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

1.1 I n t r o d u c t i o n  

S ince 1966, s o p h i s t i c a t e d  analyses have been developed which can 

be used f o r  e s t i m a t i n g  t he  dynamic response o f  a human o r  an anthropo- 

morphic dumy  i n  a crash environment. The use o f  such mathematical  

models as t o o l s  i n  automot ive s a f e t y  des ign has been made p o s s i b l e  

by modern la rge-s to rage ,  high-speed computers. 

The problem o f  de te rmin ing  occupant dynamics i n  a crash env i ron-  

ment can be s imp ly  s t a t e d  (See F igure  1-1 ) .  A d e s c r i p t i o n  o f  a mechani- 

c a l  o r  b iomechanical  system, t h e  occupant, i s  g i ven .  A d e s c r i p t i o n  o f  

a p o t e n t i a l l y  i n t e r a c t i n g  mechanical system, the  occupant compartment, 

i s  g iven.  The occupant 's  p o s i t i o n  and o r i e n t a t i o n  and t h e i r  r a t e s  o f  

change a re  s p e c i f i e d  f o r  some s i n g l e  i n s t a n t  i n  t ime.  And f i n a l l y ,  t h e  

mot ion i n  space o f  t h e  occupant compartment as a f u n c t i o n  o f  t ime  i s  

s p e c i f i e d .  It i s  r e q u i r e d  t o  determine t h e  subsequent mot ion  o f  t he  oc- 

cupant and t he  forces which descr ibe  h i s  i n t e r a c t i o n  w i t h  t he  v e h i c l e  

i n t e r i o r .  

F i gu re  1-2 i l l u s t r a t e s  the  r e l a t i o n s h i p  between t he  mot ion  and t he  

fo rces .  From the  i n i t i a l  p o s i t i o n  and v e l o c i t y  c o n d i t i o n s  o f  t h e  occupant 

r e l a t i v e  t o  a v e h i c l e - f i x e d  re fe rence  frame, t he  ins tantaneous s t a t e  

o f  d isplacements between body and v e h i c l e  elements, and hence t he  i n t e r -  

a c t i o n  fo rces ,  may be determined. Fur ther ,  t he  ins tantaneous i n t e r a c t i o n  

f o r ces  thus found, t oge the r  wi t h  the  mot ion equat ions o f  c l a s s i c a l  

mechanics, namely Newton's Laws, determine t he  ins tantaneous acce lera-  

t i o n s  e s s e n t i a l l y  as a = F/m, o r  { a }  = [MI-1 F i n  a v e c t o r  formula-  

t i o n .  I n t e g r a t i o n  o f  t he  acce le ra t i ons  then y i e l d s  t he  occupant ve lo-  

c i t i e s  and p o s i t i o n s  a t  a new t ime,  d i f f e r e n t  f rom t h e  t ime a t  which 

f o r ces  were determined by an a r b i  t r a r i  l y  smal l  amount, d t  o r  ~ t .  New 

p o s i t i o n  and ve l  o c i  ty condi ti ons hav ing been determi  ned , new d e f l  ec- 

t i o n s  can be determined and so f o r t h  so t h a t  t he  e n t i r e  t ime h i s t o r i e s  

f o r  mot ion and fo rces  a re  es tab l i shed .  Th is  f l o w  sequence i s  an ap- 

p r o p r i a t e  d e s c r i p t i o n  f o r  a1 1 mathematical models which cou ld  be used 

f o r  de te rmin ing  occupant dynamics . 
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1 . 2  Computer Model s  

The embodiment of a  mathematical model within a computer program 

i s  cal led a "computer model." Computer models which have been used 

t o  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 occu- 

pant motions may be expected to  l i e  within a plane. Thus, two-dimen- 

sional models are most useful fo r  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," i s  the subject of t h i s  Tutorial 

Sys tem. 

1 . 3  The Tutorial Svstem 

The MVMA 2-D model i s  a  large and complex computer program. I t s  

many options a n d  features provide the user considerable f l e x i b i l i  ty 

in  defining a crash event b u t  a t  the same time impose considerable 

demands for  speci f ica t ion  of input data.  As a means of f a c i l i t a t i n g  

learning to  use the model, the Tutorial System combines a self-study 

guide with an audio-visual program. Both the self-study manual and 

the audi o-avi sual program are divided into th i r teen  segments cal l  ed "modul es . " 
Each of the Modules 2 through 1 2  deals with the data requirements of a  s e t  of 
related model fea tures .  Data decks for  two example simulations are de- 
scribed and assembled in Module 13. The t i t l e s  of the modules are descript ive 

of t h e i r  content and are  l i s t e d  in Figure 1-3. I t  should be noted tha t  Module 
6 i s  in two parts  and tha t  there i s  no Module 11. 

The Tutorial System i s  intended fo r  use by engineers. I t  i s  

assumed tha t  the user i s  famil iar  with basic engineering terms such 

as "accelera t ion ,"  "force-deflection loading curve," and "moment 

of i n e r t i a . "  No mathematical ski 11s are  required fo r  understanding 

most of the material presented in the Tutorial System modules, b u t  

any user of the computer model i s  expected to  understand the basics * 

of algebra and analyt ic  geometry. These are required fo r  some as- 
pects of the task of input data preparation. Knowledge of calculus,  

d i f f e ren t i a l  equations, and Lagrangian mechanics i s  not a  necessity 

fo r  any user ,  b u t  i t  i s  normally the case tha t  a  user with s k i l l s  in 

these areas i s  be t t e r  able t o  use the model ef fec t ive ly .  B u t  most 



MODULES OF THE MVMA 2-D 

CRASH VICTIM SIMULATION TUTORIAL SYSTEM 

MODULE 

1 Introduction to the M V M A  2-D Crash Victim Simulation 

The Body Linkage 

Neck and  Shoulder Models 

Contact Surfaces Attached to the Occupant 

Contact Surfaces Attached to the Vehicle 

Generation of Contact Forces on the Occupant (Parts 1 and 2) 

Occupant Positioning with Respect to the Vehicle 

Crash Deceleration Profiles and Head Applied Forces 

Belt Restraint Systems 

Airbag Restraint System 

(Module 11 is  reserved for an energy absorbing steering 

column) 

12 Model  Operation 

13 Example Crash Simulations 

FIGURE 1-3 Modules o f  t h e  MVMA 2-D Crash V i c t i m  
Simulation Tutorial System 



important, and independent from a user 's  mathematical background, are 
good engineering judgment and an understanding of the fundamentals of 
Newtonian mechanics . 

The focus of the Tutorial System i s  preparation of input data. 
. I t  i s  here that design data, the mathematical model, and engineering 

judgment must be brought together. The mathematical model, 1 i ke a l l  
mathematical models , wi 11 a1 1 ow only imperfect representations of 
real i ty .  In  order t o  simulate physical phenomena as accurately as pos- 
s ible  w i t h  the model, i t  i s  necessary for  the user t o  understand the 
manner by which features of the occupant/vehicle system have been ap- 
proximated analytically. Therefore, most of the material in the Tutorial 
System i s  explanation of the features of the mathematical model and the 
associated parameters for which the user must supply values. En- 
gineering judgment i s  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 c r i t ica l  and therefore require 
special attention. Such "special attention" may be given t o  a cri  t i -  

cal parameter in two different ways. 1)  F i rs t ,  i t  will sometimes be 
the case that i t  i s  entirely unfeasible t o  establish an experimental 
value for a parameter, e.g., a measure for hysteretic energy absorption 
for an impact to the head of a six-year-old child. Also, we might con- 
sider the case of a design parameter of the occupant compartment for 
which there are minimal non-safety related design constraints, e ,  g . ,  

the webbing s t i f fness  for a component of a be1 t restraint  system. 
For these two examples i t  may be necessary or appropriate t o  perform 
simulations for a range of values for the respective parameters. 
2 )  Speci a1 at tent i  on can be given to a cri  t ical  parameter in a second 
way. I t s  value might be measured. Any cr i t ica l  biomechanical para- 
meter or any design parameter that i s  essentially fixed in value, or 
which a t  least  has a nominal "baseline" value, should be measured 
experimental ly i f feasible and practical. I t  has been demonstrated 
time and again that for satisfactory performance of mathematical 
models, there i s  no substi tute for good experimental data. Reality 
can be simulated only i f  real i ty  i s  represented. 



1.4 The MVMA 2-0 Crash Victim Simulation 

Figure 1-4 i s  a schematic of the occupant, vehicle inter ior ,  and 
restraint  systems of the MVMA 2-0 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 
t rea t  these subjects in detail .  

1.4.1 The Occupant. The MVMA 2-D model includes the following 
features in i t s  representation of the crash victim, which may be ei ther  
a human or an anthropomorphic dummy: 

1. A nine-mass , ten-segment body 1 i nkage; 
2. An extensible, two- joint neck and a real i s t ica l  ly-flexi ble 

shoulder complex; 
3.  Energy-absorbing joints;  
4. Time-dependent muscle activity 1 eve1 ; 
5. Contact-sensing ell ipses of arbitrary s ize,  position, and num- 

ber which define the body profile;  and, 
6. General and arbi t ra r i  ly-defi nab1 e nonl i near materi a1 s with 

energy-absorbing capability for a1 1 parts of the body. 

Some of these features are i l lustrated i n  Figure 1-5, a schematic of 
the body linkage. Note that since this  i s  a planar model, a single two- 
link leg represents right and l e f t  legs combined. Similarly, there are 

- -  - 

only two arm links. Angulations a t  joints are restricted by user specifi- 
- cation of range-of-motion 1 imi t s  and viscoelastic parameters for hard- 

- -- 
tissue resistance. Figure 1-6 i 1 lustrates a typical occupant pro- 
f i l e  defined by user-speci fied contact-sensi ng el 1 ipses. 

A feature that i s  unique to the MVMA 2-D Crash Victim Simulator 
5s i t s  muscle model. Moderate levels of muscle contraction generally 
have a significant effect on the crash dynamics, especially for low-g 
impacts, so analytical representation of the effect  i s  of obvious 
value. Provision i s  made for  calculation of muscle torques a t  the 
eight joints of the body linkage. The muscle model i s  shown in Figure 
1-7. I t  does n o t  include a contractile element, b u t  the passive visco- 
elast ic  parameters k and c are functions of a user-prescribed, time- 
dependent muscle activity level. The typical curve shape i s  shown in 
Figure 1-8. tR and tC are reflex and contraction times for the muscle. 



MVMA 2-0 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 

11. Horizontal, Vertical, and Pithing Vehicle ~ o t i o n s  

FIGURE 1-4 The MVMA 2-0 Model 
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FIGURE 1-6 Seated Occupant i n  P o s i t i o n  o f  Approximate Equi 1 i b r i  urn 
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FIGURE 1-8 , Muscle a c t i v i t y  moment as a  f u n c t i o n  of t ime 



The extensible two-joint neck i s  i l lustrated i n  Figure 1-9. Visco- 

e l a s t i c  elements are n o t  shown. The joints are a t  e i ther  end of the 
cervical spine. The upper neck joint  may be positioned arb i t ra r i ly  
with respect t o  the head center of mass. 

Figure 1-10 shows shoulder "shrugging" motions that may be repre- 
sented in simulations with the MVMA 2-D model. Angular articulations 
o f  the upper arm link are independent from the translatory motions of 
i t s  proximal end. 

1.4.2 The Vehicle. Forces between the occupant and the 
vehicle inter ior  are generated by the mode1 as a resul t  of interaction 
of a profile of occupant el 1 ipses with a user-defined vehicle-interior 
profile.* This profile i s  a s e t  of connected or disconnected straight- 
l ine segments. The example profile i l lus t ra ted  in Figure 1-11 has 
eleven segments. However, any number of segments may be prescribed 
and their  lengths and locations are arbitrary . Time-dependent po- 

s i  tioning of the segments makes possible simulation of direct  intrusions 
into the occupant compartment or secondary frontal inter ior  di spl ace- 
ments resulting from gross deformation of the engine compartment. 

The l ine segments may be assigned material properties or they may 
be specified as rigid.  Material properties for elements of the vehicle 
inter ior  (and also for occupant e l l ipses)  include the following: 

1 .  Tabular or polynomi a1 1 oading curves 
2. Material yield point deflection 
3.  Force saturation level for plast ic  loading 
4. Hysteretic unloading characteristics that depend on maximum 

deformation 

5. Surface fr ic t ion characteris t i c s  

Example loading and unloading curves are shown i n  Figure 1-12. 

1.4.3 Restraint Systems. Three optional occupant res t ra in t  
systems may be used in MVMA 2-D simulations. Two are belt  systems 
and the  third i s  an airbag model, which i s  i l lus t ra ted  in Figure 1-13. 

*A pedestrian and a vehicle exterior may be represeoted just  as easily.  
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FIGURE 1-10 Maximum range o f  motion o f  t he  g leno id  fossa 
- (shoulder  socket)  i n  shrugging movements 



- ... - 

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



Force 

Static Loading Curve 

W 

Deflection, b 

6max  > hc 

- -  - 
FIGURE -1-12 unloading ~ - % h  permanent-~eformation from Deflections 

Greater Than sc 



RHEAD 

. . ...-. . . - 4  

FIGURE 1-1 3 MVMA 2-D A i  rbag Model - 



The f i g u r e  shows t he  bag expanding f rom i t s  source toward t h e  

occupant, f o r  which an a i r b a g  c o n t a c t  p r o f i l e  i s  de f i ned  w i t h  s t r a i g h t -  

l i n e  segments. Es t imat ion  o f  bag f o r ces  i s  based on s o l u t i o n  o f  t he  

d i f f e r e n t i a l  equat ions o f  gas thermodynamics. The a i r b a g  i s  i n f l a t e d  

a t  a  time-dependent r a t e  s p e c i f i e d  by t h e  user ;  i n l e t  mass f l o w  r a t e  

i s  a  t a b u l a r  i n p u t  t o  t he  s imu la t i on .  When t h e  bag i s  f u l l y  i n f l a t e d ,  

r e s t r a i n i n g  fo rces  due t o  i n t e r n a l  pressure and s k i n  t ens i on  a r e  

generated i f  the  bag i s  i n  c o n t a c t  w i t h  t h e  occupant. The shape 

o f  t h e  bag i s  a1 lowed t o  conform t o  t h a t  o f  the  occupant and t h e  v e h i c l e  

i n t e r i o r  w i t h  f r e e  sec t i ons  o f  t he  per imete r  d e f i n e d  as c i r c u l a r  segments. 

When t h e  pressure i n  t h e  bag reaches a  s p e c i f i e d  l e v e l  , gas i s  a1 lowed 

t o  f l o w  o u t  o f  t he  bag through de f i ned  o r i f i c e s  o r  through porous bag 

f a b r i c .  

The f i r s t  o p t i o n a l  b e l t  system i s  i l l u s t r a t e d  i n  F i gu re  1-14. 

I t  c o n s i s t s  o f :  1 )  a  one-piece l a p  be1 t a t tached  t o  t h e  lower  t o r s o  

element and anchored a t  each end t o  t h e  v e h i c l e ;  2 )  an upper t o r s o  

harness s t r ap  at tached t o  t h e  upper t o r s o  element and anchored t o  t he  

veh i c l e ;  3 )  a  lower  t o r s o  harness s t r a p  a t tached  3 r b i t r a r i l y  t o  any 

t o r s o  element and anchored t o  t he  v e h i c l e .  Th i s  be1 t - r e s t r a i n t  

submodel i s  e f f e c t i v e l y  a  t h r e e - b e l t  system. The two-segment l a p  b e l t  

shown i n  t he  f i g u r e  i s  t r e a t e d  by the  computer model as a  s i n g l e  

p i ece  of webbing t h a t  s l i d e s  f r e e l y  over  t h e  p e l v i s  through a  user-  

s p e c i f i e d  p o i n t  on t he  l owe r - t o r so  element. Thus, a lap-be1 t tens ion  

i s  determined f rom the  e l o n g a t i o n  o r  s t r a i n  o f  t he  t o t a l  be1 t l eng th ,  

w i t h  no adjustment f o r  p o s s i b l e  f r i c t i o n  e f f e c t s ,  and t he  e s t a b l i s h e d  

t ens ion  i s  app l i ed  a t  t he  at tachment p o i n t  on t he  body through b o t h  

t h e  inboard  and outboard segments. The l a p  be1 t anchor p o s i t i o n s  i n  t he  

veh i c l e ,  as w e l l  as t he  at tachment p o i n t  on t h e  l owe r - t o r so  segment, 

can be s p e c i f i e d  a r b i t r a r i l y  by  t he  user.  

The t o r s o  harness r e s t r a i n t  c o n s i s t s  o f  two i n d i v i d u a l  s t r a p s  : 

an upper s t r a p  a t tached  t o  a  f i x e d  p o i n t  on t he  upper t o r s o  segment 

and a lower  s t r a p  a t tached  t o  a  f i x e d  p o i n t  on t he  upper-, middle-,  

o r  1  ower- t o r s o  segment. 

F i gu re  1-15 i s  a  schematic o f  t he  second o p t i o n a l  b e l t - r e s t r a i n t  

system. I t  inc ludes  t he  f o l l o w i n g  f ea tu res :  1 )  seven b e l t  segments 
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I FIGURE 1-14 S imple  B e l t  System I 



inboard anchor 

-. . . 

i FIGURE 1-1 5 Advanced Be1 t System 



which may be independent or ,  a t  o p t i o n ,  may be paired in certain combi- 
nations to act as a lesser number or separate lengths of webbing by 
use of various free-slipping afld fr ic t ion elections a t  the torso and 
lap and a t  s l ip  points; 2)  a s l ip  point in the three-belt upper har- 
ness system; 3 )  a s l ip  point between the lower torso and lap sections; 
4) optionally , inertia reels ,  either vehicle-sensi t ive or webbing-sensi- 
t ive ,  a t  three of the four anchor locations. The s l i p  points are shown 
as open circles ,  rings R1 and RE. The rings may be fastened t o  
ring straps,  which lead t o  anchors A1 and A2, or they may be fixed to 
the vehicle frame a t  anchor locations Al and A*, in which case the 
corresponding ring straps, B6 and B5, are absent. The be1 t pairs 
B,-B7 and Bp-Bg, may be considered common straps that may s l i p  freely 
through their  respective rings or w i t h  an amount of frictional resis- 
tance which depends on the resultant normal force a t  the ring. Three 
optional methods are available for simulating the effects of torso bel t  
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-strai n characteristics. 

1.4.4 The Impact Event. The crash victim's environment i s  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 in Figure 1-16. Example piecewise-1 inear approximations of 
hypothetical crash profiles are shown in Figure 1-17. 

For user convenience several options are available with regard 
t o  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 i s  fixed with respect t o  the occu- 
pant compartment. A1 ternatively, the accelerations may be prescribed 
as motion components within an iner t ia l  frame of reference. The 
accelerations may be entered in g ' s  or in physical units. Pitching 

2 2 accelerations may be in either rad/sec or deg/sec . 
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FIGURE 1-1 6 Vehic le  Coordinates 
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In special applications of the MVMA 2-D model, i t  can be useful 
to  be able t o  specify time-dependent forces for direct  application to 
the occupant. Provision i s  made for applying such a ,  force to any de- 
sired point on the head, as shown in Figure 1-18. 

1.4.5 Post-Processinq and Model O u t p u t .  The MVMA 2-D computer 
model i s  organized as a multiprocessor in that i t  i s  divided into three 
parts which operate in turn. (See Figure 1-19.) The f i r s t  processor 
i s  called the Input Processor, or IN. I t  reads data cards, packs 
the values into binary tables, and records those tables for use by 
subsequent processors. The second processor, call ed the Dynamics 
Solution Processor, or G O ,  reads the binary tables,  solves the equa- 
tions of motion, and incorporates the computed results into the binary 
tables. The third processor i s  called the O u t p u t  Processor, or OU1'. 
I t  reads the binary tables produced by the other processors and 
prints a comprehensive summary of a l l  recorded information as the 
user speci f i es . 

Discussion of the MVMA 2-D model in preceding sections of this  
module i s  pertinent only t o  the functions of the f i r s t  two processors, 
that i s :  1 )  reading and interpreting the input data; 2 )  solving the 
equations of  motion for the simulated crash; and 3) storing results.  
This section i s  pertinent t o  the o u t p u t  processor. 

The o u t p u t  processor has two primary functions: 1 )  to process and 
analyze computed results with various so-cal led "post-processor" 
subroutines, and 2 )  to produce printed output. 

Post-processor subroutines make possible digital  f i  1 tering of 
occupant accelerations. Either f i  1 tered 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 t ib ia  loads can be calculated. Up t o  eighteen standard 
potenti a1 injury indicators including accelerations, loads, HIC, 
and severity indices can be compared against user-specified t e s t  values . 
Joint relative angles can be similarly tested. I n  addition, i t  i s  
possible to compare any recorded response variable against any other 
or  against high and low t e s t  values. The final post-processor 
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i FIGURE 1-1 8 Schematic o f  Force Appl i e d  t o  Head 
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(I OUT = Output Processor 

FIGURE 1 - 19 The Mu1 ti processor MVMA 2--D- Model ..- . - . --- 



function i s  to produce printer-plot stick-figure representations of the 
occupant, the vehicle inter ior ,  and the restraint  configuration. One 
stick figure from a time sequence of plots i s  shown in Figure 1-20," 

I n  i t s  second function, printing time hi stories of response variabl es , 
the o u t p u t  processor deals with forty different categories of computed 
results.  These are categories 1 through 40 in Figure 1-21. They i n -  

clude informati on a b o u t  vehicle motion, occupant motion, joint torques, 
and forces resulting from occupant interaction with elements of the 
vehicle interior and restraint systems. Any or a l l  of these categories 
can be requested by the user for printout. In addition, i t  i s  possible 
t o  obtain formatted printout of input quantities. 
1 .5  Data Set Structure 

Two data decks are required for computer 
simulations made with the MVMA 2-D model. (See Figure 1 - 2 2 . )  Each data 
deck consists of a series of eighty-character lines which will be called 
"cards" in this discussion. The f i r s t  data deck i s  read by the input 
processor, and the cards are identified by numbers 100 through 1000 
in columns 78-80 or i7-80. Primarily, these cards contain data which 
describe the crash event, the occupant, the vehicle inter ior ,  and the 
restraint systems. The second data deck i s  read by the o u t p u t  
processor. Each card i s  identified by a number 1001 through 1600 
in co7umns 77-80. These cards contain data which control printout 
and the use of post-processors discussed in the l a s t  section. 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 n o t  
be present. Also, as explained i n  Volume 2 of the MVMA 2-D manuals, 
various quanti t i es  can be defaulted t o  constants stored within the 
program by omitting their  cards from the data deck(s). 

Each card consists of ten fields.  (See Figure 1-23.) The tenth 
field i s  reserved for the previously mentioned card identification 
number. The f i r s t  nine f ie lds ,  consisting of eight columns each, are 

* The Tutorial System does not deal with the use of VCL (Validation Command 
Language), a separate MVMA 2-0 computer program which can perform most 
of the post-processing functions mentioned here. VCL has many other 
post-processing uses as well. I t  was developed to aid the automotive 
safety researcher i n  quantifying comparison between impact t e s t  results 
and predictions of mathematical simulations. 

28 
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FIGURE Example of Printer Plot O u t p u t  



Category 
Number Descrf p t i  on 

0 Formatted Printout of Input Quanti t ies  

1 Vehicle ~esponse 

2 Real Line Region Parameters 

3 Real Line Region Individual Line Segment Movement 

4 Contact Forces Including Occupant-Vehi c le ,  Occupant-Be1 t ,  

. Occupant-Occupan t 

5 Belt Angles 

6 Unfi 1 t e e d  Body Accelerations (Head, Chest, Pelvis) 

7 Filtered Body Accelerations (Head, Chest, Pelvis) 

8 Unfiltered ,Severity Indices 

Fi 1 tered Severity Indices 

Body Link Angles 

. Body Link Angular Velocities 

Body Link Angular Accelerations 

Body Joint  Coordinates 

Body Joint Veloci t i e s  

Body Joint Torques 

Body Joint Absorbed Energies 

Body Kineti c Energies 

A i  rbag Vari abl es  

Ai h a g  Contact Farces 

Airbag Center of Mass Forces and Moments 

Neck Joint Coordinates 

? 2 
. 

Shoulder Joint  Coordinates 
-- 

FIGURE 1-21a List of O u t p u t  Categories 



Category 
Number Description' 

2 3 Joint  Torque Linear Components 

24 Joint Torque Nonlinear Components 

25 Joint  Torque ' Fri c t i  on Components 

26 Joint  Torque Viscosity ~om'ponents 

27 Joint Absorbed Energy Joint Stop Components 

2 8 Joint  Absorbed Energy Friction Components 

29 Joint Absorbed Energy Viscosity Components 

30 Center of Mass X-Component Forces 

31 Center of Mass Z-Component Forces 

3 2 Center of Mass Resultant Moments 

Steering Co1 urn Coordinates 

Steering Cot u r n  General i zed Coordinates 

Steering Column Forces and Moments 

Forces and Moments on Body Due to  Steering Col urn 

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  o f  Quanti t ies  to  be Compared Against Test 

Values 

Individual Type A Comparisons 

Indi v i  dual Type B Comparisons 

Printer-Plots o f  Stick Figures 

FIGURE 1-21b  List  of O u t p u t  Categories 
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i Card Number 
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~f pages I automatic titl~ng ( 

_ _*__ _ ---- _ __---- 
11000 -,-- - (blank) - - marks - . . end - . - - of - - data - . - - deck - 
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'FIGURE 1-22 Data Decks 
i _ _ _ _ _ _ _ _ -  ____ -..- 
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FIGURE 1-23 A Data Card 



data f ie lds .  Thus, up t o  nine numbers may be required per card a1 though 
most cards make use of a smaller number of f ie lds .  Numerical data 
must be specified in ei ther  F, E ,  or D format, examples of which are 
given with Figure 1-23. Blanks in numeric f ie lds  are treated as zeros 
by most computer systems, so E- and D-format numbers must be right- 
adjusted within data f ie lds .  Alphanumeric data are required on some 
cards; blanks within an alphanumeric f ie ld  will not be ignored since a 
blank i s  a legitimate a1 phanumeric character. 

1.6 Using the Tutorial System 

The Tutorial System sel f-study guide and audio-visual program are 
intended t o  faci 1 i  t a te  1 earning t o  use the MVMA Two-Dimensional 
Crash Victim Simulator. The point must be made, however, that  the model 
user must have the MVMA 2-0 report manuals, particularly Volume 2, in 
order t o  prepare data for a simulation. The Tutorial System self-study 
guide i s  n o t  intended t o  be a replacement for the report manuals, b u t ,  

rather,  a detailed supplement. 

Volume 2 of the MVMA 2-D report manuals includes a description of 
a l l  data cards and their  content, card by card and f ie ld  by f ie ld .  
Figure 1-24 i s  a typical card layout from Volume 2.  The table from 
which this  example page i s  taken includes over 100 such card 1 ayouts. 
They must be referenced in the preparation of a data s e t ,  b u t  they 
are no t  included with the Tutorial System. The table ,  i n  addition to 
collecting in one place a description of a l l  required input data,  
includes information regarding default values for f ie lds  of cards omitted 
from the data deck(s) and also information regarding required units 
for  data, f ie ld by f ie ld.  The units required for  running the model 
w i t h  metric-system or Engl ish-system data are indicated separately.* 

As previously mentioned, Tutorial System Modules 2 through 12 deal w i t h  

different groups of related model features. However, i t  i s  n o t  possible 
t o  make the treatment of a l l  subject matter in each module completely 
self-contained. For example, Module 9 describes the two optional 

* All example data included in the Tutorial System self-study manual are 
i n  English system units. 





be1 t r e s t r a i n t  systems i n  d e t a i l .  B u t  t h e  d e s c r i p t i o n  o f  genera l  m a t e r i a l  

p r o p e r t y  s p e c i f i c a t i o n s  , which  a r e  r e l e v a n t  t o  be1 t webbing, body 

p a r t s ,  and e lements o f  t h e  v e h i c l e  i n t e r i o r ,  i s  i n  Module 6.  Thus, 

r e f e r e n c e  t o  b e l t  webbing m a t e r i a l  p r o p e r t i e s  i s  made i n  more than  one 

module. F igu res  1-25 and 1-26 a r e  i n c l u d e d  t o  a i d  t h e  T u t o r i a l  System 

u s e r  i n  l o c a t i n g  i n f o r m a t i o n  w i t h i n  t h e  s e l f - s t u d y  gu ide  r e l e v a n t  

t o  any i n p u t  d a t a  parameter .  F i g u r e  1-25 shows a l l  d a t a  ca rds  r e f e r e n c e d  

by each module, and F i g u r e  1-26 i n d i c a t e s  a l l  modules which r e f e r e n c e  

each f i e l d  o f  each ca rd .  

Module 1  has se rved  as an i n t r o d u c t i o n  t o  t h e  MVMA Two-Dimensional 

Crash V i c t i m  S i m u l a t o r  and t h e  T u t o r i a l  System. The T u t o r i a l  System 

shou ld  be used i n  e i t h e r  o f  two ways. 

F i r s t ,  t h e  t h i r t e e n  aud i  0 - v i  sua l  modules may a1 1  be run ,  sequen t i  a1 l y  , 
b e f o r e  t h e  s e l f - s t u d y  manual i s  used. The a u d i o - v i s u a l  modules, each 

c o n s i s t i n g  o f  35 mm s l i d e s  and n a r r a t i o n  on a  tape  c a s s e t t e ,  t r e a t  

model f e a t u r e s  i n  much g r e a t e r  d e t a i l  t han  t h e y  have been d i scussed  

i n  t h i s  i n t r o d u c t o r y  module. However, t h e y  cove r  t h e i r  m a t e r i a l  i n  

much 1  ess dep th  than  t h e  s e l  f - s t u d y  manual ; each i n c l u d e s  o n l y  15 t o  

25 m inu tes  o f  n a r r a t i o n .  The re fo re ,  t h e y  can be used t o g e t h e r  as a  

d e t a i  l e d ,  f o u r  and one-ha1 f hou r  a u d i o - v i s u a l  i n t r o d u c t i o n  t o  t h e  model. They 

need n o t  be v iewed i n  one sess ion ,  o f  course .  I n  t h i s  method o f  

u s i n g  t h e  T u t o r i a l  System, use o f  t h e  s e l f - s t u d y  gu ide  would f o l l o w  

v i e w i n g  o f  a l l  modules. 

A1 t e r n a t i  v e l y  , v i e w i n g  o f  a u d i o - v i s u a l  modules and use o f  t h e  s e l f -  

s t u d y  gu ide  can a l t e r n a t e .  I n  t h i s  method, t h e  u s e r  o f  t h e  T u t o r i a l  

System wou ld  s t u d y  t h e  s u b j e c t  m a t t e r  o f  a  module i n  d e t a i l  b e f o r e  

p roceed ing  t o  t h e  n e x t  module. 

E i t h e r  method shou ld  be an e f f e c t i v e  way o f  p r e p a r i n g  t h e  u s e r  

f o r  a p p l y i n g  t h e  MVMA Two-Dimensional Crash V i c t i m  S i m u l a t o r  t o  problems 

o f  au tomot ive  s a f e t y  des ign .  A f t e r  s t u d y  o f  Module 13,  t h e  u s e r  

shou ld  be ready  t o  e x e r c i s e  t h e  model.  The MVMA 2-D model can be ap- 

p l i e d  i n  v a r i o u s  ways f o r  t h e  model i n g  o f  dynamical  systems. A  

broad range o f  f r o n t ,  r e a r ,  and even s i d e  impacts  f o r  d r i v e r  and 
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FIGURE 1-25 Data Cards Referenced By Modules 
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201-21 7, 303, 227-238 

201-203, 205-21 7, 227, 228, 233, 235-242, 303 

102, 103, 106, 219-226, 402, 412, 903, 907-909 

102, 103, 106, 219, 401-412 

103, 219, 221 -226, 401 , 403-408, 702-71 6 

102, 103, 219, 222, 401, 402, 404, 409, 410, 412, 605, 
606, 705 

205, 206, 21 5, 216, 301-304, 409, 1501 , 1502 
-, 

601 -606 

102, 218, 501, 701-723 

102, 411, 901-909 

- 

101, 102, 104, 105, 107-111, 218, 1000-1004, 1100-1107, 
1200-1 202, 1300, 1400, 1401 , 1500-1 502, 1600 
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passenger have been simulated. Applications have included simulating 

anthropomorphic dummy drops on to  a hard surface and human f a l l  victims 

striking yielding and unyielding surfaces. They have included simulating 

pedestrians struck by a vehicle. Simulations have been done of 

laboratory tes t s  in which la teral  neck response of human subjects was 

measured when the head was jerked t o  the side by a fa l l ing weight. 

B u t  use of the MVMA 2-0 model need no t  be restr ic ted t o  simulating 

human or human-analog systems. Diverse appl i cations are possible 

i f  the user i s  clever in ut i l iz ing the many features of the model. 



MODULE 2--THE BODY LINKAGE 

2.1 Body Linkage 

The MVMA-2D crash victim i s  represented analytically as a "lumped 

mass" dynamical system. That i s  to say that  we are approximating the 

body by a string of rigid links and that  a l l  viscoelastic elements 

affecting angulation of body parts re lat ive t o  each other act a t  dis- 

crete points connecting the links. This approach t o  the analytical prob- 

lem i s  common t o  all, crash victim simulators developed t o  date. 

Figure 2-1 i l l u s t r a t e s  the body linkage. The crash victim i s  

treated as an eight-mass system in which ten physical l inks are 

represented. Since this  i s  a planar model there would be no great 

purpose to including l e f t  and r ight legs separately. Consequently, 

a sinqle two-link leg represents the two legs combined, as i f  bound 

together. Accordingly, the thigh and lower leg masses, M5 and M 6 

in Figure 2-1, should be assigned doubled values. The arms are 

similarly treated as only two links. The human spinal column i s  more 

or less continuously f lexible  since i t  i s  composed of thirty-three 

vertebrae and intervening f i  brocarti laginous discs . The model simu- 

la tes  f lex ib i l i ty  of the combined thoracic and lumbar spines by two 

ar t iculat ions,  which connect three torso masses. These are joints 3 and 4 in 

the figure. Flexibility of the cervical spine (neck) i s  accounted for  by two 

ar t iculat ions,  one a t  the occipital condyies and one a t  the seventh-cervical / 

f i rs t - thoracic  juncture, joints 1 and 2 ,  respectively. The neck element 

i t s e l f  i s  massless in th is  model, b u t  neck mass can be apportioned however 

desired a t  the head and torso junctures. This element can undergo compres- 

sion and elongation. A similar massless body link i s  found a t  the shoulder. 

I t  connects joints 7 and 9 in Figure 2-1. This element allows simulation 

of shoulder flexi bi 1 i t y  resulting 





f r o m  o u t - o f - p l a n e  mot ion  o f  t h e  c l a v i c l e . *  Neck and shou lde r  f l e x i b i l i t y  

i s  d iscussed i n  d e t a i l  i n  Module 3. 

The l e n g t h  q u a n t i t i e s  shown i n  F i g u r e  2-1 a r e  i n p u t t e d  on 201- 

and 202-Cards. Body segment l e n g t h s  a r e  i n  f i e l d s  2  th rough  7 o f  

Card 201. These a r e  j o i n t - t o - j o i n t  l e n g t h s .  For example, t h e  upper  

arm 1  ength L78 i s  en te red  i n  f i e l d  7. Torso segment l e n g t h s  a r e  

en te red  i n  f i e l d s  2, 3 ,  and 4, and t h e  h ip-knee l e n g t h  i s  i n  f i e l d  5. 

F i e l d  6 i s  unused.  he-initial va lue  f o r  neck l e n g t h  i s  i n  f i e l d  5 - . .- 

o f  Card 303. Body segment c e n t e r s  o f  mass a r e  p o s i t i o n e d  w i t h  

r e s p e c t  t o  j o i n t s  by d e f i n i n g  t h e  l e n g t h  va lues  a ,  t h rough  k 8 .  These 

a r e  en te red  i n  f i e l d s  1  through 8 o f  Card 202. Centers o f  mass must 

l i e  on body segment c e n t e r l i n e s ,  t h a t  i s ,  on j o i n t - t o - j o i n t  l i n e s ,  

s i n c e  no o f f s e t  t e r n s  a r e  i n c l u d e d  i n  t h e  a n a l y s i s .  The o n l y  excep- 

t i o n  t o  t h i s  i s  t h a t  t h e  head c e n t e r  o f  mass can be ass igned an o f f -  

s e t  from t h e  upper neck j o i n t  a t  t h e  o c c i p i t a l  condy les .  Tha t  i s  t o  

say, t h e  v e r t i c a l  head a x i s  need n o t  pass th rough  t h e  upper  neck 

j o i n t .  I n  F i g u r e  2-1 t h e  condy les  o f f s e t  i s  t h e  q u a n t i t y  " c "  a t  

j o i n t  1 .  I t s  v a l u e  i s  en te red  i n  f i e l d  1 o f  Card 201. 

2.2 Masses and Moments o f  I n e r t i a  

Body segment masses a r e  i n p u t t e d  on Card 203. Values f o r  t h e  

masses MI th rough M8 shown i n  F i g u r e  2-1 a r e  en te red  i n  f i e l d s  1  

th rough  8, r e s p e c t i v e l y .  It has been p r e v i o u s l y  noted t h a t  t h e  

a m  and l e g  masses i n  f i e l d s  5 t h rough  8 shou ld  be doub led va lues  i n  

o r d e r  t o  r e p r e s e n t  b o t h  l e f t  and r i g h t  l i m b s .  F i e l d  9 c o n t a i n s  t h e  

neck mass, wh ich i s  n o t  shown i n  t h e  f i g u r e .  The t o t a l  neck mass i s  

d i s t r i b u t e d  as lump masses a t  each end o f  t h e  neck, a t  j o i n t s  1  and 

2. The decimal  p r o p o r t i o n  of  t h i s  mass t o  be p laced  a t  t h e  upper  

* J o i n t  9 i s  f i x e d  w i t h  r e s p e c t  t o  t h e  upper t o r s o  l i n k ,  i . e . ,  e c  and L2, 
a r e  cons tan ts .  See Module 3. 

47 
-- - - .. - ?.. - ?  . 



neck j o i n t  i s  i n d i c a t e d  i n  f i e l d  9 o f  t h e  202-Card and t he  remainder 

w i l l  be lumped a t  j o i n t  2. Moments o f  i n e r t i a  f o r  t h e  body l i n k s  about 

t h e  centers  o f  mass a re  en te red  on Card 204. F igure  2-2 shows example 

da ta  cards w i t h  values f o r  l i n k  l eng ths ,  masses, and moments o f  i n e r t i a .  

These da ta  a re  f o r  a  161 1 b male o f  average s t a t u r e .  

The MVMA-20 1  inkage i s  sometimes used f o r  model ing systems o t h e r  

than humans o r  human analogs. I n  such a p p l i c a t i o n s ,  i t  i s  occas iona l l y  

usefu l  t o  s p e c i f y  scme mass an3 moment -o f - ine r t ia  values as zero.  Cer- 

t a i n  combinat ions o f  these parameters a re  n o t  a l lowed t o  be zero,  depending 

on which l i n k  leng ths ,  i f  any, a re  s e t  t o  zero.  The o n l y  s imp l y - s ta ted  

g u i d e l i n e  t h a t  can be g iven  t h e  user  i s  t h a t  d iagonal  elements o f  t he  

c o e f f i c i e n t  m a t r i x  f o r  the  genera l i zed  acce le ra t i ons  may n o t  be zero.  

The a n a l y t i c a l  expressions f o r  t he  m a t r i x  elements a re  g i ven  i n  Volume 

1  o f  t he  MVMA-20 manuals. 



FIGURE 2-2 Example data  cards for body l i n k  l eng ths ,  masses, and 

moments o f  i n e r t i a  



2.3 Joint Properties 

The quantities on Cards 205 through 217 define the geometry and 

torsional strength properties of the various j o i n t  structures.  Joint 

geometry will be described together with a discussion of joint  torque 

components. 

Figure 2-3 i s  a schematic of a human in a standing position. The 

body links approximate the skeletal structure and are shown here t o  

i l l u s t r a t e  that they are not necessarily in a1 ignment even in an 

erect  posture. Figure 2-4 i s  a similar schematic of a seated human. 

A so-cal led "in-1 ine orientation" i s  defined as a reference orientation 

for several model input quantit ies.  Figure 2-5 depicts the in-line 

orientation. Body joints are numbered here as in Figure 2-1.  

2.3.1 Joint Stop Angles 

Angulation a t  body joints i s  relatively free unti 1 hard-tissue resis- 

tance i s  encountered. Polynomial coefficients for nonl inear resis t ive 

torques are inputted and become effective when specified range-of-motion 

limits are reached. Values for the range-of-motion l imits ,  the so-called 

joint stop angles, are normally taken as the extreme angulations voluntari- 

l y  imposed by human subjects. Two joint stop angles are defined for 

each joint so that both clockwise and counterc1ockwise angulations can 

be properly 1 imited. A relat ive angle i s  considered positive when the 

link nearer the head i s  positioned counterclockwise from i t s  in-line 

orientation. This i s  i l lus t ra ted  in Figure 2-5. Joint stop angles are 

defined for those values of relat ive angles between which no hard-tissue 
- -  - - - _  

resistance i s  encountered. For many joints these positions are on 



FIGURE 2 - 3  Standing P o s i t i o n  



FIGURE 2-4  S i t t i n g  Position, 
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FIGURE 2-5  In-1 ine O r i e n t a t i o n  



ei ther  side of the in-l ine orientat ion,  i  . e . ,  one value i s  positive and 

one i s  negative. For th is  reason they are often called "positive" and 

"negative' joint  stop angles. B u t  since there i s  no general r es t r i c -  

tion on the stop values and since indeed the stops are  not always on 

e i ther  side of the in-1 ine orientat ion,  they are best called "upper" 

and "lower" stop angles, the upper joint  stop being the positive-most 

position. The stop angles are i l lus t ra ted  in Figure 2-6. Positions 

of L , the upper l ink,  requiring clockwise rotation are described 
a 

by negative angles. 

2 . 3 . 2  Link ~ ~ u i l i b r i u m  Position 
Another quantity i l lus t ra ted  by Figure 2-6 i s  the "natural 

link position." A better  name for th i s  quantity m i g h t  be "1 ink 

equilibrium position." I t  i s  the value of the re la t ive  angle a t  

which no l inear comronent of spring torque resul ts .  In contrast 

to the nonlinear jo int  stop coefficients ,  the values normally used 

for 1 inear coefficients produce small torques except for  large rela- 

t ive  angul ations . The natural 1 i n k  positions are most commonly 

s e t  t o  coincide w i t h  the i n i t i a l  occupant configuration so that  no 

joint  torques ex i s t  a t  time zero. Resistance to  small 

motion away from this  configuration i s  normally considered to  be 

due t o  soft- t issue deformation, b u t  the 1 inear jo int  torque component 

can sometimes be used effectively w i t h  the nonlinear components in 

softening hard-tissue resistance. 
A .. - .  

