-sensing ellipses of arbitrary size, position, and
number which define the body profile; and,

6. General and arbitrarily-definable nonlinear materials with
energy-absorbing capability for all parts of the body.

17




FIGURE 1-5 Articulated Body Schematic

SLIDE 1-9

18"



SLIDE 9

Some of these features are illustrated in this schematic of the
body 1inkage. Note that since this is a planar model, a single two-
link leg represents right and left legs combined. Similarly, there are
only two arm links. Angulations at joints are restricted by user
specification of range-of-motion limits and viscoelastic parameters
for hard-tissue resistance.

19



FIGURE 1-6 Seated Occupant in Position of Approximate Equilibrium

SLIDE 1-10
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SLIDE 10

This figure illustrates a typical occupant profile defined by
user-specified contact-sensing ellipses.

21
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FIGURE 1-7 Muscle element

SLIDE 1-11
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SLIDE N

A feature that is unique to the MVMA 2-D Crash Victim Simulator
js its muscle model. Moderate levels of muscle contraction generally
have a significant effect on the crash dynamics, especially for low-g
jmpacts, so analytical representation of the effect is of obvious
value. Provision is made for calculation of muscle torques at the eight
joints of the body linkage. The muscle model is shown here. It does
not include a contractile element, but the passive viscoelastic

parameters k and ¢ are functions of a user-prescribed, time-dependent
muscle activity level.
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FIGURE 1-8 Muscle activity moment as a function of time

SLIDE 1-12
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SLIDE 12

The typical dependence on time of the muscle activity level is
illustrated here. tR and tC are reflex and contraction times for the
muscle.
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FIGURE 1-9

Head
center of mass

Lower neck joint

Upper torso
center of mass

MVMA-2D extensible neck geometry

SUDE 1-13
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SLIDE 13

The extensible two-joint neck is illustrated in this figure.
Viscoelastic elements are not shown. The joints are at either end of
the cervical spine. The upper neck joint may be positioned arbitrarily
with respect to the head center of mass.
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Protrusion

FIGURE 1-10 Maximum range of motion of the glenoid fossa
(shoulder socket) in shrugging movements

SLIDE 1-14
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SLIDE 14

Shoulder "shrugging" motions may be represented in simulations
with the MVMA 2-D model. Angular articulations of the upper arm link
are independent from the translatory motions of its proximal end.

29
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FIGURE 1-11 Example Profile of Vehicle-Interior Surfaces

SLIDE 1-15
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SLIDE 15

Forces between the occupant and the vehicle interior are generated
by the model as a result of interaction of a profile of occupant el-
lipses with a user-defined vehicle-interior profile. This profile
is a set of connected or disconnected straight-line segments. The
exampie profile illustrated has eleven segments. However, any number
of segments may be prescribed and their lengths and locations are
arbitrary. Time-dependent positioning of the segments makes possible
simulation of direct intrusions into the occupant compartment or
secondary frontal interior displacements resulting from gross deforma-
tion of the engine compartment.
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MATERIAL PROPERTIES

Tabular or polynomial loading curves
Material yield point deflection
Force saturation level for plastic loading

Hysteretic unloading characteristics that depend on maximum
deformation

Surface friction characteristics

SLIDE 1-16
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SLIDE 16

The Tine segments may be assigned material properties or they may
be specified as rigid. Material properties for elements of the vehicle
interior (and also for occupant ellipses) include the following:

2w Y —
. . . -

Tabular or polynomial loading curves;
Material yield point deflection;
Force saturation level for plastic loading;

Hysteretic unloading characteristics that depend on maximum
deformation;

Surface friction characteristics.
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FIGURE 1-12 Unloading With Permanent Deformation from Deflections
Greater Than éc

SLIDE 1-17
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SLIDE 17

Example loading and unloading curves are shown on this slide.
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FIGURE 1-13  MVMA 2-D Airbag Model

SLIDE 1-18
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SLIDE 18

Three optional occupant restraint systems may be used in MVMA 2-D
simulations. Two are belt systems and the third is an airbag model,
which is illustrated.