2.3.3 Example Angle Data for  Joints 
- -- - - -  -- - - - - - --,-- . --- Figure 2 - 7  i <  a s t i i k i f i gu re  representation of a seated occupant 

a t  time zero. Consider the knee as a typical jo int .  The f igure 
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FIGURE 2-6 D e f i n i t i o n  o f  j o i n t  stop angles and 
natura l  l i n k  p o s i t i o n  



J o i n t  Stop Po 
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FIGURE 2-7 Joint Stop Positions for Knee 



i l lus t ra tes  the range of motion of the lower leg. Thus f a r  s ix  

quantities re1 a t i  ng to joint geometry and torsional properties have 

been defined. Four primary quantities remain t o  be defined, b u t  for 

the moment l e t  us consider the input requirements for  the s ix.  Nine 

knee joint specifications are entered on the 210-Card and the tenth 

i s  entered on the 217-Card, which contains natural link angle values 

for a l l  joints.  The upper (or  posi tive-most) and  lower (or negative- 

most) joint  stop angles for the knee are entered in fields 7 and 8 

of Card 210. Figure 2-7 shows a bent-knee stop position 
** - -.- . --- 

for which the thigh element, L , i s  150' counterclockwise 
- .  ----- - -4 a 

from an in-1 ine orientation with the lower leg element, L The 
B ' 

other stop i s  a t  0' so the positive-most stop i s  a t  +150P and OO(leg s t ra ight )  

i s  the negative-most stop. Suppose that  i t  i s  desired t o  have the 

natural link angle ~f the knee coincide with the in i t i a l  knee angle 

so that there will be no l inear torque component in this  position. 

Again considering angulation of element a with respect t o  element 

B from the in-line orientation, we see that the natural link angle 

must be +62O. These values are among the contents of Cards 210 and 

21,7, which are shown in Figure 2-8, I t  i s  suggested that the user 

demonstrate, as an exercise, tha t  the natural link angle values in 

f ie lds  1 through 8 of Card 217 correspond t o  the relat ive angles in 

the in i t i a l  configuration depicted in Figure 2-7. 

L__̂ __- 

2.3.4 Linear and  Nonlinear Sprinq Torques 
. -.----- . - - . l . L . _  _ . .-. - - -  - - - - - - .  

Fields 1 ,  2 ,  and 3 of the knee joint card, 210, contain values 

for quantities which have already been discussed -- namely, the 

polynomial coefficients for 1 inear and nonl inear spring torque com- 

ponents. The equation with Figure 2-9 describes these components. 



FIGURE 2-8 J o i n t  property cards 
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SPRING TORQUE = -kLINEAR 
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FIGURE 2-9 L i nea r  and n o n l i n e a r  j o i n t  t o rque  



SPRING TORQUE ,= - k L I N E A R  6 - { K1 , N O N L I N  
2 sgn A . A + K ~ , ~ ~ ~ ~ ~ ~ . I ~  I }  

1 i  near 
component 

nonl inear,  joint-stop component 

The 1 inear torque component i s  proportional t o  6 ,  the angular difference . 

from the natural 1 ink position. The proportional i  ty constant k L I N E A R  

i s  i n  f ie ld  1 .  There are two terms in the nonlinear, joint-stop 

component. The f i r s t  term i s  proportional t o  the square of A ,  the 

angular penetration into a motion-limiting stop. The second term i s  

cubic in the quantity A ,  and ,  depending on whether the upper stop or 

lower stop i s  active,  the nonlinear terms are made positive or negative. 

Values for these quadratic and cubic joint-stop spring rate coefficients 

are in f ie lds  2 and 3  of the 210-Card. 

2 . 3 . 5  Enerqy Absorption i n  Joints 

The four primary joint quantities which have n o t  yet been de- 

fined are in f ie lds  4 ,  5 ,  6 and 9 of the joint  parameters data card -- 
for the knee, Card 210. Field 9 contains the so-called "R-ratio" 

for  the joint. This i s  the fraction of the energy stored in the non-  

l inear loading of a joint stop which will be conserved upon complete 

unloading of the stop. A typical loading-unloading loop for the 

nonl inear spring torque component i s  i l  lustrated in Figure 2-10. 

The quadratic unloading curve i s  determined such that  the area A i s  

equal t o  BRI(1-R) since the R-ratio i s  A / ( A + B ) .  Field 4 contains a 

viscous fr ic t ion coefficient. This i s  the proportional i  ty constant 

for a veloci ty-dependent torque. The torque i s  direct ly  proportional 

to  the magnitude of the relat ive angle velocity and,of course, 

acts i n  a direction t o  r e s i s t  motion. Fields 5 and 6 both relate  t o  

constant f r ic t ion joint torque. Both quantities are i  1 lustrated 
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FIGURE 2-10 R-ratio f o r  energy conserved a t  j o i n t  s t o p  



Veloci ty  

FIGURE 2-11 J o i n t  f r i c t i o n  a t  j o i n t  " i "  



by Figure 2-11. The value in f ie ld  5 i s  the constant torque level ,  
3 J Fi, for jo in tNi . "  The quantity Vi in f ie ld  6 i s  the velocity threshold 

for constant f r ic t ion;  i t  i s  the minimum relat ive angle velocity 

for  which the full  f r ic t ion torque resu l t s .  Torques for  relat ive 

angle velocities less than the velocity threshold in absolute value 

are calculated with a cubic ramp, as i l lustrated in the figure. 

Constant friction i s  not a component of torque appropriately used 

for modeling the human being since human joints are vir tual ly  

fr ic t ionless .  I t  i s  very useful, however, i n  simulating anthropo- 

morphic dummies. 

This completes discussion of the primary joint parameters for  a 

typical joint ,  the knee. I n p u t  data requirements are identical 

in form for the upper spine, lower spine, hip, upper arm-upper torso 

joint ,  and elbow except that parameter values are entered on the 

207, 208, 209, 211, and 212 cards, respectively. 

2.3.6 The Neck Joints 
- - -  . A. .-. 

The upper and lower neck joints in the MVMA 2-0 model are 

atypical joints in an important sense. They are allowed t o  have visco- 

e las t ic  properties in flexion different from those in extension. 
- - -  - -  

While the "typical " joints discussed above can have asymmetri c 

joint-stop positions, s t i  11 the torque-producing elements are the same 

for positive and negative relative angle motions. There are two 

joint  parameter cards for each of the two neck joints.  Flexion data 

for  the upper and lower neck joints , i . e. , for forward bending , are 

entered on Cards 205 and 206. Field 7 may be l e f t  blank since the 

positive-most stop must be for extension, n o t  flexion. Data for 

backward bending of the neck, i .e. , extension, are entered on Cards 

215 and 216. . Here, f ie ld 8 may be l e f t  blank, and  extension stop 



angle values a re  entered i n  f i e l d  7 .  

2.4 Muscle Tension 

None o f  t he  p r e v i o u s l y  descr ibed  v i s c o e l  a s t i  c j o i n t  to rque  

elements can be used t o  adequate ly  model muscle t ens i on .  Moderate 

l e v e l s  o f  muscle c o n t r a c t i o n  g e n e r a l l y  have a s i g n i f i c a n t  e f f e c t  on 

t h e  crash dynamics, e s p e c i a l l y  f o r  low-g impacts,  so a n a l y t i c a l  

r ep resen ta t i on  o f  t he  e f f e c t  i s  o f  obvious va lue.  The MVMA-20 model 

determines genera l i zed  fo rces  f o r  muscle t ens i on  torques a t  t h e  e i g h t  

j o i n t s .  A s i m i l a r  to rque  i s  c a l c u l a t e d  t o  r e s i s t  angular  mot ion o f  

t h e  shoulder  l i n k .  Muscle t ens i on  r e s i s t a n c e  t o  e l onga t i on  o f  t he  

neck and shoulder  l i n k s  i s  a l s o  modeled. 

Exper imental  i n v e s t i g a t i o n  o f  t h e  knee j o i n t  i n d i c a t e s  t h a t  t h i s  

p rope r t y  i s  p r o p e r l y  represented by a Maxwell element , i . e, a s p r i n g  

and damper i n  s e r i e s ,  w i t h  s p r i n g  and damping c o e f f i c i e n t s  t h a t  a re  

s imple f unc t i ons  o f  t he  degree o f  muscle a c t i v a t i o n ,  M.* 

Such an element i s  shown i n  F igure  2-12. The equat ions which accompany 

t h e  f i g u r e  g i v e  these c o e f f i c i e n t s  as l i n e a r  f u n c t i o n s  o f  t h e  abso lu te  

va lue o f  M. Th is  Maxwell element can be cons idered t o  be an " a c t i v e "  

element s i nce  i t s  c o e f f i c i e n t s  a r e  func t ions  o f  t he  degree o f  

muscle a c t i v a t i o n ,  M. It i s  c l e a r  t h a t  when the  muscles a re  complete ly  

re laxed,  i . e . ,  M = 0, t he  Maxwell element has no e f f e c t  on mot ion  a t  

the j o i n t  s ince  C i s  then zero. The q u a n t i t i e s  al, a2, a3,  and M w i l l  now 

be discussed i n  some d e t a i l .  

Dynamic torques r e s u l t i n g  f rom muscle e l  ements a r e  determined 

by t h e  program by s o l v i n g  f i r s t - o r d e r  d i f f e r e n t i a l  equat ions i n  

muscle to rque  s imu 1 taneous ly  w i t h  t h e  sys tem o f  second-order equa- 

t i o n s  o f  motion. The torques M, however, a re  i n p u t t e d  by t h e  use r  

* M o f f a t t ,  C .A . ,  H a r r i s ,  E. H., and Haslam, E.  T., "An Exper imental  
and A n a l y t i c  Study o f  t he  Human Leg," Journa l  o f  Biomechanics, 
Vol .  2, No. 4, October 1969, pp. 373-387 .  
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FIGURE 2-12 Muscle element 



as t ime-dependent l t v e l s  o f  muscle a c t i v a t i o n .  M ( t )  f o r  any 

p a r t i c u l a r  j o i n t  i s  g e n e r a l l y  bounded by t h e  maximum s t a t i c  moment 

t h a t  t h e  v e h i c l e  occ:upant would' be a b l e  t o  genera te  v o l u n t a r i l y . *  

T y p i c a l l y  , t h e  dependence on t i m e  i s  as shown i n  F i g u r e  2-1 3. tR 

i s  t h e  r e f l e x  t ime,  a  non-zero v a l u e  whenever t h e  v e h i c l e  occupant 

i s  n o t  p re- tensed bscause o f  awareness o f  impending impact .  tc i s  

t h e  c o n t r a c t i o n  t ime,  t h e  t i m e  r e q u i r e d  f o r  muscle a c t i v i t y  t o  peak 

f r o m  a  s t a t e  of r e s t .  Values o f  tR and tc f o r  muscles a t  a l l  j o i n t s  

a r e  t y p i c a l l y  50 msec and 120 msec, r e s p e c t i v e l y . * *  

al, a2,  and a3 a r e  c o n s t a n t s  f o r  t h e  s u b j e c t  and t h e  j o i n t .  

Arguments re1  a t i  ng these q u a n t i t i e s  t o  muscle t i s s u e  p r o p e r t i e s  -- 
m a t e r i a l  p r o p e r t i e s  -- a l l o w  t h e  development o f  s c a l i n g  laws f o r  

go ing  f r o m  j o i n t  t c l  j o i n t  i n  an i n d i v i d u a l  o r  f r o m  i n d i v i d u a l  

t o  i n d i v i d u a l  f o r  t h e  same jo in t . * * *A  necessary assumpt ion i s  t h a t  

t h e  m a t e r i a l  p r o p e l * t i e s ,  i .e. , c o n s t i t u t i v e  p r o p e r t i e s ,  o f  a l l  

s t r i a t e d  ( o r  skele. :a l )  muscle i n  humans a r e  c o n s t a n t  f rom body 

p a r t  t o  body p a r t  iind f rom i n d i v i d u a l  t o  i n d i v i d u a l .  The s c a l i n g  

laws and a  schemat ic i l l u s t r a t i n g  some o f  t h e  parameters a r e  shown 

i n  F i g u r e  2-14. T i e  MVMA-2D muscle model, based d i r e c t l y  on a n g u l a r  

mot ion ,  i s  somewhat a r t i f i c i a l  i n  t h a t  muscle moments a r e  r e a l l y  a  

r e s u l t  o f  l i n e a l  a c t i o n  of a muscle w i t h  a  moment arm. T h i s  r e s u l t s  

i n  no a n a l y t i c a l  d i f f i c u l t i e s ,  however, s i n c e  a l l  1  i n e a l  muscle 
- . . . . 

c o e f f i c i e n t s  can be r e l a t e d  t o  e f f e c t i v e  angu la r  c o e f f i c i e n t s  by t h e  
. .  . - - .  

e f f e c t i v e  moment arm, L, i l l u s t r a t e d  i n  F i g u r e  2-14. S t r i c t l y ,  
.--.- . 

* Peak M ( t )  i s  n o r n a l l y  l e s s  than  about  o n e - t h i r d  t h e  s t a t i c  moment t h a t  
can be generated a g a i n s t  a r e a c t i o n  su r face .  

** t +t i s  c a l l e d  t h e  muscle-F<sp6nSe-TimeI-- R c  
*** Bowman, 0 .  M., "An, A n a l y t i c a l  Model o f  a  V e h i c l e  Occupant f o r  Use 

i n  Crash S imu la t i ons , "  Doc to ra l  Thes is ,  Un iv .  o f  Mich., 1971. 
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FIGURE 2-13 Muscle a c t i v i t y  moment as a  f u n c t i o n  of t i m e  



FIGURE 2-14 Muscle a t  a  j o i n t  

SCALING LAWS RELATING MUSCLE PARAMETERS 

FOR JOINTS I AND I I : 

NOTE: I and I1 i n d i c a t e  e i t h e r  two j o i n t s  f o r  t h e  same i n d i v i d u a l  o r  - 
the same j o i n t  f o r  two i n d i v i d u a l s .  Mmax,si i s  t h e  maximum 

s t a t i c  torque t h a t  can be v o l u n t a r i l y  geneFated a t  j o i n t  j. 
F max , j i s  t he  maximum s t a t i c  t e n s i o n  t h a t  can be generated i n  

t h e  muscle element under t h e  same c o n d i t i o n s .  For s c a l i n g  from 
i n d i v i d u a l  t o  i n d i v i d u a l  f o r  t h e  same j o i n t ,  F / F can I 111 I 1 1  
reasonably be taken as (mlI/mI)$ where m i s  t o t a l  body mass. 



the effective moment arm i s  a function of thekarticulation angle, e!, 
.--. ---- .--- . . . . . . - .. . . .. .- .- .. . -- - 

b u t  i t  i s  assumed constant in this  model. 

The 1 i terature a t  present contains 1 i t t l e  experimental informa- 

t i o n  relating t o  the values of a l ,  a,, a,, and M(t). HSRI has 

successfully used values determined from certain pub1 i shed data 

for the knee and by scaling on the basis of available anthropometric 

data for  50th percentile males.* The available values which 

are pertinent '  t o  MVMA 2-D simulations are shown in Figure 2-15.*  

Cards 227-237 contain the muscle element coefficients a l  , a,, 

ag , which, together with tabu1 ar time-dependent muscl e tensions I M I  

from 238-Cards, define the Maxwell coefficients of the composite 
-7 

musculature a t  a joint.  Example data cards are shown in 
.. --- - -* .--. -1 - 
Figure 2-16. , I  Values for  the coefficients a l ,  a,, and a3 

------. - _ _ _ _ .  - &.--A 
/' 

are entered in the f i r s t  three f ie lds  of Cards 227 t o  234 for the 

joints numbered 1 t:,,rough 8 ,  as i l lustrated ea r l i e r  in Figure 2 - 7 .  

Field 4 should contain a zero or be l e f t  blank. A name of u p  t o  

eight alphanumeric characters must be entered in f ie ld  5. This 

name serves as an ident i f ier  of a table for  M(t) which must be 

defined for the composite musculature a t  each joint .  The user can 

approximate any function M(t) as closely as desired by prescribing 

a suff ic ient  number of coordinate pairs. The time for each pair 

i s  entered in f ie ld  2 of a 238-Card and a positive value for M(t) 

i s  entered in f ie ld  3. The name of the table for which the coor- 

dinate pair in f ie lds  2 and 3 i s  a point i s  entered in f ie ld  1 .  

T h i s  name will be identical t o  one of the table names defined in 

f ie ld  5 of a card 227 t o  237. If i t  i s  desired t o  use the same 

muscle contraction function M ( t )  for  more than one jo in t ,  i t  i s  
* Ibid. 
** The shoulder muscle tension parameter values ar'e l i t t l e  better 

than guesses. 



Upper neck j o in t  and lower neck: 

a 1 = 1.476 l b  inldeg 

a 3 = 0.0129 secldeg 

I ,ax = 210 1b in 

Neck element elongation: 

al  = 42.3 l b / i n  

**Shoulder-upper torso  jo int :  

al = 0.15 1b inldeg 

a 2 = 0.153 degml 

a 3 = 0.0129 se,/deg 

lMlmax = 5 l b  i n  

**Shoulder element elongation: 

a 1 = 4.23 1b/in 

a = 4.4 in-1 
2 

a3  = 0.37 sec l in  

1 Fl max = 200 1 b 

Knee: 

a 1 = 10.44 1b inldeg 

a2 = 0.105 degw1 

a 3 = 0.0088 sec/deg 

lMlmax = 4320 1b i n  (two knees together)  

FIGURE 2-1 5 Muscle element parameters 



not  necessary to define separate t a b 1  es with 238-Cards, 

In addition to the antagonistic muscles effective a t  the eight joints in 

Figure 2-7, three other muscle elements may be similarly defined. 

Cards 236 and 237 are used for  elements which r e s t r i c t  elongation 

of the neck and shoulder l inks.  Card 235 i s  for muscle restr ic t ing 

shoulder 1 ink angul ation. These three elements of the occupant 

linkage are discussed in detail  in Module 3. 

The numbers in Figure 2-16 are from Figure 2-15, a n d  for each 

muscle element, a pre-tensed and constant s t a t e  of contraction a t  

the 50% level i s  assumed. 

Figure 2-17  provides an exercise for the user. Suppose 

that a vehicle occupant becomes aware of impending impact 20 msec 

before impact and that involuntary muscle contraction begins a f t e r  

a reflex time of 54 msec. Suppose the time-dependent 

shape of the elbow contraction moment curve M(t) i s  as in Figure 

2-13. Assume that Mmax, el bow i s  720 1 b in and that  the contraction 

moment peaks a t  40% of the voluntary maximum level a f te r  a contrac- 

t i o n  time of 120 msec. Show that the cards in Figure 2-17 reasonably 

define the composite muscle element effective a t  the elbow. (Arbi- 

trary values were selected for a l ,  a 2 ,  and a3 on Card 234.) 



1.476 ,153 ,0129 0 .  NECKMUS 227 

NECKMUS 

42.3 4 .4  .37 0. NLMUS 236 

. I 5  ,153 ,0129 0. SHTMUS 235 

4.23 4.4 -37  0. SHLMUS 237 

10.44 . I 0 5  .0088 0. KNEEMUS 232 

NECKMUS 0.  105. 238 

NECKMUS 0.  105. 238 

NLMUS 0.  

NLMUS 0.  105. 238 

SHTMUS 0 .  2.5 

SHTMUS 0. 2.5 238 

SHLMUS 0. 100. 238 

SHLMUS 0. 1 OD.  238 

KNEEMUS 0. 21 60. 238 

KNEEMUS 0. 21 60. 238 

.. . . . .. . -. 

FIGURE 2-16 Muscle tension parameter cards 



1.6 ,I1  ,0115 0. ELBOWMUS 2 3 4  

ELBOWMUSO. 0. 238 

ELBOWMUS90. 126. 2 3 8  

ELBOWMUSI 33. 267. 2 3 8  

ELBOWMUSI 54. 2 8 8 .  2 3 8  

ELBOWMUS175. 270. 2 3 8  

FIGURE 2-1 7 Cards fo r  time-dependent muscle a c t i v i t y  



2.5 Scaling Relations 

Good biomechanical and anthropometric data are important for 
successful use of any crash victim simulator. I t  will often be the 
case that the user has establis'hed a good data se t  for one se~rnent 
of the population, e.g. ,  35 to 44 year old males of 50th  percentile 

' stature and weight, b u t  that he has l i t t l e  data for other population 
segments. I t  i s  generally possible by applying scaling relations 
t o  good data for one population sepment to develop reasonable data 
for other seqments . 

I t  must always be kept i n  mind, however, that scalinq i s  only 
a subs t i  tute for more direct development of bi omechani cal and anthro- 
pometric data, I t s  use should always be influenced by whatever data 
i s  available for the population seqment of interest .  Good engineering 
judgment i s  of obvious value in blending the use of available data and 
the use of scalinq. 

An understanding of the assumptions that l i e  behind scaling re- 
lations is  important for their  intel liaent use. This is  also impor- 
t a n t  in allowing the modeler t o  make a subjective estimate of how 
good his scaled values are likely t o  be. The scal inq relations 
given i n  Fipure 2-18 are valid with the following conditions: 

1 )  All internal and external length measures of the "scaled" 
biomechanical system (subscript 2 )  are proportionate to the corres- 
ponding measures of the "scaled to" system (subscript 1 )  by the same 
proportionality constant. That i s ,  1 inear scaling in s ize i s  assumed. 

2 )  Corresponding body parts of the two systems have equal mass 
- 

densities. 

3 )  Corresponding anatomical elements of the two systems have the 
same materi a1 consti tut i  ve properties. This means that material 
parameters such as Young's modulus ( E )  are the same for corresponding 
elements while the strengths of the elements will not be the same i f  
they are of different size.  

I t  i s  clear from these conditions that biomechanical scaling will 
be better between some population seaments than between others. Con- 
dition 1 ,  linear scaling in s ize ,  i s  probably the primary weakness in 



SCALING RELATIONS 

. - . . - - -- - . . . - - - -. - - - . . . 
I .-A - . . - . .- . 

M = mass 
-. 

LENGTH : 

AREA : 

VOLUME : V,.= V2(M1/M2) 

MASS : 

MOMENT OF INERTIA: 

DAMPING COEFFICIENT: C, = c ~ ( M ~ / M ~ ) ~ ' ~  

LINEAL SPRING CONSTANTS : '(1 (" = .Kn) (M,/M2) (2-n)/3 

( 1  where F = K 5 + ~ ( " 6 ~  + . . . 
TORSIONAL SPRING CONSTANTS : K~':) = KZe (" (M1/M2) 

(1) 2 where T = K, ae + (no)  + .. . 

FIGURE 2-18 Parameter Scal ing' Re1 ations 



human scaling.* The reason i s  that  body proportions are functions 
of age and sex. For example, bet ter  results  can be expected for  
scaling from 35-44 year-old males to  18-24 year-old males than from 
35-44 year-old males to 6-9 year-old females. B u t  i t  i s  also c lear  
from the conditions of validi ty that  scaling between segments of the 
human population has a considerably firmer basis than scaling from 
lower primates t o  humans, which i s  a common technique used i n  the 
development of human injury to1  erance data. 

The relations i n  Figure 2-18 will not be derived here. I t  m i g h t  

be instructive for the student t o  t r y  to  demonstrate that  the f i r s t -  
order spring coefficient K ( '  ) ,  i . e . ,  the l inear  s t i f f ne s s ,  for  
lengthwise deformation of a cylindrical ly-shaped anatomical element 
i s  properly scaled by K1(') = K i l )  ( M , / M ~ ) ' ' ~ .  This relat ion i s  
the special case of the seventh re1 ation in the figure fo r  order n 
equal to  1 .  ** 

Figure 2-19 i s  a l i s t  of selected references which have been 
useful i n  defining vehicle-occupant anthropometry for  MVMA-2D model 
data se t s .  

The user i s  again advised always t o  take due consideration of 
the conditions of validi ty for  the scaling relat ions.  Scal inp can be 
very useful,  b u t  the limitations of i t s  application must be understood. 

-. - - . - _ _  - -  - - - - - .*----.- - - - ------. 
* I t  i s  better  not to scale for  lengths i f  values can be obtained 

independently. Other quanti t ies may s t i  11 be scaled reasonably on . .. .- - 
. - the basis of mass. - -- ---. --- --- -. A 

** H i n t :  The l inear  s t i f fness  i s  equal to  A E / g ,  where A i s  the cross- 
sectional area,  E i s  Youna's modulus, and 1 i s  the length of the 
element. 
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MODULE 3--NECK A N D  SHOULDER MODELS 

3.1 The Neck 

The cervical spine i s  that portion of the spinal column from 

the skull to the thoracic spine. I t  supports the head and provides 
mobility and f lex ib i l i ty  in the neck. 

Viewed as a mechanical system, the human neck i s  complex. The 
MVMA 2 - D  occupant model i s  a lumped-parameter system. While the 
neck representation in the model i s  more complex than that i n  

other full-body motion simulators in current use, i t  s t i l l  adds 
only three degrees of freedom t o  the occupant model. The user 

i s  therefore neither required nor a1 lowed t o  define values for  
more than a relatively few biomechanical neck parameters. The 
following discussion i s  an introduction t o  the anatomy of the neck. 
The purpose of this introduction i s  n o t  t o  define quantities for 
which values must be provided, since no anatomical detail  i s  in- 
cluded in the analytical neck model, b u t  rather t o  help the user 
t o  develop good judgment a n d  insight in the use of the model and  

interpretation of results.  
---- . --- ,* 

3.1.1 The Anatomy of the Neck , - - - - - -- - - - . -- . - 

There are three primary types of structural components in 
the cervical spine -- vertebrae, intervertebral discs,  a n d  1 i gaments. 
O f  the thirty-three vertebrae in the human spinal column, seven are 
i n  the neck. Figure 3-1 shows a lateral  view of the cervical 
spine. The seven vertebrae are conventionally designated C1 through 
C7, where C1 i s  the uppermost vertebra, commonly called the a t las .  
Also shown in this  figure i s  a superior view o f  a typical cervical 

vertebra, any below the axis ,  C2. The anterior portion of each 
vertebra i s  a solid vertebral body, which imparts strength t o  the 

spinal column and bears the weight of the head. A bony vertebral 
arch i s  attached t o  the posterior portion of the body. I t  en- 
closes and protects the spinal cord. This arch also furnishes 
bony projections and processes, to which 1 i gaments and muscles 

attach. The inferior portion of the skul l ,  or occiput,is closely 
attached t o  the cervical spine by some of these ligaments and muscles. 
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The skull i s  supported on the spinal column by two rounded, bony 

protuberances of the occiput. These protuberances are call ed the 
occipital condyles , and they are accommodated by two hol 1 ow recesses 
on the superior surface of  the f i r s t  cervical vertebra, the at las .  

The x-rays in Figure 3-2 show the cervical spine i n  neutral, 
hyperflexed, and hyperextended positions. Note that in the neutral 
position, the normal cervical spine i s  already in s l ight  extension, 
a rearward bending with convexity forward, This normal cervical 
curvature i s  called lordosis, and i t  results from the greater depth 
of the intervertebral discs anteriorly rather than posteriorly. 
Greater articulation in the sagittal  plane can occur a t  the occipital 
condyles than a t  any interspace below the atlas in the cervical spine.* 
Values of from 20 t o  35 degrees of total motion are reported by 

various investigators. Below the a t las ,  there i s  considerable 
variation in the average ranges of motion a t  the different vertebral 
levels. The range of motion values given in Figure 3-3  are averages 
for twenty normal adults and are typical of values reported in the 
l i terature .  C7 i s  adjacent t o  the f i r s t  thoracic vertebra, conventionally 
designated T I .  The thoracic part of the spinal column i t se l f  i s  
relatively immobile, and  the transition interspace C7-TI has less 
range in sagittal  plane motion than the cervical interspaces above 
i t .  After the atlanto-occipital joint a t  the condyles, most motion 
occurs a t  the mid-levels of the cervical spine. 

Except between the occi pi tal  bone of the s kull and the at1 as ,  
and between the atlas and axis,  the vertebrae are separated by 
elasti'c-discs of cartilage called intervertebral discs. These 
are firmly joined t o  the vertebral bodies, anterior to the spinal 
canal, and allow movement of the spinal column because of their  
e last ic i ty .  The walls of a disc,  called the annulus fibrosus, 
are a heavy layer of fibrous cartilage. The fibers are directed 
obliquely and thus prevent excessive movement in any direction. 
The annulus fibrosus encloses a semigelatinous substance and a 
kernel of e las t ic ,  compressed tissue called the nucleus pulposus. 
The semifluid character of the interior of the disc serves to 
*The midsagi t t a l  plane i s  the plane of symmetry. Any parallel plane 
i s  called a sagittal  plane. 
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and i n  f u l l  v o l u n t a r y  f l e x i o n  and e x t e n s i o n  
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distr ibute  compression forces equally over the surfaces of opposing 
vertebrae. The intervertebral discs in the neck are res i l ien t  and 
rugged, less 1 i kely t o  rupture during dynamic loading than the ver- 
tebrae are t o  fracture. 

In addition to vertebrae and discs,  ligaments are an important 
structural component of the cervical spine. Ligaments in the 
neck are bands of connective t issue -- tough, f lexible ,  and in 
some cases e las t ic  -- which extend between the vertebrae. Some 
connect vertebrae t o  the occipital region of the skull and inter-  
vertebral discs to one another. The most important function of the 
cervical ligaments i s  in maintaining s tab i l i ty .  They serve to 
maintain the apposition of corponent parts o f  joints 
and allow and 1 imit the appropriate range of motion for  each joint .  

Muscles are not components of the cervical spine, b u t  they do  

significantly affect head and neck dynamics. They as s i s t  the verte- 
brae, discs,  and ligaments in resisting tension and torsional loads. 
Six major muscles control movements of the head and seven control 
neck movement. The approximate origin and  insertion points and the 
l ine of action of the most important of these muscles are indicated 
in Figure 3-4. 

3.1.2 The MVMA-2D Neck Model 

I t  i s  clear that even in motion confined t o  the midsagittal 
plane the cervical spine has many degrees of freedom. Even i f  the 
intervertebral discs were assumed to be non-deforming in shear, 
tension, and compression, eight degrees of freedom might reasonably 
be defined for angular motions of the seven, cervical vertebrae and 
the sku1 1 in the midsagi t t a l  plane. In the MVMA-2D simulation, 
angular motions of the head and neck are lumped a t  two articulations.  
In Figure 3-5 these joints are i l lustrated a t  the positions of the 
occipital condyles and the C7-T1 intervertebral disc. The user 
i s  f ree,  however, to  define the i r  positions as he chooses by selecting 
i n p u t  data appropriately. The two joints of the analytical model are 
no t  joined by a rigid link b u t  rather by deformable viscoelastic 
elements, so a third degree of freedom i s  a mode for compression 
and elongation of the neck. Motion in this  mode tends t o  be small 
even in high-G environments since the intervertebral discs are s t i f f .  
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FIGURE 3-4 The major muscle groups control1 ing head and neck movements 
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FIGURE 3-5 The MVMA-ED two-  joint, extensible neck 



Figure 3-6 i 1 lustrates various geometrical quantities for which 
the user must assign values. Example data cards are shown in Figure 3-8. 
The position of the upper neck articulation i s  defined with respect t o  
the head center of mass in the head coordinate system. The quantity C 

i s  the rearward offset  of the joint from the superior-inferior head axis ,  
and i t s  value i s  entered i n  f ie ld  1 of Card 201. A value of il, 

entered in f ie ld 1 of Card 202, positions the joint downward from the head 
center of mass. The lower neck articulation i s  constrained t o  l i e  on 
the longitudinal principal axis of the upper torso link,so a single length, 
k2, i s  required t o  define i t s  location. This i s  the distance of the 
C7-TI joint  from the center o f  mass of the upper torso, and i t s  value 
i s  p u t  in f ie ld 2 of Card 202.  Additionally, the neck length i s  required, 

i . e . ,  the straight-l ine distance between the neck ar t iculat ions.  As 
previously mentioned, the neck can undergo com~ression a n d  elongation, 
so i t s  length i s  not constant. The inputted neck length i s  the value a t  
time zero and this is  assumed to be i t s  unstrained length. The i n i t i a l  
value for  Ln i s  entered in f i e ld  5 of Card 303. The i n i t i a l  rate of neck 
elongation ( i n ) ,  normally O., - i s  also required or Card 303, in f ie ld  6 .  

The mass of the extensible neck i s  lumped a t  the extremities 
of the element, a t  the head-neck and neck-torso joints.  The total  

neck mass i s  entered in f ie ld  9 of Card 203, and the decimal fraction 
which i s  to be placed a t  the upper joint  i s  in f ie ld  9 of Card 202. 
The neck mass i s  n o t  required t o  be non-zero. 

The complex of motion-restri cting elements in the cervical 
spine previously described must be lumped by assigning values for  
composite torsional viscoelastic elements a t  the two joints and 
lineal viscoelastic elements between the joints.  While this  1 imi t s  

the degree t o  which model predictions can agree with r ea l i ty ,  per- 
formance of the 1 umped-parameter, three-degree-of- freedom, head-neck 
system has been shown to be good. And from a practical point of 
view, th is  simp1 if icat ion of the real biomechanical system makes 
the model usable because empirical values for composite neck charac- 
t e r i s t i c s  are much easier to  determine than values required t o  
describe an anatomically detai led analytical model. 
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FIGURE 3-6 MVMA-2D extensible neck geometry 



Viscoel ast i  c joint parameters are ful ly discussed in Module 2 .  
Several types of elements are defined for each joint in the occupant 

linkage, including the neck joints. These include a l inear spring 

for angulation away from an equilibrium joint angle, a nonlinear 

spring for angular deformation of motion-1 imi ting "joint stops," 

a viscous damper, a constant-friction torque producer, and a Maxwell 

element with coefficients t h a t  are functions of a user-defined , time- 

dependent level of muscle activation. Hysteretic energy loss for 

deformation of a joint s t o p  can be simulated by specification of 

a resti tution coefficient. For the neck joints ,  these viscoelastic 

elements, except for muscle tension, may have different coefficient 

values for flexion and  extension. Flexion d a t a  for the upper and 

lower neck joints are entered on  Cards 205 and  206; extension d a t a  -- - 
are entered on  Cards 215 a n d  216, ~ e t k  lllus~le-e1ement d a t a  are specified 

on Cards 227, 228, and 238. 
--- 

A viscous damper w i t h  a nonlinear spring in parallel r e s i s t  neck 

compression and elongation. They are i 1 lustrated in Figure 3-7. 

These elements represent resistance of discs and 1 igaments t o  
1 ineal deformation. The spring and damping coefficients need not  
have the same values for compression and elongation. Elongation 
coefficients are on the 213-Card. Spring rates for tension forces 

proportional t o  the magnitudes of the f i r s t ,  second, and  third powers 

of neck elongation are entered in fields 1 ,  2 ,  and  3. Field 4 

contains the value for the  1 inear viscous fr ic t ion coefficient. Card 
- -  - 

242, for neck compressi on coeffi c i e n g -  i s  i denti cal in form. 

The input value  fop in i t ia l  neck length on Card 303 i s  used as the 

unstrained length o f  the nonlinear springs for neck elongation and 

compression. Therefore, it i s  no t  possible t o  enter d a t a  which resul t  

in a non-zero in i t i a l  earnpressive neck load, as would be the normal 

condition for a seated occupant. This small i n i t i a l  imbalance i s  
inconsequential. 

Since muscles cannot p u s h ,  b u t  can only pull , neck muscles 

cannot help t o  limit compression of the cervical spine. Muscle 
contraction can,  however, act against elongation of the neck. 

Muscle parameters for the effective axial component are entered 

on Card 236,  and the time-dependent level of muscle activation i s  

entered in tabular form wi th  238-Cards. The modeling of muscle 
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FIGURE 3-7 L i n e a l  v i s c o e l  a s t i c  components i n  MVMA-2D e x t e n s i b l e  neck 



a c t i o n  i n  t h e  MVMA 2-D s i m u l a t o r  i s  presented i n  d e t a i l  i n  Module 2. 

Example data cards w i t h  values f o r  the  neck parameters d iscussed 

i n  t h i s  module a re  shown i n  F igure  3-8. A l l  va lues on these cards a re  

f o r  a  161 I b .  male o f  average s t a t u r e .  

3.1.3 Spec ia l  Uses o f  t h e  Neck Model 
. . .  - 

D iscuss ion o f  t h e  neck model w i l l  be concluded w i t h  notes r ega rd i ng  

some common spec ia l  uses o f  t he  model. Users occas iona l l y  f i n d  reason 

t o  s imu la te  a  o n e - j o i n t  neck w i t h  t h e  MVMA-2D model. Th is  may be 

i n  connect ion w i t h  p a r a l l e l  s imu la t i ons  made w i t h  occupant dynamics 

s imu la to r s  t h a t  have one-degree-of-freedom, p i n - j o i n t  necks. It 

may be t h a t  t h e  types o f  exper imenta l  da ta  t he  user  has a v a i l a b l e  

suggest t h e  use o f  a  o n e - j o i n t  neck. Or i t  may be t h a t  t h e  MVMA- 

20 model i s  be ing  used t o  s imu la te  some mechanical l i n k a g e  o t h e r  

than a  human o r  human analog. The MVMA-2D model does n o t  a1 low 

the  removal o f  degrees o f  freedom through s p e c i f i c a t i o n  o f  c o n s t r a i n t s ,  

so t he  user  must accomplish t h i s  by p roper  s e l e c t i o n  o f  parameter 

values. Conceptua l ly  , the  three-degree-of- f reedom neck cou ld  be 

reduced t o  one degree o f  freedom, a  s i n g l e  a r t i c u l a t i o n ,  by s e t t i n g  

t he  neck l e n g t h  equal t o  zero and s e t t i n g  t he  neck- length s t i f f n e s s  

and t o r s i o n a l  s t i f f n e s s e s  f o r  one neck j o i n t  equal t o  i n f i n i t y .  

I n  p r a c t i c e  t h i s  cannot be done. The l e n g t h  o f  the  neck l i n k  shou ld  

n o t  be a l lowed t o  approach zero because t h e  c o e f f i c i e n t  m a t r i x  o f  

t h e  sys tem o f  Lagrange d i  f f e r e n t i  a1 equat ions then approaches 

s i n g u l a r i t y .  Near t h i s  s i n g u l a r  c o n d i t i o n ,  l o s s  o f  p r e c i s i o n  

i n  t he  numerical  i n t e g r a t i o n  i s  excess ive and t he  computer s i m u l a t i o n  

w i l l  soon abor t .  I f  neck l e n g t h  i s  smal l  b u t  remains g r e a t e r  than a  

c e r t a i n  magnitude, say one- tenth inch ,  p r e c i s i o n  m igh t  be saved by 

us i ng  a  reduced va lue f o r  t he  i n t e g r a t i o n  t ime  s tep .  The problem 

w i t h  s e t t i n g  s p r i n g  r a t e s  equal t o  a r b i t r a r i l y  l a r g e  values i s  

of a s i m i l a r  na tu re ,  i .e., a  "blow up" o f  t h e  r un  w i l l  r e s u l t  f rom 

l o s s  o f  p r e c i s i o n  un less an unreasonably smal l  va lue o f  the  i n t e g r a -  

t i o n  t ime s tep  i s  used. Even t h i s  may be i n s u f f i c i e n t  because o f  

round-o f f  e r r o r s .  

F igure  3-9 i l l u s t r a t e s  a  s o l u t i o n  t o  t h i s  model ing problem. 

The neck l e n g t h  i s  e f f e c t i v e l y  reduced t o  zero by p l a c i n g  t h e  
upper neck j o i n t  a t  a  p o s i t i o n  w e l l  w i t h i n  the  head and by u s i n g  
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FIGURE 3-8 Example data cards f o r  MVMA-2D neck 
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a large,  b u t  n o t  loo large,  value for neck-length s t i f fness .  The 

neck line will then be simply a . l ine of 'material points in the head 

i f  the neck and head can be made t o  ar t iculate  together a t  the torso 

juncture. This can be accomplished by fixing the neck l ine t o  the head 

with a large, b u t  no t  too large, torsional spring a t  t he  upper neck joint 

and assigning the torsional properties of the desired one-joint neck t o  
the lower neck joint. 

The general rule t o  be followed in selecting a r t i f i c i a l l y  large 

stiffnesses for spring elements in the linkage i s  t h a t  the  period of 

the largest natural frequency in the system should be a t  least  ten times, 

and probably twenty times, as large as the integration time step. A 

similar rule relates maximum a1 lowable damping rates t o  integration time 

step. These two rules are outlined by Figure 3-10. The inequality for 

the damping rule in the lower figure i s  easily solved by using Newton's 

method or by iteration. The solution curve i s  shown in Figure 3-11 for 

the range ,001 t o  . 1  of the parameter E . *  

Reasonable estimates for the largest allows9le values of the s t i f f  

1 inear and torsional springs for the a r t i f i c i a l  ly constrained neck just  

discussed are easily found. Conservative estimates may be f o u n d  by 

assuming the mass and moment of iner t ia  of the torso t o  be in f in i t e ,  

or large with respect t o  the values for the head, because true natural 

frequencies must be less t h a n  those estimated in this  way. Suppose the 

head weight i s  10 pounds and the principal moment o f  iner t ia  i s  0.2 1 b  
2 sec / in.  Suppose i t  i s  desired, i f  possible, t o  run the simulation with 

a 1 rns integration time step. Then, applying the formulas from Figure 3-10, 

one obtains _ _ __.. - - - - - 

2 
Maximum linear s t i i fnes i  5 I(&) (%) 

and 

Maximum torsional s t i f fness  5 4 ( . 2 )  

* Reasonable values for E are probably ,001 t o  .01. 
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FIGURE 3-10 Maximum.stiffness and damping values for  numerical 
s t ab i l i t y  with integration time step ~t 



FIGURE 3-11 S o l u t i o n  o f  e-x + (1t~)x - (It€) = 0 for x With E As a Parameter 



3 . 2  The Shoulder 

3.2.1 The Anatomy of the Shoulder - 
The shoulder i s  a composite system that consists of four skeletal 

elements and three joints.  The shoulder complex and i t s  separate 
skeletal parts are i l lustrated in Figure 3-12. I n  order of their  
positions in the linkage, the skeletal elements are: 1 )  the sternum, 

or breastbone; 2 )  the clavicle,  or collar bone; 3 )  the scapula, or 
shoulder blade; and 4 )  the humerus, or upper arm bone. The three 
joints are the articulations between these four skeletal parts,  and 
their  names are derived from the skeletal parts that  they join. 
Thus, the f i r s t  two joints are the sternoclavicular joint and the 
claviscapular joint.  The third i s  called the glenohumeral joint. 
I t s  name i s  derived from the glenoid fossa, the depressed surface 
on the scapula in which the head of the humeral bone rotates.  

Twelve separate 1 igaments affix to the four skeletal elements. 
They transmit torques from one element t o  another as muscles are 
contracted, and they limit the motions that the shoulder complex 
can undergo freely.  The continuous boundary of the range of rela- 
tively free motion that can occur a t  a single joint or a composite 
of several joints i s  called a " joint  sinus." I t  i s  sometimes called 
an "excurs ion cone" since in three-dimensional space the extreme 
range of the motion pattern i s  typically a conical surface swept 
o u t  by a skeletal link. 

The clavicle,  when moved t o  i t s  extreme positions in a1 1 direc- 
tions permitted by the sternoclavicular joint ,  describes a conical 
joint sinus w i t h  an e l l ip t ica l  opening. This j o i n t  sinus i s  i l lus -  
trated in Figure 3-13. The e l l ip t ica l  base of the cone i s  shown 
i n  the lower figure. The anterior-posterior dimension of the base i s  
typically 3.5 inches and the vertical dimension i s  usually about 2 .5  inches. 
Further motion of the clavicle tending t o  enlarge the sinus i s  re- 
sisted by the binding of ligaments and by the pressing together of 
ar t icular  surfaces. 

Figure 3-14 shows actions that result  i n  direct translatory,  or 
"shrugging," motions of the shoulder mass. These are shoulder pro- 
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FIGURE 3-1 3 Joint sinus of sternoclavicul ar joint 
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trusion, shoulder retraction, shoulder elevation, and shoulder depres- 

sion. They are combined motions of the clavicle and scapula. The 

point marked "G.F."  i s  the r e s t  position of the mean center of the 
glenoid fossa on the scapula, t,he socket in which the humeral head 
ar t iculates .  The dashed el l ipse i s  the maximum range of motion of 
this  point when the arm (humerus) i s  hanging s t raight  down. 

More or less independently from these claviscapular motions, 
articulations of the humerus occur a t  the glenohumeral joint. The 
joint sinus i s  large since ligaments between the scapula and the 
humerus allow the arm considerable freedom of  movement. The maximum 
range of the humeral link from adduction t o  abduction (toward and 
away from the body) i s  about 100 degrees. As long as the humerus 
i s  not  rotated axially,  the glenohumeral sinus from anterior to 
posterior i s  a b o u t  160 degrees. With axial rotation of the humerus, 
the range of motion of the upper arm can exceed 180 degrees, being 
limited t o  an approximately overhead position in the one extreme and 
to a position somewhat back of vertical when downward. 

3 . 2 . 2  The M V M A - 2 D  Shoulder Model 

The shoulder model used in the MVMA Two-Dimensional Crash Vic- 
tim Simulator has three degrees of freedom which represent the 
composite claviscapular shrugging motions and  sagi t ta l  -plane articulation of 
the upper arm a t  the shoulder socket, the glenoid fossa. These are 
the motions just discussed and i l lustrated in Figure 3-14. The 
model i s  simplified analytically by the assumption that the j o i n t  

sinus for clavicle and scapula translatory movements i s  circular in 
cross section rather than el 1 iptical  as shown in the figure. Fur- 
ther ,  the rest  point of the glenoid fossa i s  assumed to be a t  the 
center of the c i rc le  rather than below i t .  In Figure 3-15, joint 
9 i s  the rest  position of the glenoid fossa. I t s  fixed location 
on the upper torso link i s  defined by the constants ec  and L2,, 

both determined from user-specified i n p u t  data. This point i s  a t  
the center of a c ircle  with radius specified by the user which 
represents the translatory range of motion of the glenoid fossa. 
Joint 7 i s  the time-varying position of the glenoid fossa, t o -  
gether w i t h  the humeral head. Excursion of this  point away from 
point 9 i s  resisted by 1 inear spring and damping elements until 
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FIGURE 3-1 5 Articulated body schematic showing 
three-degree-of- freedom shou 1 der 



the joint sinus circle  i s  reached. Excursions exceeding the radius 

of  this c i rcle  are resisted further by quadratic and  cubic spring 
elements since such motions can occur only with stretching of  clavicu- 
l a r  and scapular 1 igarnents. The dashed 1 ine between joints 7 and 

9 i s  most accurately pictured as the projection on to  the X-Z plane 
. of the straight 1 ine joining the sternoclavicular joint with the 
glenohumeral joint. The angle between this dashed 1 ine and the 

upper arm has no physical significance. Thus, sagi ttal-plane 

articulation of the upper arm a t  the shoulder socket, i .e.  , e7-  
motion about point 7 ,  i s  restricted by viscoelastic elements 
fixed t o  the upper torso. Joint stop positions of the upper arm 

with respect t o  the upper torso as well as a1 1 of the types of 
viscoelastic elements discussed in this module with regard t o  the 
neck, and in Module 2 ,  are user-prescribed input data. 

The analytical shoulder model i s  shown in somewhat more detail 

in ~ i ~ u i e  3-16, and example shoulder data cards are shown in Figure 3-17. 
The radius of the joint sinus circle about the rest position of 
the shoulder socket i s  entered in field 7 of Card 213. The 
rest  position i t se l f  i s  located w i t h  respect t o  the center 
of mass of the upper torso element by the coordinates a and b ,  which 
are defined in fields 8 and 9 of Card 201. The l inear,  quadratic, 
and cubic spring coefficients for elements which resis t  .excurs ion 
of joint 7, previously discussed, are entered in the f i r s t  three 
fields of this card. A restitution coefficient, the ratio of con- 
served t o  total loading energy, i s  entered in field 9 for hysteretic 
unloading from excursions beyond the joint sinus circle.  A viscous 
friction coefficient i s  entered in field 4 . '  The in i t ia l  x- and z- 
coordinates of the shoulder socket in the upper torso system b u t  

relative t o  the rest  position, point 9, are entered in fields 1 and 
3 of Card. 304. Normally, these values will be 0. since the shoulder 
socket i s  norma,lly in i t s  rest  position a t  onset of a simulated crash. 

Other input cards which relate t o  excursion of the shoulder 
socket from i t s  rest  position are Cards 2 3 9 ,  240, and 241 -- al l  
optional. As i t  may n o t  be true that resistance t o  such motion 
away from point 9 i s  the same in all directions, the constant l inear ,  
quadratic, and cubic spring coefficients entered on Card 214 may 



,-Lower neck joint 
1 .  . . 

O V S )  
rilative 

7' 
upper  a rm , i n e r t i a l  

\ iz inert ia l  

- - .  . -. -. . . . - 
Upper spine ioint 

@c = constant 

L,,= constant 

- 
rso, 

FIGURE 3-16 Shoulder J o i n t  



be replaced i f  desired by periodic functions of the angle O s .  

If the l inear  coefficient i s  t o  be a tabular,  periodic function of 

OS' 
then a 239-Card must be present for  each point. The f i r s t  and 

l a s t  of these cards contain 0.  and 360. in f ie ld  1 and, in f i e ld  
2 ,  identical values for  the l inear  spring coefficient a t  eS  equal 
t o  zero. Intervening 239-Cards specify the coordinate pairs for  
es and the spring coefficient between 0 degrees and 360 degrees. 

240- and 241-Cards are used similarly for the quadratic and cubic 
coefficients.  

Joint parameters affecting sagi t ta l -p l  ane ar t iculat ion of the 
upper arm a t  the shoulder socket are defined on Card 211. These 

are completely analogous t o  parameters defined for other body 
joints on Cards 207 t o  212, which are discussed in Module 2 .  The l inear  
torque r e s t  angle i s  entered i n  f ie ld  7 of Card 217. 

Three muscle elements can be defined for the shoulder complex. 
One i s  a force producer which limits excursion of joint  7 .  Two are  

torque producers, limiting as-motion and motion of the upper arm 
relat ive t o  the torso. The parameters for these elements are entered 
on Cards 237, 235, and 233, respectively. Muscle ac t iv i ty  levels are 
defined as functions of time with 238-Cards, as described ful ly  in 

Module 2.  

Example input data for the shoulder complex are shown in Figure 

3-17. Note in particular the resistance t o  trans1 atory "shrugging" 

motions i l lus t ra ted  by the values in f ie lds  1 ,  2 ,  3 ,  and 7 of Card 
214 and by the 240-Cards. The student should be able to demonstrate 
tha t ,  i n  the s i tuat ion represented, there i s  no resistance to trans- 
latory motions of the shoulder socket within a distance of 2. inches 
from the r e s t  position and that  restoring forces for  excursions, D, 

greater than 2. inches are proportional t o  the quantity ( 0  - 2. inches) 
squared. Further, resistance to  depress ion of the shoulder socket 
i s  twice as large as resistance to  elevation for equal deformations 
of the circular  joint  sinus,  and values for  forces resis t ing protru- 
sion and retraction are intermediate. 



FIGURE 3-17 Example d a t a  c a r d s  f o r  MVMA-2D s h o u l d e r  



MODULE 4 - CONTACT SURFACES ATTACHED TO THE OCCUPANT 

4.1 Occupant Profi les : General 

Modules 2 and 3 describe the occupant linkage adequately only for  the 
'simulation of f ree  motion problems. In those modules, 1 i n k  lengths,  jo in t  
charac te r i s t i c s ,  and mass and moment of i ne r t i a  properties are  defined. 
No part of the occupant description in those modules i s  d i rect ly  rele-  
vant t o  the application of external forces t o  the 1 inkage. While one 
can imagine problems of f ree  motion of the human linkage tha t  would be 
of in te res t  in certain types of s tudies ,  they are of no in te res t  in crash 
simulations. Means must be provided for  generating forces for  occupant 
interactions w i t h  r e s t r a i n t  systems and surfaces of the vehicle i n t e r i o r .  
In general,  th i s  necessitates description of the geometry of the in te r -  
acting systems. 

This module deals w i t h  the description of occupant geometry, i . e . ,  
with the defini t ion of the planar occupant prof i le .  The M V M A - 2 D  model pro- 
vides for  generation of forces from be1 t s ,  airbag, occupant contact with 
vehicle surfaces,  and interaction between body parts .  The MVMA-2D 

be l t  models, discussed in Module 9 ,  do not require the def in i t ion of 
an occupant profi le .  The other force producers mentioned here do  de- 
pend on an occupant p ro f i l e ,  and t he i r  descriptions are discussed in 
th i s  module. Since i t  was convenient t o  use di f ferent  analytical 
techniques fo r  each of the force producers, the occupant contact- 
sensing prof i le  i s  defined fo r  each, independently, by a d i f fe ren t  s e t  
of input parameters. 

4.2 Occupant Profi le  fo r  Interaction with Vehicle Surfaces 

The most important of the three occupant profi les t o  be dis-  
cussed in th i s  module i s  for  sensing occupant interaction with vehicle- 
in te r io r  surfaces. I t  i s  the most important i n  tha t  i t  wil l  be defined 
for vi r tual ly  a1 1 crash simulations while the occupant profi les discussed 
in the l a s t  two sections o f  th i s  module are associated with special 
options of the model and are f a r  less commonly used. 

This contact-sensing occupant prof i le  i s  a s e t  of e l l ipses  of 



arb i t ra ry  number and dimensions, fixed t o  body l inks a t  a rb i t ra ry  po- 

s i t ions .  The only res t r i c t ion  i s  t h a t  e i t he r  the major o r  minor 

axis of each e l l i p se  must be paral lel  t o  the body link t o  which i t  i s  

attached. Figure 4-1 i l l u s t r a t e s  an example s e t  of occupant contact- 

sensing el  1 ipses .* Material properties may be assigned for  each el 1 ipse ,  

' or an e l l i p se  can be specified as r ig id .  

Forces between the occupant and the vehicle in te r io r  are generated 

by the model as a r esu l t  of interaction of a p rof i l e  of occupant e l l i p se s  

such as those in Figure 4-1 with a user-defined vehicle-interior  p rof i l e .  

Module 5 de ta i l s  the description of t h i s  prof i le  so i t  will be only 

summarized here. This prof i le  i s  a s e t  of connected or disconnected 

s t r a i gh t  l ine  segments. An example prof i le  of f ive  segments i s  i l l u s -  

t ra ted  in Figure 4-1, b u t  any number may be prescribed and t he i r  lengths 

and locations are a rb i t ra ry .  As with contact e l l i p s e s ,  they may be as- 

signed material properties or be specif ied as r ig id .  

An untutored user of the MVMA-2D model would soon develop, 

on his own ,  a proficiency in defining occupant e l l i p se  prof i les  ap-  

propriate fo r  his various simulations. Nonetheless, a discussion i s  

presented here of several considerations that  are normal ly made. Several 

points can be made by examining Figure 4-1. The following seven sub- 

sections pertain t o  these points. 

4.2.1 Specification of Unnecessary El 1 ipses . F i r s t ,  i t  may 

very well be t h a t ,  in t h i s  example, the head e l l i p se  i s  unnecessary 

fo r  a front-end coll is ion.  For the vehicle-interior  prof i le  shown, 

i t  seems unlikely tha t  any head contacts could occur within the time 

frame of a crash history.  While the specif icat ion of th i s  head 

e l l i p s e  can do no harm, the only need for  i t s  presence i s  t o  sense 

possible contacts ; hence, i  ts  presence may represent a (small ) model ing 

inefficiency since wasted computations and storage resu l t .  Similarly,  

the knee and hand e l l ipses  are  probably unnecessary for a frontal  impact. 

While no s ign i f i can t  increase in computational expense would resu l t  

from speci fying three unnecessary contact el  1 ipses , the careful user wi 11 
seldom go wrong in trying t o  model a crash event as e f f i c ien t ly  as possible. ** 

Yrlost model users find scale drawings and e l l i p se  and c i r c l e  templates to  be 
o f  value for d a t a  preparation. 

**A point for  defining a complete occupant prof i le  i s  t h a t  i t  would be good 
for a l l  crashes and in te r io r s .  



. - - - . - . 
FIGURE 4-1 Example Occupant Profile o f  Con tac t  Sensing Ellipses for 

. Interaction with Vehicle Inter ior  Surfaces 



4.2.2 Incomplete S p e c i f i c a t i o n  o f  E l1  ipses  . Second, f o r  a  

r e a r  impact,  t h e  a d d i t i o n  o f  an elbow e l l i p s e  migh t  be app rop r i a t e  as 

t he  elbow j o i n t  m igh t  o therw ise  pass unimpeded through the  seatback l i n e .  

However, t h e  e f f e c t  o f  arm con tac ts  on o v e r a l l  body dynamics i s  o f t e n  

cons idered n o t  t o  be o f  importance, so t h i s  may n o t  be necessary. 

4.2.3 I n h i b i t i o n  Switches. Th i r d ,  t h e  so - ca l l ed  " i n h i b i t i o n  

swi tches"  f o r  c o n t a c t  i n t e r a c t i o n s  should be used f o r  most s imul a t i o n s .  

These a re  de f i ned  by e n t r i e s  on 102- and 106-Cards and are d iscussed i n  

d e t a i l  l a t e r  i n  t h i s  module. S u f f i c e  i t  t o  say here t h a t  these cards 

can be used t o  s p e c i f y  e i t h e r  a l lowed i n t e r a c t i o n s  o r  i n t e r a c t i o n s  t h a t  

a re  n o t  t o  be cons idered by t he  model, i .e. , " i n h i b i t e d "  i n t e r a c t i o n s .  

The purpose o f  s p e c i f y i n g  a1 lowed o r  d isa l lowed i n t e r a c t i o n s  i s  u s u a l l y  

t o  make i t  unnecessary f o r  the  computer model t o  check a l l  combinat ions 

o f  occupant e l  1  ipses and vehi  c l e - i n t e r i  o r  reg ions  f o r  p o t e n t i  a1 i n -  

t e r a c t i o n .  I n  many s imu la t i ons ,  t he  use r  can be sure t h a t  c e r t a i n  

i n t e r a c t i o n s  w i l l  n o t  occur ,  so use o f  106-Cards w i l l  e f f e c t  a  reduc- 

t i o n  i n  computation expense. For example, f o r  a  f r o n t a l  impact i n v o l v i n g  

t h e  occupant o f  F igure  4-1, r e s t r a i n e d  by a  l a p  be1 t, i t  would be 

reasonable t o  s p e c i f y  t he  f o l l  owing a1 1 owed i n t e r a c t i o n s  : THORAX 

a g a i n s t  SEATBACK, HIP aga ins t  SEATBACK, H I P  aga ins t  SEATCUSHION, 

THIGH aga ins t  SEATCUSHION, KNEE aga ins t  SEATCUSHION, FOOT a g a i n s t  

FLOORPAN, and FOOT aga ins t  TOEBOARD. These a re  seven i n t e r a c t i  ons 

f o r  which fo rces  cou ld  r e s u l  t. Since t he re  a re  p o t e n t i  a1 l y  seven 

el l  i pses  i n t e r a c t i n g  w i t h  f i v e  v e h i c l e - i n t e r i o r  reg ions ,  o r  35 t o t a l  

p o t e n t i a l  i n t e r a c t i o n s ,  use o f  t he  106-Cards reduces i n  t h i s  i ns tance  

by 80% the  number o f  p o t e n t i a l  i n t e r a c t i o n s  t h a t  the  computer model must 

cons ider .  

4 . 2 . 4  Spaces i n  Occupant P r o f i l e .  Four th ,  "ho les"  i n  t h e  occu- 

pant  p r o f i l e  a re  sometimes o f  consequence and sometimes n o t .  For 

example, F igure  4-1 shows severa l  spaces between e l l i p s e s  a long  t h e  occu- 

pan t  1  inkage, b u t  t h e  e l l i p s e s  p resen t  a re  adequate f o r  reasonable  i n t e r -  

a c t i o n  w i t h  t h e  de f i ned  v e h i c l e - i n t e r i o r  p r o f i l e .  No e l l i p s e  should  be 

r e q u i r e d  a t  a  m id - to rso  l o c a t i o n  because t h e  h i p  and thorax  e l l i p s e s  

a t  e i t h e r  end o f  t he  t o r s o  adequately account f o r  i n t e r a c t i o n  aga ins t  

t he  s i n g l e  l i n e  o f  the  sea t  back. Holes i n  t he  occupant p r o f i l e  a t  t h e  

neck, arms, and lower  legs  a re  o f  no consequence f o r  t h i s  case because 



there are no vehicle surfaces which are l ikely t o  pass through the 
interspaces. I f ,  on the otherhand, the vehicle-interior profile included 

a panel region in front of the occupant, i t  would probably be important 
to add a contact-sensing profile for the lower leg,  which might other- 
wise pass upward through the panel area with the knee and foot straddling 
the panels, An e l l  ipse might be needed a t  a mid torso location for 

a rear collision. 

4 . 2 . 5  Use of a Circle Instead of Ellipse.  Fifth,  a contact- 

sensing c i rc le  i s  often just  as suitable as an e l l ipse .  The thorax 
e l l ipse  in Figure 4-1 i s  a true e l l ip se ,  not a c i rc le .  B u t  there i s  
clearly no advantage in using a n  e l l ipse  here. 
The only possible interaction of the thorax i s  with the seat  back, and 
a c i rc le  could be attached to the upper torso link which would produce 
vir tual ly  identical deflections of the seat back for a l l  l ikely positions 
a n d  orientations of the body linkage. Use of a c i rc le  instead will re- 
sul t in a negligible reduction in computation expense, b u t  the c i r c l e  
may be considerably easier t o  position properly on the upper torso l ink. 

4 . 2 . 6  Use of Several Circles Instead of Ellipse. Sixth,  a single 
narrow el 1 ipse sometimes defines a segment of the occupant profi le  
inadequately and  should be replaced by two or more circ7es. Figure 4-2 

i l l u s t r a t e s  such a case. The point on each e l l ipse  and c i r c l e  perimeter 
o f  maximum distance i n t o  the material side of the l ine segment i s  called a 
"contact point," and, for each, the maximum penetration distance 

defines the deflection. The a1 gori t h m  for determining contact forces,  
discussed i n  Module 6 ,  will normally find a non-zero force for a deflec- 

tion 6 greater than zero whenever the contact point i s  between the end- 
points of the l ine segment. The force is  normally zero whenever the 
contact point i s  outside the l ine  segment. The e l l ipse  i n  Figure 4-2 
clearly should have an interaction force with the l ine segment AB. B u t  

l 
i t  will not, even though the "deflection" 1 6 E  i s  greater than zero, 

. . - - 
since the contact point l i e s  outside the iine.segment. Use of the three 
c i rc les  in place of the narrow el 1 ipse i s  superior since, while the 
contact point of one c i rc le  i s  outside the segment AB, two c i rc les  l i e  
within the segment. The deflection 6, will produce a reasonable force. 
A general rule t o  follow i s  that  a contact-sensing e l l ipse  should not be 
longer than any l ine segment that  i t  must contact for there t o  be proper 
resistance t o  occupant motion. 

110 
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1 FIGURE 4-2 A Contact Sensing E l l i  se and a Better  Representation of 
i ----- 9 the Body Segment Profi e With Circles - - - . - - - - - - - - - . -- - 



4.2.7 Compliance of the Occupant-Vehicle Interface. Seventh, 
i t  i s  important when assigning material properties to keep in mind that 
forces for contacts of the occupant with the vehicle inter ior  can be in- 
fluenced significantly by the force-deflection characteristics of the por- 
tion of the body involved. Very often users of crash simulation models 

concern themselves only with the force-deflection characteristics 
of elements of  the vehicle inter ior  and  use rigid contact e l l ipses  or 
circles on the occupant. This invariably results i n  effective s t i f f -  
nesses for occupant-i nterior interactions that are t o o  1 arge. Con- 

sequently, resulting model predictions of peak forces and G-levels are 
generally t o o  high. The M V M A - i D  model a1 lows separate definition of 
material properties for contact el 1 ipses and vehi cle-interior surfaces. 
The user should define a material for both elements of an interaction 
whenever data i s  available unless one element i s  considerably softer 

than the other. I n  this case, the s t i f f e r  element may reasonably be 
specified as rigid.  

Figure 4-3 i l lus t ra tes  example force-deflection curves for the chest 
and a padded panel which i t  i s  assumed t o  strike.* Whenever the chest 
and panel are i n  contact, their  total  relative displacement 6 will 
be the sum of separate chest and panel deflections, 6, and 6 That 

P '  
i s ,  

For forces less than 450 1 bs , each material has constant s t i f fness ,  i .e . ,  

i t  i s  l inear.  This force corresponds t o  1.5 inches of deflection for the 
chest and 0 .9  inches for the panel. Hence, the composite force-deflection 
relationship for the materials i s  1 inear for deflections u p  t o  1 .5  + 0.9, 
or 2.4 inches. The maximum total  deflection for  which the force i s  
proportional to deflection may be determined in another way. For forces 
u p  t o  450 lb ,  the interaction can be thought of as two springs in series 
w i t h  a combined deflection of a .  I t  i s  easily shown that for two such 
springs, w i t h  st iffnesses Kc and K the composite s t i f fness  i s  

P ' 

A more reasonable chest loading curve would r ise  more steeply and  level 
off a t  800-1 200 pounds. 
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For t h i s  example, i t  i s  seen f rom t h e  f i g u r e  t h a t  Kc = 45011.5 = 300 

I b / i n  and K  = 100012 = 500 l b / i n  so t h a t  t h e  composi te s t i f f n e s s  i s  
P  

K = 187.5 1  b l i n .  The composi te d e f l e c t i o n  co r respond ing  t o  t h e  maximum 

f o r c e  f o r  l i n e a r i t y  i s  t h e r e f o r e  6 = F/K = 450/787.5 = 2.4 inches .  

Note t h a t  t h e  composi te s t i f f n e s s  i s  l e s s  t han  e i t h e r  o f  t he  separa te  

components. Th is  i s  t r u e  i n  genera l  as can be seen by r e n r i  t i n g  

equa t i on  (4.2)  as: 

It i s  c l e a r  f rom t h i s  form o f  t he  equa t i on  t h a t  K i s  l e s s  than  K p .  K 

i s  a l s o  l e s s  than Kc s i n c e f K c  and K a re  in te rchangeab le .  
P  

If a t  some i n s t a n t  o f  t ime ,  i n  a  s i m u l a t i o n  w i t h  b o t h  m a t e r i a l s  

de f i ned ,  t h e  peak t o t a l  chest -panel  d e f l e c t i o n  i s  2.4 inches ,  t h e  

r e s u l t i n g  f o r c e  w i l l ,  o f  course,  be 450 1  b. Suppose, however, t h a t  a  

peak d e f l e c t i o n  o f  2.4 inches occurs  i n  a  s i m u l a t i o n  which uses t h e  panel  

m a t e r i a l  i n  F i gu re  4-3 b u t  assumes a r i g i d  ches t .  The f o r c e  on t h e  ches t  

i s  seen t o  be f a r  g rea te r ,  namely, 1480 I b .  I f  t h e  panel  i s  assumed 

r i g i d  i n  a s i m u l a t i o n  w i t h  a deformable ches t ,  then  a  2.4 i n c h  peak de- 

f l e c t i o n  would r ep resen t  996 lb. These f o r ces  a r e  cons ide rab l y  g r e a t e r  

than  450 l b ,  b u t  t h e  s i g n i f i c a n c e  o f  u s i n g  a  r i g i d  m a t e r i a l  has been 

somewhat overs ta ted .  I f  two s i m u l a t i o n s  d i f f e r e d  i n  no way f rom t h e  one 

w i t h  mutual  chest -panel  de fo rmat ion  o f  2.4 inches excep t  f o r  hav ing  

e i t h e r  a  r i g i d  ches t  o r  r i g i d  pane l ,  r e s p e c t i v e l y ,  then  t h e i r  peak 

ches t  loads  would i n  f a c t  be expected t o  be l e s s  than  1480 and 996 

pounds -- b u t  s t i l l  cons ide rab l y  more than  450. The reason f o r  t h i s  

i s  t h a t ,  i n  a  s i m u l a t i o n  w i t h  one r i g i d  m a t e r i a l ,  occupant momentum 

would be max ima l l y  t r a n s f e r r e d  t o  t h e  v e h i c l e  w i t h  a  peak d e f l e c t i o n  

o f  l e s s  than  2.4 inches because t h e  f o r c e  f o r  any g i v e n  va lue  o f  d e f l e c -  

t i o n  i s  g r e a t e r .  

F i gu re  4-4 g i ves  peak f o r ces  which would r e s u l t  f o r  seve ra l  d i f f e r e n t  

va lues o f  t o t a l  d e f l e c t i o n .  It would be an i n s t r u c t i v e  e x e r c i s e  f o r  t h e  

s t uden t  t o  develop these va lues f rom t h e  i n f o r m a t i o n  i n  F i g u r e  4-3. 



simulation 6 = 6c+ d P  6c ( i n )  b p  ( i n )  F ( l b )  

Chest defomabl e 1 .O  .625 . 3 7 5  187.5 
2 .4  1 . 5  0.9 450. 

Panel deformabl e 4.0 2.2229 1 . 7 7 7 1  888.55 
7.0 4.1230 2.8770 2200. 

Chest rigid 1 . O  0 1 . O  500. 
2.4 0 2.4 1 450. 

Panel deformabl e 4.0 0 4.0 2200. 
7.0 0 7 .O 4066.7 

Chest deformable 1 .O 1 . O  0 300. 
2.4 2 .4  0 996. 

Panel rigid 4.0 4.0 0 2108. 
7 .0  7 .O 0 4352. 

FIGURE 4-4 Chest Loads for Exampl e Force-Defl ect i  on Curves 



4.2.8 S p e c i f i c a t i o n  o f  Data. Data cards r e l e v a n t  t o  e l l i p s e s  which 

i n t e r a c t  w i t h  v e h i c l e  su r faces  a re  Cards 102, 106, 219 through 226, and 

412. The da ta  deck must i n c l u d e  one 219-Card f o r  each e l l i p s e  the  user  

wishes t o  de f i ne .  Each e l l i p s e  i s  i d e n t i f i e d  by a  user-def ined name of  

up t o  s i x t e e n  alphanumeric charac te rs  en te red  i n  t he  f i r s t  two f i e l d s .  The 16- 

cha rac te r  name o f  a  m a t e r i a l  assigned t o  t h e  e l l i p s e  i s  en te red  i n  f i e l d s  

3 and 4. I f  t h e  e l l i p s e  i s  t o  be cons idered as r i g i d ,  then  these two f i e l d s  

a re  l e f t  b lank.  Each e l l i p s e  i s  a t tached  t o  one o f  e i g h t  body l i n k s ,  

and t he  1  i n k  number i s  en te red  i n  f i e l d  5  o f  t he  219-Card. The head i s  

l i n k  1; t he  upper,  m idd le ,  and lower  t o r s o  elements a re  2, 3 ,  and 4; t he  

upper and lower  l egs  a re  5  and 6; and t h e  upper and lower  arms a re  7 and 

8. There i s  no r e s t r i c t i o n  on t h e  number o f  e l l i p s e s  on any l i n k .  

The example 219-Card i n  F igure  4-5 i s  f o r  a  ches t  e l l i p s e  a t tached  t o  t he  

upper t o r s o  l i n k .  The va lue  i n  f i e l d  6 p e r t a i n s  t o  t h e  f r i c t i o n a l  

c h a r a c t e r i s t i c s  o f  t he  e l l i p s e  and w i l l  be exp la ined  l a t e r  w i t h  412- 

Cards. 

The da ta  deck must a l s o  i n c l u d e  one 220-Card f o r  each e l l i p s e .  

Values on t h i s  ca rd  l o c a t e  t h e  e l l i p s e  on t he  body l i n k  and p r e s c r i b e  

i t s  dimensions. The e l l i p s e  name a l ready  de f i ned  on a  219-Card i s  i n  

f i e l d s  1  and 2. The x- and z- coord ina tes  o f  t he  e l l i p s e  cen te r  i n  

body segment coord ina tes  a re  en te red  i n  f i e l d s  3 and 4. F i gu re  4-6 

i l l u s t r a t e s  t he  d e f i n i t i o n  o f  these coord ina tes  w i t h  an example f o r  a  

f o o t  e l l i p s e .  Note t h a t  t h e  occupant l i n k a g e  i s  f l a t  on i t s  back w i t h  

arms a t  t h e  s i de  and t h e  l egs  a long  t he  p o s i t i v e  x -ax i s .  Z i s  p o s i t i v e  

downward, and e l l i p s e  coo rd i na te  values a re  measured f rom t h e  cen te r  

o f  g r a v i t y  o f  t h e  body l i n k  t o  which t h e  e l l i p s e  i s  a t tached.  The example 

da ta  i n  F igure 4-5 a re  f o r  a  ches t  e l l i p s e  centered .5 inches a n t e r i o r l y  

f rom t h e  upper t o r s o  l i n k  l i n e  and - 6 8  inches from t h e  upper t o r s o  cen- 

t e r  o f  g r a v i t y  toward t he  neck. The semi-axis e l l i p s e  dimension a long  

t h e  x -coord ina te  a x i s ,  i . e . ,  a long  t he  l i n k  l i n e ,  i s  en te red  i n  f i e l d  

5. The semi-axis z-dimension i s  i n  f i e l d  6. Thus, t h e  example va lues 

i n  F igure  4-5 a re  f o r  a  ches t  e l l i p s e  w i t h  a  s u p e r i o r - i n f e r i o r  l e n g t h  

o f  11.04 inches and an a n t e r i o r - p o s t e r i o r  l e n g t h  o f  8.88 inches.  Note 

t h a t  t h e r e  i s  no p r o v i s i o n  f o r  o r i e n t i n g  e l l i p s e  axes a t  an a r b i t r a r y  

angle  from body segment axes. 



THORAX CHESTMATERIAL 2. 1.  21 9 

THORAX -.5 - .68 5.52 4.44 220 

CHESTMATERIAL 0.  0. 0. 100. 101. 0. 0. 221 

CHESTMATERIAL 10. CSTAT I 
-- - -- 

CGR 222 

CGR -1.  .1 223 

CGR -1. .4  

CSTAT 0. 0. 225 

CSTAT 1.5 450. 225 

CSTAT 3. 1360. 225 

CSTAT 8. 51 00. 225 

I -1.  0.  226 

1. 8. - 3 5  41 2 

THORAX PADDED PANEL 106 

THORAX SEATBACK 106 

PADDED PANEL 3. 3. 1. 0. 0 .  

S EATBAC K 1.  8. 1. 0. 0. 402 

FIGURE 4-5 Example Data Cards f o r  a Contact-Sensing E l l i p s e .  
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FIGURE 4-6 D e f i n i t i o n  o f  L o c a t i o n  and Dimensions o f  Contact-Sensing Ellipses 



Material property speci f ica t ions  for  el  1 ipses are made with Cards 
221 through 226. Since material properties are discussed in deta i l  in 

Module 6 ,  which deals speci f ica l ly  with the generation of forces between 
interacting occupant and vehicle systems, only the general content of 
these cards will be discussed here. 

The Cards 221 through 226 in Figure 4-5 completely specify example . 

loading and unloading character is t ics  of the thorax. These cards define 

a material a rb i t r a r i l y  cal led CHESTMATERIAL, already identi f ied on Card 
219 as the material of the e l l i p se  called T H O R A X .  Values on Card 
221 identify deflections a t  the peak and cutoff of the i ne r t i a l  spike 
curve, a t  the yield point,  and a t  the beginning and end of material 
breakdown. A force saturat ion level can also be defined with the 221- 
Card, b u t  the zeroes in f ie lds  8 and 9 of the example data specify 
a material which does not sa tura te .  Names are entered on the 222- 

Card for  tabular or polynomial representation of:  1 ) the s t a t i c ' f o r ce -  
.- -- - .  . 

deflection loading curve; 2 )  the r a t i o  of permanent deformation to  
maximum deformation upon  complete unloading , as a function of maximum ..- 
deflection (G-rat io);  3 )  the fract ion of to ta l  loading energy not los t  
t o  hysteret ic absorption upon complete unloading, as a function of 
maximum deflection (R-rat io)  ; and  4)  the so-cal led " ine r t i a l  spike" 
curve, a  force-defl ec t i  on l oading curve which may be superimposed 
upon the s t a t i c  loading curve to  represent the e f fec t s  on impact 
forces of mass and loadins ra te .  In the example data ,  the 223- and 
224-Cards define constant values for  the permanent-deformati on  and 
conserved-energy r a t i o s ,  from which unloading hysteresis i s  determined. 
The four 225-Cards define table points fo r  the chest s t a t i c  force- 
deflection loading curve shown previously in Figure 4-3. Coefficients 
f o r  a sixth-order polynomial for  the ine r t i a l  spike curve are given 
on Card 226,  a l l  coefficients  zero. 

The material properties specified on Cards '221 through 226 allow 
the determination of contact forces normal t o  the vehicle-interior  sur- 
face. Friction force components can be determined as we1 1 , however. 
412-Cards are used for  the specif icat ion of coefficients  of f r i c t i on .  
Friction coefficients  are defined not for  materials b u t  rather for  pairings 
of "classes" of potential ly interacting e l l  ipses and regions. For example, 
knee and chest e l l ipses  m i g h t  be of the same e l l ipse  f r i c t ion  class i f  

both are covered with cloth.  The head would probably be of a d i f ferent  



f r i c t i o n  c l ass .  S i m i l a r l y ,  a  sea t  back and a  padded panel would l i k e l y  

belong t o  d i f f e r e n t  r e g i o n  f r i c t i o n  c lasses because o f  d i f f e r e n t  sur face 

roughnesses. Each e l l i p s e  must be assigned t o  one o f  f i v e  e l l i p s e  

f r i c t i o n  c lasses by e n t e r i n g  1. , 2. , 3 .  , 4. , o r  5. i n  f i e l d  6  o f  i t s  219-Card. 

Each r e g i o n  o f  t h e  v e h i c l e  i n t e r i o r ,  d iscussed i n  Module 5 ,  i s  assigned , 

t o  one o f  t e n  f r i c t i o n  c lasses by an e n t r y  i n  f i e l d  4  o f  i t s  402-Card. 

Thus, up t o  50 combinations o f  e l l i p s e  and reg ion  c lasses can be assigned 

f r i c t i o n  c o e f f i c i e n t s .  I n  t he  example da ta  o f  F igure  4-5, t he  t ho rax  

e l l i p s e  i s  o f  e l l i p s e  f r i c t i o n  c l ass  1, as i n d i c a t e d  by the  1. i n  f i e l d  

6  o f  Card 219. The values i n  f i e l d  4  o f  t he  402-Cards i n d i c a t e  t h a t  

t he  PADDED PANEL and SEATBACK reg ions  have r e g i o n  f r i c t i o n  c lasses o f  

3 and 8. Each 412-Card has an e l l i p s e  c l ass  i n  f i e l d  1  and a  r e g i o n  

c l ass  i n  f i e l d  2. A c o e f f i c i e n t  o f  f r i c t i o n  f o r  t h i s  p a i r i n g  i s  i n  

f i e l d  3. Thus, t he  cons tan t  c o e f f i c i e n t  o f  f r i c t i o n  between t h e  thorax  

and the  seatback, f o r  example, i s  .35. 

The use o f  so - ca l l ed  " i n h i b i t i o n  sw i tches"  f o r  t h e  purpose o f  a l l o w i n g  

o r  d i s a l  l ow ing  s p e c i f i c  p o t e n t i a l  i n t e r a c t i o n s  was d iscussed e a r l  i e r .  

The user  se ts  these switches f o r  t he  computer model by making e n t r i e s  on 

t h e  102-Card and on 106-Cards. The f i e l d  o f  t he  102-Card t h a t  i s  per -  

t i n e n t  t o  e l l i p s e - r e g i o n  i n t e r a c t i o n s  i s  the  f i f t h .  A 0. i s  en te red  i f  

a1 1  p a i r s  o f  e l  1  i p s e  and r e g i o n  names en te red  on 106-Cards a re  t o  be 

cons idered a l l owab le  i n t e r a c t i o n s ,  and a  1. i s  en te red  i f  a l l  p a i r s  a re  

t o  be d isa l lowed,  o r  " i n h i b i t e d . "  On t h e  106-Cards, 16-charac te r  e l  1  i p s e  

names a re  i n  f i e l d  1  and 2, and 16-character  r eg ion  names a re  i n  f i e l d s  

3 and 4. Examination o f  t h e  example da ta  w i l l  show t h a t  t h e  o n l y  reg ions  

w i t h  which t h e  THORAX e l l i p s e  can i n t e r a c t  .are PADDED PANEL and SEATBACK. 

An equ i va len t  s p e c i f i c a t i o n  o f  swi tches would be t o  e n t e r  a  1.  i n  f i e l d  

5 o f  Card 102 and t o  i n c l u d e  i n  t h e  da ta  s e t  one 106-Card f o r  t h e  

THORAX e l l i p s e  f o r  each o t h e r  r e g i o n  name i n  t h e  v e h i c l e  i n t e r i o r .  Whether 

a 0. o r  a  1. i s  b e t t e r  used i n  f i e l d  5 o f  Card 102 depends on whether 

t h e  s e t  o f  a l lowed e l l i p s e - r e g i o n  i n t e r a c t i o n s  o r  t he  complementary s e t  o f  

d i sa l l owed  i n t e r a c t i o n s  i s  sma l le r .  

4 .3  Occupant Prof i 1 e  f o r  I n t e r a c t i o n  Between Body Segments 

A second type o f  i n t e r a c t i o n  which i nvo l ves  body e l l i p s e s  i s  con tac t  



between body parts. Examples of such an interaction are the head 
striking the knee, the chest striking the upper leg,  and the chin 
striking the sternum. Specifications for el 1 ipse location, dimensions, 
and material properties are made as described in the preceding discussion 
of the occupant profile for interaction with vehicle surfaces. The 
pertinent data cards are 219 through 226. 

In any simulation, the same ell ipses defined for interaction with 
vehicle surfaces may be used for determining contact forces between body 

parts. This i s  not required, however. Separate el l ipses  can be defined 
for this  purpose only, i f  desired. Any e l l ipse  can be made invisible 
t o  any other e l l ipse and t o  any region of the vehicle in te r ior  by inhibi- 
tion specifications on 106-Cards. 

The previous discussion of inhibition cards was limited t o  the i r  
application t o  e l l  ipse-region interactions. Allowed or disallowed 
el 1 ipse-ell ipse interactions can also be speci fied on 106-Cards by 
entering a second el l ipse name i n  f ields 3 and 4 instead of a region 
name. Two entries on the 102-Card are pertinent. The value in f ie ld 
6 i s  a global control over the calculation of forces for this  type of 

interaction. I t  must be 0 ,  i f  any interactions between body parts are 
to  be a1 lowed. I f  i t  i s  se t  t o  I . ,  then no such interactions wi 11 be 
considered regardless of 106-Cards which may be present for el 1 ipse- 
e l l ipse  interactions. If a 0. i s  entered and no 106-Cards are present 
in the data deck, then a l l  pairings of el 1 ipses except for those on the 
same body link will be considered. Since el l ipses  on the same body link 
can never interact ,  such el 1 ipses can be overlapped or superimposed without 
the necessity of disallowing the i r  interaction with inhibition switch 

set t ings.  The second pertinent value on the 102-Card i s  in f ie ld  4 .  

A 0. indicates that 106-Cards identify allowable el 1 ipse-el l ipse 
interactions,  and a 1 .  means the specified interactions are disallowed. 

Regard1 ess of whether the user provides circles  or true el 1 ipses , the 
algorithm which determines deflections models each interaction as one 
circle  against another. This a1 gori t h m  rep1 aces a user-suppl ied el 1 ipse 
ei ther  by a c i rc le  fixed to  the body element or by a c i rc le  which i s  
positioned along the major axis of the el l ipse so that i t s  distance from 
a similar c i rcle  on another body element i s  minimum. This i s  i l lustrated 



by Figure 4-7. Approximating a n  e l l ipse  by a c i rc le  positioned along the 

major axis essentially reduces the e l l ipse  t o  parallel l ines with a semi- 

circular cap a t  each end. 

whether the algorithm uses a c i rc le  of fixed position or of varying 

position a l o n g  the major axis depends on whether the e l l ipse  approximates 

a c i rc le .  A parameter value required for the criterion for degree of 

approximation i s  one of two additional data inputs t h a t  must be made by 

the user. The criterion i s  as follows: Let "a" and "c" be the major 

and minor semi-axes of the e l l ipse  a n d  6 be the non-dimensional value 

entered in f ie ld 8 of Card 103; the  e l l ipse  i s  replaced for the purpose 

of e l l ipse-el l ipse interactions by a c i rc le  fixed a t  the center of the 

e l l ipse  i f  c /a  - > 6 .  The radius R of the approximating c i r c l e  i s  taken 

as C ,  the semi-minor e l l ipse  axis. This case i s  i l lus t ra ted  in Figure 

4-8. 