The figure shows the bag expanding from its source toward the oc-
cupant, for which an airbag contact profile is defined with straight-
line segments. Estimation of bag forces is based on solution of the dif-
ferential equations of gas thermodynamics. The airbag is inflated at
a time-dependent rate specified by the user; inlet mass flow rate is
a tabular input to the simulation. When the bag is fully inflated,
restraining forces due to internal pressure and skin tension are
generated if the bag is in contact with the occupant. The shape
of the bag is allowed to conform to that of the occupant and the
vehicle interior with free sections of the perimeter defined as circular
segments. When the pressure in the bag reaches a specified level,
gas is allowed to flow out of the bag through defined orifices or through
porous bag fabric.
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FIGURE 1-14 Simple Belt System

SLIDE 1-19.
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SLIDE 19

_ The first optional belt system consists of: 1) a one-piece lap
belt attached to the lower torso element and anchored at each end to the
vehicle; 2) an upper torso harness strap attached to the upper torso
element and anchored to the vehicle; 3) a lower torso harness strap
attached arbitrarily to any torso element and anchored to the vehicle.

This belt-restraint submodel is effectively a three-belt system. The
two-segment lap belt shown in the figure is treated by the computer
model as a single piece of webbing that slides freely over the pelvis
through a user-specified point on the lower-torso element. Thus,

a lap-belt tension is determined from the elongation or strain of the
total belt length, with no adjustment for possible friction effects,
and the established tension is applied at the attachment point on the
body through both the inboard and outboard segments. The lap b2lt
~anchor positions in the vehicle, as well as the attachment point on
the lower-torso segment, can be specified arbitrarily by the user.

The torso harness restraint consists of two individual straps:
an upper strap attached to a fixed point on the upper torso segment
and a lower strap attached to a fixed point on the upper- middle-,
or lower-torso segment.

39
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FIGURE 1-15 Advanced Belt System

SLIDE 1- 20
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SLIDE 20

{
This is a schematic of the second optional belt-restraint system.

It includes the following features: 1) seven belt segments which may
be independent or, at option, may be paired in certain combinations to
act as a lesser number of separate lengths of webbing by use of various
free-slipping and friction elections at the torso and lap and at slip
points; 2) a slip point in the three-belt upper harness system; 3) a
slip point between the lower torso and lap sections; 4) optionally,
inertia reels, either vehicle-sensitive or webbing-sensitive, at

three of the four anchor locations.

The slip points are shown as open circles, rings R] and R2.
The rings may be fastened to ring straps, which lead to anchors A]
and A2’ or they may be fixed to the vehicle frame at anchor locations
A] and A2, in which case the corresponding ring straps, B6 and 85,
are absent. The belt pairs B]-B7 and 82-83, may be considered common
straps that may slip freely through their respective rings or with-
an amount of frictional resistance which depends on the resultant
normal force at the ring. Also, three optional methods are available
for simulating the effects of torso belt slippage and friction against

the torso.

As for the simpler belt system, webbing properties for this
system may be prescribed either in terms of force-deflection or
force-strain characteristics.
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FIGURE 1-16 Venicle Ccordinates

SLIDE 1-21
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SLIDE 21

The crash victim's environment is made to be dynamic by specifying
vehicle motion. Three independent motions are prescribed in tabular
form as functions of time: 1) a horizontal acceleration; 2) a vertical
acceleration; and 3) an angular "pitching" acceleration. The three
degrees of freedom for vehicle motion are shown here. Example piece-
wise-linear approximations of hypothetical crash profiles are shown on
the next slide.
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FIGURE 1-17 Vehicle Acceleration Profiles

SLIDE 1-22
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SLIDE 22

For user convenience several options are available with regard
to specification of vehicle accelerations. Horizontal and vertical
components may be defined as the responses of a biaxial accelerometer
mounted on a part of the frame that is fixed with respect to the
occupant compartment. Alternatively, the accelerations may be pre-
scribed as motion components within an inertial frame of reference.
The accelerations may be entered in g's or in physical units. Pitching
accelerations may be in either rad/secz or deg/secz.
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FIGURE 1-18 Schematic of Force Applied to Head

SLIDE 1-23
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SLIDE 23

In special applications of the MVMA 2-D model, it can be useful to
be able to specify time-dependent forces for direct application to the
occupant. Provision is made for applying such a force to any desired
point on the head, as shown.

47




THE MULTIPROCESSOR MVMA 2-D MODEL

@® IN = Input Processor
@® GO = Dynamics Solution Processor, or Execution Processor
@ OUTP = Output Pre-Processor

@ OUT = Output Processor

FIGURE 1-19 The Multiprocessor MVYMA 2-D Model

SLIDE 1-24
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SLIDE 24

The MVMA 2-D computer model is organized as a multiprocessor in
that it is divided into five parts which operate in turn. The first
processor is called the Input Pre-Processor, or INP." It reads data
cards and writes the main program for the second processor. The second
processor is called the Input Processor, or IN. It packs input data
into binary tables and records those tables for use by subsequent pro-
cessors. It also writes two programs needed by the third processor, in-
cluding the main program. The third processor is called the Dynamics

Solution Processor, or GO. It reads the binary tables, solves the equa-
tions of motion, and incorporates the computed results into the binary
tables. The fourth processor is the Qutput Pre-Processor, or OUTP. It
reads data cards and writes three programs needed by the fifth processor,
including the main program. The fifth processor is called the Qutput
Processor, or OUT. It reads the binary tables produced by the other
processors and prints a comprehensive summary of all recorded information
as the user specifies.

Discussion of the MVMA 2-D model in preceding sections of this
module is pertinent only to the functions of the first three processors,
that is: 1) reading and interpreting the input data; 2) solving the
equations of motion for the simulated crash; and 3) storing results.
The following discussion is pertinent to the output processor.

*INP is not now used. It was used in an earlier version of
the model. 12/4/85
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FUNCTIONS OF THE OUTPUT PROCESSOR

@ Digital filtering of accelerations

® Calculation and testing of potential injury indicators
@ Printout of forty categories of computed results

@ Formatted printout of input quantities

@ Stick-figure printer plots

SLIDE 1-25
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SLIDE 25

The Qutput Processor has two primary functions: 1) to process
and analyze computed results with various so-called "post-processor"
subroutines, and 2) to produce printed output.

Post-processor subroutines make possible digital filtering of
occupant accelerations. Either filtered or unfiltered accelerations may
be used in determinations of the Head Injury Criterion, HIC, and head
and chest Severity Indices. Also, axial and shear components of femur
and tibia loads can be calculated. Up to eighteen standard potential
injury indicators including accelerations, loads, HIC, and severity
indices can be compared against user-specified test values. Joint
relative angles can be similarly tested. In addition, it is possible
to compare any recorded response variable against any other or against
high and low test values.

In its second function, printing time histories of response variables,
the output processor deals with fifty different categories of computed
results. They include information about vehicle motion, occupant motion,
joint torques, and forces resulting from occupant interaction with
elements of the vehicle interior and restraint systems. Any or all
of these categories can be requested by the user for printout. In
addition, it is possible to obtain formatted printout of input guantities.
Finally, the output processor can produce printer-plot stick-figure
representations of the occupant, the vehicle interior, and the restraint

configuration. One stick figure from a time sequence of plots is shown
on the next slide.
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FIGURE 1-20  Example of Printer Plot Output

SLIDE 1-26
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SLIDE 26

One printer plot from a time sequence of plots is shown in this slide.
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DATA DECKS

Card Number

100 : Cards read by IN
101 100, 200,..., 900 content used for
102 automatic titling of pages
i
I
!
!
1000 1000 (blank) marks end of data deck
1001
1002 Cards read by OUTP.
1003
i
|
} .
1600 1600 (blank) marks end of data deck

FIGURE 1-22 Data Decks

SLIDE 1-27
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SLIDE 27

Two data decks are required for computer simulations made with the
MVMA 2-D model. Each data deck consists of a series of eighty-character
lines which will be called "cards" in this discussion. The first data
deck is read by the Input Processor, and the cards are identified
by numbers 100 through 1000 in coiumns 78-80 or 77-80. Primarily,
these cards contain data which describe the crash event, the occupant,
the vehicle interior, and the restraint systems. The second data deck
is read by the Output pre-Processor. Each card is identified by a number
1001 throogh 1600 in columns 77-80. These cards contain data which
control printout and the use of post-processors discussed previously.
In general, data cards can be in any order within a data deck. Cards
which control model options not used for a particular simulation need
not be present. Also, various guantities can be defaulted to constants
stored within the program by omitting their cards from the data deck.
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FIGURE 1-23° A Data Card
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SLIDE 28

Each card consists of ten fields. The tenth field is reserved for
the previously mentioned card identification number. The first nine
fields, consisting of eight columns each, are data fields. Thus,
up to nine numbers may be required per card although most cards make use
of a smaller number of fields. Numerical data must be specified in
either F, E, or D format, examples of which are given with the figure.
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SLIDE 29

The Tutorial System self-study guide and audio-visual program are
intended to facilitate learning to use the MVMA Two-Dimensional Crash
Victim Simulator. The point must be made, however, that the model user
must have the MVMA 2-D report manuals, specifically Volume 2, in order

to prepare data for a simulation. The Tutorial System self-study guide
is not intended to be a replacement for the report manuals, but rather,
a detailed supplement.