If an e l l ipse f a i l s  the circle-replacement t e s t  just  outlined, 

then the el l ipse i s  represented by a c i rcle  of varying position. Again, 

the c i rc le  radius i s  taken as C .  The algorithm requires for this  

case a second parameter value entered on the 103-Card, in f ie ld 9.  

This non-dimensional parameter, called y , defines the range on e i ther  

side of the el 1 ipse center t h a t  i s  allowed for the replacement c i rc le .  

In Figure 4-9, " a "  i s  the maximum allowed distance between the centers 

of the e l l ipse  and  i t s  rep1 acement c i r c l e ,  and  i t  i s  determined as 

= y ( a - R ) .  

Note that y = 1 puts the c i rc le  flush t o  the end of the e l l ipse .  

Reasonable values of 8 and y for  most simulations are .75 and .9.  * 
These are the values shown in the example d a t a  of Figure 4-10. The 

user should be able t o  establish t h a t  these d a t a  are for  a long, 

narrow e l l ipse  attached t o  the upper legs parallel to  the femur l ine 

on the front side of the thigh. For the data values given, the e l l ipse  

will be represented by a 0.01 inch radius c i r c l e  of varying position and 

with a t o t a l  range of 14.382 inches. In e f fec t ,  i t  i s  a s t ra ight- l ine 

segment. The effective el 1 ipse length i s  14.402 inches. 

* Values of 1 .  and 1 .  are often used. 



1 Deflection = 1 
,..,I-. ..-- 

-- 
FIGURE 4-7 E l  1 i p s e  Replacement C i r c l e s  a t  P o s i t i o n s  o f  Nearest  Approach 
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4.4 Occupant Profi l e  for  Interaction with Airbag 

The third type of occupant p rof i l e  senses contact with the airbag. 

Cards 903, 907, 908, and 909 define t h i s  p rof i l e  as a se r ies  of s t r a i gh t  

l i ne  segments. Figure 4-IT i l l u s t r a t e s  the p ro f i l e ,  which consists  of the 

l ine  segments from b-c a t  the head t o  9-10 a t  the lower legs .  

Airbag forces and moments are  applied t o  the occupant only a t  seg- 

ments C - 1  , 1-2, 3-4, 5-6, and 7-8, b u t  the airbag submodel makes use of 

the en t i r e  p rof i l e .  The user i s  required t o  define the locations of 

eight  points on the occupant frontal  p ro f i l e ,  each fixed with respect t o  
some body l ink as indicated in Figure 4-12. The points in the f igure 

which are  defined on cards 907, 908, and 909 are  ( t i ,  c i )  with " i "  

equal t o  1 ,  2 ,  4 ,  6 ,  7 ,  8 ,  9 ,  and 10. I t  i s  c lea r  t h a t  as a r t i cu la t ion  

occurs a t  body j o in t s ,  any successive points of t h i s  group t h a t  are n o t  

defined with respect t o  the same body l ink wil l  undergo r e l a t i ve  motion. 

Solid l i ne  segments in the contact l i ne  p rof i l e  are  fixed in length and 

or ienta t ion by the input data.  Dashed l ines  wil l  vary in b o t h  length 

and or ienta t ion with respect t o  a l l  body 1 inks;  these are determined by 

the computer model from the input data so as t o  make the contact p rof i l e  

continuous. The f i r s t  e ight  f i e l d s  of Card 907 are  used for  coordinate 

pairs  ( t i ,  ii ) with successive values of i equal t o  1 , 2 ,  3 ,  and 4. No 

values are required fo r  point 3,  so f i e l d s  5 and  6 are  l e f t  blank. 

Similarly,  four points are  accommodated by Card 908. No input i s  re- 

quired fo r  point 5 ,  however, so the coordinates of points 6 th rough  

8 are  in f i e l d s  3 through 8. Points 9 and 10 are  defined in the f i r s t  

four f i e lds  of Card 909. 

The l a s t  required entry i s  on the 903-Card, I n  f i e l d  7 i s  entered 

a value fo r  average head radius. I t  i s  used t o  he1 p define the two 1 ine 

segments on the head, b-c and C-1 in Figure 4-11 . Example data cards f o r  

t h i s  occupant p rof i l e  are shown in Figure 4-13. 
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FIGURE 4-1 2 Airbag  C o n t a c t  L ines  on Occupant  
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FIGURE 4-1 3 Example Cards f o r  A i  rbag-Sens ing P r o f i l e  on Occupant 



MODULE 5 - CONTACT SURFACES ATTACHED TO THE VEHICLE 

5.1 The Occupant Compartment 

The MVMA-2D model i s  a predictive tool for estimating the dynamic 
response of a human or an anthropomorphic dumy i n  a crash environment. 

'The mathematical simulation of a specific event requires the definition 
of: 1 ) an occupant model ; and 2 )  a crash envi ronment. The occupant 
model i s  described primarily in Modules 2 ,  3 ,  and 4 while the elements 
of the expansive term "crash environment" are described in the remaining 
modules. The crash environment i s  comprised of a l l  elements of the 
total  system which cause external forces t o  be developed on the occupant. 
These include: 1 ) surfaces of the vehi cle-interior profile;  2 )  res traint  
systems; and 3 )  vehicle motion. This module deals with the f i r s t  of 

these, occupant-compartmen t surfaces. 

Forces between the occupant and the vehicle inter ior  are generated 
by the model as a result  of interaction of a profile of occupant e l -  
l ipses with the user-defined vehicl e-interior profile. This profile 
i s  a se t  of connected or disconnected straight-l ine segments. An 

example profile of eleven segments i s  i l lustrated in Figure 5-1, b u t  

any number may be prescribed and their  lengths and  locations are arbitrary . 
The line segments may be assigned material properties or they may be 
specified as rigid.  

In most instances, the model user will specify l ine segments 
of fixed position within a coordinate frame which has three degrees o f  

freedom for user-prescri bed occupant-compartment motion. This i s  appro- 
priate for simulation of any crash with a human or human analog inside 
an occupant compartment that does n o t  suffer intrusion or collapse as 
a result  of the impact. However, model options allow the user two 
variations. 1 ) Firs t ,  motion of segments of the vehicle-interior 
profile within the original space of the occupant compartment can be 
prescribed. Time-dependent positioning of the segments might model 
e i ther  direct intrusion in the case of a side-impact simulation or 
secondary frontal inter ior  di spl acements resulting from gross deforma- 
t i o n  of the engine compartment. For the occupant compartment i l lustrated 
i n  Figure 5-1, this  would most likely involve the elements P A N E L ,  
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LOWER PANEL, DASH, and TOEBOARD. 2 )  Second, t h e  p o s i t i o n  o f  any 

l i n e  segment can be de f i ned  w i t h  r espec t  t o  t h e  i n e r t i a l  frame, i f  

des i red ,  i ns tead  o f  w i t h  r espec t  t o  a  v e h i c l e - f i x e d  coo rd i na te  frame. 

Th is  o p t i o n  i s  o n l y  a  convenience f o r  users w i t h  occas iona l  d i v e r s e  

a p p l i c a t i o n s  f o r  t h e  model. Wi th  v e h i c l e  mot ion  taken i n t o  account,  

i t  i s  always poss ib l e  t o  make any such s i m u l a t i o n  w i t h o u t  t h e  use o f  

: t h i s  o p t i o n .  

5.2 Veh ic le  I n t e r i o r  Reqions and L i ne  Segments 

5.2.1 Regions. The user  de f i nes  a  con tac t -sens ing  v e h i c l e - i n t e r i o r  

p r o f i l e  as a  s e t  o f  " reg ions . "  A r e g i o n  i s  a  s e t  o f  s t r a i g h t - l i n e  

segments charac te r i zed  by t h e  f o l  1 owing f ea tu res .  

1  ) The 1  i n e  segments compr is ing a  r e g i o n  a re  connected end t o  

end. There may be an a r b i t r a r y  number o f  segments i n  a  r eg ion ,  w i t h  

as few as one. 

2 )  A1 1  1  i n e  segments i n  a  r e g i o n  a re  cons idered t o  have t h e  

same 1 oad-def l  e c t i o n  c h a r a c t e r i s t i c s  s i n c e  m a t e r i a l s  a re  p resc r i bed  

f o r  reg ions ,  n o t  f o r  segments. 

Several  p o i n t s  a re  i l l u s t r a t e d  by F igure  5-1.  a)  F i r s t ,  t he  roo f  

s and w indsh ie l d  1  ines , a1 though connected, would s u r e l y  be separa te  

reg ions  i n  any reasonable s i m u l a t i o n .  The reason i s  t h a t  these su r -  

faces should have d i f f e r e n t  l o a d - d e f l e c t i o n  p r o p e r t i e s .  b )  Second, 

t he  two panel segments, t he  sea t  back p l u s  sea t  cushion, and t h e  

f l o o r p a n  p l us  toeboard m igh t  reasonably  be made two-segment reg ions  

s i n c e  t h e  1  i n e  segments a re  connected and may very w e l l  have t h e  

same l o a d - d e f l e c t i o n  p r o p e r t i e s .  c )  Th i r d ,  reg ions  i n  t he  p r o f i l e  

may be disconnected even though segments w i t h i n  a  r eg ion  may n o t  be. 

The user  i s  i n v i t e d  t o  demonstrate t h a t  two segments i n  t h e  p r o f i l e  

shown must be reg ions  i n  themselves and t h a t  an abso lu te  minimum o f  

s i x  reg ions  must be de f i ned  f o r  t h i s  c o n f i g u r a t i o n .  

Only two da ta  cards a r e  r e q u i r e d  t o  d e f i n e  each r e g i o n  i n  t h e  p ro -  

f ) l e .  These a re  cards 401 and 402. Example cards f o r  a  r e g i o n  con- 

s i s t i n g  o f  the  two panel segments i n  F i gu re  5-1 a re  shown i n  F i gu re  5-2. 

F i e l d s  1 and 2 o f  t he  401-Card c o n t a i n  a  user -de f ined  r e g i o n  name of 

up t o  s i x t e e n  alphanumeric charac te rs .  F i e l d s  3 and 4 c o n t a i n  t h e  



PADDED PANEL PANELMAT 0.  1 .  1 .  1 .  40 1 
- 
PLJED PANEL 2. 1. 1 .  0 .  0.  402 

PANEL PADDED PANEL 1.  . I  1 .  1 .  409 

PANEL 4. 0. 0.  0.  0 .  41 0 

PANEL 0. 43.0 -36.8 41.7 -25.3 41 1 

PANEL 30. 43.0 -36.8 41.7 -25.3 41 1 

PANEL 70. 43.7 -38.7 38.7 -28.3 41 1 

PANEL 

LOWER PANEL PADDED PANEL 1. .1 1.  2. 409 

LOWER PANEL 4. 0 ,  0.  0. 0 .  410 

LOWER PANEL 0 .  41.7 -25.3 44.8 -22.2 41 1 

LOWER PANEL 30. 41.7 -25.3 44.8 -22.2 41 1 

I 'ER PANEL 70. 38.7 -28.3 40.6 -24.4 41 1 

LOWER PANEL 300. 38.7 -28.3 40.6 -24.4 41 1 

FIGURE 5-2 E x a m p l e  D a t a  C a r d s  f o r  a Region 



region material name. I n  the example data, these are PADDED PANEL 

and PANELMAT. Any material referenced on a 401-Card must be defined 
in the data deck by a se t  of Cards 403 through 408. I n p u t  data cards 
for a material called PANELMAT are described l a t e r  in this  module. (See Fig. 5 - 9 ) .  

The values in f ie lds  5 through 8 of the 401-Card and f ie ld 5 of Card 
402 indicate options t o  be used in the determination of region contact 
forces. All such options are discussed in Module 6. For each 401- 
Card in the data deck, there must be a 402-Card which contains in i t s  
f i r s t  two fields the region-identi fying name from the 401-Card. 
I n  f ie ld 3 i s  entered the number of l ine segments in the region. I n  

the present example, this  value i s  2. Field 4 ident i f ies  a "fr ic t ion 

class" for the region, which i s  defined l a t e r  in th is  module. The 
user indicates in f ie lds  6 and 7 the reference frames for i n p u t  and 
o u t p u t  of region 1 i ne-segment endpoint coordinates. If input data 
(on 41 1 -Cards) positioning region 1 i ne segments are t o  be interpreted 
as iner t ia l  coordinates, then a 1 .  i s  entered i n  f ie ld 6.  A 0. means 
that input coordinate values for segments of this  region are in a 
vehi cle-fixed reference frame. If the user requests time-dependent 
o u t p u t  of region or segment coordinate: ,* then motion in the iner t ia l  
frame will be printed i f  a 1.  i s  entered in f ie ld  7 of the 402-Card; 
motion ( i f  any) in the vehicle-fixed frame will be printed i f  a 0. i s  
entered. 

5 .2 .2  Line Segments. Various specifications are requi red for 

each l ine segment in a region. A 409-Card, a 410-Card, and a t  leas t  
one 411-Card must be provided. If the segment i s  stationary with respect 
to  the reference frame indicated in f ie ld  6 of the region 402-Card, 
then a single 411-Card i s  needed. If the segment i s  moving, perhaps 
for  the representation of intrusion as discussed e a r l i e r ,  then a tabular, 
time-dependent, motion history i s  prescribed for the segment with 41 1- 
Cards. In this  case, one 411-Card i s  required for each time point in 
the table. 

The 409-Card for the segment contains in fields 1 and 2 a segment 
name of up- t o  sixteen alphanumeric characters. In Figure 5-2, there i s  

* See description of Cards 107, 1001 , and 1002 and o u t p u t  categories 
2 and 3 in Module 12 .  



one 409-Card for each segment in the region PADDED PANEL.  These are  

PANEL and LOWER P A N E L .  The name of the region t o  which the 409-Card 
segment belongs i s  entered in f ie lds  3 and 4.  The value i n  f i e l d  8 

indicates the segment position w i t h i n  i t s  region. The user can choose 

the segment a t  e i t he r  end of the region a rb i t r a r i l y  as the " f i r s t "  
segment, b u t  the remaining segments in the region must then be numbered 
consecutively to  the other end. For the example data ,  i f  the " f i r s t "  
segment of region PADDED PANEL i s  1 ine AB, then f i e ld  8 of the 409-Card 
fo r  segment PANEL must contain a 1. and f i e ld  8 of the card for segment 
LOWER P A N E L  consequently must contain a 2 . *  

Cards 410 and 411 also contain in t he i r  f i r s t  two f i e lds  the alpha- 
numeric segment name. In f i e l d  3 of Card 410 is .entered the number 
of time points for  which the location of the segment i s  to be 
specified. A I . ,  of course, indicates a non-moving segment. This 
value will always equal the number of 41 1-Cards present for  the segment. 
I f  the segment i s  s ta t ionary,  then f i e ld  3 of the one 411-Card must 
contain any negative value. Otherwise, th i s  f i e l d  contains the time 
i n  milliseconds fo r  which the l ine  segment location i s  specified by 

the coordinates in f ie lds  4 through 7 .  The x -  and z-coordinates of the 
f i r s t  endpoint of the segment are in f i e lds  4 and 5 .  Fields 6 and 7 

contain the coordinates of the second endpoint. Several notes should 
be made regarding the use of 411-Cards. 

1 )  The reference frame for  coordinate values i s  indicated in 
f i e ld  6 of the region 402-Card. 

2 )  The " f i r s t  endpoint" of a segment i s  the end toward lower- 
numbered segments within the region. 

3 )  The coordinates o f  the f i r s t  endpoint of the second segment in 
a region should be identical t o  the coordinates of the second endpoint 
of the f i r s t  segment, e tc .  

4 )  Segment endpoint coordinate values fo r  time zero are not allowed 
t o  be such that  an extension of the segment would pass exactly through 
the origin of the ine r t i a l  reference frame. 

5)  41 1-Cards for  each 1 ine segment must be ordered w i t h  respect 
to  time. 

6)  Segment endpoint coordinates are determined by l inear  in ter-  
polation between times for inputted table points. , 

*Fields 5 and 7 of Card 409 are discussed l a t e r  in th i s  module. 
Field 6 i s  discussed in Module 6-2. 



7 )  S ince bo th  endpoin ts  o f  a  segment a re  p resc r i bed  by t h e  user ,  

i t  i s  p o s s i b l e  f o r  t h e  segment l e n g t h  t o  change w i t h  t ime .  

The user  may wish t o  demonstrate t h a t  t h e  example 411- Cards 

i n  F igure  5-2 a re  f o r  PADDED PANEL r e g i o n  segments which r o t a t e  up- 

ward and back f rom t h e i r  i n i t i a l  p o s i t i o n s  i n  t he  veh i c l e .  F i gu re  

5-3 i l l u s t r a t e s  t h e  panel d isplacement.  A l l  mo t ion  occurs  between 30 

and 70 msec. Note t h a t  s i nce  t h e  409-Card f i e l d - 8  va lues i n d i c a t e  

t h a t  PANEL and LOWER PANEL a re  t h e  f i r s t  and second segments, r e s p e c t i v e l y ,  

i n  t h e  reg ion ,  t h e  p o i n t  B i n  F igure  5-3 i s  bo th  t h e  second endpo in t  

o f  t h e  segment "PANEL" and t h e  f i r s t  endpo in t  o f  t h e  segment "LOWER PANEL." 

Two f i e l d s  on t h e  103-Card t h a t  a re  p e r t i n e n t  t o  l i n e  segment 

s p e c i f i c a t i o n  and severa l  f i e l d s  on t h e  409- and 410-Cards have n o t  y e t  

been discussed. F i e l d s  4  through 7 o f  Card 410 a r e  n o t  p e r t i n e n t  

t o  t h i s  module; they  a re  d e a l t  w i t h  i n  Module 6. L i kew ise ,  f i e l d  6  

o f  Card 409 i s  l e f t  f o r  Module 6. 

F i e l d s  6 and 7 o f  Card 103 a r e  used when c o n t a c t  r e g i o n  l i n e  seg- 

ments a re  s p e c i f i e d  t o  move as a  f u n c t i o n  o f  t ime.  The lower  p o r t i o n  

o f  F igure  5-4 shows example x-mot ion f o r  one endpo in t  o f  a l i n e  segment. 

The p o i n t s  0, 1, 2, and 3  m igh t  be def ined,  f o r  example, by f i e l d - 6  e n t r i e s  

on f o u r  success ive 411-Cards. The 103-Card e n t r i e s  a re  used t o  avo id  

abrup t  changes i n  v e l o c i t y  a t  1  ine-segment endpo in ts ,  such as i 11 u s t r a t e d  

by t h e  dashed l i n e s  i n  t h e  upper p o r t i o n  o f  t h e  f i g u r e .  L e t  t h e  quan- 

t i t i e s  i n  f i e l d s  6 and 7 be c a l l e d  N and a. The ramp l e n g t h  E used t o  

make t h e  v e l o c i t y  cont inuous i s  determined f rom these q u a n t i t i e s  by 

e v a l u a t i o n  o f  t h e  f o l l o w i n g  express ion:  

E = min  { a ( t 2 -  t l ) ,  N  A t )  , 
where A t  i s  t h e  i n t e g r a t i o n  t ime  s tep .  I f  N A ~  i s  l e s s  than a ( t 2 -  t l ) ,  

then  E = N A ~  i s  used, where N  i s  t h e  number o f  i n t e g r a t i o n  t ime  s teps 

which w i l l  span t h e  ramp connec t ing  t h e  two v e l o c i t y  l e v e l s .  I f  

a( t2- t l )  i s  l e s s  than  N A t ,  t hen  E = a ( t 2 - t l )  i s  used; t h i s  i s  a  decimal 

f r a c t i o n  o f  t h e  d u r a t i o n  o f  t h e  v e l o c i t y  l e v e l  f o l l o w i n g  a  d i s c o n t i n u i t y  

a t  t l .  Suggested values f o r  these non-dimensional q u a n t i t i e s  a r e  N  = 10. 

and a = -05. 
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Two f i e l d s ,  5  and 7 ,  remain t o  be discussed on Card 409. The 

va lue i n  f i e l d  7 f o r  each 1 i n e  segment i s  i t s  " d i r e c t i o n  f a c t o r . "  

The d i r e c t i o n  f a c t o r  i n d i c a t e s  t he  s i de  o f  the  l i n e  segment which 

produces con tac t  fo rces .  Th is  i s  i l l u s t r a t e d  i n  F igure 5-5 f o r  the  

panel segments p rev i ous l y  discussed. The value o f  a  d i r e c t i o n  f a c t o r  

i s  always e i t h e r  1. o r  -1. It i s  dependent on whether the  i n e r t i a l  

o r i g i n  l i e s  behind o r  i n  f r o n t  o f  the  con tac t  su r face  a t  t ime zero. 

I f  the  i n e r t i a l  o r i g i n  i s  on the  s i d e  o f  the  su r face  which should be 

contacted, then the d i r e c t i o n  f a c t o r  i s  D. F. = 1. F igure  5-5 

i 1 l u s t r a t e s  th ree  d i f f e r e n t  cases f o r  the  two-segment PADDED PANEL 

reg ion.  I n  the upper f i gu re ,  the  d i r e c t i o n  f ac to r  f o r  both segments 

i s  1. I n  the  midd le  f i g u r e  both a re  -1. The l i n e  segments i n  the  

lower  f i g u r e  have d i r e c t i o n  f a c t o r s  o f  d i f f e r e n t  s ign.  A use fu l  exer-  

c i s e  f o r  the student would be t o  determine the  d i r e c t i o n  f ac to r s  f o r  

a l l  v e h i c l e - i n t e r i o r  l i n e  segments i n  F igure 5-1. Assume t h a t  the  

o r i g i n  of the i n e r t i a l  re ference frame a t  t ime zero i s  a t  t he  s t a r  

( a s t e r i s k )  behind the seat  back. The c o r r e c t  values f o r  d i r e c t i o n  

f a c t o r s  f o r  the e l  even 1 i ne segments, beg inn ing w i t h  the  ROOFHEADER 

and f o l l ow ing  the  v e h i c l e - i n t e r i o r  p r o f i l e  c lockwise, are:  

One a d d i t i o n a l  e n t r y  i s  r equ i r ed  on t he  409-Card f o r  each segment. 

Th is  i s  the  so -ca l led  "pene t ra t ion  l i m i t , " . i n  f i e l d  5. The pene- 

t r a t i o n  l i m i t  i s  used by the  computer model t o  he lp  i d e n t i f y  a  case 

i n  which an e l l i p s e  i s  behind a l i n e  segment b u t  no f o r c e  i s  t o  be 

ca lcu la ted .  Such a case i s  i l l u s t r a t e d  by F igure 5-6, which shows 

a three-segment panel. The knee has an apparent d e f l e c t i o n  o f  a. 

i n t o  the  UPPER PANEL i n  t he  p o s i t i o n  shown,* b u t  a  l e g i t i m a t e  non- 

zero f o r ce  should be p red i c t ed  o n l y  if the knee passes around t he  panel 

area and s t r i k e s  the  UPPER PANEL from above. Since t h e  knee l o c a t i o n  

i n  t he  normal seated p o s i t i o n  m igh t  very w e l l  be as shown i n  the  figure, 

the pene t ra t ion  1  i m i  t has per t inence  t o  t he  s p e c i f i c a t i o n  o f  cond i t i ons  

a t  t ime zero. I n  p a r t i c u l a r ,  i t s  value must be l ess  than  the  i n i t i a l  

d i  s  tance , Lo. 

* Also, the  con tac t  p o i n t  C.P.  i s  w i t h i n  the p ro j ec ted  po in t s  A '  and D '  o f  
t h e  UPPER PANEL segment, AD. 
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In e f f ec t ,  the penetration 1 imi t defines the depth of a component of the, 
vehicle in te r io r  which m i g h t  be contacted from e i the r  side.* Thus, in the 

f igure ,  the length L would be a reasonabl'e value fo r  the penetration 
l imi t  of the UPPER P A N E L .  B u t  the student should not be given the impres- 

sion t ha t  extreme at tention must be given to  the selection of a value 
fo r  t h i s  quantity. The computer logic only requires a value which s a t i s f i e s  
the fol 1 owing i nequal i  ty : 

Here, P . L .  i s  the penetration l imi t .  ~t i s  the integration time s tep ,  
to i s  the maximum i n i t i a l  apparent (non-force producing) deflect ion of 
a l l  e l l i p se s  against the l ine  segment, and 6 0  i s  the maximum real ( force  
producing) i n i t i a l  deflect ion of a1 1 el  1 ipses against the 1 ine segment. 
v ( ~ ~ ~ ' ~  ~t i s  the maximum change of deflection which i s  expected in one time max 
integration s tep ,  which i s  t o  say that  Vmax i s  the maximum speed a t  which 

(re1 . ) an e l l i p s e  i s  expected t o  approach the contact surface. Since V m a x  
i s  limited roughly t o  the crash impact velocity,  a reasonable lower bound 

for  P . L .  i s  eas i ly  established fo r  a surface tha t  has no real i n i t i a l  de- 
f lec t ions  ( s o  = 0). I f ,  fo r  example, the impact velocity i s  30 m p h ,  or 528 
in lsec ,  and the integration time step i s  1 .  msec, then P . L .  2 .528 inches. 

The user could s e t  the penetration l imi t  t o  5. inches and be assured tha t  
i t  i s  almost cer ta in ly  well within both bounds. B u t  in pract ice ,  

( r e ' . )  * t ) ,  P.L. i s  bes t ' se t  equal to i t s  lower bound: P.L.=max ( 6 0 , V m a x  

The small value will eliminate the poss ib i l i ty  of a sudden, large ,  anomolous 
force when an e l l i p se  i s  near the edqe of a contact surface. This i s  ex- 
plained in Module 6 ,  Part 2 ,  which deals w i t h  the generation of contact forces.  

5.3 Inhibition of Contact Interaction 

The so-cal led "inhibit ion switches" fo r  contact in teract ions  between 
occupant e l l ipses  and vehicle regions should be used fo r  most simulations. 
These are  defined by en t r i es  on 102- and 106-Cards. These cards can be used 
t o  specify e i the r  a1 lowed interactions o r  interactions that  are  n o t  to be 
considered by the model, i . e . ,  " inhibited '  interactions.  The purpose of speci- 
fying allowed or disallowed interactions i s  usually t o  make i t  unnecessary 
fo r  the computer model to check a l l  combinations of occupant e l l i p se s  and 
vehicle-interior  regions fo r  potential in teract ion.  In many simula- 
t ions ,  the user can be sure tha t  cer ta in  interactions will not occur 
so use of 106-Cards will e f f ec t  a reduction in computation expense. Assume 

* Here, two sides are  the upper and lower panels. 
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t h a t  each v e h i c l e - i n t e r i o r  l i n e  segment i n  F igure 5-7 i s  a  separate  r eg ion ,  

For a  f r o n t a l  impact i n v o l v i n g  t he  occupant i 11 u s t r a t e d  , r e s t r a i n e d  

by a  l a p  b e l t ,  i t  would be reasonable t o  s p e c i f y  t he  f o l l o w i n g  

a1 lowed i n t e r a c t i o n s  : HEAD aga ins t  PANEL, THORAX aga ins t  SEAT BACK, 

HIP aga ins t  SEAT BACK, HIP aga ins t  SEAT CUSHION, THIGH a g a i n s t  

SEAT CUSHION, KNEE aga ins t  SEAT CUSHION, HAND aga ins t  PANEL, FOOT 

aga ins t  TOEBOARD, and FOOT aga ins t  DASH. These a re  t en  i n t e r a c t i o n s  

f o r  which fo rces  cou ld  r e s u l  t. Since t he re  a re  p o t e n t i a l l y  seven e l  - 
l i p s e s  i n t e r a c t i n g  w i t h  e leven v e h i c l e  i n t e r i o r  reg ions ,  o r  77 t o t a l  

p o t e n t i a l  i n t e r a c t i o n s ,  use o f  the 106-Cards reduces i n  t h i s  i ns tance  

by 87% the  number o f  p o t e n t i a l  i n t e r a c t i o n s  t h a t  t h e  computer model 

must cons i der. 

Example con tac t  i n h i b i t i o n  cards a re  shown i n  F igure  5-8. F i e l d  

5 of t h e  102-Card i s  p e r t i n e n t  t o  e l l  i p se - reg ion  i n t e r a c t i o n s .  A 0 .  

i s  entered i f  a l l  p a i r s  o f  r eg i on *  and e l l i p s e  names en te red  on 106- 

Cards a re  t o  be considered a l l owab le  i n t e r a c t i o n s ,  and a  1. i s  en te red  

i f  a l l  p a i r s  a re  t o  be d isa l lowed,  o r  " i n h i b i t e d . "  On t h e  106-Cards, 

16 charac te r  e l l i p s e  names a re  i n  f i e l d s  1  and 2 ,  and 16-character  

r eg ion  names a re  i n  f i e l d s  3 and 4. The example cards a l l o w  t he  t e n  

i n t e r a c t i o n s  p r e v i o u s l y  mentioned. An equ i va l en t  s p e c i f i c a t i o n  o f  

switches would be t o  en te r  a  1. i n  f i e l d  5 o f  Card 102 and t o  i n c l u d e  

i n  t he  da ta  s e t  one 106-Card f o r  each o f  t h e  67 d i sa l l owed  i n t e r a c t i o n s .  

Whether a  0. o r  a  1. i s  b e t t e r  used i n  f i e l d  5 o f  Card 102 depends 

on whether the  s e t  o f  a l lowed e l l i p s e - r e g i o n  i n t e r a c t i o n s  o r  t h e  com- 

plementary s e t  o f  d i s a l  lowed i n t e r a c t i o n s  i s  smal l  e r .  

5.4 M a t e r i a l  Proper ty  S p e c i f i c a t i o n s  

M a t e r i a l  p rope r t y  s p e c i f i c a t i o n s  f o r  reg ions  a re  made w i t h  Cards 

403 through 408. Only t h e  general  con ten t  o f  these cards w i l l  be 

d iscussed here s i nce  m a t e r i a l  p r o p e r t i e s  a re  discussed i n  d e t a i l  i n  

Module 6, which deals  s p e c i f i c a l l y  w i t h  t h e  genera t ion  o f  fo rces  be- 

tween i n t e r a c t i n g  occupant and v e h i c l e  sys terns. 

The Cards 403 through 408 i n  F igure 5-9 complete ly  s p e c i f y  

example l oad ing  and un load ing  cha rac te r i s  t i c s  of a  panel reg ion .  

A l l  1  i n e  segments i n  the  r e g i o n  a re  thus s imu l taneous ly  a1 lowed o r  
d i sa l l owed  t o  i n t e r a c t  w i t h  the  e l l i p s e .  
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FIGURE 5-7 Seven Occupant E l l i p s e s  and Eleven L i n e  Segments f o r  P o t e n t i a l  Con tac t  



HEAD PANEL 106 

THORAX SEAT BACK 106 

HIP SEAT BACK 106 

HIP SEAT CUSHION 106 

TH I GH SEAT CUSHION 106 

KNEE SEAT CUSHION 106 

HAND PANEL 106 

FOOT FLOORPAN 106 

FOOT TOEBOARD 106 

OT DASH 7 06 

FIGURE 5-8 Example Data Cards S p e c i f y i n g  A1 lowed Contact  I n t e r a c t i o n s .  



JDED PANEL PANELMAT 0.  1 .  1. 1 .  40 1 

PANELMAT 0.  0. .1 100. 101. 0 .  0.  403 

PANELMAT. 10. PSTAT I PGR 404 

PGR -1. 

PGR -1. . I 5  406 

PSTAT 0. 0. 40 7 

PSTAT 3. 2200 407 

PSTAT 5. 2200, 407 

PSTAT 8. 5000. 407 

FIGURE 5-9  Data Cards f o r  Example V e h i c l e -  I n t e r i o r  Region M a t e r i a l .  



These cards define a materi a1 arbi t r a r i  ly  ca l l  ed PANELMAT, a1 ready 
ident i f ied  on Card 401 in Figure 5-2 as the material of the region 
called PADDED PANEL,  Values on  'card 403 identify deflect ions a t  the 
peak and cutoff of the i ne r t i a l  spike curve, a t  the y ie ld  point ,  
and a t  the beginning and end of material breakdown. A force sa tura t ion 
level can also be defined with the 403-Card, b u t  the zeroes in f i e lds  

8 and 9 of the example data specify a material which does not sa tu ra te .  
Names are entered on the 404-Card fo r  tabular  or  polynomial representa- 

t ion o f :  1 )  the s t a t i c  force-deflection loading curve; 2 )  the r a t i o  of 
permanent deformation to  maximum deformation upon complete unloading, 
as a function of maximum deflection (G-ra t io) ;  3)  the f rac t ion of 
to ta l  loading energy not l o s t  t o  hystere t ic  absorption upon complete 
unloading, as a function of maximum deflection (R-ra t io)  ; and 4) the 
so-called " ine r t i a l  spike" curve, a force-deflection loading curve 
w h i c h  may be superimposed upon the s t a t i c  loading curve to  represent 
the e f fec t s  on impact forces of mass and loading ra te .  In the example 
data ,  the 405- and 406-Cards define constant values fo r  the permanent- 
deformation and conserved-energy ra t ios  , from which unloading hysteresis  
i s  determined. The four 407-Cards define table  points f o r  the panel 
s t a t i c  force-deflection 1 oadi ng curve shown in Figure 5-10. Coefficients 
f o r  a sixth-order polynomial fo r  the i ne r t i a l  spike curve are  given 
on Card 408, a l l  coefficients  zero. 

5.5 Contact Surface Friction 

The material properties specif ied on Cards 403 through 408 allow the 
determination of contact forces normal , o r  perpendicular to the vehicle in- 

t e r i o r  surface. Friction force components can be determined as well , 
however. 412-Cards a re  used fo r  the specif icat ion of coeff ic ients  of 
f r i c t i on .  Friction coeff ic ients  are  defined not fo r  materi a1 s b u t  

ra ther  fo r  pairings of "classes" of potent ia l ly  in teract ing el  1 ipses 
and regions. For example, a s ea t  back and a seat  cushion might be 
of the same region f r i c t i on  class i f  they are covered with the same 
fabric;  Similarly, a floorpan and a panel would 1 ikely belong t o  
d i f fe ren t  region f r i c t i on  classes because o f  di f fe ren t  surface rough- 
nesses. Each region of the vehicle i n t e r i o r  must be assigned to  
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one o f  t e n  f r i c t i o n  c lasses by e n t e r i n g  an i n t e g e r  1. through 10. 

i n  f i e l d  4  o f  i t s  402-Card. E l l i p s e s ,  d iscussed i n  Module 4, a re  

assigned t o  one o f  f i v e  e l  1  i p s e  f r i c t i o n  c lasses by e n t e r i n g  1 .  , 2. , 
3., 4 . ,  o r  5. i n  f i e l d  6 o f  i t s  219-Card. Thus, up t o  50 combina- 

t i o n s  o f  e l l i p s e  and reg ion  c lasses can be assigned f r i c t i o n  coe f -  

f i c i e n t s .  I n  t he  example da ta  o f  F igure  5-11, t h e  values i n  f i e l d  4 

o f  t h e  402-Cards i n d i c a t e  t h a t  t he  PANEL and SEAT BACK reg ions  have 

r e g i o n  f r i c t i o n  c lasses o f  3 and 8. The thorax  e l l i p s e  i s  o f  e l l i p s e  

f r i c t i o n  c lass  1, as i n d i c a t e d  by the  1. i n  f i e l d  6 o f  Card 219. 

Each 412-Card has an e l l i p s e  c l ass  i n  f i e l d  1 and a  r e g i o n  c l ass  

i n  f i e l d  2. F i e l ds  3, 4, and 5  con ta i n  po lynomia l  c o e f f i c i e n t s  f o r  

a  def lec t ion-dependent  c o e f f i c i e n t  o f  f r i c t i o n .  These a re  P O ,  pl, 

and p 2  i n  t he  f o l l o w i n g  r e l a t i o n :  

where Ffri c t i  on 

The f i r s t  c o e f f i c i e n t ,  P O ,  i s  t h e  cons tan t  c o e f f i c i e n t  o f  f r i c t i o n  

norma l l y  def ined.  Non-zero values f o r  u1 and p2  p rov i de  a  dependence 

on d e f l e c t i o n  t h a t  rep resen ts  t angen t i  a1 r es i s t ance  t o  "p lowing"  a t  t he  

e l l i p s e - r e g i o n  i n t e r f a c e .  The l a s t  ca rd  i n  the  example da ta  o f  F i gu re  

5-11 i s  f o r  a  f r i c t i o n  c o e f f i c i e n t  o f  .25 f o r  zero d e f l e c t i o n ,  .35 f o r  

two inches o f  d e f l e c t i o n ,  and .65 f o r  f i v e '  inches o f  d e f l e c t i o n .  The 

user  should be ab le  t o  demonstrate t h a t  t h e  t a n g e n t i a l  f o r c e  f o r  

t h i s  f r i c t i o n  c o e f f i c i e n t  equals t he  cons tan t  f o r c e  normal t o  t h e  su r f ace  

when t he  d e f l e c t i o n  i s  7.29 inches. 



THORAX CHESTMAT 2. 1. 219 

- - 

PANEL 

SEAT BACK 1.  8. 1. 0. 402 

FIGURE 5-11 Example Data Cards f o r  Coeff icients  of Fr ic t ion  



MODULE 6  -- GENERATION OF CONTACT FORCES ON THE OCCUPANT: P a r t  1  

6.1 Generat ion o f  Contact Forces 

Occupant mot ion  w i t h i n  t he  v e h i c l e  bo th  determines and i s  determined 

by fo rces  a c t i n g  on t he  occupant l i n kage .  F igure  6-1 i l l u s t r a t e s  

t he  r e l a t i o n s h i p  between t he  mot ion  and t he  fo rces .  A t  some i n s t a n t  

o f  t ime,  u s u a l l y  c a l l e d  t = 0,  t h e  p o s i t i o n  and v e l o c i t y  cond i t i ons  

o f  t he  occupant r e l a t i v e  t o  a  v e h i c l e - f i x e d  re fe rence  frame must be 

known. From these, t he  ins tantaneous s t a t e  o f  d isplacements between 

body and v e h i c l e  elements, and hence t he  i n t e r a c t i o n  fo rces ,  may be 

determined. Fur ther ,  the  ins tantaneous i n t e r a c t i o n  fo rces  thus found, 

t oge the r  w i t h  t he  mot ion  equat ions o f  c l a s s i c a l  mechanics, namely 

Newton ' s  Laws, determine the  ins tantaneous acce l  e ra  t i  ons as a  = F/m, 

o r  {a )  = [MI'' {F)  i n  a  vec to r  f o rmu la t i on .  I n t e g r a t i o n  o f  t h e  acce lerat ions then 
y i e l d s  the  occupant v e l o c i t i e s  and p o s i t i o n s  a t  a  new t ime,  d i f f e r e n t  f rom t h e  

t ime a t  which fo rces  were determined by an a r b i t r a r i l y  smal l  amount, 

d t  o r  ~ t .  New p o s i t i o n  and v e l o c i t y  cond i t i ons  hav ing  been determined, 

new d e f l e c t i o n s  can be determined and so f o r t h  so t h a t  t h e  e n t i r e  

t ime h i s t o r i e s  f o r  mot ion and fo rces  a re  es tab l i shed .  

The vec to r  {F) i n  b l ock  4 o f  F igure 6-1 i s  a  f u n c t i o n  o f  p o s i t i o n  

and v e l o c i t y  coord inates and t he  i n t e r a c t i o n  fo rces  f rom b l o c k  3. 

The i n t e r a c t i o n  fo rces  i n c l u d e  r e s t r a i n t  system loads,  which a re  d i s -  

cussed i n  Modules 9 and 10, and "con tac t  fo rces  ," w i t h  which t h i s  

module deals .  Contact  fo rces  a re  those fo rces  resu l  t i n g  f rom d i r e c t  i n t e r a c -  
t i o n  between body p a r t s  o r  between a  body p a r t  and a  su r f ace  o f  t he  occupant 

compartment. F igure  6-1 i n d i c a t e s  i n  b l ock  1  t h a t  occupant and v e h i c l e  

p o s i t i o n s  and v e l o c i t i e s  must be known be fo re  i n t e r a c t i o n  f o r ces  

may be determined. Modules 2, 4, and 7 a re  r e l e v a n t  t o  occupant 

cond i t i ons  f o r  b l ock  1 , and p e r t i n e n t  v e h i c l e  s p e c i f i c a t i o n s  a re  

descr ibed i n  Modules 5 and 8. 

The sub jec t  o f  t h i s  module i s  de te rm ina t i on  o f  c o n t a c t - i n t e r a c t i o n  

d e f l e c t i o n s  and r e s u l t i n g  fo rces  i n  b locks  2 and 3. 
" A 1  o g i c a l  l y  
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FIGURE 6-1 Re la t ionsh ip  o f  P o s i t i o n  t o n d i  t i o x  and I n t e r a c ? i ' o n ~ G ? E -  
1 W i t h i n  t h e  Framework o f  an I n i t i a l  Value Problem .------. -- - -- ----.-- ------ .- 



ordered development of contact forces by the computer model i s  a 
necessity. A description of these same ordered steps i s  a suitable 

framework for the explanation of related input requirements for the 
MVMA-2D model. Thus, the development shown in Figure 6-2 i s  both 
a flow for the computational algorithm and an outline of th is  module. 

Determi nation of Deflections 

6;2.1 Ellipse Against Line Segment. Module 4 describes the 
user-suppl ied profile of contact-sensing el 1 ipses which may be a t -  
tached t o  the occupant linkage. The prescription of l ine  segments 
which constitute the vehicle-interior profile i s  described in Module 
5. A contact force vector i s  generated whenever a body e l l ipse  inter-  
sects a l ine segment. Figure 6-3 i l l u s t r a t e s  such a case. The deflec- 
tion 6 i s  defined as the distance of maximum penetration of the e l -  
l ipse beyond the l ine .  Note from the lower figure that  this  definit ion 
s t i l l  applies i f  the body e l l ipse  has passed completely beyond the 
resisting surface. 