Volume 2 of the MVMA 2-D report manuals include a description of
all data cards and their content, card by card and field by field.
The slide shows a typical card layout from Volume 2. The table from
which this example page is taken includes over 100 such card layouts.
They must be refefenced in the preparation of a data set, but they
are not included with the Tutorial System. The table, in addition
to collecting in one place a description of all required input data,
includes information regarding default values for fields of cards omitted
from the data deck and also information regarding required units for
data, field by field. The units required for running the model with
metric-system or English-system data are indicated separately.




DATA CARDS REFERENCED BY MODULES

Module Data Cards Referenced
2 201-217, 303, 227-238
3 201-203, 205-217, 227, 228, 233, 235-242, 303
4 102, 103, 166, 219-226, 402, 412, 903, 907-909
5 102, 103, 106, 219, 401-412
6-1 103, 219, 221-226, 401, 403-408, 702-716
6-2 102, 103, 219,’222, 401, 402, 404, 409, 410, 412, 605,
606, 705 ~ "
7 205, 266, 215, 216, 301-304, 409, 1501, 1502
8 601-606
9 102, 218, 501,‘701-723
10 102, 41?, 901-90¢9
11 -
12 101, 102, 104, 105, 107-111, 218, 1000-1004, 1100-1107,
1200-1202, 1300, 1400, 1401, 1500-1502, 1600

FIGURE 1-25 Data Cards Referenced By Modules

SLIDE 1-30
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SLIDE 30

As previously mentioned, Tutorial System Modules 2 through 12
deal with different groups of related model features. However, it
is not possible to make the treatment of all subject matter in each
module completely self-contained. For example, Module 9 describes
the two optional belt restraint systems in detail. But the description
of general material property specifications, which are relevant to
belt webbing, body parts, and elements of the vehicle interior, is in
Module 6. Thus, reference to belt webbing material properties is made
in more than one module. Two tables are included in Module 1 to aid
the Tutorial System user in locating information within the self-
study guide relevant to any input data parameter. The first shows
all data cards referenced by each module.
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DATA

CARD FIELDS

AND REFERENCING MODULES -

Card Field

1 2 4 5 6 7 8 9
IS —
10 |z he pz he 12 1z he iz |2
102 |jo,12 floy12 p2 s 55 | 6-2 |12 |12
103 |-z -2 b1 |1 [e-2 | 5 4 4
s 2 2 2 hz b e e he e |
05 |1z iz he2 he 2 e e e |
06 |45 B |45 la,5
07 e 12 D2 2 12 12 he h2 |2
108 |12 12 hz e 12 1z e e e
09 |12 12 12 e 12 |12 e ol |2
1o |he 12 iz e 2 e he he e
n o |he 12 12 12 ' |
201 |l2,3 |2 2 2 2 2 3 3
202 k.3 |23 2 2 2 2 2 fe 3
203 |2 2 P 2 2 2 2 2 2,3
204 |l 2 2 2 2 2 2 2
205 (2,3 2,3 P30 PR3 (2.3 |23 230 k37 |2.3
206 2,3 2.3 3 |23 |23 |23 les ks o
207 ||2 2 2 2 2 2 2 2 2
208 |l 2 2 2 2 2 2 2 2
209 |2 2 2 2 2 2 2 2 2
210 ||2 2 2 2 2 2 2 2 2
2 |23 3 B3 |28 e |23 s k. 2,3
212 ||2 2 2 2 2 2 |2 2 2

FIGURE 1-26 Data

Card Fields Réferencing Modules (Page 1 of 6)
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SLIDE 31

The second table, one page of which is shown here, indicates all
modules which reference each field of each card.
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USING THE TUTORIAL SYSTEM

@ Sequential viewing of the audio-visual modules, followed
by use of the self-study guide

or @ Alternate use of the audio-visual program and the self-study
guide '

SLIDE 1-32
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SLIDE 32

Module 1 has served as an introduction to the MVMA Two-Dimensional
Crash Victim Simulator and the Tutorial System. The Tutorial System
should be used in either of two ways.

First, the thirteen audio-visual modules may all be run, sequentially,
before the self-study manual is used. The audio-visual modules, each
consisting of 35 mm s1ides and narration on a tape cassette, treat
model features in much greater detail than they have been discussed in
this introductory module. However, they cover their material in
much less depth than the self-study manual; each includes only 15-25
minutes of narration. Therefore, they can be used together as a detailed,
four and one-half hour, audio-visual introduction to the model. They need not be
viewed in one session, of course. In this method of using the Tutorial
System, use of the self-study guide would follow viewing of all modules.

Alternatively, viewing of audio-visual modules and use of the self-
study guide can alternate. In this method, the user of the Tutorial
System would study the subject matter of a module in detail before
proceeding to the next module.

Either method should be effective in preparing the user for
applying the MVMA Two-Dimensional Crash Victim Simulator to problems
of automotive safety design. After study of Module 13, the user should
be ready to exercise the model. The MVMA 2-D model can be applied in
various ways for the modeling of dynamical éystems. A broad range of
front, rear, and even side impacts for driver and passenger have been
simulated. Applications have included simulating anthropomorphic dummy
drops onto a hard surface and human fall victims striking yielding and
unyielding surfaces. Uses have included simulating pedestrians struck
by a vehicle. Simulations have been done of laboratory tests in which
lateral neck response of human subjects was measured when the head
was jerked to the side by a falling weight. But use of the MVMA 2-D
model need not be restricted to simulating human or human-analog
systems. Diverse applications are possible if the user is clever in
utilizing the many features of the model.
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MVMA 2D
CRASH VICTIM SIMULATION

* k%

MODULE 12

MODEL OPERATION

The next module is MODULE 12 -- "MODEL OPERATION."

Module 12 has been moved to this location, following
Module 1, since it helps in giving an overall view
of the MVMA 2-D model. (12/4/85)
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MODULE 12 -- MODEL OPERATION
SLIDE 1

The MVMA Two-Dimensional Crash Victim Simulator is a large and
complex computer program. Some of the input quantities to the MVMA
2-D Model deal with the alternatives in operation of the computer pro-
gram as opposed to the description of the event being simulated.
Understanding some of the program controls entails some knowledge of
the architecture of the model program.
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THE MULTIPROCESSOR MVMA 2-D MODEL

@ IN = Input Processor
® GO = Dynamics Solution Processor, or Execution Processor
@® OUTP = Qutput Pre-Processor

©® OUT = Output Processor

-SLIDE 12-2

6/28/79
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SLIDE 2

The MVMA 2-D computer model is organized as a multiprocessor in
that it is divided into five parts which operate in turn., The first
processor is called the Input Pre-Processor, or INP. It reads data
cards and writes the main program for the second processor. The second
processor is called the Input Processor, or IN. It packs input data
into binary tables and records those tables for use by subsequent pro-
cessors. It also writes two programs needed by the third processor, in-
cluding the main program. The third processor is called the Dynamics
Solution Processor, or GO. It reads the binary tables, solves the equa-
tions of motion, and incorporates the computed results into the binary
tables. The fourth processor is the Qutput Pre-Procassor, or OUTP. It
reads data cards and writes three programs needed by the fifth processor,
including the main program. The fifth processor is called the Output
Processor, or QUT. It reads the binary tables produced by the other
processors and prints a comprehensive summary of all recorded information
as the user specifies.
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SLIDE 3

The flow diagram summarizes the communication between the five .
processors by means of four external files which store the binary
tables. A1l data generated by a computer run are contained in these
files, and they may be used for input into post-processors such as
the Validation Command Language or a graphics package.
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EXTERNAL COMMUNICATION FILES

FILE TYPE CONTENT

NU Direct access All input and all fixed-
length computed results

MU Sequential Head, chest, and hip
acceleration results
MV Direct Access Variable-length computed
results
NP Sequential information for printer-plot
output
SLIDE 12-4
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SLIDE 4