The user may find i t  useful occasionally to be able to evaluate 
a deflection for given e l l ipse  and l ine segment positions. This might 
be done i f  accuracy i s  desired for defining the i n i t i a l  occupant con- 
figuration* or in connection with debugging a computer simulation. 
The pertinent equations are presented in Figure 6-4 and 6-5 for  reference 

and may also be f o u n d  in Volume 1 of the M V M A - 2 D  manuals and in Module 
7 .  The body 1 ink angles in these equations are the internal angles, 
general ized coordinates, defined in Module 7 and i 11 ustrated in Figure 
6-6. Whether the deforming element i n  a contact interaction i s  the e l -  

l ipse or  the l ine segment i s  not implicit in the definition of deflec: 
tion. This i s  dependent upon material specifications.  Figure 6-4 
i l l u s t r a t e s  a rigid e l l ipse  against a deforming l ine segment, b u t  with 
different  materi a1 specifications the def 1 ection could be shared or 
could be solely in the el l ipse.  

*See Module 7. 
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r t i a l  

Def i n i  t i ons - 
n = body segment number f o r  t h e  e l l i p s e  ( 1 ,  .. . , 8)  (Card 219, f i e l d  5).  
a  = x-semi-ax is  l e n g t h  (Card 220, f i e l d  5). 
c = z-semi-axis l e n g t h  (Card 220, f i e l d  6 ) .  
8 - = angle  o f  body l i n k  n  (see Card 301 f o r  t = 0 and F igu re  6-51. 

I I 

0.. = v e h i c l e  p i t c h  ang le  (see Card 601 f o r  t = 0 and Card 604) .  
v 

X,, Ze) = coord ina tes  o f  e l l i p s e  c e n t e r  i n  body segment system (Card 
220, f i e l d s  3 and 4). 

ti, ci) = coord ina tes  o f  l ine-segment  endpo in t  Pi ( i  = 1,2) i n  v e h i c l e  
system (Card 411, f i e l d s  4-7) .  

Xn, Z,) = i n e r t i a l  coord ina tes  o f  CG o f  body segment n  [ f u n c t i o n  o f  x2 

and Z2 ( f r o m  Card 303 f o r  t = 0 ) ,  body l i n k  angles (see Card 

301 f o r  t = 0 and F igu re  6-5) ,  and l i n k  l eng ths  (Cards 201 and 
202) ; see Sec t i on  2.1 o f  Volume 1  1. 

( ~ 4 ,  US) = i n e r t i a l  coord ina tes  o f  e l  1 i p s e  cen te r .  
( X o ,  Z,) = i n e r t i a l  coord ina tes  o f  c o n t a c t  p o i n t .  

6 = d e f l e c t i o n .  

_ _ _  _ ^_ ._--- - - . .... . ..----- - -  - 

FIGURE 6-4 Constants and Var iab les  Relevant  t o  Eva lua t i on  o f  Ell i p se -  
L i n e  D e f l e c t i o n  



EOUATIONS 

r = ? I  - 5, 

s = slS2 - C162 
A = r cos e v  + p sin e v  

C = -r sin e + p cos e v  v 

p, = Xn + Xe cos e n  + Ze sin e n  

~5 = Zn - X, sin e + Ze cos e n  n 

One s ign  for k gives the point of maximum penetration, the "contact p o i n t . "  
The other sign gives the point directly opposite the el l ipse center, i . e .  , 
the p o i n t  of "miminum penetration. " 

FIGURE 6-5 Evaluation of Deflection Between a Straight-Line Segment and 
an Ellipse. 



el, 82t83, 841 06, 8,. B8, 8. = 0 (analysis and computer code) 

Analysis 
or Code Input or Output 

8i = Bi + B y  - 1 8 0 ~ ( i = 1 , 2 ~ 3 , 4 , n )  

4 = di + eV ( i  =5,6,7,8) 

F I G U R E j - 6  Occupant Model, Configuration with a1 1 In terna l  L i n k  Ang les  .- -------- --------- -- - - 
' Equal t o  Zero 1 (NOT f o r  inout  o r  ou tpu t )  



6.2.2 Ellipse Against Ellipse. Module 4 explains how e l l ipses  
attached to different body segments are approximated, for the purpose 
of considering potential interactions between e l l ipses ,  by circles  of 
varying position. An e l l  ipse-ell ipse contact force will be produced 
i f  the e l l  ipse repl acement circles overlap. 

Figure 6-7 i 1 lustrates contact interactions between repl acement 
circles for progressively greater deflections. I n  each instance, 
R and r are the radii of the ci rcles , and D i s  the distance between 
their  centers. A resulting force i s  applied t o  the body 1 ink of 
each el l ipse as a vector along the 1 ine between the centers of the 
circles .  

6.3 Material Properties 

Contact forces in the MVMA-2D model are directly dependent on 
deformations of the interacting elements b u t  n o t  on deformation rates.  
The user prescribes for each body-segment el l ipse and each vehicle- 
inter ior  region a material with resistive properties that depend on1 y 

on deflection. This i s  n o t  t o  say that the loading history of a material 
i s  not considered; deformations beyond a user-defined yield point, 
or "elast ic  l imit ," can resul t  in hysteretic energy loss and permanent 
deformation of the element upon  unloading. Also, reloading from a 
partial 1y unloaded s t a t e  i s  complex. 

The various material properties that can be specified by the user 
are described in the following sections. Data cards referenced here 
are 403 through 408, which are imp1 ied in Volume 2 o f  the MVMA-2D 

manuals t o  be for region materials since they appear with region 
cards 401 and 402. However, material property specifications for e l -  
lipses and be1 t s  have the same form.* Ellipse material cards, 221 
through 226, and belt  cards, 704 through 709, can be identified with 
the region material cards, 403 through 408, S t r ic t ly ,  i t  i s  unnecessary 
ever t o  use any cards b u t  403 through 408 to specify the properties 
o f  a material since these cards contain no reference to  regions. 

* Be1 t material specifications can be made optionally in terms of 
s t ra in ,  instead of deflection. 
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Conversely, Cards 221 through 226, for example, could be used for  a 
region material , 

6.3.1 Loading: Stat ic  Curve. An element i s  undergoing "loading" 
whenever i t s  material deformation i s  increasing with time. Note that  

th i s  does no t  mean that  the load, or force, i s  necessarily increasing 
with time or with deflection. The user i s  required to prescribe a 
s t a t i c  loading curve for each material name defined within the data 

se t .*  

Suppose that  an element i s  tested in quasi-s tat ic  loading by 
pressing against i t  a rigid form, e i ther  f l a t ,  e l l i p t i c a l ,  or 
c i rcular  in shape i n  accordance w i t h  the definit ions of deflections 
ea r l i e r  in th is  module. A load-deflection curve such as i l lus t ra ted  
in Figure 6-8 could be established. I t  can be represented as accurately 
as necessary by a piecewise-linear approximation. For example, the 
curve shown i s  adequately defined for  simulation purposes in tabular 
form by coordinate pairs of force and deflection values of the 
points marked with an " X . "  The user may prescribe a tabular s t a t i c  
loadin4 curve o r ,  optionally, a polynomial' curve of order s i x ,  viz . ,  

The tabular form of the curve i s  generally used, b u t  sometimes i t  
i s  convenient t o  f i t  a polynomial t o  the load-deflection data. Seldom 
are more than the f i r s t  three coefficients used. The most common use 
o f  the polynomial i s  for specifying a constant load-deflection slope 

C, w i t h  a1 1 other coefficients zero. C1 i s  a proportionality factor 
between force and deflection, i .e. , a 1 inear spring s t i f fness .  An 
equivalent way of defining a l inear  load-deflection curve i s  t o  enter 
a two-point table;  the f i r s t  point would be ( O . ,  0 . )  and the second 
would be (Cl A , A ) , where A i s  an arbi t rary value of deflec- 
tion greater than the greatest deflection expected for  the material 
in a simulation. 

Three points pertinent t o  continued s t a t i c  loading are 1 abeled 
* Material names are defined on Card 219 for el 1 ipses , Card 401 for 

regions, and Cards 702, 703, and 710-716 for be1 t s .  
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in Figure 6-8. These are deflections 6 C ,  6D, and JF ,  a l l  user- 

defined input parameters. d C  i s  deflection a t  the material yield 

point, or "elast ic  l imit ." Note that i t  i s  n o t  identified with 
the 1 imi t of material 1 ineari ty.  I t s  proper definition re1 ates 
t o  characteristics of the materi a1 in unloading. Unloading from 
peak deflections less than 6 C  are backward along the loading curve, 
i .e.  , they occur without permanent deformation of the material and  

w i t h o u t  energy loss. There are no restr ic t ions on 6 C  except that 

i t  be greater than or equal t o  zero. * The deflections d D  and d F  re late  
t o  material , or structural , breakdown. All points on the user-de- 
fined s t a t i c  loading curve beyond 6 D  are ignored by the computer 
model. This value i s  the deflection a t  which the material begins t o  
f a i l .  Continued loading to J F  or beyond will complete breakdown of 
the material, as i l lustrated in the figure.** 

6.3.2 Loading: Inertial Spike Curve. The so-cal led " iner t ia l  
spike curve" i s  a model feature which can be used t o  account for dy- 

namic effects on the force-producing capability of a material. 
This i s  the only model feature through which mass- and rate-dependence 
of material properties can be represented, even indirectly.  I t  i s  
observed that i n i t i a l  impact against a deforming surface i s  often 
accompanied by a h i g h  force spike which diminishes rapidly with in- 
creasing deflection and which does n o t  reappear with repeated loadings. 
Such an iner t ia l  spike force can be specified by the user as a tabular 
or polynomial function of deflection. This curve i s  added t o  the 
s t a t i c  load-defl ection curve previously discussed. 

Figure 6-9 i l lus t ra tes  an iner t ia l  spi ke curve and the combined 
loading curve. Values for 6 A  and 6B i n  the figure are supplied by 
the user. 6A i s  the deflection a t  which iner t ia l  effects of the 
surface break down irreparably. This means that once deflection ex- 
ceeds 6 ~ 9  subsequent re-loadings from deflections less than a A  will 
be along the s t a t i c  curve, not the combined curve. 6~ i s  often 

* All reasonable values of sC are less than 6,,. 

** 6F must be greater than 6D. 
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s e t  e i the r  to  zero or to  the deflection a t  the peak of the ine r t i a l  

spike curve. There are no res t r ic t ions  on i t s  value, b u t  certainly 

i t  is  most reasonably s e t  t o  some value less than  or equal t o  deflec- 

t ion a t  the peak. d B  i s  the deflection a t  which a l l  iner t ia l  ef fects  

cease. The ine r t i a l  spike curve, whether tabular or polynomial in 

form, must be zero a t  a*. d B  must be i n  the closed interval from 

6 A  t o  6 : 6 A  2 6B < 6 D - D '  

6.3.3 Loading : Force Saturation, Figure 6-10 i l l u s t r a t e s  

the loading curve for a n  element which deforms plas t ic ly  once the 

load has reached a specif ic value. The force saturation level i s  a t  
load FmaX , an inpu t  parameter. Force saturation affects  on1 y s t a t i c  

loading. Whenever the saturation force l imit  i s  exceeded by the s t a t i c  

curve, the regular loading sequence i s  superceded. The ine r t i a l  
\ 

spike curve i s  unaffected; i f  loading i s  on the combined s t a t i c  and 

ine r t i a l  spike curve when Fmax i s  reached, only the s t a t i c  component 

will be limited t o  Fmax. 

6.3.4 Unloading. An element i s  undergoing "unloading" whenever 

i t s  material deformation i s  decreasing with time. While i t  i s  n o t  
necessarily true that  force increases with deflection in a loading 

material , the decreasing deflection for  unloading o f  a reasonably 

specified material will be accompanied by decreasine force. Figure 
6-11 i l l u s t r a t e s  the loading curve for  a material which surely requires 

specifications re1 ating t o  unloading because unloading back a1 ong the 

loading curve from any deformation which exceeds a p  would involve 

force increase for  decreasing deflection. Unloading curves are cal- 

culated by the computer model from user-prescri bed specifications. 
These are discussed in l a t e r  sections of th i s  module. 

6t, the deflection a t  the material "e las t i c  1 imit ," was discussed 

ea r l i e r  in th i s  module. I f  material deflection once exceeds a C ,  then 

any subsequent unloading will not be back along the loading curve b u t  

instead will b i  along a curve which l i e s  below the loading curve. I t  
might be noted in connection w i t h  Figure 6-11 tha t ,  while there are 

no res t r ic t ions  on the user-suppl ied value for  6 C ,  i t  cannot reasonably 

be greater t h a n  6p  for  a material with a loading peak as i l lus t ra ted .  



1 Deflection, a 

- - - - - . . . 
I Force 

..- 

' FIGURE 6-10 S t a t i c  Loading  Curve w i t h  F o r c e  S a t u r a t i o n  
---I--_._ - ~--I___-.I--__--- _ -  ___I_-- _ 

J,-. /---. 

!static loading curve / -  
i- -------- -. / 

/' 
. < 

,?/- 
, /;// . 

, " 1 ( force saturation level 
;' / . - -- -- -- - - -- 

', / J 
-.I--- 

. , . -. - - . I \  

I \ 
I 
I \ 
I 
I \ 

I 



Force 

/ ------ Static Loading Curve -..- --. . - . - - -.---- 

.-.- ---.- 

I Deflection, a 

--- - ---- --- 

, FIGURE 6-11 Unload ing From D e f l e c t i o n s  Greater T h a n  6 
P -- - -- 



6.3.5 Unloading: Permanent Deformation. Figure 6-1 2 i  1 lus- 

t ra tes  unloading from a turnaround deflection d m a x  greater t h a n  d C .  

On complete unloading from beyond the e l a s t i c  l imi t ,  the force usually 

returns t o  zero before the defiection. I n  other words, there i s  

usually a permanent deformation of the  surface, represented in the 

figure by the deflection U. 

I n  general, the permanent deformation increases with increasing 

turnaround deflections. The upper portion of Figure 6-1 3 i l l u s t r a t e s  

the typical dependence of permanent deformation on deflection. For 

deflections u p  t o  the e las t ic  l imit ,  the permanent deformation i s  zero. 

As deflection increases without b o u n d ,  the permanent deformation 

approaches the value of the turnaround deflection. This characteristic 

of the material i s  i l lustrated in a completely equivalent way in the 

lower figure. The lower curve i s  simply the upper curve divided by 

deflection, point for point. 

That  i s ,  the lower curve defines, as a function ?f dmax, a non-dimen- 

sional ra t io  of the permanent deflection t o  the turnaround deflection. 

This function is  zero for deflections u p  t o  the e l a s t i c  l imit  and ap- 

proaches 1. as 6max increases wi t h o u t  bound.  The function has been 

ca l l ed  the "G-ratio," and in the MVMA-2D model i t  i s  a user-supplied 

i n p u t  for each material. I t  may be entered in tabular form or i t  

may be assigned a constant value. I t  should be noted, however, t h a t  
a constant can be used with safety only i f  there are a priori reasons 

t o  expect a particular approximate maximum deflection of the material 

f o r  the specific crash simulation. The reason for th is  i s  t h a t  for 

most materials the G-ratio changes rapidly with increasing deflection 

past the yield point. 

6.3.6 Unloading: Hysteretic Energy Absorption, Figure 6-14 

illustrates again an example 1 oadi ng-unl oadi ng cycle. Since the 
integral t o  amax of the force times an incremental deflection, 

namely, the area under the s t a t i c  loading curve, i s  the work done 

i n  reaching the turnaround deflection, amax, unloading along a 
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curve which l i e s  under the loading curve means that there i s  a hysteretic 

energy loss ,  Energy i s  absorbed by heating or by mechanical break- 
down of the material. I n  the f igure ,  area 8 equals the absorbed energy. 
Area A i s  the restored, or conserved, energy; Just as permanent defor- 
mation i s  i n  general a function of turnaround deflection, so i s  the amount 
of energy restored upon  complete unloading. For each material, a non- 
dimensional ratio of restored energy t o  total  loading energy can be 

defined in parallel t o  the G-ratio for permanent deformation. 
This quantity is  called the "R-ratio" and i t  i s  clearly a function 
of turnaround deflection, namely 

The model user supplies the R-ratio either as a tabular function of 

'max or as a constant. Figure 6-15 i l lus t ra tes  the typical dependence 
of the R-ratio on  6max. 

The R-ratio i s  used together with the G-ratio by the computer 
model for calculating an unloading curve whenever unloading from a 
deflection greater than s C  begins. The unloading curve i s  normally 
quadratic in form, and i t s  coefficients are determined so that unloading 
occurs w i t h  the appropriate permanent deformation and restored energy. 
S t r i c t ly ,  the G- and R-ratios are not independent quantities as there 
exists a constraint between their  values. This i s  discussed in 
the l a s t  section of Module 6, Part 2. 

6.3.7 Unloading: Force Saturation, Either of two types of 
unloading from a force-saturation level can be specified by the model 
user. Both are i l lustrated in Figure 6-16. The standard method i s  
t o  unload with a specified slope, B ,  an i n p u t  parameter. A1 ternatively,  
the G-ratio i s  used t o  determine a permanent deformation, t o  which 
unloading occurs along a straight-1 ine segment. 

6.3.8 Rigid-Rigid Interactions. Contact e l l ipses ,  vehicle-in- 
te r ior  regions, and even be1 t s  can be specified as rigid by leaving 
blank f ie lds  o f  219-Cards ( f ie lds  3 and 4 ) ,  401-Cards ( 3  and 4 ) ,  the 
702-Card (1 and 2 ) ,  the 703-Card (1,  2, 5 ,  and 6 ) ,  and Cards 710 
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through 716 ( 6  and 7 ) .  If a rigid element interacts with a deformable 

element, then a l l  deformation i s  attributed t o  the deformable element 

and i t s  material properties are used. I f ,  however, two rigid elements 

interact ,  then a special l inear s t i f fness  value i s  used. This value 

i s  user-defined and  i s  usually taken as 15,000 lb/ in .  This s t i f fness  

i s  entered in f ie ld 4 of Card 103. A value i s  specified in f ie ld  3 

of t h a t  card for a maximum allowed force for rigid-rigid interactions. 

d oh ally, a large value i s  used, such as 100,000 lbs.  

6.3.9 Material Property Data Cards. All d a t a  which relate  t o  
the material properties discussed in the foregoing sections may be 

entered on Cards 403 through 408. The content of the pertinent 

fields of those cards will now be identified.  Example d a t a  cards for 

windshield glass are shown in Figure 6-17. 

There must be one 403-Card and  one 404-Card for each material. 

The f i r s t  two fields of these cards contain a sixteen-character a l p h a -  

numeric materi a1 name. The deflection parameters 6 A ,  6 6 
C '  D '  

and tiF i l lustrated in Figures 6-8 and 6-9 are in fields 3 through 

7 of Card 403. Required and suggested conditions t o  be imposed on the 

quantities have been previously discussed. The required conditions 

are,  in summary: 

0 5 .- < 6B - < 6D < 6 and  k, 0 F ; 
Fields 8 and 9 of this  card control force saturation, which i s  i l lustrated 

i n  Figure 6-16. The force saturation level i s  entered in f ie ld 8 ,  and 

the slope of the desired straight-l ine unloading curve i s  in f ie ld  9.  

Any negative value entered in f ie ld 9 will cause the slope of the 

unloading curve t o  be determined from the G-ratio. If the force-saturation 

option i s  not t o  be used, then fields 8 and 9 must be zero or blank. 

On Card 404, the user defines eight-character alphanumeric names 

i n  f ields 7 and 8 for the s t a t i c  and iner t ia l  spike loading curves. 

The single name entered in field 9 i s  used for b o t h  G- and R-ratios. 

All three of these eight-character names must be defined for each 

material. Field 3 i s  the only other pertinent field on the 404-Card. 

I t  contains the allowed convergence error for force bslance between 



WINDSHIELD GLASS. 5 1. 0. 100. 101. 0. 0.  403 

WINDSHIELD GLASS5. WS W I WGR 404 

WGR 0. 0. 405 

WGR .5 0. 405 

WGR -51 .85 405 

WGR 1. .95 405 

WGR 6. .99 . 405 

WGR 0: 1. 406 

WGR .5 1. 406 

WGR .51 .1 406 

WGR 1.  .05 406 

WGR 6. .01 406 

SEATCUSHION MATL5. SSTAT I CUSHGR 404 

SEATBACK MATL 5. SSTAT I 

MATERIAL NAME 5. STATIC I GRNAME 404 

FIGURE 6-17 Example Ma te r i a l  P roper ty  Data Cards 



m u t u a l l y  deforming sur faces .  Th is  i s  d iscussed i n  Module 6, P a r t  2. 

A va lue  o f  5. I b s .  i s  u s u a l l y  s u i t a b l e .  

A t  l e a s t  one 405- and one 406-Card must be p resen t  i n  t h e  da ta  

deck f o r  each G- and R- name on any 404-Card, i n  f i e l d  9. G- and 

R - r a t i o  values a r e  en te red  on 405- and 406-Cards, r e s p e c t i v e l y .  

Table p o i n t s  f o r  p iecewise-1 i n e a r  r e p r e s e n t a t i o n  o f  G and R curves 

such as i l l u s t r a t e d  i n  F igures 6-13 and 6-15 a re  en te red  i n  f i e l d s  

2 and 3, t h e  d e f l e c t i o n  va lue  i n  f i e l d  2 and t h e  G o r  R va lue  i n  

f i e l d  3, There w i l l  be one ca rd  f o r  each t a b l e  p o i n t .  Should i t  

be d e s i r e d  t o  s p e c i f y  a  cons tan t  va lue ,  independent o f  d e f l e c t i o n ,  

then  any nega t i ve  va lue  i s  en te red  i n  f i e l d  2 and t h e  cons tan t  va lue  

f o r  G o r  R i s  i n  f i e l d  3. The G - r a t i o  shou ld  never  be s e t  t o  1. 
n o r  should  t h e  R - r a t i o  be 0. 

The s t a t i c  l o a d i n g  curve  may be s p e c i f i e d  as descr ibed  e a r l i e r  

as a  t a b u l a r  o r  po lynomia l  f u n c t i o n  o f  d e f l e c t i o n .  A cu rve  must be 

p resc r i bed  f o r  each s t a t i c  cu rve  name on any 404-Card, i n  f i e l d  7. 

Curve s p e c i f i c a t i o n s  a r e  made on 407-Cards, which c o n t a i n  t h e  e i g h t -  

cha rac te r  s t a t i c  curve name i n  f i e l d  1. I f  t h e  f o r c e  i s  t o  be a  

po lynomia l  f u n c t i o n  o f  d e f l e c t i o n ,  then  a  nega t i ve  va lue  i s  en te red  

i n  f i e l d  2 and t he  po lynomia l  c o e f f i c i e n t s  f o r  t he  f i r s t  s i x  powers 

o f  6 a re  en te red  i n  f i e l d s  3 th rough  8. Since a  f i e l d  may be l e f t  

b l ank  i n  p l ace  o f  e n t e r i n g  a  zero,  and s i n c e  a  l i n e a r  s t i f f n e s s  i s  

o f t e n  assumed, i .e . ,  F C16, i t  i s  common t o  l eave  a l l  c o e f f i c i e n t  

f i e l d s  b l ank  except  f o r  f i e l d  3. A t a b u l a r  s t a t i c  cu rve  i s  p r e s c r i b e d  p o i n t -  

by -po in t ,  one 407-Card pe r  t a b l e  p o i n t .  The d e f l e c t i o n  va lue  i s  en te red  i n  

f i e l d  2 and t h e  fo rce  va lue  i s  i n  f i e l d  3. As f o r  a l l  t a b l e s  which t h e  model 

user  may def ine,  t h e  f i r s t  p o i n t  must be f o r  a  zero absc issa  va lue  -- i n  

t h i s  case, ze ro  d e f l e c t i o n .  

The i n e r t i a l  s p i k e  cu rve  i s  p resc r i bed  i n  j u s t  t h e  same manner 

as t h e  s t a t i c  l o a d i n g  curve. F i e l d  1  i n  t h i s  case con ta i ns  t h e  i n e r t i a l  

s p i k e  name f rom f i e l d  8 o f  a 404-Card. The i n e r t i a l  sp i ke  cu rve  

should  go t o  zero a t  a  d e f l e c t i o n  o f  6B, which i s  en te red  on t h e  403- 

Card. The use r  shou ld  be a b l e  t o  demonstrate t h a t  t h e  po lynomia l  

curve s p e c i f i e d  on t h e  408-Card o f  t h e  example da ta  peaks a t  1000 

I b .  a t  a d e f l e c t i o n  o f  . 5  inches.  The onse t  s lope ,  3000 l b / i n ,  i s  



50% greater than the slope of straight-l ine r i se  to peak force. The 
curve diminishes t o  0. a t  a deflection of 1 .  inch. 

I t  should be made clear t o  the user that s t a t i c  and inertial  spike 
loading curves and G- and R-ratio functions defined with Cards 405 
through 408 need not be unique to a material. I n  other words, these 
curves can be shared by materials. The example data in Figure 6-17 

i l lus t ra te  404-Cards for seat cushion and seatback materials that 
have the same loading characteristics b u t  different G- and R-ratios 
for unloading. Since the inertial  spike feature i s  n o t  used for most 
materials, i t  i s  often convenient t o  define i t  once as zero, as shown 
in the l a s t  card (408) i n  the example data. The name on the 408- 
Card may then be used wherever needed for 404-Cards, i n  f ield 8. I t  
i s  also worth mentioning that the material i t s e l f  need n o t  be unique 
to an el 1 ipse or region. Any number of  el 1 ipses and regions may be 
assigned the same material properties by referencing the same six- 
teen-character materi a1 name. 



MODULE 6 -- GENERATION OF CONTACT FORCES ON THE OCCUPANT: P a r t  2 

6.4 Shared D e f l e c t i o n  

Whenever two deformable elements con tac t  each o t h e r ,  bo th  w i l l  

deform. I n  t h e  MVMA-2D model, t h i s  i s  c a l l e d  "shared d e f l e c t i o n "  o r  

"mutual deformat ion."  F igure  6-18 i 1 l u s t r a t e s  such an i n t e r a c t i o  n  

f o r  an e l l i p s e  and a  l i n e  segment. I n t e r a c t i n g  e l l i p s e s  cou ld  be con- 

s i de red  j u s t  as w e l l .  Given o n l y  t he  p o s i t i o n  o f  the  e l l i p s e  and 

t he  p o s i t i o n  o f  t he  l i n e ,  t h e  t o t a l  d e f l e c t i o n  6 i s  determined. The 

component d e f l e c t i o n s  s l  and 6 2 ,  however, depend on t h e  m a t e r i a l  

p r o p e r t i e s  o f  t he  i n t e r a c t i n g  elements. The compressive fo rces  i n  

t h e  elements w i l l  be equal .  Therefore,  i n  o rde r  t o  determine t h e  i n t e r -  

a c t i o n  f o r c e  F, t h e  computer model so lves t he  f o l l o w i n g  equat ions f o r  

6 1  and d2: 

Here, t he  t o t a l  d e f i e c t i o n  6 i s  a  known va lue a t  each i n s t a n t  o f  

t ime. fl and f2 are  t he  f u n c t i o n a l  r e l a t i o n s h i p s  between f o r c e  and 

d e f l e c t i o n  f o r  t he  two m a t e r i a l s ,  d e f i n e d  by t he  user  on Cards 403 

through 408. The s o l u t i o n  o f  these equat ions y i e l d s  F as 

The s o l  u t i  on a1 g o r i  thm i nvo l ves  an i t e r a t i v e  procedure,  and i t  

requ i r es  f i v e  c o n t r o l  values s p e c i f i e d  by t h e  user .  Two a re  conver-  

gence eps i  1  ons , and E ~ ,  one f o r  each ma te r i  a1 . The f o r c e  balance 

i s  cons idered t o  be good enough when f1 (61)  i s  w i t h i n  E o f  f 2 ( 6 2 ) ,  

where E =  min {el, E,), E~ and E, a r e  de f i ned  f o r  t h e  two m a t e r i a l s  

i n  f i e l d  3 o f  Card 222, 404, o r  705. The va lue commonly used f o r  

t h i s  parameter i s  5 .  I bs .  Three o f  t h e  c o n t r o l  values a re  s p e c i f i e d  

once and are used f o r  a l l  sha red -de f l ec t i on  i n t e r a c t i o n s .  They a re  

i n  f i e l d s  1, 2, and 5 o f  Card 103. F i e l d s  1  and 2  c o n t a i n  t h e  maxi- 

mum and minimum a1 lowed t r i a l  adjustments o f  t he  component d e f l e c t i o n  
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values a t  any i t e r a t i o n  s tep .  Values o f  . 2  and .02 inches a re  s u i t a b l e .  * 
The va lue i n  f i e l d  5 i s  t h e  maximum number o f  d e f l e c t i o n  adjustments 

a l lowed f o r  f i n d i n g  f o r c e  balance a t  any t ime s tep .  Ten adjustments 

w i l l  be adequate f o r  a lmost a l l  combinat ions o f  m a t e r i a l s  i f  t h e  

o t h e r  suggested shared-def l  e c t i o n  c o n t r o l  values are used. 

Module 4 con ta ins  an example which i 1  l u s t r a t e s  t he  importance 

o f  d e f i n i n g  m a t e r i a l  p r o p e r t i e s  f o r  bo th  e l  1  ipses and vehi  c l e - i n t e r i o r  

su r faces  whenever poss ib l e .  Very o f t e n  users o f  c rash s i m u l a t i o n  models 

concern themselves o n l y  w i t h  t h e  f o r c e - d e f l e c t i o n  c h a r a c t e r i s t i c s  o f  

elements o f  t he  v e h i c l e  i n t e r i o r  and use r i g i d  con tac t  e l l i p s e s  o r  

c i r c l e s  on t h e  occupant. Th is  i n v a r i a b l y  r e s u l t s  i n  e f f e c t i v e  s t i f f -  

nesses f o r  o c c u p a n t - i n t e r i o r  i n t e r a c t i o n s  t h a t  a re  t o o  l a rge .  Conse- 

quen t l y ,  r e s u l t i n g  model p r e d i c t i o n s  o f  peak fo rces  and G-levels a re  

g e n e r a l l y  t oo  h i gh .  Both m a t e r i a l s  f o r  an i n t e r a c t i o n  should  be de- 

f i ned  whenever da ta  i s  a v a i l a b l e  un less one i s  cons iderab ly  s o f t e r  

than  t he  o the r .  I n  t h i s  case, t he  s t i f f e r  element, whether e l l i p s e  

o r  l i n e ,  may reasonably be s p e c i f i e d  as r i g i d .  

6.5 Edge E f f ec t s  

The f o rego ing  sec t ions  d e f i n e  d e f l e c t i o n  and e x p l a i n  the  determina- 

t i o n  o f  a  def lec t ion-dependent  normal f o r c e  f rom p resc r i bed  m a t e r i a l  

p r o p e r t i e s .  Noth ing has y e t  been s a i d  about the  p r e c i s e  c i rcumstances 

under which a normal f o r c e  w i l l  be ca l cu l a ted .  That i s ,  when i s  

a con tac t  i n t e r a c t i o n  cons idered t o  have taken p lace.  

Only t he  i n t e r a c t i o n  between an e l l i p s e  and a l i n e  needs t o  be 

discussed. One obvious requirement f o r  p roduc t i on  o f  a  con tac t  f o r c e  

by the  s i m u l a t i o n  model i s  t h a t  t h e r e  be a p o s i t i v e  r e l a t i v e  d i sp l ace -  

ment between t he  e l l i p s e  and t he  l i n e .  A non-zero f o r c e  should  c l e a r l y  

be determined f o r  t h e  d e f l e c t i o n  6 shown i n  F igure  6-18. But  F igure  

6-79 i l l u s t r a t e s  a  case where t h e  d e f l e c t i o n  6, as p r e v i o u s l y  de- 

f ined,  i s  p o s i t i v e  y e t  t he re  should  be no i n t e r a c t i o n  f o r c e  be- 

cause t h e  e l l i p s e  passes t o  one s i d e  o f  t he  l i n e  segment. I t  i s  

*These values may reasonably be se lec ted  as 500 l b / K  and 1 .  Ib /K,  where 
K i s  t he  maximum s lope o f  any l o a d i n g  curve which may p a r t i c i p a t e  i n  
shared d e f l e c t i o n .  
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obviously necessary t o  consider not only deflect ion against  the 
extended 1 ine defined by the segment endpoints A and B b u t  a lso  the 
position of the e l l i p se  re la t ive  t o  the endpoints themselves. 

Figure 6-20 i 1 lus t ra tes  an intermediate. condition. Whi 1 e the 
so-called "contact point" i s  beyond the endpoint A ,  s t i l l  there i s  
a n  apparent interaction between the e l l i p se  and the segment and a 
means should be provided fo r  estimating an appropriate force. If 

the e l l i p s e  in the figure were moved upward so tha t  the contact point 
lay f a r  beyond the edge of the l ine  segment, a zero in teract ion force 
should c lear ly  be predicted. Such a condition has already been i l l u s t r a t ed  
in Figure 6-19. I f ,  on the other hand, the e l l i p se  were moved down- 
ward so t ha t  the contact point lay halfway between the line-segment 
endpoints, then an interaction force appropriate fo r  firm contact 
should be predicted. The mode1 provides a means by which diminishing 
normal forces can be calculated as an e l l i p s e  moves from finn contact 
through intermediate positions such as i l l u s t r a t ed  in Figure 6-20 to 
positions off the edge of the segment where forces become zero. 

The user supplies for  each l ine  segment a vdue  fo r  a parameter 
called an "edge constant. " Whenever there i s  a posit ive re1 a t i  ve 
displacement between an e l l i p se  and the 1 ine ,  a so-called "effect ive-  
ness factor" i s  calculated for the interaction as a function of the 
edge constant and of the position of the contact point r e la t ive  to  
the extent  of the segment. The effect ive  force i s  found by multiplying 
the deflection-dependent normal force determined from material proper- 
t i e s  by the effectiveness fac to r ,  E. That i s ,  

The def ini t ion of the effectiveness fac tor  i s  i l l u s t r a t ed  by Figure 
6-21. This figure shows E as a function of a non-dimensional coordinate 
cal led "s , "  which ranges from 0 to  1 as the position of the contact 
point varies from endpoint A of the l i ne  segment t o  endpoint B.  
The quantity s takes on negative values f o r  contact point positions 
beyond endpoint A and values greater  than 1 fo r  positions beyond 
endpoint B.  The effectiveness fac tor  i s  symmetric about the mid- 

point of the l ine  segment, and i t  has the value 1 for  contact point 



. 
('contact point" 

FIGURE 6-20 An Ellipse Contacting a Line Segment Near Its Edge 
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p o s i t i o n s  near t he  m idd le  o f  the  segment, i .e. , where e l l i p s e  con tac t  

w i t h  t he  segment i s  f i r m .  U n i t  va lue  f o r  t h e  e f f ec t i veness  f a c t o r  

r e s u l t s  i n  undiminished fo rces  f o r  con tac ts  here.  The e x t e n t  o f  t he  

f i r m  area o f  t he  segment i s  def ined by t h e  user -p resc r ibed  edge con- 

s t a n t ,  A,  which i s  a  parameter o f  t he  graph f o r  E. The e f f e c t i v e -  

ness f a c t o r  increases 1  i n e a r l y  from 0  t o  1  f rom a  con tac t  p o i n t  po- 

s i t i o n  o f  non-dimensional d i s t ance  i beyond an endpoin t  t o  a  p o s i t i o n  o f  

d i s t ance  A w i t h i n  t he  endpoint .  Thus, t h e  e f f e c t i v e n e s s  f a c t o r  i s  

always - 5  f o r  con tac t  p r e c i s e l y  a t  an endpoin t ,  and t he  e f f e c t i v e  f o r c e  

i s  zero f o r  any con tac t  beyond an endpoin t  by a  non-dimensional d i s -  

tance g rea te r  than 1. The user  should be ab le  t o  show t h a t  i f  

t h e  l e n g t h  o f  t he  con tac t  su r face  i s  L, then t h e  l e n g t h  o f  t h e  f i r m  

midd le  area i s  ( 1 - 2 x ) L .  

The two extreme forms o f  t h e  e f f ec t i veness  f a c t o r  are i l l u s t r a t e d  

i n  F igure 6-22. I n  t he  upper f i g u r e ,  f o r  an edge cons tan t  o f  0, an 

undiminished f o r c e  r e s u l t s  f o r  a l l  con tac ts  w i t h i n  t he  segment end- 

p o i n t s ,  b u t  t h e  e f f e c t i v e  f o r ce  i s  zero f o r  any con tac t  beyond an 

endpoint .  I n  t he  lower  f i g u r e ,  t he  su r face  so f tens  away f rom t h e  cen- 

t e r .  

The user  p resc r ibes  an edge cons tan t  va lue f o r  each l i n e  segment 

o f  t he  v e h i c l e  i n t e r i o r .  Each edge cons tan t  must be from 0. t o  .5: 

O L A 1 . . 5  . 
These values a re  entered i n  f i e l d  6 o f  t h e  409-Cards. 

The edge cons tan t  f o r  a  p a r t i c u l a r  con tac t  surface i s  sometimes 

se lec ted  on t h e  bas i s  o f  a  comparison between i t s  leng th ,  I, and t h e  

semi-major a x i s ,  S, o f  t h e  most impor tan t  o r  most 1  i k e l y  e l l i p s e  t o  

i n t e r a c t ' w i t h  t h e  sur face.  Thus, 1 = S/L. Here, S = max. {a,  c j ,  

where a  and c  a re  shown i n  F igure  6-4. 

6.6 Contact Surface F r i c t i o n  

In a d d i t i o n  t o  a  f o r c e  component normal t o  t h e  con tac t  su r -  

face, t he  i n t e r a c t i o n  f o r c e  v e c t o r  i nc l udes  a  f r i c t i o n  component 

p a r a l l e l  t o  t he  sur face.*  Th is  component i s  determined as t he  

* F r i c t i o n  fo rces  a re  c a l c u l a t e d  o n l y  f o r  i n t e r a c t i o n s  between an 
e l l i p s e  and a  l i n e ,  n o t  between e l l i p s e s .  

187 
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produc t  o f  a  user -de f ined  c o e f f i c i e n t  o f  f r i c t i o n  and the  e f f e c t i v e  

normal f o r c e  r e s u l t i n g  f rom edge- factor  adjustment.  F igure  6-23 

i 11 u s t r a t e s  t h e  f r i c t i o n - f o r c e  component. 

Modeling o f  f r i c t i o n  should  n o t  be neg lec ted  by t h e  user  s i nce  

i t  can sometimes s i g n i f i c a n t l y  a f f e c t  r e s u l t s .  Typ ica l  f r i c t i o n  coef -  

f i c i e n t s '  f o r  i n t e r a c t i o n s  w i t h i n  t he  occupant compartment a re  i n  t he  

range .25 t o  .75.  F igure  6-23 i s  p ropo r t i oned  f o r  a  c o e f f i c i e n t  va lue  

o f  7 = $ 4  and shows t h a t  w h i l e  t he  magnitude o f  t h e  r e s u l t a n t  f o r c e  

v e c t o r  may be very  1  i t t l e  d i f f e r e n t  f rom t h e  normal component alone, 

t h e  d i r e c t i o n  o f  t h e  r e s u l t a n t  may be s i g n i f i c a n t l y  d i f f e r e n t .  

I n  t he  MVMA-2D model, f r i c t i o n  c o e f f i c i e n t s  a re  de f i ned  n o t  

f o r  m a t e r i a l s  b u t  r a t h e r  f o r  p a i r i n g s  o f  "c lasses"  o f  p o t e n t i a l l y  

i n t e r a c t i n g  e l l i p s e s  and reg ions.  For example, a  sea t  back and a  sea t  

cush ion migh t  be o f  t h e  same r e g i o n  f r i c t i o n  c l a s s  i f  they  a re  covered 

w i t h  t h e  same f a b r i c .  On t h e  otherhand, t h e  head and f o o t  (shoe) 

e l l i p s e s  would 1  i k e l y  belong t o  d i f f e r e n t  e l  1  i p s e  f r i c t i o n  c l  asses 

because o f  d i f f e r e n t  su r face  c h a r a c t e r i s t i c s .  Each reg ion  o f  the  

v e h i c l e  i n t e r i o r ,  d iscussed i n  Module 5, i s  assigned t o  one o f  t e n  

f r i c t i o n  c lasses by e n t e r i n g  an i n t e g e r  1.  through 10. i n  f i e l d  4 
o f  i t s  402-Card. E l l i p s e s ,  d iscussed i n  Module 4, a re  s i m i l a r l y  

assigned t o  one o f  f i v e  e l l i p s e  f r i c t i o n  c lasses by e n t e r i n g  I., 2., 

3 . ,  4., o r  5 . , i n  f i e l d  5 o f  i t s  219-Card. Thus, up t o  50 combina- 

t i o n s  o f  e l l i p s e  and r e g i o n  c lasses can be assigned f r i c t i o n  coe f -  

f i c i e n t s .  I n  example da ta  o f  F igure  6-24, t he  values i n  f i e l d  4 

o f  t h e  402-Cards i n d i c a t e  t h a t  reg ions  PANEL and SEAT BACK have 

r e g i o n  f r i c t i o n  c lasses of 3  and 8. The thorax  e l l i p s e  i s  o f  e l -  

l i p s e  f r i c t i o n  c l ass  l, as i n d i c a t e d  by t h e  l. i n  f i e l d  6  o f  Card 

219. 

412-Cards a re  used f o r  t h e  s p e c i f i c a t i o n  o f  c o e f f i c i e n t s  o f  

f r i c t i o n .  Each 412-Card has an e l l i p s e  c l a s s  i n  f i e l d  1  and a  r e -  

g i o n  c l ass  i n  f i e l d  2. F i e l d s  3, 4, and 5 con ta i n  polynomial  

c o e f f i c i e n t s  f o r  a def lec t ion-dependent  c o e f f i c i e n t  o f  f r i c t i o n .  

These a re  P O ,  ul , and p 2  i n  t h e  f o l l o w i n g  r e l a t i o n :  
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THORAX CHESTMAT 2. 1. 21 9 

PANEL 4. 3. 1. 0. 402 

SEAT BACK 1. 8. 1. 0. 40 2 

FIGURE 6-24 Example Data Cards f o r  C o e f f i c i e ~ t s  o f  F r i c t i o n  



The f i r s t  coeff ic ient ,  p o  , i s  the constant coef f i c ien t  

of f r i c t i on  normally defined. Non-zero values f o r  p 1  and p, provide 

a  dependence on defl ection tha t  represents tangenti a1 resistance 

t o  "plowing" a t  the el 1  i  pse-region interface'. The polynomi a1 coef- 

f i c i en t s  on the l a s t  card in the example data of Figure 6-24 give 

a f r i c t i on  coefficient  of -25 fo r  zero def lec t ion,  -35 fo r  two inches 

of def lec t ion,  and  .65 fo r  f ive  inches of def lec t ion.  