The four files are called NU, MU, MV, and NP, respectively for
the four variables used to reference the logical device numbers to
which they are attached. NU is a direct access data set which con-
tains all input quantities and all fixed-length computed results.
MU is a sequential data set which contains head, chest, and hip ac-
celeration information for every integration time step. MV is a
direct access data set which contains the variable-length computed re-
sults, which include contact interactions, region movement, and re-
gion summary quantities. NP is a sequential data set which con-
tains the special information needed for production of stick-figure
printer-plot output.
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Category
Number

0

£ oW N -

00 ~ O O

11
12
13
14-
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
3

Description

Formatted Printout of Input Quantities
Vehicle Response
Real Line Region Parameters

Real Line Region Individual Line Segment Movement.
Contact Forces Including Occupant-Vehicle, Occupant-

Belt, Occupant-Occupant
Neck Reaction Forces

Unfiltered Body Accelerations (Head, Chest, Pelvis)
Filtered Body Accelerations (Head, Chest, Pelvis)

Unfiltered Severity Indices
Filtered Severity Indices

Body Link Angles

Body Link Angular Velocities

Body Link Angular Accelerations

Body Joint Coardinates

Body Joint Velocities

Body Joint Torques

Body Joint Absorbed Energies

Body Kinetic Energies

Airbag Variables

Airbag Contact Forces

Airbag Center of Mass Forces and Moments
Neck Joint Coordinates

Shoulder Joint Coordinates

Joint Torque Elastic Components

Joint Torque Joint-Stop Components

Joint Torgue Friction Components

Joint Torque Yiscosity Components

Joint Absorbed Energy Joint Stop Components
Joint Absorbed Energy Friction Components
Joint Absorbed Energy Viscosity Components
Center of Mass X-Component Forces

Center of Mass Z-Component Forces

FIGURE 12-2a List of Qutput Categories

SLIDE 12-5
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SLIDE 5

The computed results are broken into subjects, or categories, which
correspond to output pages for the fixed-length output and to “"typical
output pages" for the variéb]e—]ength output. There are forty-five such
categories and these are numbered 1-40 and 46-50. In addition to
these, there are six special types of output for which it was con-
venient to use the same numbering scheme even though they are not
recorded in the same manner. These categories are numbered O and 41
through 45. This slide and the following one list all forty-six
categories. Categories 1-40 and 46-50 may be optionally recorded on
binary files under control of the recording switches. These switches
may be set by the user to inhibit the recording of the information
for the respective categories.

The input to the output pre-processor allows specification of which
categories are to be printed during the execution of OUT and the order
in which the categories are to appear. The ordering of the categories
is entirely general except that category number zero, for output of
the input values, must occur first if it occurs at all.
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Category
Number
32
33
34
35
36
37
38
39
40
41

42

43
44
45
46
47
48
49
50

Description

Center of Mass Resultant Moments

Steering Column Coordinates

Steering Column Generalized Coordinates

Steering Column Forces and Moments

Forces and Moments on Body Due to Steering Column
Neck and Shoulder Forces

Muscle Tension Forces

Muscle Tension Energy Absorption

Femur and Tibia Accelerations and Loads

Joint Relative Angle Comparisons Against Upper and
Lower Test Values

Standard List of Quantities to be Compared Against
Test Values

Individual Type A Comparisons

Individual Type B Comparisons

Printer-Plots of Stick Figures

Head Center-of-Gravity Motion

Chest Center-of-Gravity Motion

Hip Motion

Joint Relative Angles

Joint Relative Angle Velocities

FIGURE 12-2b List of Output Categories

SLIDE 12-6
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SLIDE 6

The output processors may be re-run with specification of different
categories for printout as many times as desired as long as the binary
tables remain undisturbed. A particular category will be printed if
the category was recorded by GO and was specified as desired for
printout in the input to OUTP.
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GENERAL MODEL CONTROLS

Model operation in metric or English units

Acceleration due to gravity, g (standard values are
32,174 ft/sec? and 9.80665 m/sec? )

Editing of accelerations for minimum non-zero magnitude
Relative error bound for matrix inversion

Switches for use of optional submodels

Integration controls

SLIDE 12-7
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SLIDE 7

General model controls will be discussed next.

The MVMA 2-D CVS Model is capable of accepting input and produ-
cing output in either metric units or in American standard units.
Interpretation of input data with respect to system of units is
controlled by a user-set switch.

The acceleration due to gravity is specifiable by the user.
The values shown on the slide are used within the program for deter-
mining accelerations that are to be printed out in G-units.

It is sometimes useful to edit acceleration values. Accelerations
smaller in magnitude than a user-specified value will be set to zero.
The editing facility can improve the appearance of the tabulated re-
sults and rarely will affect the accuracy of a computation.

A parameter which must be specified for each simulation is a rela-
tive error bound used for identifying the occurrence of a singular
matrix for the equations of motion. 0.000001 is the recommended value.

Four optional subsystems are available within the MVMA 2-D CVS
Model for two belt models, an airbag model and an energy-absorbing
steering column model. These four options are controlled by three
switches. The first switch is used to indicate the general belt
system to be used or to indicate that no belt system is to be con=
sidered. The belt-restraint options are the three-belt submodel
using either the lap belt only or both lap belt and shoulder harness
and the advanced belt-system submodel. The other two switches deal
with airbag and steering column respectively and are set non-zero
to indicate use of the respective subsystem.

Finally, values are required for the simulation beginning time,
ending time, integration time step, tabular output time step, time
step for plot recording, and an execution time limit.
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DEBUGGING PRINTOUT

@ Sixteen debug switches

® Switches are four-level
0 = off
= primary debugging printout
= secondary debugging printout

3 = tertiary debugging printout

@ Switch levels are functions of simulated time

SLIDE 12-8
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SLIDE 8

A large amount of optional auxiliary, or "debugging, printout can
be obtained from the execution processor, GO. Printouts are organized
under sixteen four-level switches. Each switch corresponds to a
particular section of the program. The level for a particular switch
controls the depth of detail of the debugging printout from the section
of the program which the switch covers. The four levels are: off,
primary, secondary, and tertiary. Setting a switch for tertiary print-
out will automatically produce secondary and primary level printout.
Similarly, a setting for secondary printout will produce primary print-
out as well. To avoid needless volume of printout, the level for
each of the switches may be varied with simulated time.

The standard use of the auxiliary output is for debugging abnormal
runs. For particularly elusive "bugs" it can be useful to examine the
contents of the computer core at some value of simulated time. A dump
of core is possible through use of switch 16. A complete description
of debug switches and the printout they control may be found in Volume
3 of the MVMA 2-D manuals,
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DATA DECKS

Card Number

100 Cards read by IN
101 100, 200,..., 900 content used for
102 automatic titling of pages
|
I
1
)
1000 1000 (blank) marks end of data deck
1001
1002 Cards read by QUTP.
1003
i
|
!
1600 1600 (blank) marks end of data deck
SLIDE 12-9
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SLIDE 9

Input data described in preceding modules and to this point in
Module 12 have been for the input pre-processor, IN . These data are
sufficient for IN to produce a data set which can be read by the GO
processor. Additional data are needed, however, by the output pro-
cessor. These are discussed in the remainder of this module. Cards
read by IN have identification numb&rs 100 through 1000. Cards read
by OUTP are numbered 1001 and greater.

Much of the data used by the output processor relate to calculation
and monitoring of response parameters that are potential injury indi-
cators. For example, femur and tibia loads will be printed if the
user requests Category Number 40 both for the recording and printing
of results, as previously explained. Associated input data read by QUTP
are the position of a simulated femur load sensor and the upper leg
mass between the sensor and the knee.
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Characteristics: of o Martin-Graham Digital Filter

FC = cut-off frequency

output cosine curve

input

FT = termination frequency

fo comn e wEw G . —— — -

W
FT-FC = roll-off frequency band

FIGURE 12-6 Characteristics of a Martin-Graham Digital Filter

SLIDE 12-10
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SLIDE 10

Other potential injury indicators are accelerations and accelera-
tion-functionals such as the Head Injury Criterion, or HIC, and the
Severity Index. By requesting appropriate category numbers, the user
can obtain printout of values determined from filtered or unfiltered

accelerations, or both. A Martin-Graham low-pass digital filter is
used in the MVMA 2-D model. This figure illustrates the attenuation

ratio, or gain, for this filter. Filter controls required from the
user include cut-off frequency, termination frequency, and the number
of filter weights. Also, the user can specify that either a polar

image or a mirror image be used for analytical extensions of the un-
filtered signal.
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Number

W 00 N O O B W

10
n

12
13
14
15
16
17
18

Quantity Description

Head frontal acceleration at the center of gravity (Anterior-
posterior, A-P)

Head vertical acceleration at the center of gravity (Superior-
inferior, S-1) .