Figure 6-25 pertains t o  an additional parameter needed fo r  de- 

termination of f r ic t ional  forces. S t r i c t l y ,  the coeff ic ient  of f r i c -  

t i o n  used by the computer model i s  n o t  LI , as determined from the 

polynomi a1 coefficients  , b u t  

- 
u = c u ,  

where the coeff ic ient  C depends on the s l id ing speed. Since the f r i c -  

t ion force i s  opposite in direction t o  the s l id ing  veloci ty ,  t h i s  

coeff ic ient  i s  needed t o  insure f r i c t i on  force continuity as the 

s l id ing velocity changes sign. C i s  a l inea r  ramp, from 0. a t  a s l id ing 

speed of zero t o  1. a t  speed equal t o  a user-supplied ramp length, V ,  

and f o r  a l l  speeds greater  t h a n  v ?  The value fo r  t h i s  parameter i s  

entered i n  f i e l d  7 of Card 102, and 10 in. /sec.  i s  suggested. This 

i s  normally much smaller than speeds of the occupant re la t ive  t o  the 

vehicle i n t e r i o r  and ye t  su f f i c ien t ly  large t o  insure against  f r i c -  

t ional  forces tha t  change too rapidly. 

6.7 S ~ e c i a l  Contact Force Adiustment Features 

The MVMA-2D model has f ive  contact force options tha t  are  presently inopera- 

t i ve  because of incomplete computer code. User-prescribed switch se t -  
t ings which would invoke any of these options are  ignored by the com- 

puter model, b u t  such se t t ings  cause a warning t o  be printed. The 
pert inent  switches are  defined in f i e l d s  5  through 8 of the 401- 

Card f o r  each region and f i e l d  5 of the region 402-Card. All 

switches should be set t o  "off" by the user by entering values of 

O., I . ,  I . ,  I . ,  and 1.  in these f i e l d s ,  as shown in Figure 6-26. 

These options are described in de ta i l  in Volumes 1 and  2  of 

Thus, the coeff ic ient  of f r i c t i on  used i s  a n  adjusted s l id ing- f r i c t ion  
coeff ic ient .  The effect ive  s t a t i c  coeff ic ient  i s  zero. 
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REGIONNAME MATERIALNAME 0. 1. 1. 1. 40 1 

REGIONNAME 3. 3. 1. 0. 0. 402 

MATERIALNAME 5. b l a n k  b l a n k  b l a n k  STATIC INERTIALGRNAME 404 

LINESEGMENTNAME 1 . b l a n k  b l a n k  b l a n k  b l a n k  41 0 

FIGURE 6-26: Example Cards Wi th  Data R e l a t i n g  To Contac t  Force 

Ad jus tment  Opt ions  



the MVMA-2D manuals. They are described briefly here: 

1)  Multiple el l ipse forces acting on one l ine segment may be 

scaled so that they sum t o  the maximum of the separate forces. 
(switch = f ie ld 6 of Card 401 ) 

2 )  A special force apportionment may be used when an e l l ipse  
contacts more than one l ine segment simultaneously. (switch = f ie ld 

7 of Card 401) 

3 )  A l ine segment being deflected by an e l l  ipse need not present 
a s t raight  1 ine profile to a second approaching el 1 ipse, (switch = 

f ie ld 8 of Card 401 ) 

4)  Region structural deformation resulting from occupant impact 
i s  allowed. (switch = f ie ld  5 of Card 402) 

5) Permanent material deformation may be coupled with structural 
response ( 4 ) .  (switch = f ie ld 5 of Card 401 ) 

Fields 4 through 6 of 404-Cards and 4 through 7 of 410-Cards are 
for values relating t o  options 3 ,  4, and 5. They may be l e f t  b l a n k  

since any values entered will be ignored. 

6.8 Modeling Notes 

As the user gains experience, improvement in modeling technique 
will result  i n  more effective and more ef f ic ien t  simulation of 
the crash event. Points relevant t o  effective modeling procedure are 
made throughout the modules of the MVMA-2D Tutorial System. The 
notes which follow a l l  re late  t o  contact forces and are largely miscel- 
1 aneous . 

1 )  The R-ratio, or energy rest i tut ion 'coefficient, for sof t  bio- 
logical tissues in general decreases rapidly as a function of deflec- 
tion. While the appropriate value for zero deflection i s  1 .  , values 
of ,1 or less are appropriate for peak deflections which might 
occur in a crash. This can be understood intuit ively by considering 
a f a l l  victim who lands on a concrete surface in a prone, face-down 
orientation from a fa l l  height o f  ten f e e t .  His bounce height 
divided by ten feet  provides a rough estimate for an average, overall 
R-ratio, 



2 )  While the user of the MVMA-2D model i s  required t o  provide 
R-ratios and G-ratios separately for the calculation of unloading 
curves, they cannot in real i ty. be inde'pendent. For example, a G- 

ra t io  near 1 .  can be consistent only with R-ratios near zero as i l lus -  
trated by Figure 6-27.  An unloading curve for any combination of G 

and  R values could be determined which would sat isfy b o t h  the permanent- 
deflection and restored-energy requi rements , b u t  only concave-upward 
unloading curves are reasonable for deflections beyond the yield point. 
The straight-l ine unloading t o  u shown in the figure i s  thus the l imit  
of reasonable curves. Since the area under the curve i s  maximized 
by straight-l ine unloading, the R-ratio for any value of maximum deflec- 
tion should always be less than or equal to  the energy rat io  C/(C+D). 

The user may occasional ly specify incornpati b l  e G- and  R-ratios 
for unloading from a particular loading curve. Should G and R be in- 
compatible for some 6,,, , then the computer model will by default 
accept the G-ratio and unload to u on 'a straight-l ine curve, ig- 
noring the R value. A warning i s  printed, b u t  results will normally 
be reasonable. The condition can be corrected i f  desired by reducing 
ei ther  G or R ,  b u t  experience has shown that reducing G i s  generally 
better.  

If the user wants t o  be entirely certain that  G and R functions 
are compatible, i t  i s  necessary t o  verify that condition (8)  in 
Figure 6-28 i s  satisfied for a l l  values of A commonly used 
loading curve i s  one of constant slope, or s t i f fness .  The curve for 
a s t i f fness  K i s  i l lustrated in Figure 6-29. The user may wish 
t o  demonstrate as an exercise that, for such a loading curve, the 
following inequality relating G and R should be sat isf ied for  a l l  
turnaround deflections 6max : 

R a X  1 - G(6 max ) 

3 )  I t  should be kept i n  mind that  G- and R-ratios determined 
quasi-statically may be different from values appropr ia t~  fur a dy- 

namic interaction. If s ta t ica l ly  determined values are used, an im- 
p l i c i t  assumption i s  that the material i s  czpable of responding in- 
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6max = maximum d e f l e c t i o n  

G = 9(dmaX ) [G - ra t i o ;  i n p u t ]  

R = ~ ( 6 , ~ ~ )  [ R - r a t i o ;  i n p u t ]  

F max = f ( d m a x  ) [ l o a d i n g  curve; i n p u t ]  

= Gdmax [permanent de fo rmat i  on] 

C = bmax - U) Fmax/2 [area under s t r a i g h t  1  i n e  
un load ing  J 

AL = C + D = a(&,,,) = 
o /6max f ( x )  dx 

[area under l o a d i n g  curve ]  

R 5 C/AL f o r  a l l  $ax 

FIGURE 6-28 Dete rmina t ion  o f  C o m p a t i b i l i t y  o f  R-Rat io w i t h  a  
Speci f i ed G- Rat i o 
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stantaneously to changes in deflection, t h a t  i s ,  that  there i s  no 
dependence on rate of unloading. The degree to which s t a t i c  and 

dvnamic values d i f f e r  depends, of course, on the material, b u t  in 
general, the G-ratio will be larger and  R smaller for fas t  unloading, 
such as would occur in a crash, than for quasi-static unloading. 

4 )  When using a polynomial to approximate a monotonic function 
of deflection,* the user should check t o  be certain that coefficient 
values determined by satisfying various magnitude and slope conditions 
define a polynomial that i s  indeed monotonic in the deflection range 
of interest .  There i s  no guarantee, for example, that a general 
cubic polynomial determined by f i t t i n g  four point-wise monotonic 
points will n o t  have a "dip" between the f i r s t  and second points or 
a "hump" between the third and fourth points. 

5 )  I t  may sometimes be useful to superimpose ei ther  ell ipses 
or vehicl e-interior regions and to  assign different material properties 
t o  the duplicate elements. With proper use of inhibition switches, 
i t  i s  then possible in effect  for the same physical element t o  offer 
different resistances t o  different elements which may contact i t .  
This might be done, for example, for an occupant-compartment surface 
for which the resistance t o  deformation cannot be we1 1 -approximated 
solely as a function of deflection b u t  i s  significantly dependent as 

well on the displaced area or volume. If a single e l l ipse  interacts 
with the surface, then an appropri ate force-defl ection loading curve 
can be defined; b u t  th is  curve would be inappropriate for a second 
interacting e l l ipse  that i s  significantly smaller or larger.  

6) An example in Module 4 i l lus t ra tes  that a good general rule 
t o  follow i s  that a contact-sensing el l ipse should not be made longer than 
any l ine segment that i t  must contact for there t o  be proper resis-  
tance to occupant motion. A related rule i s  that there i s  generally 
no benefit in breaking a straight-l ine region surface into a se t  of 
shorter s t raight- l ine segments of the same force-deflection proper- 
t ies .  No deterioration of simulation results should occur, b u t  u n -  
less the special force adjustment options discussed earl i e r  in 

lor example, a s t a t i c  loading curve 



th i s  module are operative, there will be no improvement in results 
while model execution cost will increase. 

7 )  If possible, the user s'hould avoid modeling the vehicle 
inter ior  with l ine segments which meet a t  acute angles ,* as i l l u s -  
trated in Figure 6-30. This may result  in sudden, unreasonably large 

forces on the occupant a f te r  an el l ipse passes near the vertex. 
Such forces can resul t  i f  the e l l ipse  passes around the corner so 
that  the f i r s t  effective deflection between the 1 ine segment and the 
el l ipse contact point i s  large. 

The most effective way of lessening the 1i kelihood of occurrence 
of this  problem in the case t h a t  acute angles must be used in the 
vehicle inter ior  i s  t o  set  the "penetration limits" for the l ine 
segments t o  properly small values .** The penetration l imit  i s  an 
input parameter discussed in Module 5 ,  and a value i s  specified for 
each line segment in f ie ld 5 of Card 409. One way of recognizing 
as false  a sudden, large deflection such as shown in the figure i s  
t o  compare i t  with the maximum change of deflection which i s  possible 
in one time integration step. If the f i r s t  effective deflection i s  
larger than the maximum possible change in one time s tep,  then the 
deflection i s  false and no forces should be calculated while the 
e l l ipse  remains behind the l ine segment. Clearly, the smallest fa lse  
deflections which can be recognized in th is  manner are just  larger 
than the product of the time step A t  and the speed a t  which an 
el 1 ipse approaches the contact surface, say V ') , Therefore, 
the computer model wi 11 recognize most fa1 se deflections by comparing 

) A t ,  where the deflection w i t h  a penetration l imit  s e t  t o  Vmax 

( r e ' ) ,  the maximum speed a t  which an e l l ipse  i s  ever expected to ap- 'ma,. 
proach the surface, can be taken as the crash impact velocity, a 
reasonable limiting value. Thus, for an impact velocity of 30 m p h ,  

or 528 in/sec, and an integration time step of 1 .  msec, penetration 
limits may be se t  t o  .528 inches and no false  deflections greater 
than .528 inches w i  11 be accepted as real by the computer model . 
*Angles between O 0  and 90 " . 
** The problem may also occur i f  one side ( A B )  of the angle i s  

missing and even for an obtuse angle (>90°) i f  one side i s  t o o  
"soft .  " 
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Penetration l imit  values should n o t  be taken as significantly less 
(re1 ) than Vmax ~t since real interactions between el l ipses  and l ine seg- 

ments might then be identified as false.  

8) A model option that i s  on ly  indirectly related to contact 
forces i s  the appl ication of prescribed, time-dependent forces t o  
the head. This feature has been useful in simulation of non-crash 
events where head forces were known b u t  the kinetics were unknown. 
Applied head forces are prescribed w i t h  Cards 605 a n d  606, which 
are discussed in Module 8. 



MODULE 7 - OCCUPANT POSITIONING WITH RESPECT TO THE V E H I C L E  

7 .1  General ized Coordinates 

The problem of determining occupant dynamics in a crash environ- 

ment can be simply stated. A description of a biomechanical system, 

the occupant, i s  given. A description of a potentially interacting 

mechani cal system, the occupant compartment, i s  given. The motion 

i n  space of the occupant compartment as a function of time i s  speci- 

fied. And f inal ly ,  the occupant's position and orientation and  

their  rates of  change are specified for some single instant of time. 

I t  i s  required t o  determine the motion of the occupant and the forces 

which describe his interaction with the vehicle inter ior  (See Figure 7-1 ) .  

This module deals with the description of occupant position and 

orientation. Since the user of the simulation model i s  required t o  

specify occupant position and orientation and  their  rates of change 

for  some instant of time, arbi t rar i ly  assigned the value t = 0, this  

module i s  pertinent t o  preparation of input data sets .  I t  i s  also 

pertinent t o  interpretation of model o u t p u t  since "occupant motion" 

i s  nothing more t h a n  time-histories of occupant position and orien- 

tation. Rates of change with respect to time of these his tor ies ,  

viz. , velocities and  accelerations, are equivalent descriptions of 

the motion and are normally printed together w i t h  the position history. 

Consider a system o f  "n" particles confined to  a plane, and 

l e t  the positions of a l l  points in the plane be defined in an arb i t ra r i ly  

positioned, non-accelerating orthogonal axis system w i t h  coordinates X 

and Z ,  as indicated in Figure 7 - 2 .  This i s  a so-called " iner t ia l  

coordinate frame." I n  general, "2n" coordinate values must be 
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specified to completely define the s t a t e  of the system a t  any instant 

of time, i . e.  , there are "2n" degrees of freedom. However, i f  con- 

s t ra in ts  exis t  on the positions of particles relative t o  each other, 

then fewer than "2n" coordinate values are sufficient.  If there 

exist  "2n - 3" independent positional constraints, then the system 

of particles i s  called a "rigid body." (See Figure 7 - 3 . )  There 

remain three independent modes of motion of this  system, and  as 

"nl' approaches inf ini ty  there are inf ini te ly many equivalent ways 

that three independent degrees of freedom may be defined. I t  i s  

most convenient and conventional t o  locate an arbitrary point 

in the rigid body, normally the center-of-mass point, by the two 

cartesian coordinates x and z .  The third coordinate i s  the angle 

of intercept between the x- or z-axis of the iner t ia l  frame and an 

extended 1 ine drawn between two specified b u t  arbitrary points in 

the rigid body. I n  Figure 7-3, the three quantities XA, ZA, and 

e ~ c  are so-call ed "general ized coordinates" for the rigid body. I t  

migh t  be noted here that any material l ine in the body para1 le l  t o  

the one specified for defining the angular coordinate i s  just  as 

suitable and will have the same intercept angles with the iner t ia l  

axes. A comnon misconception i s  that  a rotation i s  defined w i t h  

respect t o  some "center of rotation" or "pivot point." This i s  

clearly n o t  the case. 

If a system of particles i s  not r igid,  then one additional 

generalized coordinate must be defined for each positional constraint 

fewer than 2n - 3 which exists for the system. Figure 7-4 i 1 lustrates 

the MVMA 2-0 man model 1 inkage, which consists of eight rigid-body 

elements. I f  this  were not a kinematically constrained 1 inkage, 
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twenty-four general i zed coordinates would be required to  define the 

position and orientation of the system, three for each rigid-body 

element. There are, however, five points shared by the rigid-body 

elements, a t  body joints,  and for each, the X and Z coordinate values 

of one particle point are made redundant. Thus there are ten po- 

si t ional constraints. Consequently, the l inkage shown in Figure 7-4 

has only fourteen degrees of freedom, and fourteen sui tab1 e generalized 

coordinates are indicated. Eleven have been chosen to  be relative 

to the axis system ( X v y Z , ) .  They are nine link angles, e l  t o  eg plus 

e n '  and two cartesian coordinates of the upper torso element center 

of mass, X 2  and Z2. Three coordinates were more conveniently defined 

as relative t o  points in the linkage. They are Ln, the length of 

the extensible neck l ink,  and (Xs,ZS), the coordinates i n  a coordinate 

frame fixed t o  the upper torso element of the end of the upper arm 

element. The coordinates XS and ZS represent shoulder flexi bil i ty 

in the linkage and they are more clearly i l lustrated in Figure 7 - 5 .  

Joint properties and dimensional parameters of the linkage, such as 

the locations of body link centers of mass with respect t o  art icula- 

tion points, are discussed fully in Modules 2 and 3. 

The differential equations of motion for the occupant which are 

numerically integrated by the computer model are derived in terms of 

generalized coordinates defined re1 a t i  ve t o  an iner t ia l  frame. This 

definition of coordinates i s  pertinent t o  the analytical equations of 

motion in Volume 1 of the MVMA-2D manuals and t o  the computer model 

code. The average user of the MVMA-2D simulation, however, will 

be concerned on ly  w i t h  model input and output, and for both, 
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coordinate values are relat ive t o  an a rb i t r a r i ly  positioned coordinate 

frame in the vehicle. (This i s  discussed ful ly  in Module 8 . )  These 

coordinates d i f f e r  additionally from computer-model internal coordinates 

in the definit ion of five of the body link angles, each different  by 

180". This i s  apart from the potential difference due to  a non-zero 

iner t ia l  vehicle angle, e V .  Figure 7-4,  a1 ready discussed, i  11 us t ra tes  

a n  occupant orientation with non-zero values for  a1 1 vehicle-re1 ative 

input coordinates. Figure 7-6 i l l u s t r a t e s  an orientation i n  which 

a l l  angle coordinates are zero. i h ;  body 1 inkage of a person touching 

his toes while doing sit-ups approximates th i s  orientation. The 

legs are s t raight  o u t  to the r ight ,  parallel t o  the vehicle x-axis, 

and the torso i s  completely forward and down, with ar t iculat ion a t  

the hip only. The arms are extended s t ra ight  ahead toward the f ee t .  

Figure 7 - 7  i l l u s t r a t e s  the n u 1  1 orientation for internal coordinates 

and  i s  presented here only for  the benefit of the occasional user w h o  

may have reason to study the analytical formulation of the motion 

equations or the associated computer code. I t  should be instruc- 

t ive  t o  the student t o  demonstrate t h a t  the equations given w i t h  

Figure 7-7 accurately relate  the external (input and o u t p u t )  and in- 

ternal angular 1 ink coordinates. 
. 
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7 . 2  In i t ia l  Positioninq of Occupant - Data Cards 

The input data which re la te  to  the position and orientation of 

the occupant within the vehicle a t  crash onset are contained ent i rely 

in four data cards -- Cards 301, 302, 303, and 304. Figure 7-8 
-. - .  - . -.. - _ _ _  _ _ _( -- - -  - 

-------*-- - 
i l l u s t r a t e s  cards with values for a seated driver. In i t ia l  body 

-. 2 
---- - 

link angles, e l  to eg plus en,are entered in the f i r s t  nine f ie lds  

o f  Card 301. The units are degrees and angles are defined, as pre- 

viously discussed., by Figures 7-4 and 7 - 6 .  The i n i t i a l  link angular 

velocities are in the f i r s t  nine f ie lds  of Card 302. Their values 

will normally a l l  be zero since the occupant i s  not generally in 

motion w i t h  respect t o  the vehicle a t  crash onset. In i t ia l  con- 

di tions for the 1 inear generalized coordinates are entered on Cards 

303 and 304. The x- and z-coordinates of the upper torso center of  

mass, X 2  and Z2, relative t o  the vehicle origin,  are in f ie lds  1 

and 3 of Card 303. Their units are inches or centimeters. The 

i n i t i a l  neck length, i . e . ,  the separation between joints 1 and 2 ,  

i s  entered in f ie ld 5 with the same units.  The in i t i a l  velocities 

for these three l inear coordinates are entered in fields 2 ,  4,  and 

6 ,  and they will normally be zero. In the event that  they are 

non-zero, however, entries are made with units of f t / s ec  or  m/sec 

for the torso velocities and in/sec or cm/sec for  the i n i t i a l  ra te  

o f  neck elongation. The shoulder joint  coordinates, i 11 ustrated in 

Figure 7-5,  are on Card 304. XS and ZS are in f ie lds  1 and 3, and  

t he i r  i n i t i a l  velocities are in f ie lds  2 and 4 .  All four of these 

values are normally zero because there i s  generally no relat ive 

motion within the occupant 1 inkage before crash onset. The coordinates 

XS and ZS are normally zero i n i t i a l l y  because those values define 



a r e s t  p o s i t i o n  f o r  t h e  shoulder  l i n kage ,  which i s  d iscussed i n  d e t a i l  

i n  Module 3. Rate u n i t s  are i n / sec  o r  cmlsec. 



FIGURE 7-8 Example I n i t i a l  P o s i t i o n  Data f o r  S e a t e d  Driver 



7.3 I n i t i a l  P o s i t i o n i n g  o f  Occupant - Equi 1  i br ium Considerat ions 

The MVMA Two-Dimensional Crash V i c t i m  S imu la to r  has been appl i e d  

i n  var ious  ways f o r  t he  model ing o f  dynamical systems. A broad range 

o f  f r o n t  and r e a r  impacts f o r  d r i v e r  and passenger have been s imulated.  

The appl i ca t i ons  i nc l ude  s i m u l a t i n g  anthropomorphic dummy drops on to  

a hard sur face  and human f a l l  v i c t i m s  s t r i k i n g  y i e l d i n g  and u n y i e l d i n g  

sur faces.  They i n c l u d e  s i m u l a t i n g  pedes t r ians  s t r u c k  by a  veh i c l e .  

S imulat ions have been done o f  l a b o r a t o r y  t e s t s  i n  which l a t e r a l  

neck response o f  human sub jec ts  was measured when the  head was j e r k e d  

t o  t he  s i d e  by a  f a l l i n g  weight .  Use o f  the  MVMA-2D model need n o t  

be r e s t r i c t e d  t o  s i m u l a t i n g  human o r  human-analog systems. Whi le 

i t  cou ld  be used t o  s imu la te  a  hanging t o  he lp  determine f o r c e  l e v e l s  

f o r  v e r t e b r a l  f r a c t u r e ,  i t  cou ld  a l s o  be used t o  model a  p a r t i c l e  

sub jec t  t o  a  two-dimensional f o r c e  f i e l d  o r  a  t h r e e - b a l l  b i l l i a r d s  

sho t  on a  four-cushioned t ab le .  Diverse a p p l i c a t i o n s  are poss ib l e  

i f  the  user  i s  c l e v e r  i n  u t i l i z i n g  the  many f ea tu res  o f  the  model. 

I t  i s  un fo r t una te  t h a t  the  most common a p p l i c a t i o n  o f  t he  model , 

s i m u l a t i o n  of v e h i c l e  occupant dynamics, presents  a  d i f f i c u l t y  

presented by few o f  t h e  spec ia l  model a p p l i c a t i o n s  -- namely, proper  

s p e c i f i c a t i o n  o f  t h e  i n i t i a l  p o s i t i o n  and o r i e n t a t i o n  o f  the mechani- 

c a l  1  inkage. (See F igure 7 - 9 .  ) The spec i  a1 , model appl  i ca t i ons ,  

w h i l e  o f ten  r e q u i r i n g  a  c e r t a i n  amount o f  i n g e n u i t y  and imag ina t ion  

i n  t h e  cons t ruc t i on  o f  i n p u t  data se ts ,  norma l l y  i n v o l v e  s imp le r  

mechanical systems than the  occupant/vehi c l  e- i n t e r i  o r  system; 

and i n  p a r t i c u l ' a r  t he re  i s  normal ly  no spec ia l  d i f f i c u l t y  i n  i n i t i a l i z i n g  

t he  s imp le r  systems f o r  t he  des i red  s t a t e  o f  f o r c e  balance o r  imbalance. 

On t he  o the r  hand, i n i t i a l  p o s i t i o n i n g  o f  the  occupant w i t h i n  the  



occupant compartment requires special care by the user because several 

variously-directed force vectors are required on the seated-occupant 

linkage t o  balance gravity. In practice i t  i s  not possible t o  specify 

the i n i t i a l  position so that  the sums of a l l  moments and a l l  forces 

on a l l  body parts are equal t o  zero. The user should attempt to 

approximate this condition of equilibrium, however, i f  i t  i s  intended 

that the occupant be seated a t  rest  a t  crash onset. The best measure 

of his success i s  probably the nearness t o  zero of the values calculated 

by the model a t  time zero for body link angular accelerations and 

upper-torso and hip resultant 1 inear accelerations. If these values 

are small i n  comparison w i t h  the maximum values attained in the simu- 

la t ion,  then the in i t i a l  imbalance i s  probably not significant.  

Forces between the occupant and the vehicle in te r ior  are generated 

by the model as a result  of interactions between a user-defined occu- 

pant profile and a user-defined vehi cle-interior profi 1 e .  Example 

profiles are i l lustrated in Figure 7-9. The contact-sensing occupant 

profile i s  a set  of e l l ipses  of arbitrary number and dimensions, 

fixed t o  body links a t  arbitrary positions. The only restr ic t ion i s  

that e i ther  the major or minor axis of each e l l ipse  must be parallel 

to the body link to  which i t  i s  attached. Material properties may 

be assigned for each e l l ipse ,  or an e l l ipse  can be specified as r ig id ,  

as desired. The contact-sensing vehicle-interior profile i s  a s e t  

of connected or disconnected straight-1 ine segments. Any number may 

be prescribed, and the i r  lengths and locations are arbi t rary.  As 

w i t h  contact e l l ipses ,  they may be assigned material properties or 

be specified as rigid.  Modules 4 ,  5 ,  and 6 detail  the generation of 

forces between interacting vehicle-interisor and occupant profiles . 



' _ _ -  -"I ,inches with centerl- - 
'at  hip joint I_____  . .... ..-. 

-. ---.--- -- -------. - --- 
FIGURE 7-9 Seated Occupant i n  P o s i t i o n  o f  Approximate Equilibrium 



The f o rego ing  summary i s  s u f f i c i e n t  exp lana t i on  f o r  t h e  purposes o f  

t h i s  module. 

I n  l i e u  o f  a  pre-processor  computer model o r  s p e c i a l  sub rou t i nes ,  

t h e  use r  h i m s e l f  must e s t a b l  i s h  an i n i t i a l  p o s i t i o n i n g  f o r  approximate 

e q u i l i b r i u m .  One reasonable way t o  proceed i s  as f o l l o w s .  F i r s t  

dec ide  on a l l  body-segment masses and body dimensions, i n c l u d i n g  

l i n k  l eng ths  and s i zes  and at tachment p o s i t i o n s  o f  e l l i p s e s  which 

d e f i n e  t h e  con tac t -sens ing  p r o f i l e .  Decide on t h e  p o s i t i o n s  i n  t h e  

v e h i c l e  o f  a l l  segments o f  t he  v e h i c l e - i n t e r i o r  p r o f i l e .  Next,  d e t e r -  

mine what m a t e r i a l  s t i f f n e s s e s  w i l l  be ass igned f o r  a l l  e l l i p s e s  and 

v e h i c l e - i n t e r i o r  l i n e  segments. On t h e  bas is  o f  t h e  m a t e r i a l  

s t i f f n e s s e s  of t h e  h i p  e l l i p s e  and t h e  sea t  cush ion l i n e ,  d e t e r -  

mine t h e  t o t a l  h i p  p l u s  sea t  cush ion de fo rmat ion  r e q u i r e d  t o  produce 

a  v e r t i c a l  component o f  sea t  f o r c e  which w i l l  balance t h e  we igh t  o f  

t h e  t o r s o  segments p l u s  one ha1 f of t h e  upper l e g s  segment. S i m i l a r l y  de- 

te rm ine  t he  t o t a l  de fo rmat ion  r e q u i r e d  f o r  t h e  m a t e r i a l s  of 

t h e  f l oo rpan  and of a  c o n t a c t  e l l i p s e  a t  t he  f o o t  i n  
- - - -. . - .-- - - -  

o r d e r  t o  produce a  f o r c e  which w i l l  ba lance t h e  we igh t  o f  t h e  l owe r  l egs  p l u s  

h a l f  t h e  upper - leg  weight .  It i s  reasonable  t o  p o s i t i o n  t h e  

h i p  e l l i p s e  so t h a t  i t  i s  tangen t  t o  t h e  s e a t  back, p roduc ing  no 

normal fo rce .  Thus, i t  i s  now p o s s i b l e ,  u s i n g  s c a l e  drawings or 

a n a l y t i c  geometry, t o  e s t a b l  i s h  t h e  coord ina tes  o f  t h e  h i p  j o i n t  and 

upper and lower  l e g  angles which w i l l  r e s u l t  i n  the  d e s i r e d  i n i t i a l  

deformat ions a t  t h e  s e a t  cush ion and f l oo rpan .  
. . - -- . 

Wi th  t he  h i p - j o i n t  p o s i t i o n  a1 ready es tab l i shed ,  va lues f o r  t he  t o r s o  
. -. . ... 

l i n k  angles can n e x t  be determined which w i l l  make t h e  t o r s o  c o n t a c t  



el l ipses  tangent to the seat back. If desired, they can instead be 

determined so that torso-el 1 ipse deformations of the seat back produce 

forces with moments about the hip which balance torso gravitational 

moments about the hip. However, the force and moment imbalances 

that resul t  from assuming a zero i n i t i a l  deflection, or simply from 

making a reasonable estimate of a non-zero i n i t i a l  deflection, will 

n o t  be significant to  the crash dynamics. I t  i s  important, however, 

t h a t  the occupant be positioned properly with respect to vehicle- 

inter ior  surfaces that  he might s t r ike ,  such as the windshield. 

Therefore, i f  torso contact e l l ipses  are made tangent t o  a seatback 

l ine ,  this  l ine should be a t  the deflected position of the seat  back, 

not a t  the undeflected surface. Finally, the coordinates of the hip 

joint position together with the established torso 1 ink angles and 

dimensions completely determine the coordinates X2 and Z2 of the upper 

torso center of gravity. I t  i s  necessary in assigning i n i t i a l  head, 

neck and arm angles t o  be certain that contact e l l ipses  attached t o  the 

head and arm segments are n o t  in position t o  interact  with a head 

r e s t ,  the seat back, the seat cushion, or any other vehicle in te r ior  

segment. The procedure described here can be modified i f  thigh or 

knee ell ipses are present and in potential contact w i t h  the seat.  

Figure 7-9 i s  a schematic of the seated occupant. In the example 

which follows, the proper location in vehicle coordinates i s  determined 

for the center of a contact-sensing c i rc le  a t  the hip. Many users of 

the MVMA-2D model will prefer t o  use scale drawings to  solve prob- 

lems such as t h i s ,  and in that  connection i t  i s  mentioned here that  

i t  i s  often worthwhile to  make templates for the body contact-sensing 

el l ipses .  The solution given here i s  analytical.  



In o r d e r  t h a t  a  h i p  c i r c l e  o f  r a d i u s  6  inches be tangen t  t o  

t h e  sea t  back, i t s  c e n t e r  must l i e  on. a  l i n e  p a r a l l e l  t o  and 6  inches 

f rom t h e  seat-back l i n e .  The s l ope  i n t e r c e p t - e q u a t i o n  o f  a  s t r a i g h t  

1 i n e  has t he  form 

z =. ( s l ope )  x  + ( z - i n t e r c e p t )  

and t h e r e f o r e  t h e  equa t ion  f o r  t h e  seat-back l i n e  i s  

z = ( t a n  6 6 " )  x  + (-15 - 22 t a n  6 6 " )  

The d i s tance  o f  a  p o i n t  (xc ,  z c )  from a  1  i n e  

There fo re ,  the  cen te r  o f  t h e  h i p  c i r c l e  must l i e  on t he  1  i n e  

The "p l us "  s i g n  i s  r e q u i r e d  f o r  the  r a d i c a l  i n  o r d e r  t h a t  t he  d i s t a n c e  

t o  p o i n t s  (xc ,  zc )  on t h e  h i p - c i r c l e  l i n e ,  which i s  on t h e  oppos i t e  

side o f  t h e  seat-back l i n e  f rom t h e  o r i g i n ,  be p o s i t i v e .  Thus, t h e  

c o n d i t i o n  o f  tangency o f  t h e  h i p  c i r c l e  t o  t h e  s e a t  back i s  

A second c o n d i t i o n  t o  be s a t i s f i e d  i s  t h a t  t h e  h i p  c i r c l e  must 

d e f l e c t  t h e  sea t  cush ion by an amount 6 which w i l l  produce a z-component 

sf f o r c e  s u f f i c i e n t  t o  balance t he  we igh t  o f  t h e  t o r s o  p l u s  h a l f  t h e  

upper l egs  we igh t .  Th is  means t h a t  t he  c e n t e r  o f  t h e  h i p  c i r c l e  must 



l i e  on a  l i n e  o f  d i s t a n c e  6" - 6 f rom t h e  sea t -cush ion  l i n e .  Pro- 

ceeding as b e f o r e ,  we f i n d  t h e  e q u a t i o n  o f  t h e  seat -cush ion l i n e  

t o  be 
. 

, 2 8 6 7 ~  + z + 8 . 6 9 2  = 0. 

The c e n t e r  o f  t h e  h i p  c i r c l e  t h e r e f o r e  s a t i s f i e s  t h e  c o n d i t i o n  

I t  i s  now necessary t o  determine t h e  d e f l e c t i o n  6 .  Suppose 

t h a t  b o t h  t h e  h i p  c i r c l e  and t h e  s e a t  cush ion c a n  undergo d e f l e c t i o n  

and t h a t  t h e i r  f o r c e - d e f l e c t i o n  curves a r e  as shown i n  F i g u r e  7-10. 

If t h e  t o r s o  w e i g h t  i s  77 I b  and t h e  upper l e g s  w e i g h t  i s  37 I b ,  

t h e  f o r c e  t o  be balanced i n  t h e  z - d i r e c t i o n  i s  F  = 77 + 37/2 = 95.5  

Ib. The f o r c e  normal t o  t h e  s e a t  cush ion l i n e  must t h e r e f o r e  be 

95.5 cos 16" = 91.8 I b .  From t h e  f o r c e - d e f l e c t i o n  equa t ion  f o r  t h e  

s e a t  cushion,  g i v e n  w i t h  F i g u r e  7-70, t h e  s e a t  cush ion  d e f l e c t i o n  

which w i l l  produce t h i s  f o r c e  i s  found as t h e  s o l u t i o n  o f  t h e  

equa t ion  : 

91.8 = 88.458 - 3362 t 9.3663. 

The s o l u t i o n  may be found i t e r a t i v e l y ,  g r a p h i c a l l y ,  o r  by o t h e r  means 

t o  be 

The h i p - c i r c l e  d e f l e c t i o n  necessary f o r  91.8 1b i s  found s i m i l a r l y  

as the s o l u t i o n  o f  @ 

or 

6" = ,541" . 
Consequently, t h e  t o t a l  d e f l e c t i o n  o f  h i p  and s e a t  cush ion  i s  

6 =  6 , , + 6  SC = 2.074" . 
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Substituting this value for 6 into equation (7.2) gives 

,2756 xc + .9613 zc + 12.28 = 0 

as the condition for proper seat cus'hion deflection. 

The intersection of the two 1 ines given by equations ( 7 . 1  ) and 

( 7 . 3 )  i s  the required location of the center of the hip c i rc le .  

Solution of these simultaneous equations yields 

xc  = 26.22" 

Zc  = -20.29" . 
Since for this example the hip c i rc le  i s  centered a t  the hip joint ,  

we do n o t  need t o  lay off from this  point t o  determine the hip joint 

coordinates. They are 

No further details will be presented here for the determination 

of the in i t i a l  position d a t a .  The user should be able t o  follow 

the general procedure outlined ear l ie r  in this  section. The step 

following the establ ishment of H-point coordinates (XH, ZH) should 

be t o  s t r ike  off arcs from the H-point of radii equal t o  the lengths 

of the upper leg and lower torso 1 inks. These arcs will be the loci 

o f  prospective locations of the knee joint and lower spine joint.  

If  the in i t i a l  occupant configuration involves deflection be- 

tween a non-circular e l l ipse and  a l ine  segment, then the analysis 

i s  somewhat more complex than in the foregoing example. For an e l -  

l ipse,  the analysis must involve the relationship of deflection t o  

e l l ipse orientation, e l l ipse s ize ,  e l l ipse  position, and l ine position. 

The less mathematically-oriented user will perhaps prefer to use scale 



drawings to  solve such a problem. However, for  the analyst ,  per- 

t inent equations are presented in Figures 7-11 and 7-12 for  

reference and may also be found in Volume 1 and Module 6 .  

After completing the determination of ini  t i  a1 p0s.i t i o n  and 

orientation data, and before making a computer run for  the crash simula- 

t ion ,  the user may wish to see a computer-generated schematic o f  the 

vehicle and occupant represented by the estab? ished data se t .  The 

MVMA-2D model will produce such a schematic in print-plot form without 

execution of the "GO" processor, i . e .  , wi thout performing an i nte- 

gration for occupant dynamics, The print-plot schematic can be pro- 

duced by running only the input and  output processors, "IN" plus "OUT." 

Cards 1500 and 1501 are used for th is  purpose as explained in Module 

12 .  I f  printout of i n i t i a l  force and acceleration values i s  desired 

in addition t o  the schematic, then the execution processor, " G O , "  

can be run as well , say, to t = 1 msec. 



r t i a l  

Definitions 

n = body segment number for the e l l ipse  ( 1 ,  . . . , 8)  (Card 219, f ie ld  5 ) .  
a = x-semi-axis length (Card 220, f ie ld  5). 
c = z-semi-axis length (Card 22P Field 6). 

'n = angle of body link n (see Lard 301 for t = 0 and Figure 6-5). 

e~ = vehicle pitch angle (see Card 601 for t = 0 and Card 604). 
( X e ,  Z,) = coordinates of e l l ipse  center in body segment system (Card 

220, f ie lds  3 and 4). 
( e i ,  c i )  = coordinates of line-segment endpoint Pi  ( i  = 1,2)  in vehicle 

system (Card 41 1 , f ie lds  4-7). 
( X ,  Z,) = iner t ia l  coordinates of CG of body segment n [function of x2 .. 7 .  

and Z, (from Card 303 for t = 0 ) ,  body link angles (see Card 
L 

301 for  t = 0 a n d  Figure 6 -5 ) ,  and link lengths (Cards 201 and 
202) ; see Section 2.1 of Vol urne 1 ] . 

(u4, u5) = iner t ia l  coordinates of e l l i p se  center. 

(X,, Zo)  = iner t ia l  coordinates of contact point. 

6 = deflection. 

_.F_^C__C- -. - -  
.--- - - - -- 

FIGURE 7-1 1 Constants and Variables Relevant t o  Evaluation of El 1 ipse- 
Line Deflection 



EQUATIONS 

s  = 6 1 5 2  - 5152 

A = r cos e v  + p s i n  e v  

C = -r s i n  6 + p  cos e v  v  

D = s  

p l  = $(a2 cos2en + c2s in2  en) 

u2 = +(c2 - a2 )s i  n  encos e n  

u  3 = $(a2 s in2  en  + c2 cos2 en) 

u, = Xn + Xe cos e + Ze s i n  e n  n  

p,= Z n -  x e  s i n  0 n  + Z e c o s  en 

One s i g n  f o r  k gives the  p o i n t  o f  maximum 'penet ra t ion ,  t he  "contac t  po in t . "  
The o the r  s i gn  gives the p o i n t  d i r e c t l y  opposi te  the  e l  1 i pse  cen te r ,  i .e. , 
the  p o i n t  o f  "miminum penet ra t ion .  " 

FIGURE 7-12 Evaluat ion of D e f l e c t i o n  Between a  S t r a i g h t - L i  ne Segment and 
an E l l i p s e .  



7.4 I n i t i a l  E q u i l i b r i u m  -- Other Cons iderat ions 

S t r i c t l y ,  t he  i n i t i a l  values f o r  'body 1 i n k  angles a re  independent 

and a r b i t r a r y  s i nce  they a re  general  i zed coord ina tes .  But t h e i  r 

values a re  r e s t r i c t e d  n o t  o n l y  by t he  cons ide ra t i ons  j u s t  d iscussed 

f o r  i n i t i a l  e q u i l i b r i u m  i n  t h e  v e h i c l e  b u t  a l s o  by anatomical  cons idera-  

t i o n s .  I n i t i a l  deformat ion o f  a  j o i n t  s t o p  cannot be j u s t i f i e d  i f  t he  

s t o p  i s  in tended  t o  be a  "hard"  l i m i t a t i o n  t o  v o l u n t a r y  r e l a t i v e  mot ion  

a t  t h e  j o i n t ;  deformat ion i n  t h i s  case can be a l lowed o n l y  a f t e r  impact .  

Thus, f o r  example, t h e  i n i  t i  a1 head, neck, and upper t o r s o  angles shou ld  

n o t  r e s u l t  i n  r e l a t i v e  angles a t  t he  neck j o i n t s  which exceed t he  j o i n t -  

s t o p  1  i m i  t s  f o r  the  neck i n d i c a t e d  on Cards 205, 206, 215, and 216. 

It i s  app rop r i a t e  t o  no te  here a  smal l  i n i t i a l  imbalance over  

which t he  user  has no c o n t r o l .  The va lue on Card 303 f o r  i n i t i a l  

neck l e n g t h  i s  used a l s o  as t h e  uns t ra i ned  l e n g t h  f o r  n o n l i n e a r  

sp r i ngs  which r e s i s t  neck e l onga t i on  and compression. Therefore,  

i t  i s  n o t  p o s s i b l e  t o  e n t e r  da ta  which r e s u l t  i n  a  non-zero i n i t i a l  

compressive neck load,  as would be t h e  normal c o n d i t i o n  f o r  a  seated 

occupant. Th is  i n i t i a l  imbalance i s  i nconsequen t i a l .  

One model i n p u t  parameter which i s  i n d i r e c t l y  p e r t i n e n t  t o  t he  

s p e c i f i c a t i o n  o f  i n i t i a l  cond i t i ons  i s  n o t  d iscussed i n  t h i s  module. 

Th is  i s  t h e  so - ca l l ed  " p e n e t r a t i o n  1  i m i t , "  which i s  used by t h e  

computer model t o  h e l p  i d e n t i f y  a  case i n  which an e l l i p s e  i s  i n i t i a l l y  

beh ind a  l i n e  segment b u t  no f o r c e  i s  t o  be ca l cu l a ted .  I n  e f f e c t ,  i t  

de f i nes  t h e  depth o f  a  component o f  t h e  v e h i c l e  i n t e r i o r .  Th is  i s  a  l i n e -  

segment parameter on 409-Cards and i t  i s  d iscussed i n  d e t a i l  i n  Module 

5. 



MODULE 8 -- CRASH DECELERATION PROFILES AND HEAD APPLIED FORCES 

8.1 Veh ic le  Motions 

The crash v i c t i m ' s  environment i s  made t o  be dynamic by s p e c i f y i n g  

a  v e h i c u l a r  mot ion.  I f  the  crash v i c t i m  i s  a pedes t r i an ,  t h e  v e h i c l e  

m igh t  be moving w i t h  cons tan t  speed o r  i t  migh t  be a c c e l e r a t i n g  o r  

d e c e l e r a t i n g .  I f  the  crash v i c t i m  i s  an occupant o f  e i t h e r  a  s t r u c k  

v e h i c l e  o r  a  s t r i k i n g  veh i c l e ,  he i s  norma l l y  i n i t i a l l y  a t  r e s t  w i t h  

r espec t  t o  the  veh i c l e .  He i n t e r a c t s  dynamica l l y  w i t h  t he  v e h i c l e  

i n t e r i o r  and r e s t r a i n t  systems o n l y  as a  r e s u l t  o f  occupant compartment 

a c c e l e r a t i o n  o r  dece le ra t i on .  Therefore,  un less t h e  model i s  be ing  

used t o  so l ve  a  f r e e  mot ion problem, i t  i s  always necessary t o  p r e s c r i b e  

a  v e h i c u l a r  mot ion.  

F igure  8-1 i s  a  schematic o f  t he  p l ana r  veh i c l e .  P o i n t  "0 "  i s  

t he  o r i g i n  o f  a  coord ina te  system f i x e d  t o  t he  occupant compartment. 

I t s  l o c a t i o n  i n  the  v e h i c l e  i s  a r b i t r a r y ;  i t  might ,  f o r  example, be a  

p o i n t  on the  toeboard. Whi le occupant p o s i t i o n  and the  l o c a t i o n  o f  

p o i n t s  d e f i n i n g  the v e h i c l e  i n t e r i o r  a re  p resc r i bed  w i t h  r espec t  t o  

t h i s  p o i n t ,  i t  i s  necessary t o  desc r i be  t h e  mot ion o f  t h i s  p o i n t  

w i t h  respec t  t o  an i n e r t i a l  re fe rence  frame. I n  a d d i t i o n  t o  h o r i z o n t a l  

and v e r t i c a l  motions f o r  p o i n t  "0," i t  i s  necessary t o  know t h e  angu la r  

v e h i c l e  mot ion as a  f unc t i on  o f  t ime.  The sense o f  each o f  

t h e  t h r e e  v e h i c l e  degrees o f  freedom ( xv ,  Zv, and a ) i s  shown i n  t he  v  
f i g u r e .  Veh ic le  mot ion i s  p resc r i bed  w i t h  Cards 601, 602, 603, 604, 

and accompanying unnumbered cards.  

8.1.1 Data Requirements . I n i  t i  a1 values f o r  t h e  x- and z-coor-  

d i na tes  o f  p o i n t  "0" i n  t he  i n e r t i a l  frame a re  r e q u i r e d  i n  f i e l d s  1  

and 3 o f  Card 601, and t he  x- and z- components o f  t h e  i n i t i a l  v e l o c i t y  

v e c t o r  o f  t h i s  p o i n t  a re  r e q u i r e d  i n  f i e l d s  2  and 4. S i m i l a r l y ,  t he  

i n i t i a l  p i t c h  anale and p i t c h  angu la r  v e l o c i t y  a re  en te red  i n  f i e l d s  

5 and 6. If v e l o c i t i e s  of t h e  v e h i c l e  decrees o f  freedom a re  t o  va ry  

w i t h  t ime,  time-dependent acce le ra t i ons  must be p resc r ibed .  I n  

o r d e r  t h a t  v e h i c l e  acce le ra t i ons  can be s p e c i f i e d  w i t h  g r e a t e s t  p o s s i b l e  

ease, i t  i s  n o t  r e q u i r e d  t h a t  t h e  l i n e a r  acce le ra t i ons  be d e f i n e d  
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a t  the  p o i n t  "0," b u t  r a t h e r  a t  an a r b i t r a r y  p o i n t  i n  the  occupant 

compartment, where, f o r  example, a  b i a x i a l  accelerometer m igh t  be 

mounted. The l o c a t i o n  o f  t h a t  p o i n t  i n  v e h i c l e  coord ina tes ,  t h a t  i s ,  

r e l a t i v e  t o  p o i n t  "0," must be s p e c i f i e d  i n  f i e l d s  7 and 8 o f  Card 601. 

Acce le ra t ion  h i s t o r i e s  a re  i n p u t t e d  as tabu1 a r  f unc t i ons  o f  t ime.  

The number o f  p o i n t s  i n  the  x -acce le ra t i on  t a b l e  i s  en te red  i n  f i e l d  1  o f  

Card 602. This number must be between 2. and 200. F i e l d  2 should  

con ta i n  a  1. i f  t he  acce le ra t ions  a re  i n  g u n i t s  and a  0. if i n  i n / sec  2 

2 o f  m/sec . I f  v e h i c l e  acce le ra t i ons  a re  de f i ned  w i t h  r esoec t  t o  t h e  

veh i c l e  coord ina te  frame, i .e. , as accelerometer readings,  then f i e l d  3 

should con ta in  a  0. I f  v e h i c l e  acce le ra t i ons  are de f i ned  i ns tead  w i t h  

respec t  t o  the  i n e r t i a l  re fe rence  frame, f i e l d  3  o f  Card 602 should  

con ta in  a  non-zero value.* The coord inates o f  t h e  p o i n t s  i n  t h e  

x-accel e r a t i o n  tab1 e  a re  en te red  on unnumbered cards f o l  1 owing t he  602- 

Card. Each card  conta ins coord inates o f  f o u r  po in t s .  The t ime i n  

m i l l i seconds  i s  p laced i n  f i e l d s  1,  3, 5 ,  and 7 and t he  cor responding 

x -acce le ra t i on  values i n  f i e l d s  2, 4, 6, and 8. The f i r s t  e i g h t  f i e l d s  

on each card a re  f i l l e d  be fo re  proceeding t o  t he  nex t  card.  Card 603 

and f o l l o w i n g  unnumbered cards are s i m i l a r l y  used f o r  s p e c i f y i n g  z- 

acce le ra t ions .  

The p i t c h  angular  a c c e l e r a t i o n  t a b l e  i s  de f i ned  by  Card 604. P i t c h  

acce le ra t i on  data a re  entered on succeeding unnumbered cards i n  t h e  

p rev i ous l y  descr ibed manner. The 604-Card requ i r es  o n l y  two e n t r i e s  -- 
the  number o f  p o i n t s  i n  t he  t a b l e  i n  f i e l d  1  and a  u n i t s  i n d i c a t o r  i n  

2 2 f i e l d  2, 0. i f  deg/sec and 1. i f  rad/sec . 
8.1.2 Example Data. As an example o f  t he  p repa ra t i on  o f  veh i c l e -  

mot ion i n p u t  da ta  cards,  cons ider  a  h y p o t h e t i c a l  30 mph f r o n t a l  b a r r i e r  

c o l l i s i o n .  Suppose t h a t  l i n e a r  a c c e l e r a t i o n  data i s  ob ta ined  from a  

b i a x i a l  accelerometer fas tened t o  t he  frame o f  t he  v e h i c l e  and l oca ted  

* Other names commonly used f o r  t h e  i n e r t i a l  re fe rence  frame a re  
"spaced-f ixed frame," l a b  frame ," and "abso lu te  frame. " 



a t  a point 18 inches behind and 3 .  inches below an a r b i t r a r i l y  defined 

vehicle o r ig in ,  say ,  a point on the toeboard. In accordance with the sign 

convention i l l u s t r a t e d  in Figure 8-1, f i e l d s  7 and 8 of Card 601 a re  -18. 

and 3 . ,  respectively.  The example data cards are shown in Figure 8-2. 

Definition of the beginning of the crash,  t h a t  i s ,  t = 0,  i s  a rb i t r a ry ,  

b u t  i s  reasonably taken as the time a t  which accelerat ions begin t o  
deviate from zero. Suppose t ha t  a t  t h i s  ins tan t  the vehicle o r i g in ,  "0 ,"  

a t  the toeboard in t h i s  example, i s  120. inches forward of the i ne r t i a l -  

frame reference point and  14, inches above.* Then f i e l d s  1 and  3 of 

Card 601 should be 120. and  -14. Field 2 i s  44. f t / s e c ,  i . e . ,  30 mph, 

and f i e l d  4 i s  0. s ince there i s  no i n i t i a l  ver t ica l  velocity.  

The i n i t i a l  vehicle pitch angle and  angular velocity are  both zero,  so 

0 ' s  are  entered i n f i e l d s  5 and 6 of the 601-Card. 

The user can always approximate a continuous accelerometer t race  

t o  any desired degree of accuracy by connected s t ra igh t - l ine  segments. 

Figure 8-3 shows piecewise-1 inear approximations of hypothetical 

accelerometer traces for  a 30 rnph frontal  ba r r i e r  co l l i s ion .  If  values 

are  used d i rec t ly  from accelerometer traces in order t o  specify vehicle 

motion, f i e l d  3 of Cards 602 and 603 must be 0. s ince the l i nea r  accelera- 

t ion components are with respect t o  the vehicle axes and n o t  the i ne r t i a l  

reference frame. Since values may be entered in g-uni t s  from Figure 8-3, - -7 -- - -- - . . . 
-.--.a 

f i e l d  2 of Cards 602 and  603 i s  1.  I t  i s  seen t ha t  seven input .. 1 

points are su f f i c i en t  t o  define the piecewise-1 i neari zed t race  fo r  the 

horizontal component of vehicle accelerat ion and ten points are  su f f i c i en t  

f o r  the ver t ica l  component. The 602- and 603-cards therefore have a 7 .  and 

a 10. in t h e i r  respective f i r s t  f i e l d s .  Pairs of coordinate values f o r  

these eighteen table  points follow the 602- and 603-Cards on unnumbered 

I t  i s  often convenient t o  define the i ne r t i a l  frame reference point 
as coincident with the vehicle or ig in  a t  time zero. The i n i t i a l  
vehicle x- and z-coordinate values would obviously both be 0. in t h i s  
case. 
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c a r d s ,  t i m e  va lues  i n  m i l l i s e c o n d s  and a c c e l e r a t i o n s  i n  g ' s .  For  

example, t h e  second p o i n t  on t h e  x - a c c e l e r a t i o n  t r a c e  i s  -17 .3  g a t  

25 msec. F ie1  ds 3  and 4 o f  t h e  f i r s t  c a r d  a f t e r  t h e  602-Card a c c o r d i n g l y  

c o n t a i n  25. and -17.3.  

The a n g u l a r  a c c e l e r a t i o n  t r a c e  i n  F i g u r e  8-3 m i g h t  have been o b t a i n e d  

f r o m  an a n g u l a r  acce le rome te r ,  f r o m  a n a l y s i s  o f  n o n - c o i n c i d e n t  1  i near  

acce le rome te r  d a t a ,  o r  f r o m  f i l m  a n a l y s i s .  L i k e  t h e  x-  and z - a c c e l e r a t i o n s  

i n  t h e  f i g u r e ;  t h i s  t r a c e  i s  a  p iecew ise -1  i n e a r  a p p r o x i m a t i o n  o f  a  more 
2 complex p r o f i l e .  Values used f rom t h e  t r a c e  a r e  i n  rad /sec  so f i e l d  2 

o f  Card 604 c o n t a i n s  - a  1 .  The t e n  p o i n t s  wh ich  d e f i n e  t h i s  a c c e l e r a t i o n  
- - 

p r o f i l e  a r e  e n t e r e d  on t h e  unnumbered cards  f o l l o w i n g  t h e  604-Card. 

8.1.3 A c c e l e r a t i o n  Components i n  D i f f e r e n t  Frames o f  Reference.  - 

I f  1  i n e a r  v e h i c l e  a c c e l e r a t i o n  components f o r  t h e  f o r e g o i n g  examp1.e 

had been de te rm ined  i n  t h e  i n e r t i a l  f rame i n s t e a d  o f  a s  acce le rome te r  

measurements i n  t h e  v e h i c l e  f rame, t h e  necessary  d a t a  c o u l d  be i n p u t  

j u s t  as e a s i l y .  I n  t h i s  case, f i e l d  3  o f  Cards 602 and 603 wou ld  - 
be s e t  t o  0. i n  o r d e r  t o  i n d i c a t e  i n e r t i a l  a c c e l e r a t i o n s .  Th i s  

o p t i o n  was p r e v i o u s l y  e x p l a i n e d .  

Whether t h e  model u s e r  i n p u t s  v e h i c l e  a c c e l e r a t i o n  components r e l a -  

t i v e  t o  the .  i n e r t i a l  f rame o r  i n  t h e  v e h i c l e  f rame of  r e f e r e n c e  

g e n e r a l l y  depends on t h e  source  o f  h i s  d a t a .  ; The l i n e a r  a c c e l e r a t i o n  

p r o f i l e s  may be en tered  i n  wh ichever  f o r m  i s  more conven ien t .  I t  - 

i s  unnecessary f o r  t h e  purpose o f  d e f i n i n g  i n p u t  d a t a  f o r  t h e  u s e r  t o  

unde rs tand  t h e  a n a l y t i c a l  r e l a t i o n s h i p  between a c c e l e r a t i o n  components 

i n  t hese  two r e f e r e n c e  f rames.  I t  i s  n o t  a  c o n s i d e r a t i o n  i n  t h e  s p e c i f i -  

c a t i o n  o f  d a t a .  B u t  i t  i s  c l e a r  t h a t  an a n a l y t i c a l  r e l a t i o n s h i p  b d w e e n  

them does e x i s t  s i n c e  t h e r e  i s  r o  model p r o v i s i o n  a l l o w i n g  t h e  

acce le rome te r  l o c a t i o n  t o  change w i ~ . i  t i m e  i n  t h e  v e h i c l e - f i x e d  c o o r d i n a t e  

f rame.  * 
- 

The f o l l o w i n g  s i m p l e  t r a n s f o r m a t i o n  r e 1  a tes  t h e  i n e r t i a l  coniponents 

t o  components measured i n  t h e  r o t a t i n g  v e h i c l e  c o o r d i n a t e  sys t e n .  

* That  i s ,  t h e  q u a n t i t i e s  a  and c  i n  F i g u r e  8-1 a r e  c o n s t a n t s ,  n o t  f u n c t i o n s  
o f  t ime .  

- - - 



Where e v  i s  t h e  v e h i c l e  p i t c h  angle ,  

= X 'v , i n e r t i a l  acce lerometer  cos o V  Zacce~e rome te r  s i n  e 
v  

= - x  
'v ,i n e r t i  a1 acce lerometer  Sin 'v ' 'accelerometer cos e v  

These r e l a t i o n s  a re  p e r t i n e n t  t o  unders tanding t h e  p r i n t e d  o u t p u t  

o f  v e h i c l e  mot ion.  A1 though t h e  u s e r  i s  a l lowed t o  p r e s c r i b e  acce le ra -  

t i o n  components i n  t h e  v e h i c l e - f i x e d  frame, i n e r t i  a1 components a re  

c a l c u l a t e d  by t h e  conputer  model f o r  o u t p u t  and f o r  use i n  t h e  equa t ions  

o f  mot ion.  

The i n e r t i a l  components a re ,  o f  course,  i d e n t i c a l  t o  t h e  v e h i c l e -  

r e l a t i v e  components whenever t h e  v e h i c l e  i s  n o t  p i t c h e d .  These r e s u l t s  

can be seen t o  f o l l o w  from t h e  t r a n s f o r m a t i o n  r e l a t i o n s  by s e t t i n g  t h e  

p i t c h  angle ,  ev, equal t o  zero.  As an exe rc i se ,  t he  s t uden t  m igh t  t r y  

t o  demonstrate f o r  t h e  example c rash  d e f i n e d  by t h e  p r o f i l e s  i n  F i gu re  

8-3 t h a t ,  w h i l e  t h e  acce lerometer  peaks a re  -20 g ' s  and tll. 1  g ' s  

f o r  x- and z- mot ions,  t h e  peak i n e r t i a l  a c c e l e r a t i o n s  a re  -20.2 g ' s  

and + 9.8 g ' s .  Acce le ra t i on  da ta  f o r  t h e  p r o f i l e s  i n  F i gu re  8-3 a re  i n  

F igure  8-2, and t h e  v e h i c l e  p i t c h  ang le  as a  f u n c t i o n  o f  t ime  i s  shown 

i n  F i gu re  8-4.* 

8.2 Head App l i ed  Forces 

Crash d e c e l e r a t i o n  p r o f i l e s  p r o v i d e  an i n d i r e c t  f o r c i n g  e x c i t a t i o n  

t o  t h e  occupant l i n k a g e .  I t  i s  i n d i r e c t  i n  t h a t  c rash  f o r ces  on t h e  occu- 

pan t  r e s u l t  o n l y  when p resc r i bed  v e h i c l e  mot ion  causes i n t e r a c t i o n  w i t h  

occupant-compartment su r faces  and r e s t r a i n t  systems. The MVMA Two- 

Dimensional Crash V i c t i m  S imu la to r  p rov ides  as w e l l  f o r  a  s p e c i a l ,  

d i r e c t  f o r c i n g  e x c i t a t i o n  t h a t  has found occas iona l  use. Th is  i s  t h e  

d i r e c t  app l  i c a t i  on o f  a  t ime-dependent f o r c e  v e c t o r  t o  any des i r e d  

p o i n t  on t h e  head. Both t h e  magnitude and d i r e c t i o n  o f  t h e  v e c t o r  

can be t ime  dependent s i nce  t h e  X- and Z-components a r e  s e p a r a t e l y  

* The p i t c h  angle  i n  F i gu re  8-4 i s  t h e  second i n t e g r a l  o f  t he  p i t c h  angu- 
l a r  a c c e l e r a t i o n  i n  F igure  8-3. 





s p e c i f i e d .  F igure 8-5 shows t h e  head and t he  components o f  an a p p l i e d  

f o r c e  v e c t o r .  

The f o r c e  components a re  s p e c i f i e d  as t ime-dependent tab1 es . A 

s i n g l e  605-Card i s  r equ i r ed .  F i e l d  1 should  c o n t a i n  a  name ass igned 

t o  t h e  t a b l e  f o r  Fx; i t  may be any combinat ion o f  up t o  e i g h t  a lpha-  

numeric charac te rs .  F i e l d  2 s i m i l a r l y  con ta i ns  a  name f o r  t he  z-  

component. The va lue  en te red  f o r  f i e l d  3 i n d i c a t e s  whether f o r c e  

components a re  t o  be i n t e r p r e t e d  as r e l a t i v e  t o  t h e  i n e r t i a l  coor -  

d i n a t e  axes o r  t h e  r o t a t i n g  head system. A zero i s  en te red  i f  they  a re  

i n  t h e  i n e r t i a l  frame and a  non-zero va lue  o therw ise .  F i e l d s  4 and 5 

c o n t a i n  t h e  X and Z coord ina tes  i n  t h e  head system o f  t h e  p o i n t  o f  

a p p l i c a t i o n  o f  the  f o r c e  v e c t o r ,  "a"  and " c "  i n  F i gu re  8-5. One 606- 

Card i s  r e q u i r e d  f o r  each p o i n t  i n  t h e  two a p p l i e d  f o r c e  t a b l e s .  

F i e l d  1 o f  each 606-Card must c o n t a i n  t he  name ass igned t o  t h e  f o r c e  

t a b l e  i n  f i e l d  1  o r  f i e l d  2 o f  t h e  605-Card. The t ime  f o r  t h e  t a b l e  

p o i n t  i s  i n  f i e l d  2 o f  t h e  606-Card and t h e  f o r c e  component va lue  i s  

i n  f i e l d  3. 

F i gu re  8-6 i l l u s t r a t e s  a  500 I b .  , 10 msec h a l f - s i n e  f o r c e  a p p l i e d  

a t  t h e  base o f  t he  s k u l l  i n  a  s u p e r i o r  and a n t e r i o r  d i r e c t i o n ,  30" 

above t h e  i n e r t i a l  h o r i z o n t a l  a x i s .  The fo r ce  i s  a p p l i e d  a t  a  p o i n t  

4 inches p o s t e r i o r  and 1.2  inches i n f e r i o r  o f  t he  head c e n t e r  of 

g r a v i t y ,  I n  accordance w i t h  t he  s i g n  conven t ion  i n d i c a t e d  i n  F i gu re  

8-5, va lues o f  "a" equal t o  -4. and " c "  equal  t o  1.2 a r e  en te red  

i n  f i e l d s  4 and 5  o f  Card 605. The da ta  cards f o r  t h i s  example a re  

shown i n  F igure  8-7. The s i n u s o i d a l  fo rce  pu lses a re  approximated by 

p i ecew ise - l i nea r  forms, and t h e  r e s u l t i n g  t ime  and f o r c e  va lues a r e  

en te red  on 606-Cards. F i e l d  3 o f  Card 605 con ta i ns  a  0. s i n c e  f o r c e  

components a re  d e f i n e d  i n  t he  i n e r t i a 1  frame f o r  t h i s  example. 

D ive rse  a p p l i c a t i o n s  m i g h t  be made o f  t h i s  model f e a t u r e .  

One use t o  which i t  has been p u t  was t o  a i d  i n  t h e  e m p i r i c a l  determina-  

t i o n  o f  a  composite l a t e r a l  bending s t i f f n e s s  o f  t h e  neck f o r  sma l l  

deformat ions.  An exper iment  was dev ised  i n  which a  s h o r t - d u r a t i o n  , 
low- leve l  f o r c e  cou ld  be a p p l i e d  l a t e r a l l y  t o  a  s u b j e c t ' s  head. 

The s u b j e c t  was seated, and a  s ideboard  prevented any t o r s o  mot ion.  

The f o r c e  pu l se  was recorded  as a f u n c t i o n  o f  t ime,  and angu la r  

head a c c e l e r a t i o n  was determined from accelerometers  mounted on a  
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bite-bar structure.  The experiment was then simulated with the MVMA- 

2D model. Primary inputs t o  the model were head mass and moment of 
iner t ia  and neck mass, a1 1 estimated from cadaver data,  and neck length, 
determined from X-rays of the subjects. The e l a s t i c  torsional s t i f fness  
coefficients K, a t  the upper and lower neck joints were considered to 
be adjustable parameters for a ser ies  of computer simulations which 
used measured head force as a driving excitation. Neck s t i f fnesses  
appropriate for small la teral  bending deflections of the head 
and neck were thus determined as the values K, which gave the 
best f i t  of simulated angular acceleration response t o  experimentally 
measured response. 



MODULE 9 -- BELT RESTRAINT SYSTEMS 

9.1 Introduction 

The M V M 4  Two-Dimensional Crash Victim Simulator includes two 
independent be1 t system models for  optional usage. The f i r s t  i s  i l l u s -  

trated by Figure 9-1 and consists of :  a )  a one-piece lap be1 t attached 
to the lower torso element a n d  anchored a t  each end to the vehicle; 
b )  an upper torso harness s t rap attached t o  the upDer torso element 
and anchored t o  the vehicle; c )  a lower torso harness s t rap attached 
a rb i t r a r i ly  t o  any torso element and .anchored t o  the vehicle. The 

second, a more complex system, i s  i l lus t ra ted  by Figure 9-2 and includes 
the following features:  a )  seven be l t  segments which may be indepen- 
dent o r ,  a t  option, may be   aired in certain combinations to ac t  as 
a lesser  number of separate lengths of webbins by use of various free 
slipping and fr ic t ion elections a t  the torso and lao and a t  sl ip 
~ o i n t s ;  b )  a s l i p  point in the three-be1 t upper harness system; c )  
a s l i p  point between the lower torso and lap sections; d )  optionally,  
iner t ia  reels (ei ther  vehicle-sensi t ive  or webbi~g-sensi t i ve )  a t  three 
of the four anchor locations. 

9.2.1 Anchors and Attachment Points. The simpler of these two 
bel t - restraint  submodel s i s  effectively a three-be1 t system. The 

two-segment lap bel t  shown in Figure 9-1 i s  treated by the computer 
model as a single piece of webbing that s l ides  freely over the 
pelvis through a user-specified point, called an "attachment point ," 
on the lower-torso element. Thus, a lap-belt tension i s  determined 
from the elongation or  s t r a in  of the total  be1 t length, with no adjust- 
ment for possible f r ic t ion  ef fec ts ,  and the establ i shed tension i s  

applied a t  the attachment ~ o i n t  on  the body through both the inboard 
and outboard segments. For example, i f  the projections in the X-Z  

plane of the inboard and outboard  la^ be1 t anchors are made coinci- 
dent by the user, then the magnitude of the lap-be1 t force vector 
acting a t  the attachment point will be 2 F ,  where F i s  the tension in 
the lap-belt webbing. I n  general, the lap-belt segments are not 
coincident, nor are they  of equal length, since the anchor positions 
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1 FIGURE 9-1 Simple Be1 t System 
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in the vehicle, as well as the attachment point on the lower-torso 
seqment, c a n  be specified arb i t ra r i ly  by the user. 

The torso harness restraint  consists of two individual s t raps:  
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-, mid-, or lower- 
torso segment. Unlike for the lap be l t ,  the two segments o f  the torso 
harness are independent pieces of webbing. Each extends from a n  
anchor point positioned arb i t ra r i ly  i n  the vehicle* t o  a n  attachment 
point fixed on a torso element. Thus, a "no-slip" condition i s  as- 
sumed a t  the torso for each belt segment, and ent i rely independent 
belt  tensions are calculated for the two segments. There i s  no 
necessity to define equivalent webbing properties for the two seg- 
ments. Indeed, specification of different force-produci ng charac- 
t e r i s t i c s  for these two segments i s  a means sometimes used for simu- 
lating slipping and fr ic t ion for the torso res t ra in t  of the three- 
be1 t submodel. 

9 . 2 . 2  Deflection a n d  Strain.  Loading curves for the three 
pieces of webbing may be prescribed either as force-defl ection re1 ations 
or force-strain relations. The type o f  specification must be the same 
for a l l  be1 t s  in the system. Whether force-deflection or force-strain 
relations are used generally depends on the form of available data. 
Force-strai n speci f i  cations are probably more common. 

For determination of be1 t forces in the three-be1 t system, 
be1 t deflection i s  defined as the difference between stretched be1 t 
length and the length of the taut ,  b u t  unstretched, webbing. This 
i s  i l lustrated in Figure 9-3. For each be1 t in the three-be1 t system, 
the i n p u t  parameters pertinent to determi nation of be1 t deflection 
are the unstretched webbing length lo, the i n i t i a l  slack A ,  and the 
vehicle coordinates and body seqment coordinates, respectively, of 

the . belt  anchor and the attachment point on the body.** These 
*See Module 8 for user specification of the vehiqle coordinate frame. 
** The seven-be1 t system requires different speci fications . 
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values do not over-specify the be l t  geometry, as might be thought, 

because the defined be l t  length a. should not in  general be a pro- 
ject ion onto the x - z  plane b u t ,  ra ther  i s  the t o t a l  b e l t  length in 

three dimensions. The speci f ica t ion of both unstretched be1 t length 

and i n i t i a l  slack along w i t h  i n i t i a l  endpoint coordinates a1 lows 
calcula t ion by the computer model of the proper i n i t i a l  "out-of-plane" 
component of webbing length,  0.P.C in the f igure."  The stretched 
be l t  length a ( t )  i s  calculated as the s t r a i gh t - l i ne  distance in the 
x-z plane between the instantaneous positions of the be l t  anchor and 
attachment point plus the constant value determined fo r  the i n i t i a l  
out-of-plane length. Since the input constant g o ,  the unstretched be1 t 
length,  includes the out-of-plane com~onent by de f i n i t i on ,  the be1 t 
deflect ion a t  time t i s  

The s t r a i n  i s  defined as the r a t i o  of be1 t elongation to  to ta l  
i n i t i a l  be l t  length,  i . e . ,  

9 .2 .3  Materi a1 P r o ~ e r t i  es . Loading curves f o r  be1 t s  , whether 
in terms of deflect ions o r  s t r a i n s ,  may be defined e i t h e r  in polyno- 
mial or  tabular  form. Specificat ion of loading curves i s  described 
in  de ta i l  in Module 6 ,  Part 1 ,  and will not be discussed here. 
Both s t a t i c  and " i ne r t i a l  spike" loading curves may be assigned fo r  
be1 t materials ,  and unloading charac te r i s t i c s  may be prescribed i n  

terms of defl ec t i  on-dependent "G- and R-ratios ," which determine 
permanent deformation and restored energy upon complete unloading . 

9.2.4 Mutual Deformation of Body and Be1 t. One force-genera- 
t ion feature  of the MVMA-2D model t ha t  i s  discussed in de t a i l  in 

Modules 4 and 6, Part 2 ,  has a special applicat ion in the calcula t ion 
o f  be l t  forces,  so i t  i s  discussed fu r the r  here. This fea tu re  i s  

* If the specified unstretched be l t  length and the i n i t i a l  b e l t  geo- 
metry a re  incompatible w i t h  a  specif ied i n i t i a l  s l a ck ,  then a negative 
out-of-plane component i  s calculated to  accommodate the requested slack.  



the "shared-deflection," or "mutual-deformation," algorithm. The 

normal use of this  algorithm i s  for determination of the contributions of 
a non-rigid body e l l ipse and a non-rigid contact surface to  the total  
relative displacement, or deflection, between the two. * The com- 

pressive force for such a n  interaction i s  always less than the force 
for  an interaction with the same total  deflection b u t  with one of the 
interacting el ements rigid instead of yielding. Therefore, a1 1 owi ng 

for  real i s t i c  mutual deformation of interacting el ements softens peak 

forces and G- 1 eve1 s . 
I t  can sometimes be useful t o  employ this  feature t o  account for 

the effect  of body compliance (or even belt  slipping) a t  the belt- 
occupant interface. This i s  the "attachment point ," previously dis- 
cussed, which i s  defined by the user as a fixed point on a body seg- 
ment. By using the mutual deformation feature,  th i s  point can be made 
to relax, in a sense, in the direction of the applied be1 t tension. 
The effective be1 t deformation, and  thus i t s  tension, i s  therefore 
reduced.** This feature i s  not used for determining a be1 t force 
unless a body "material" i s  defined and expl ici t ly  specified for this  
use on  the appropriate data card. 

9.2.5 Data Cards for the Three-Belt Submodel. Whether or n o t  
belt  restraint-system data are present in a data se t  for an MVMA-2D 

simulation, a belt-system control switch on Card 102 must be properly 
se t .  If the value in fie1 d 1 of this  card i s  0. , then no be1 t forces 
will be determined even though the data s e t  may include cards with 
be1 t-system specifications. A value of 1 .  or 2. indicates that the 
three-be1 t submodel i s  to be used. If a 1.  i s  entered, then only l a p -  

be1 t forces wi 11 be detemi ned. Lap- be1 t and shoulder- harness forces 
will a11 be determined i f  a 2, i s  entered. This switch should be s e t  
to 3 .  whenever advanced be1 t-system forces are t o  be determined. 

Figure 9-4 i l l u s t r a t e s  be1 t geometry for the three-be1 t submodel. 
All belt anchor points, shown as Al, A * ,  A3 and A 4 ,  are prescribed 

* Shared deflection i s  resolved also for interactions between two non- 
, rigid body el 1 ipses. 

** I n  a s t r i c t  sense, however, the attachment point i s  s t i l l  fixed 
with respect t o  the body-seument coordinate frame, so the 1 ine of 
action of the be1 t force i s  unchanged. 



------ - -.. ..- . . . . 

+[ i d o w n w a r d  a long body  ------- ---- 

' l ~ o ; s o  I Strap w -2 P 

Lower Torso/ / \ -- . .~ 
lStrbpl  

-- . . - -. . - - - - 
+( /Toward back of bo,dy 

The attachmenlt point ( t 3 ,  ) is illustrated 
]for lower torso belt attachment to ihe middl; 

this belt may be attached 

2, 
..--- 

-- -- -. ------ .- 

--- - ..---I--- ----- . 

FIGURE 9-4 Three-Be1 t Sys tern Geometry 
--- ----..- --- -.- ----I------. --.- - .. . ---.- 



by the user in the vehicle coordinate frame (defined in Module 8 ) .  

The X- and 2- coordinates of these points are  entered i n  pairs  in the 
f i r s t  eight  f i e lds  of Card 501'. Anchors 1 and 2 a re  interchangeable; 
e i t he r  may be considered the inboard or outboard lap be l t  anchor. 
The three be l t  attachment points are  defined r e l a t i ve  to  body jo in t s  
by 5 - c  coordinates, as i l l u s t r a t ed  i n  Figure 9-4. The upper torso- 
harness s t rap  must be attached to the upper torso element and the 
lap be1 t attachment must be on the lower torso element. The lower 
torso-harness s t rap ,  however, may be attached to  any desired torso 
element by entering a 2 . ,  3 . ,  or  4 .  in f i e l d  7 of Card 702 for  attach- 
ment to the uoper- , middle-, o r  lower-torso element, respectively.  
The point (t3, i s  i l l u s t r a t ed  in the f igure for  attachment to  the 
middle torso element . In general , these coordinates shoul d be speci f i  ed 
w i t h  respect to  the upper j o in t  of the torso element t o  which the 
be l t  i s  attached. 5 - s  coordinates fo r  the three be l t s  are entered 
i n  pairs  in f i e lds  4 through 9 of Card 218. 

All remaining data required by the three-be1 t submodel are  entered 
on Cards 701 through 709. Example data cards are shown in Figures 9-5a 
and 9-5b. The to ta l  lap-be1 t webbing length i s  entered in f i e l d  1 of 
Card 701. The unstretched lengths fo r  the upper- and lower-segments 
of the shoulder harness are entered in f i e l d s  3 and 5 of Cards 701 
and 702, respectively. I n i t i a l  slacks fo r  the three bel ts  a re  specif ied 
i n  f i e l d s  2 and 4 of Card 701 and f i e ld  6 of Card 702. 

Loading and unloading properties of a be1 t ,  whether f o r  the 
three-be1 t submodel or  the advanced be1 t-system submodel , are  pre- 

scribed on Cards 704 through 709. If  the properties of a l l  be1 t 
segments are  d i f fe ren t ,  then fo r  each segment there will be one com- 
ple te  s e t  of Cards 704-709 in the data s e t .  The contents of these 
cards are  ent i  rely para1 1 el to Card 403-408 speci f ica t ions ,  which are  
discussed in deta i l  in Module 6 ,  Part 1.  (Indeed, as explained 
i n  tha t  module, these cards may be used interchangeably.) Fields 
1 and 2 of both Cards 704 and 705 contain a user-defined, sixteen- 
character alphanumeric name fo r  a material .  This name serves to i- 
dentify the loading and unloading charac te r i s t i c s  specif ied i n  the 
remaining f i e lds  o f  Cards 704 through 709 w i t h  any be l t  fo r  which th i s  
same s t r ing  of alphanumeric characters i s  specified as a material 



LAPBELTMAT 21 . I  . 5  4. 0. 702 

UTBELTMAT LTB ELTMAT 703 

LAPBELTNAT 0. 0. 0. I. 2. 0. a. 704 

LAPBELTMT 5. LAPS I LAPGR 7 0 5  

LAPGR 0, 

LAPGR .02 .05 706 

LAPGR .06 . 4  706 

LAPGR . I  .6 706 

LAPGR . 2  .84 706 

LAPGR . 3  -94 706 

LAPGR .O 1. 

LAPGR .02 -95 707 
- - 

LAPGR .06 .6 

LAPGR . I  . 4  707 

LAPGR .2 .15 707 

LAPGR .3  .1 707 

LAPS 0. 0. 708 

LAPS .03286 250. 708 

LAPS ,28618 4250. 708 

FIGURE 9-5a Example Data Cards f o r  t h e  T h r e e  Be1 t 
Sys tern 



UTBELTMAT 0. 0. 0. 1. 2. 0. 0. 704 

UTBELTMAT 5. UTS I LTGR 705 
- - - - - - - - - - - - 

UTGR 0. 0. 706 

UTGR .025 .05 706 

UTGR .075 .4 706 

UTGR ,125 .6 706 

UTGR .25 .84 706 

UTGR .375 .94 706 

UTGR 0. 
- - - 

UTGR .025 .95 

UTGR ,075 .6 707 

UTGR ,125 .4 707 

UTGR .25 .15 707 

UTGR ,375 . I  707 

UTS 0. 0. 708 

UTS ,041075 500. 708 

UTS ,1994 4500. 708 

LTBELTMAT 0. 0. 0. 1. 2. 0. 0. 704 

LTBELTMAT 5. LTS I LTGR 705 

LTGR 0. 0. 706 

LTGR ,0154 .05 706 

LTGR .0462 . 4  706 

LTGR ,0769 .6 706 

LTGR ,1538 .84 7 06 
LTGR .2308 .94 706 

LTGR 0. 1.  707 
- - - - - - -- - --- - - -- 

LTGR .0154 ,95 707 

LTGR ,0462 .6 707 

LTGR .0769 .4 707 

LTGR .1538 .I5 707 

LTGR .2308 .1 707 

LTS 0. 0. 708 

LTS .02528 500. 708 

LTS .I2270 4500. 7 08 

FIGURE 9-5b Example Data  Cards f o r  the  Three-Be1 t System 



name. Such a specification i s  required for each be l t ,  and the three 

sixteen-character material names for  the three-belt system are entered 

in f ie lds  1 and 2 of Card 702; f ie lds  1 and 2 of Card 703, a n d  f ie lds  
5 and 6 of Card 703. As explained previously, belt  material specifications 
are  optional ly in terms of force-deflection relations or force-s t ra in  
re1 ations. If force-deflection characteristics are prescribed on the 
material property cards, then a 1 .  should be entered in f ie ld  8 of 
Card 702. A 0. indicates specification of force-strai n properties .* 

Three optional assignments on Cards 702 and 703 are the sixteen- 
character names for "body" materials which are to deform mutually 
with the belts. This feature was discussed in Section 9.2.4. The 
pertinent fields are 3 and 4 of Card 702 for  the la0 be l t ,  f ie lds  
3 and 4 of Card 703 for the upoer s t rap of the shoulder harness, 
and f ie lds  7 and 8 of Card 703 for the lower strap. No body deformation 
will be considered i n  determination of a be1 t force i f  the f ie lds  
for  the body material name are l e f t  b l a n k .  I f  a name i s  entered, 
however, the data se t  must include material-oroperty specifications 

for th is  material o n  Cards 221-226, 403-408, or 704-709. There i s  
no requirement t h a t  these material properties bear any relation t o  
body-ellipse properties that may have been prescribed for the 
determination of vehicl e-i nterior contact forces. 

Finally, f ie lds  5 ,  6 ,  and 7 of Card 701 re1 ate  to fa i lure  of the 
three-be1 t system. The 1 a~-be1 t and torso-be1 t breaking forces are 
entered in fields 5 and 6.  The time duration for be1 t fa i lure  in f ie ld  
7 ensures that a f te r  a belt  force exceeds i t s  breaking level the force 
will be reduced gradual ly t o  zero. A value of 1 .  ms i s  often used. 
The be1 t - fai lure  mechanism can be defined a1 ternatively by specifying 
the webbing loading curves so that loads reduce to zero a f t e r  breaking 
deflections, or s t ra ins ,  are reached.** 

- 

* If  the advanced be1 t system i s  used, then the switch set t ing i s  de- 
fined oppositely ( 1 .  for force-strain) and the value i s  entered in 
f ie ld 2 of Card 717. 

** Parameters on Cards 704 and 708 must be appropriately prescribed. 



9.3 An Advanced Be1 t-Sys tem Submodel 

9.3.1 General Description. Figure 9-6 i s  a schematic of a 
second optional be1 t restrai  nt-system submodel . This seven-segment 
system i s  called the "advanced belt  system," 

The system has four anchor points, designated as A1, A2, A j ,  A4. 

Any of the anchors Al, A?,  A3 may be iner t ia  reels of e i ther  the ve- 
hicle-sensi t ive type or webbing-sensi t ive type. The anchor A4 

cannot have an iner t ia  reel ;  the outboard lap belt  segment, i f  present, 
fastens securely to this  anchor. I n  Figure 9-6 and in a l l  other fig- 
ures in this  module, a solid semi-circle a t  an anchor position indicates 
an optional iner t ia  reel .  

The system includes two s l i p  points where three belt  segments 
come together. One i s  in the upper harness system and one i s  between 
the lower-torso and lap sections. The s l i p  points are shown as 
open c i rc les ,  R1 and R 2  in Figure 9-6 ,  and hereafter will be called 
the "upper ring" and the "lower rinq." The rings may be fastened t o  
ring s t raps,  which lead t o  anchors A1 and A2, or they may be fixed t o  
the vehicle frame a t  anchor locations A, and A2, in which case the cor- 
responding rinq strags (B6 and B 5 ,  or e i ther )  are absent. Be1 t 
segments B 5  and B6 are always "independent" of other belt  segments 
since they fasten t o  the s l i p  rings. Through each ring, however, 
passes a strap of webbing shown in the figure as a pair of bel t  seg- 
ments, either B1 and B7 or B 2  and B3. A t  option, the members of these 
pairs can be made independent by prohibiting slipping of the combined 
strap through the ring. I n  this  case the ring location i s  a juncture 
of three independent straps of webbing. The pairs B1-B7 and B2-B3,  

however, may be considered common straps that may s l i p  freely through 
their  respective rings or with an amount of frictional resistance 
which depends on the resultant normal force a t  the ring. 

The upper and 1 ower torso be1 t s  , B1 and B 2 ,  may be independent 
or the separate bel t  forces may be made interdeoendent by use of inter- 
belt  influence options. These are of three types: a )  a force adjustment 
determined on the basis of normal-force fr ic t ion a t  the torso surface; 
b)  a n  adjustment for maintaining a force-difference saturation level;  
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, FIGURE 9-6 Advanced Belt System 



c )  a positive or negative percentage influence on one be1 t force on 
the other. In addition, a free-slipping option i s  available for the 
torso-belt and lap-belt combinations.* Torso and lap belt  segments 
attach t o  the occupant a t  points on the tors,o elements. The upper tor- 

so bel t  attachment i s  on the upper torso element and the attachment for 
lap bel t  segments i s  on the lower torso. The user may specify an 

attachment on any of the three torso elements for the lower torso belt .  

Force-deformation re1 ations for be1 t segments may be specified in 
ei ther  tabular or polynomial form. They may be ei ther  force-strain 
relations or force-deflection relations,  b u t  a  mixture for the various 
bel t  segments i s  n o t  allowed. 