Head resultant acceleration at the center of gravity

Head angular acceleration

Head injury criterion (HIC)

Face loads as measured on a deformable head contact ellipse
Chest def1gction as measured on a deforming chest contact ellipse
Chest Toad as measured on a deforming chest contact ellipse
Chest frontal acceleration at the center of gravity.(A-P)

Chest vertical acceleration at the center of gravity (S-I)

Chest resultant acceleration at the center of gravity (3 msec
average) , :

Chest frontal severity index (A-P)

Chest vertical severity index (S-I)

Chest resultant severity index

Pelvic horizontal acceleration at the hip joint
Pelvic vertical acceleration at the hip joint
Pelvic resultant acceleration at the hip joint

Femur load at a specified point along the length representing
the location of a sensor
FIGURE 12-9 List of Injury Related Test Quantities

SLIDE 12-11
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Eighteen potential injury indicators are listed here. The user may

optionally monitor any of these by specifying that the magnitudes of
the quantities be checked to see if they exceed prescribed test values.
For each time range during which a test value is exceeded, output is
produced. The output includes the quantity name, the peak value, the

. time at which the peak occurs, and the time duration during which the
quantity exceeds the specified test value together with the points in
time at which the quantity exceeds and then returns below the test
value.




COMPARISON TESTS FOR
POTENTIAL INJURY INDICATORS

INDICATORS COMPARED AGAINST
Eighteen in standard list Magnitude limits
Joint relative angles ‘High and low test values-
Any variable recorded High and low test values
for printing (Type A Comparison)
Any variable recorded Any other variable recorded
for printing for printing (Type B Comparison)
SLIDE 12-12
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SLIDE 12

In addition, relative angles at all eight joints can be compared
with high and Tow test values. If the joint relative angle exceeds
the high test value or goes below the low test value, printout
will include the quantity name, peak value, time of peak, violation
duration, beginning time of violation, and ending time of violation.

Two other types of tests can be made of response variables.
The class of variables that can be examined by these tests consists of
all quantities that are recorded for printing. The first test is called
a Type A comparison. It involves the comparison in time of any re-
sponse variable against high and low test values. The printout is
similar to that produced for the joint relative angle test. The
second test is called a Type B Comparison. It allows comparison of
any recorded response variable against any other. The produced output
1ists each of the variables, their difference, and an indication of
which is larger.
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FIGURE 12-12 Example of Printer Plot OQutput
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SLIDE 13

The MVMA Two-Dimensionai CVS Model optionally produces a printer-
plot stick-figure representation of the occupant, the vehicle interior,
and the restraint configuration. The model can produce a stick-figure
plot based on input data alone or a time sequence of plots based on
computed results from the Dynamic Solution Processor, or both. The
plot based on input data can be obtained even if the cutput processors are
run after the input processors without the intermediate execution
of the Dynamics Solution Processor.

The slide shows an example of a stick-figure plot. The location
of each of the body joints is represented by an integer. The link
lines between joints are represented with dots or decimal points. Zeroes
represent the positions of the centers of gravity of the head, upper
torso, lower arm, and lower leg. Ellipses and contact regions are
represented by letters. The positions of the vehicle coordinate axes
are shown with asterisks.

The primary specifications required of the user for the genera-
tion of stick-figure printout are minimum and maximum x- and z-coor-
dinates for framing the occupant compartment and simulation times
at which plots are desired. Desired plot times may be individually
specified, or equally-spaced plot. times can be generated by the program
on the basis of a user-prescribed plot-time increment. In either case
a maximum of 27 plots is allowed.
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SUMMARY OF MODEL OPERATION
OPTIONS AND DATA REQUIREMENTS

@ Simulation time parameters

@ Metric or English system units

@ Digital filter specifications

® 45 optional standard output categories
@ 6 optional special output categories

@® Printout of input data
@ Printer-plot stick-figure sequences

@ Tests on potential injury indicators

@® Optional "debugging” output

SLIDE 12-14
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SLIDE 14

Many options for operation of the computer program have been dis-
cussed. The controls required for model operation include values
for the simulation beginning time, ending time, integration time step,
and tabular output time step. Physical parameters in the input data
set may be in either metric or English system units, and the user
denotes which by setting a switch appropriately. Digital filter speci-
fications are entered whenever it is desired to filter occupant accelera-
tion responses. Printout of up to fifty-one categories of quantities
can be produced. The 