9.3.2 Deflection a n d  Strain. Belt deflection for  the simpler three- 
bel t  submodel was defined in Section 9 . 2 . 2  and i l lus t ra ted  by Figure 9-3. 

Be1 t deflection i s  defined i n  the same manner for the advanced be1 t 

system, i  . e . ,  

where: 1 )  e ( t )  i s  the s t raight- l ine distance in the x-z plane between 
the instantaneous positions of the be1 t-segment endpoints plus the 
in i t i a l  out-of-plane component of belt  length, and  2 )  t o  i s  the unstretched 
be1 t length, including the out-of-plane component. For both be1 t 
systems, in order t o  evaluate 5 ( t ) ,  i t  i s  necessary t o  know the un-  

stretched belt  length a , the out-of-plane length O . P . L . ,  and the 
0 

i n i t i a l  slack A associated with the be1 t segment (See Figure 9 - 3 ) .  

However, while the three-be1 t submodel accepts unstretched length 
and slack as input and calculates the out-of-plane length, O.P.L., as 
previously explained, the advanced be1 t-sys tern submodel accepts sl  ack 
and out-of-plane length as input and calculates the total  , unstretched 
bel t  length, to. Since these specifications and others d i f f e r  for  
t he  optional belt  submodels, different input data cards are used for  
the two. The three-be1 t submodel cards have been described i n  Sec- 
tion 9.2.5, and cards required for the advanced be1 t system are described 

* All of these features are adapted from the belt model used in the 
HSRI Six-Mass, Three-Dimensional Crash Victim Simulator. 



in Section 9.3.8. 

Determination of s t rain i,s necessary i f  force-strain properties 
are prescribed for the bel t  system. Strain i s  found  as 

9 . 3 . 3  Material Prooerties. Loading and unloading characteristics 

for be1 t s  may be specified as described in detai 1 in Module 6 ,  Part 1 , 
and in brief in Section 9.2.3. 

I t  was previously mentioned tha t ,  for certain belt-system specifi-  
cations, the segment pairs B 1 - B 7  and B 2 - B 3  may be considered t o  be 
single pieces of webbing that pass through s l i p  points rather than 
attaching independently t o  anchors (or  r ings) .  Explanation of such 
specifications i s  given l a t e r  in Section 9.3.8.1, b u t  i t  should be 
made clear that the tension in any one-piece segment pair (possibly 
adjusted for f r ic t ion effects)  i s  determined from the total  deflection, 
or total  s t ra in ,  of the combined lengths of  webbing. I n  addition to 
the pairs B1- B, and  B2- B3, th i s  can be true also for the pairs 
8,-B2 and B3-B4  i f  "force equal i zation" (free sl  ippi n g )  options are 
selected. (See Section 9 . 3 . 4 ) .  If a belt-system design modeled by 
the user includes a belt  pair that will be considered as a single 
piece of webbing by the MVVA-2D model, then the user should designate 

the same material name for  the two segments. Whenever a be1 t pair 
must be treated as a comon strap,  the computer model will a rb i t r a r i ly  
use the material for the f i r s t  member of the pair i f  the designated 
materi a1 s for the separate segments are different.  

Mutual deformation of the occupant and be1 t s  may be modeled for 
the advanced belt  system as well as for  the three-belt system. This 
feature has been discussed in Section 9.2.4. 

9.3.4 Force Eaualization. Both the torso belt  pair ,  B1 and B2, 
and the l a p  be1 t pair ,  B3 and B4 (or  both) can be "force equalized" 
by set t ing be1 t-system switches appropriately in the input data. The 
force-equal i zation option i s  a means for  determining equal tensions 



i n  bo th  segments o f  a  p a i r  o f  b e l t s  t h a t  m igh t  be cons idered  as a  

s i n g l e  p i ece  o f  webbing i n s t e a d  o f  f a s t e n i n g  independent ly  t o  a  user -  

de f i ned  at tachment p o i n t  on t h e  occupant.  Thus, t h i s  o p t i o n  f o r  t he  

advanced b e l t  system i s  i d e n t i c a l  t o  t h e  s tandard t rea tment  o f  t he  com- 

b ined  two-segment l a p  b e l t  d iscussed i n  Sec t ion  9.2.1 f o r  the  t h r e e  

b e l t  submodel. A s i n g l e  t ens i on  i s  determined f o r  a  d e f l e c t i o n  equal 

t o  t h e  summed segment d e f l e c t i o n s  over  a  webbing l e n g t h  equal t o  t he  

sumed segment l eng ths ,  i n c l u d i n g  a  spec i  f i e d  ou t -o f - p l ane  component. 

Th is  t ens i on  i s  assigned sepa ra te l y  t o  bo th  segments o f  t he  p a i r .  The 

b e l t  f o r ces  thus produced correspond t o  a  c o n d i t i o n  o f  f r e e  s l i p p i n g  

around t he  occupant a t  t he  at tachment p o i n t .  

9.3.5 Torso-Be l t  I n t e r b e l t  I n f l u e n c e .  I n  genera l ,  f r i c t i o n  

and b e l t - s y s t e n  geometry f ac to r s  l ead  t o  unequal b e l t  tens ions .  Three 

o p t i o n a l  methods a re  a v a i l a b l e  t o  a l l o w  t he  t ens ion  i n  one t o r s o  b e l t  

t o  i n f l u e n c e  t h e  t ens ion  i n  t he  o t h e r .  They a re  descr ibed  i n  t h e  f o l -  

l ow ing  t h r e e  sec t ions .  The computer program l o g i c  a l l ows  any o f  these 

t h r e e  i n f l uences  t o  be a p p l i e d  t o  t he  t o r s o  b e l t  p a i r  (B1 and B2)  even 

i f  i t  has prev ious1 y been force-equal  i z e d  by t he  method o f  t he  p reced ing  

sec t i on .  However, examinat ion o f  t he  p e r t i n e n t  equat ions i n  Volume 

1 o f  t he  MVMA-2D manuals would show t h a t  equa l i zed  f o r c e  va lues a re  

f u r t h e r  m o d i f i  ed o n l y  by t h e  "percentage i n f l u e n c e "  method. The 

user  i s  d i r e c t e d  t o  Volume 1  f o r  a  more d e t a i l e d  d e s c r i p t i o n  o f  these 

f ea tu res  than i s  g iven  i n  t h e  f o l l o w i n g  sec t i ons .  

9.3.5.1 Normal-Force F r i c t i o n .  The f i r s t  i n t e r b e l t  i n f l u e n c e  

o p t i o n  i s  in tended  t o  s imu la te  t h e  e f f e c t  o f  s t a t i c  and s l i d i n g  f r i c -  

t i o n  between b e l t s  and t h e  occupant. Th i s  i s  done by a1 l ow ing  t he  t o r so -  

b e l t  p a i r  t o  " re lax , "  i n  e f f e c t ,  toward t he  b e l t  segnent o f  g r e a t e r  

tens ion.  Normal-force f r i c t i o n  e f f e c t s  a re  approximated f rom an 

es t imate  o f  t he  normal f o r c e  where t he  webbing i s  i n  c o n t a c t  w i t h  t h e  

occupant. Three system parameters a re  p resc r i bed  by  t he  user  f o r  t h i s  

op t ion .  The f i r s t  two a re  s t a t i c  and s l i d i n g  c o e f f i c i e n t s  o f  f r i c t i o n  

f o r  t he  be1 t -occupant  i n t e r f a c e ,  us  and u k y  r e s p e c t i v e l y .  The s t a t i c  
f r i c t i o n  c o e f f i c i e n t  i s  i n  general  a t  l e a s t  as l a r g e  as t h e  s l i d i n g  

f r i c t i o n  c o e f f i c i e n t  (pS - > uk )  a l though  t h i s  i s  n o t  a  requi rement .  



Free s l i p p i n g  r e s u l t s  i f  us  and u k  are  s p e c i f i e d  as zero.*  A non- 

s l i p  c o n d i t i o n  i s  guaranteed by s p e c i f y i n g  a  ve ry  l a r g e  va lue f o r  t he  

s t a t i c  c o e f f i c i e n t .  

The t h i r d  i n p u t  parameter, ;, i s  a  nondimensional q u a n t i t y  which 

must have a  va lue from 0 t o  1: 0 - c 5 - c 1. I f  5 i s  1,  then t he  nega t i ve  

f r i c t i o n - f o r c e  e f f e c t  t h a t  i s  a p p l i e d  t o  t he  t o r s o  b e l t  segment w i t h  

g r e a t e r  t ens i on  w i l l  be a p p l i e d  a l s o  as a  p o s i t i v e  e f f e c t  t o  t h e  seg- 

ment w i t h  sma l l e r  tension.** I f  5 i s  0, then t he  be1 t w i t h  g r e a t e r  ten-  

s i o n  w i l l  s t i l l  be a f f e c t e d  ( n e g a t i v e l y )  by the  e s t a b l i s h e d  f r i c t i o n -  

f o r c e  "adjustment," b u t  the  b e l t  w i t h  sma l l e r  t ens i on  w i l l  be una f f ec ted .  

For va lues o f  c between 0 and 1,  t he  be1 t w i t h  sma l l e r  t ens i on  w i l l  

be a f fec ted  by an i n t e rmed ia te  ( p o s i t i v e )  adjustment.  5 i s  t he  f r a c -  

t i o n  o f  t h e  nega t i ve  f r i c t i o n - f o r c e  ad justment  t h a t  i s  t o  be a p p l i e d  

p o s i t i v e l y  t o  t he  be1 t w i t h  sma l l e r  tens ion .  L i m i t e d  exper ience w i t h  

t h i s  fea tu re  of t he  advanced be1 t system submodel i n d i c a t e s  t h a t  a 

va lue  f o r  5 o f  about .5 may be most reasonable f o r  most shoulder  har -  

ness arrangements. 

9.3.5.2 Force D i f fe rence  S a t u r a t i o n .  An i n t e r b e l t  i n f l u e n c e  

o p t i o n  can be se lec ted  which w i l l  s imu la te  t he  e f f e c t  o f  b e l t  f r i c t i o n  

i n  an e n t i r e l y  d i f f e r e n t  manner. Here, a  " s a t u r a t i o n  f o r c e  d i f f e r e n c e "  

i s  p resc r i bed  by the  user  f o r  t he  t o r s o  b e l t  p a i r .  Whenever t he  d i f f e r e n c e  

i n  t ens ion  between t he  two b e l t s  exceeds t h i s  f o r c e  s a t u r a t i o n  va lue,  

t h e  g r e a t e r  o f  the  forces i s  reduced by an amount such t h a t  t h e  d i f -  

ference i n  tens ions  i s  equal t o  t he  s a t u r a t i o n  va lue.  The t ens ion  i n  

t h e  o t h e r  b e l t  i s  unchanged. Th i s  ad justment  o f  t h e  f o r c e  d i f f e r e n c e  

i s  in tended  t o  represen t  p a r t i a l  s l i p p i n g  a g a i n s t  s t a t i c  f r i c t i o n .  

The o n l y  q u a n t i t y  t h a t  t h e  user  must d e f i n e  i f  t h i s  o p t i o n  i s  used i s  

the va lue  f o r  t he  s a t u r a t i o n  force d i f f e r e n c e .  

9.3.5.3 Percentage I n f l uence .  The t h i r d  i n t e r b e l  t i n f l u e n c e  

o p t i o n  a l l ows  t h e  user  t o  s p e c i f y  a  p o s i t i v e  o r  nega t i ve  f r a c t i o n  o f  t h e  

t ens ion  o f  one t o r s o  b e l t  which w i l l  be a p p l i e d  as an a d d i t i v e  a d j u s t -  

- -- - - - -- - 

* s, t h e  t h i r d  parameter, must be 1  f o r  f r e e  s l i p p i n g  t o  r e s u l t .  

** The computer code does n o t  a1 low f o r c e  adjustments t o  do more than 
equa l i ze  the  be1 t tens ions,  i .e., t h e  be1 t segment w i t h  o r i g i n a l l y  
g r e a t e r  tens ion  cannot have the  smal l  e r  t ens i on  a f t e r  adjustment 
f o r  f r i c t i o n  e f f e c t s .  



ment t o  the tension of the other. Thus, one belt  i s  designated by the 

user as an "influencing belt ." I t s  tension i s  not adjusted, b u t  i t  
determines the adjustment t o  the other be1 t of the pair. I n  conjunc- 
tion w i t h  this  option, the user supplies a "maximum influence-force 
bound." If  the force adjustment, in absolute value, i s  greater than 
this  bound ,  then the bound i t s e l f  i s  applied as the adjustment (with 
proper sign).  The "percentage influence" option i s  more a r t i f i c i a l  
than the other torso interbelt  influence options, b u t  i t  has neverthe- 
less found useful appl ication. 

9.3.6 Inertia Reels. A maximum of three anchors, A , ,  A ? ,  and 
Ag (see Figure 9-6), may have iner t ia  reels of e i ther  the vehicle-sensi- 
t ive or webbing-sensitive type. The associated be1 t s  are B6, B5, 
and B 7 ,  respectively. A vehicle-sensitive reel can be made t o  lock a t  
some specified time, or alternatively,  when ei ther  of two conditions 
occurs: a )  the resultant iner t ia l  acceleration a t  the anchor location 
exceeds, in absolute value, a specified limit; or b )  vehicle pitch ex- 

ceeds, in absolute value, a specified limi t .  A webbing-sensi t ive reel 
will lock either whe11 the rate of be1 t feed-out or the acceleration 
of belt  feed-out exceeds a specified l imit .  Since belt  feed-out 
rate and acceleration are obtained from rough numerical differentia- 
tions, the modeled webbing-sensi t ive reels may not be as well behaved 
as vehicle-sensitive reels. Once a reel of either type locks i t  will 
remain locked for the duration of the crash history. 

9.3.7 S l i ~  Points. The upper and lower s l i p  points, or rings, 
i f  present, are ei ther  fixed to the vehicle frame or fastened t o  the 
end of ring straps,  B5 and  B6. If a ring i s  not anchored t o  the 
vehicle, then i t s  location a t  any value of time i s  determined by the 
condition that x- and z-forces a t  the ring location sum t o  zero. 
This involves solving simultaneous nonl inear equations for the ring 
coordinates, and some of the required input data are specifications 
for the numerical solution a1 gori t h m .  

The primary characteristic of the rings i s  that  the webbing straps 
passing throuah them are allowed t o  s l i p  ei ther  f reely,  or w i t h  a 
desired amount of frictional resistance, or not a t  a l l .  Free s l ip-  



p i n g  i s  handled by de te rmin ing  a  d e f l e c t i o n  f o r  t h e  combined be1 t 

segment ( e i t h e r  B1-B7 o r  B2-B3) and then  s e t t i n g  bo th  be1 t segment 

tens ions equal t o  t h e  r e s u l t i n g  b e l t  f o r ce .  The "no s l i p "  case i s  

handled by t r e a t i n g  t he  i nd i  v i d u a l  segments as independent s t r aps .  

The case o f  non-zero f r i c t i o n a l  r e s i s t a n c e  t o  s l i p p i n g  i s  t r e a t e d  by 

i n c l  ud i  nq a  torso-be1 t tens ion  ad justment  determined by mu1 t i p l y i n g  

a  user -p resc r ibed  c o e f f i c i e n t  o f  f r i c t i o n  by a  c a l c u l a t e d  es t ima te  o f  

t he  normal f o r c e  a t  t he  r i n g .  

9.3.8 Data Cards f o r  t h e  Advanced Be1 t-System Submodel . 
9.3.8.1 Anchor Types and Ring Types. A1 1  user -spec i  f i e d  

da ta  r e l a t i n g  t o  

1. anchor types,  and 

2. s l i p  p o i n t  c h a r a c t e r i s t i c s  

a re  en te red  on Card 720. The anchors Al , A2, A3, and A4 a re  ass igned 

anchor t ype  des igna t i on  numbers i n  t h e  f i r s t  f o u r  f i e l d s .  F i gu re  9-7  

i l l u s t r a t e s  t he  f o u r  anchor types t h a t  can be s p e c i f i e d .  I f  an anchor 

l o c a t i o n  has no assoc ia ted  be1 t i n  some use r -de f i ned  r e s t r a i n t - s y s t e m  

con f i gu ra t i on ,  then a  0, i s  en te red  on t he  720-Card f o r  t h a t  anchor.  

The anchor i s  a  " t ype  0" anchor. The o t h e r  t h r e e  anchor types a r e  

des ignated by I., 2., and 3. A " t ype  1" anchor f i x e s  a  b e l t  f i r m l y  

t o  t he  v e h i c l e  frame. A " t ype  2" anchor i s  any i n e r t i a  r e e l ,  whether 

veh i c l e - sens i  t i v e  o r  webbing-sens i t ive .  A " t ype  3" anchor i s  a  s l i p  

r i n g  t h a t  i s  fas tened  f i r m l y  t o  t h e  v e h i c l e  frame. 

Type des igna t i on  numbers a re  a l s o  r e q u i r e d  on Card 720 f o r  t he  

two s l i p  p o i n t s ,  o r  r i n g s .  F i gu re  9-8 i l l u s t r a t e s  t he  t h r e e  r i n g  

types t h a t  can be s p e c i f i e d .  A r i n g  i s  " t y p e  1" i f  be1 t segments 

l e a d i n g  t o  i t  f a s t e n  f i r m l y  t o  t he  r i n g .  Note t h a t  wherever be1 t 

segments 1, 2, o r  3 f a s t e n  secu re l y  t o  t h e  v e h i c l e  frame, a " t y p e  1 "  

r i n g  i s  s p e c i f i e d  even though no r i n g  e x i s t s ,  and a  " t ype  3" anchor 

i s  p resc r ibed .  I f  a  be1 t s t r a p  passes th rough  a  r i n g ,  then t h a t  r i n g  

i s  e i t h e r  " t ype  2" o r  " t ype  3."  I t  i s  " t ype  3" i f  f r e e - s l i p p i n g  oc- 

cu rs  a t  t h e  r i n g  and " t ype  2" i f  s l i p p i n g  occurs w i t h  f r i c t i o n a l  r e s i s -  

tance. The r i n g  type des igna t i on  numbers f o r  r i n g s  1  and 2  a r e  en te red  

i n  f i e l d s  5 and 6. A c o e f f i c i e n t  o f  f r i c t i o n  f o r  b e l t  s l i p p i n g  must 

be s p e c i f i e d  f o r  each r i n e  o f  " t ype  2."  The f r i c t i o n  c o e f f i c i e n t  



i = l o r 3 ,  j = 1 ,  
ANCHORi = 3 RING, = 1 

i = 2 ,  j = 2 and /or  
3 ,  RING2 = 1 

I 

i = 1 ,  j = 1 ,  k = 7 ,  
ANCHORi = 3 RING, = 2 o r  3 

i = 2 ,  j = 2 ,  k = 3 ,  
RING2 = 2 o r  3 

FIGURE 9-7 Be1 t Anchor Type Designat ion f o r  Anchor " i "  



FIGURE 9-8 D e s i g n a t i o n  o f  Ring-Bel t  R e l a t i o n s h i p  f o r  S l i p  P o i n t  "i" 
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i = 2 ,  j = 2 ,  k = 3 ,  
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i = 1 ,  j = l , k = 7 , & = 6 ,  
ANCHORl = 1 o r  2 

i = 2 ,  j = 2 ,  k =  3 ,  a =  5 ,  
ANCHOR2 = 1 o r  2 



i s  entered i n  f i e l d  7  f o r  r i n g  1 and i n  f i e l d  8 f o r  r i n g  2. 

As an example use o f  the  advanced be1 t-system submodel , F igure  9-9 

i l l u s t r a t e s  s imu la t i on  o f  the  three-be1 t system discussed i n  Sec t ion  

9.2 and i l l u s t r a t e d  by example data i n  F igure  9-5. Equ iva len t  da ta  f o r  

~ a  r ep resen ta t i on  o f  t h a t  system by the  seven-be1 t submodel a re  shown 

i n  F igure 9-10. The user  should be ab le  t o  denonstrate the correctness 

o f  the  anchor type and r i n g  type designat ions i n  f i e l d s  1  ' th rough 6 

of Card 720. Be1 t segment B3 (shown dashed i n  F igure 9-9) i s  e f f e c t i v e -  

l y  absent s ince  a  very l a r g e  s lack  i s  s p e c i f i e d  on Card 712. B e l t  

segment 8, represents the  two l a p  be1 t segments together ,  f o r  which 

co inc iden t  x-z p lane p r o j e c t i o n s  are p resc r i bed  i n  the example data o f  

F igure 9-5. 

9.3.8.2 Be1 t 5egment Spec i f i ca t i ons .  For each be1 t segment 

present  i n  the r e s t r a i n t  system design, the  data s e t  must i n c l u d e  one 

o f  the cards 710 throuqh 716. These seven cards are  f o r  b e l t  1 through 

b e l t  7, r espec t i ve l y ,  as i n d i c a t e d  i n  F igure  9-11. 

The f i r s t  two f i e l d s  o f  each card con ta in  x- and z-coordinates 

o f  the  b e l t  attachment p o i n t .  F igure 9-12 i l l u s t r a t e s  the  d e f i n i t i o n  

o f  these coord inates.  They are s p e c i f i e d  i n  a  system f i x e d  t o  the 

to rso  segment t o  which the  b e l t  i s  at tached, w i t h  the x-coord inate 

measured along the  c e n t e r l i n e  from the  upper j o i n t  o f  the segment and 

the  z-coordina t e  measured pe rpend icu la r l y  toward the  f r o n t  o f  the  

body.* Attachment po in t s  f o r  the  l a p  be1 t segments ( B 3  and B4) should 

be co inc ident .  Attachment p o i n t  coord inates f o r  the  r i n g  s t raps  (B5 and 

B6) and the  upper t o rso  b e l t  extension (8,) need no t  be spec i f i ed  s ince  

these b e l t  segments do n o t  extend t o  the to rso .  

F igure 9-13 shows a  b e l t  system w i t h  one i n e r t i a  r e e l ,  two s l i p  

p o i n t s ,  and one r i n g  s t rap .  Example da ta  cards f o r  t h i s  system are  

shown i n  F igure 9-14. Card 715 i s  n o t  inc luded s ince the  upper r i n g  

s t r a p  i s  n o t  present  i n  t h i s  be1 t-system con f i gu ra t i on .  

Anchor p o i n t  coord inates a re  entered i n  f i e l d s  3 and 4 o f  Cards 

* While b e l t  attachment p o i n t s  are measured from j o i n t s  f o r  i n p u t ,  
the  i n t e r n a l  values i n  the  computer program are w i t h  respec t  t o  
t o rso  segment centers o f  g r a v i t y .  



I FIGURE 9-9 s i m u l a t i o n  o f  a  ~ h r e e - ~ e l t  S s t e r n  Us ing t he  Advanced i Be1 t -system Submodel --- _I*___ ____. _.___- 



5.5 3.7 -134.8 -43.8 .5 UTBELTMAT 71 0 

4.3 3. -125.2 -10.5 .5 LTBELTMAT 71 1 

LAPBELTMAT2 0. 0. 0. 1 .  2. 0. 0. 704 

LAPBELTMAT2 5 . '  LAPS2 I LAPGR 705 

LAPGR 0. 0. 706 

LAPGR -02 -05 706 

LAPGR .06 .4  706 

LAPGR . I  .6 706 

LAPGR .2 .84 706 

LAPGR . 3  .94 706 

LAPGR 0. 1.  707 

LAPGR .02 .95 707 

LAPGR .06 .6 707 

LAPGR .1 .4 707 

LAPGR .2  - 1 5  707 

LAPGR .3 - 1  7 07 

M a t e r i a l  p r o p e r t i e s  f o r  UTBELTMAT and LTBELTMAT 

a r e  as s p e c i f i e d  i n  F i g u r e  9-5b. 

FIGURE 9-10 Data cards f o r  advanced b e l t  system r e p r e s e n t a t i o n  o f  t h e  th ree -  
be1 t system da ta  s e t  i n  F i g u r e  9-5. 



FIGURE 9-11 B e l t  Index S p e c i f i c a t i o n s  

r 

BELT INDEX SPECIFICATIONS (Advanced Be1 t - R e s t r a i n t  Submodel ) 
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4 

5 

6 

7 
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5.5 3.7 -134.8 -43.8 .5 BELTMAT 71 0 

3.5 3. .5 BELTMAT 71 1 

4.3 3. 0. BELTMAT 71 2 

4.3 3.  -127.8 - 7 . 4  0. BELTMAT 71 3 

-127.0 -8 .1  8. STRAPMAT 71 4 

-134.8 -7.4 36.4 BELTMAT 71 6 

F o r c e - s t r a i n  m a t e r i a l  p r o p e r t y  d a t a  
must  be p r o v i d e d  f o r  m a t e r i a l s  BELTMAT 
and STRAP MAT. 

FIGURE 9-14 Data f o r  a  b e l t  system w i t h  one i n e r t i a  r e e l ,  two s l i p  p o i n t s ,  
and one r i n g  s t r a p .  



710 through 716 for  each be1 t segment which extends to a fixed point 
on the vehicle frame, t o  a ring that  i s  fastened t o  the vehicle frame, 
or t o  an iner t ia  reel . These points are specified in the vehicle 

coordinate system, which i s  defined in Module 8. Anchor point coordinates 

are specified for the upper ring strap ( B ~ )  i f  i t  i s  present rather than 
for  the upper torso be1 t ( B 1  ) . Simi 1 ar ly  , anchor coordinates are 
specified for the lower ring strap ( B 5 )  i f  i t  i s  present rather than 
for  the lower torso be1 t ( B 2 )  and the inboard lap be1 t ( B 3 )  The 
anchor points for bel ts  2 and 3,  when required, should be coincident. 

An entry must be made in f i e ld  5 of each of the cards 710 through 
716 present in the data se t .  For belt  segments 1 through 4, t h i s  
value i s  for the i n i t i a l  slack associated with the be1 t. Negative 

values may be entered i f  i n i  t i  a1 be1 t tension i s  desired. For be1 t s  
5 through 7 the value entered i s  for  the i n i t i a l  segment webbing 
length, includi ng desi red slack. 

Fields 6 and 7 contain a sixteen-character alphanumeric name for 
the be1 t material. For each different  be1 t material name referenced 
on Cards 710 through 716, the data s e t  must include a se t  of material 
property cards 704 through 709, as described previously for  the three- 
belt  submodel in Section 9.2 .5 .  

Fields 8 and 9 are used only i f  mutual deformation i s  desired 
between a bel t  segment and the body element t o  which i t  i s  attached. 
For be1 t s  1 through 4, a sixteen-character a1 phanumeri c name entered 
in these f ie lds  designates a body material, and a complete s e t  of 
material property specifications must be supplied for each such 
material. 

9.3.8.3 System Specifications. Entries on a l l  remaining 
belt  cards pertain not t o  specific be l t  segments b u t  rather t o  the 
bel t  system as a whole. They are "system parameters." 

Card 718 i s  needed whenever the be1 t system includes a ring 
strap. The values on th is  card are control parameters for the a l -  
gorithm which determines the ring location for a force balance a t  



each instant of time. Only f ie lds  2 and 3 of this  card are used.* 
In f ie ld  2 i s  entered the maximum number of t r i a l  adjustments of the 
ring coordinates x and z that i s  allowed for each determination of 
the force balance. The i terat ive process is' terminated e i ther  when 
th is  l imit  has been reached** or when the force imbalance has been 
made less than a convergence epsilon, which i s  entered in f ie ld  3. 

The recommended values for these controls are 10. i terat ions a n d  2 .  

1 b ,  respectively . The user should avoid unnecessary specification of 
greatly different st iffnesses for be1 t s  which lead t o  a ring since many 
iteration steps may then be required for finding a force balance. 

Card 71 7 defines mi scel 1 aneous sys tern parameters. The val ue i n  

f ie l  d 2 indicates whether prescribed deformation-dependent be1 t materi a1 
properties are t o  be treated as functions of belt  deflection or belt  
s t ra in.  A 0. i s  entered for deflection-dependent properties and  any 
non-zero value for strain-dependent properties. The f ie l  d-3 value 
indicates the torso element t o  which the "lower torso belt" ( B 2 )  i s  
attached, 2, for the upper element, 3. for the middle, and 4 .  for the 
lower. Fields 4 and 5 are the out-of-plane components of separation 
between the torso-belt attachment points and lap-belt attachment points, 
respectively. Values need not be entered in these f ie lds  unless 
f ie lds  6 and 7 have non-zero values, which indicate that the force- 
equalization (free-slipping) option discussed in Section 9 . 3 . 4  i s  to 
be used for torso belts and lap bel ts ,  respectively. 

The remaining f ie ld of Card 717 for which a value i s  required i s  
f ie ld  1. The value entered indicates the desired type of interbel t 
influence for the torso be1 t s .  A 0. may be entered i f  i t  i s  desired t o  
use none of the interbel t influence options. Values of 1.  , 2 .  , and 3 .  
indicate, respectively, the options for normal-force f r ic t ion ,  force- 
difference saturation, and percentage influence. The characteristics 
for  the selected option are specified on Card 719. Fields 1 ,  2 ,  and 
3 are pertinent i f  normal-force fr ic t ion i s  selected. They contain 

* The algorithm presently used replaces the one documented in the MVMA- 
2D manuals, June 1974. 

** In this  case a warning message i s  printed, the best t r i a l  solution 
discovered i s  retained, and program execution continues. 



values f o r  t h e  s l i d i n g  and s t a t i c  c o e f f t c i e n t s  o f  f r i c t i o n  between t o r -  

so harness and t he  t o r s o  and t h e  parameter i, which was d iscussed i n  

Sec t i on  9.3.5.1. I f  f o r c e - d i f f e r e n c e  s a t u r a t i o n  i s  se l ec ted ,  then o n l y  

a  va lue  f o r  t he  s a t u r a t i o n  l e v e l  i s  r equ i r ed ;  i t  i s  en te red  i n  f i e l d  5 .  

For t h e  percentage i n f l u e n c e  o p t i o n ,  v a l  ues a re  r e q u i  r e d  i n  t h r e e  

f i e l d s .  The i n f l u e n c i n g  b e l t  i s  des ignated by  t h e  va lue  i n  f i e l d  4, 

1. f o r  t h e  upper t o r s o  b e l t  and -1. f o r  t h e  lower  t o r s o  b e l t .  The 

p o s i t i v e  o r  nega t i ve  f r a c t i o n  o f  t h e  t e n s i o n  o f  t h e  i n f l u e n c i n g  be1 t 

which i s  t o  be a p p l i e d  as an a d d i t i v e  ad justment  t o  t h e  o t h e r  be1 t 

i s  s p e c i f i e d  i n  f i e l d  7. The t h i r d  parameter i s  i n  f i e l d  6; i t  i s  

t h e  upper bound f o r  p e r c e n t a g e - i n f l  uence f o r c e  ad justment .  

9.3.8.4 I n e r t i a  Reel S p e c i f i c a t i o n s .  I f  an i n e r t i a  r e e l  i s  

i n d i c a t e d  f o r  anchor Al, A * ,  o r  A3 by t h e  anchor t ype  d e s i g n a t i o n  on 

Card 720 (see Sec t i on  9.3.8.1),  then t he  p r o p e r t i e s  o f  t h e  i n e r t i a  

r e e l  must be s p e c i f i e d  on one o f  t h e  cards 721 , 722, o r  723, r espec t i ve -  

l y .  Any i n e r t i a  r e e l  may be e i t h e r  v e h i c l e - s e n s i t i v e  o r  webbing- 

s e n s i t i v e ,  as i n d i c a t e d  by va lues o f  1.  o r  O . ,  r e s p e c t i v e l y ,  i n  

f i e l d  1. For a  veh . ;c le -sens i t i ve  r e e l ,  t h e  " l o c k "  condi  t i ~ n  can be 

s p e c i f i e d  e i t h e r  as a  l o c k  t ime  o r  as a  p a i r  o f  va lues f o r  maximum 

v e h i c l e  p i t c h  and maximum r e s u l t a n t  a c c e l e r a t i o n  a t  t h e  anchor l oca -  

t i o n .  The f i e l d s  f o r  these t h r e e  q u a n t i t i e s  a re  2, 3, and 4. I f  a  

l o c k  t ime  i s  s p e c i f i e d  i n  f i e l d  2, then f i e l d s  3  and 4  must be l e f t  

b lank .  I f  t h e  p a i r  o f  va lues i s  s p e c i f i e d  i n  f i e l d  3  and 4, then  -1. 

must be en te red  i n  f i e l d  2. A webb ing-sens i t i ve  r e e l  can be made t o  

l o c k  e i t h e r  on t h e  bas i s  o f  a  1  i m i  t i n g  v e l o c i t y  o r  a 1  i m i  t i n g  acce le ra -  

t i o n  f o r  b e l t  feed-out.  The f i e l d s  f o r  these two q u a n t i t i e s  a re  5  and 

6. Only  one va lue  may be s p e c i f i e d ,  and -1. must be en te red  i n  t he  

f i e l d  n o t  used.* Each i n e r t i a  r e e l  p resen t  r e q u i r e s  t h e  presence o f  

b e l t  B5, B6, o r  B7 and, thus,  one o f  t he  Cards 714, 715, o r  716. 

9.4 Model ing Cons idera t ions  

9.4.1 S t a t i c  Tests .  F i gu re  9-15 i l l u s t r a t e s  a dev ice  t h a t  m igh t  

be used f o r  l a b o r a t o r y  de te rm ina t i on  o f  t h e  b reak ing  s t r e n g t h  o f  b e l t  

webbing. Data f rom such a  t e s t  m igh t  a l s o  be used f o r  d e f i n i n g  t he  

* Values s tanda rd l y  used f o r  some o f  these l o c k - c o n d i t i o n  parameters a r e  
14" p i t c h  and 0.4 g r e s u l t a n t  a c c e l e r a t i o n  f o r  t h e  veh i c l e - sens i  t i v e  
r e e l  and 0.6 t o  0.9 g ' s  be1 t feed-ou t  a c c e l e r a t i o n  f o r  the webbing- 
s e n s i t i v e  r e e l .  



I FIGURE 9-15 Belt Strength  T e s t  Device 



force-strain properties of the webbing for input t o  a mathematical 
model. I t  i s  merely noted here that i f  a t e s t  device such as shown i s  
used, s t ra in  must be determined as a function of slippage a t  "b" 
and  possibly "c" since for non-zero slippage the length of segment "a" 
i s  not the effective webbing length. 

9 .4 .2  , Adjustment of Loadina Properties. A n  MVMA-2D data se t  
may sometimes define a be1 t-system confi guration that  differs  from 
the true restraint  system. For example, a res t ra in t  system might include 
double upper-torso res t ra in ts ,  symetr ic  s t raps,  one over each shoul- 
der. The MVMA Two-Dimensional model can be used t o  simulate such a 
system with the sinqle shoulder strap that  can be defined by the 
user. I t  i s  necessary only to double the force components of  the 
force-deflection or force-strain loading curve for that be1 t segment. 

Another example of necessary adjustment of input data i s  i l lus t ra ted  
by Figure 9-16. Suppose the true bel t  system includes the elements 
shown in the upper part of the figure and that  the coefficient of f r i c -  

tion for webbing sliding through the s l i p  point i s  zero. Such a system 
might be simplified for simulation with the three-be1 t submodel as 
i l lus t ra ted  in the lower part of the figure. Suppose that force- 
s t ra in  data are available for the webbi n l ~  of the true system and that  

i t  i s  used directly for the simplified system. Then, while the 
anchor and attachment point specifications are unchanged in simp1 i fying 
the true system, account must be taken of the fac t  that  the apparent 
bel t  length, 1 ,  in the simplified system i s  less than the total  be1 t 
length of the true system, L. Belt length should be specified not as 
t , the s t r a i  g h t - 1  i  ne distance between the anchor and the i n i t i a l  
position of the attachment point, b u t  instead as L.  This will resul t  
in calculation of s t rains  appropriate for the prescribed material 
properties. Whatever i n i t i a l  slack condition might have been prescribed 
f o r  the true system may s t i l l  be prescribed for the simplified system. 
A1 ternatively,  i f  the force-strain curve i s  l inear ,  E may be taken as 
the torso bel t  length, and the force components of the true loadinq 
curve must then be increased by the factor L/E .  
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These are only two examples of ways in which a r t i f i c i a l  loadinq 
properties might be prescribed for representing one be1 t-system con- 
figuration by a different one, whether of necessity or for economizing 
the determination of be1 t forces. The user may wish t o  demonstrate 
as an exercise that the bel t  s t i f fness  data of the 708-Cards shown in 
Figure 9-10 are appropriate for making the system shown in Figure 
9-9 equivalent t o  the system defined by the data in Figure 9-5 (specif i -  
ca l ly ,  the 708-Cards for material LABELMAT). 

9 .4 .3  Special Uses of Loadins Curves. The user should keep in 
mind the possibil i ty of modifying loadiriu curves for the purpose of 
modeling phenomena that cannot be represented direct ly  by use of 
model features. Figure 9-17 i l l u s t r a t e s  an example. The f i r s t  part of 
the curve represents resistance t o  a large amount of belt  s l i p ,  
a f te r  which a real belt  load results from bel t  elongation. 

9.4.4 Special Uses of Contact Surfaces. If i t  i s  found  that a 
restraint-system design cannot be adequately represented by the be1 t 
segments of the sevei-belt submodel, contact surfaces can often be 
used t o  define suitable a r t i f i c i a l ,  supplementary belt  segments. An ex- 
ample i s  shown in Figure 9-18. A contact surface i s  assigned the 
material properties of the be1 t represented, and a rigid occupant 
contact c i rc le  i s  prescribed for interaction with this  surface. 
Inhibition cards* are included in the data deck which guarantee that the 

"be1 t surface" and "bel t  c i rcle"  will interact  with no other elements 
o f  the system. The surface and c i r c l e  a.re positioned so that i n i t i a l  
bel t  slack i s  properly represented. This technique i s  best used for 
belts that  are independent of other belts in the system and do not 
change angle significantly w i t h  occupant motion. 

* Cards 106. See Modules 4 and 5. 
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MODULE 10 -- AIRBAG RESTRAINT SYSTEM 

10.1 Airbag Submodel : General Desc r i p t i on  

An a i r bag  submodel may be used o p t i o n a l l y  w i t h  t he  MVMA-2D Crash 

V i c t i m  Simulator .  The es t ima t i on  o f  bag fo rces  i s  based on s o l u t i o n  

o f  t he  d i f f e r e n t i a l  equat ions o f  gas thermodynamics. The a i r bag  can 

con tac t  bo th  the  occupant and v e h i c l e  i n t e r i o r .  Res t ra i n i ng  fo rces  due t o  

t he  i n t e r n a l  pressure and s k i n  tens ion  a re  generated when t he  bag i s  

f u l l y  i n f l a t e d .  The shape o f  t he  bag i s  a l lowed t o  conform t o  t h a t  o f  

t he  occupant and the  veh i c l e  i n t e r i o r  w i t h  f r e e  sec t ions  o f  the p e r i -  

meter de f ined  as c i r c u l a r  segments. When t h e  pressure i n  the  bag reaches 

a  s p e c i f i e d  l e v e l ,  gas i s  a l lowed t o  f l o w  o u t  o f  the  bag through de f ined  

o r i f i c e s .  

10.2 A i rbag Enclosure 

The a i r bag  expands w i t h i n  a  c losed  area i l l u s t r a t e d  i n  F igure 

10-1. The area i s  de f ined  by:  a )  f i v e  i n p u t t e d  s t r a i g h t  l i n e  segments 

at tached, r e s p e c t i v e l y  , t o  t h e  upper to rso ,  midd le  t o r so ,  lower  t o r s o ,  up- 

per  legs ,  and lower  legs  (segments 1-2, 2-4, 4-6, 7-8, and 9-10) (907- 

909 cards)  ; b )  ca l cu l a ted  s t r a i g h t - 1  i n e  segments j o i n i n g  t he  endpoints o f  

t h e  f i v e  pr imary 1  i ne segments; c )  two c a l c u l a t e d  s t r a i g h t - 1  i n e  segments 

approx imat ing t he  f r o n t  o f  t he  head; d) f rom one t o  f i v e  i n p u t t e d  f r o n t a l  

i n t e r i o r  l i n e  segments ( spec ia l  e n t r i e s  on s tandard 411 cards)  ; 3 )  a  r o o f  

- l i n e  extending t o  above and behind the  head; f )  and two c a l c u l a t e d  

l i n e  segments which c lose  t he  area (a-b and 10-A i n  F igure 10-1 ) .  

The bag source, o r  "attachment po in t , "  i s  shown i n  F igure 10-1 

as p o i n t  ( x A , z A )  Th is  p o i n t  i s  i n p u t t e d  i n  v e h i c l e  coord inates 



- 

FIGURE 10-1 MVMA 2-D A i r b a g  Model 



on the 901 and 902 Cards as will be explained l a t e r .  The bag source 

i s  fixed in the vehicle; i t  cannot move with e i ther  the steering 

assembly system or any part of the vehicle inter ior .  The airbag 

i t s e l f ,  however, will react against l ine segments which define a 

frontal inter ior  profile.  This profile i s  comprised of from one t o  

f ive connected 1 i  ne segments generated by the user 's  defining two 

to six points. The profile for  airbag contact i s  normally identical 

t o  the profile of instrument panel 1 ines , e t c . ,  defined for inter-  

action w i t h  the vehicle occupant. Figure 10-7, however, i l l u s t r a t e s  

a bag-sensing profile which i s  less detailed than the occupant- 

sensing profile.  Six entries on 411-Cards define the points 

A ,  B ,  C ,  D, E ,  F and thus the l ine segments AB, BC, CD, D E ,  and EF.  

These five segments, the maximum number allowed, can on ly  approximate 

the occupant-sensing profi le,shown by sol id 1 ines. Since this  

profile i s  a reaction surface for the airbag, the user should make 

the approximation t o  the true inter ior  l ine most accurate near the 

bag source. A1 1 vehicle-interior 1 ine-segment endpoints can be 

prescribed as functions of time, and the airbag will sense any 

collapse of the 1 ines A B ,  B C ,  CD, DE, and EF about i t .  These 1 ines 

are sensit ive only to  airbag contact while the example vehicle- 

in te r ior  configuration defined by FGEDCBHAI i s  sensit ive only to 

interaction with contact el 1 ipses. Airbag forces and moments are 

applied to  the occupant a t  segments C-1 , 1 - 2 ,  3-4, 5-6, 7-8. 

10.3 Assumptions 

The approach chosen for developing an analytical submodel for 

inflatable occupant restraints  was to produce the simplest model 



t h a t  would p rov ide  acceptable agreement w i t h  exper imental  data .  Assumptions 

made i n  t he  f o rmu la t i on  o f  t he  a n a l y t i c a l  model were based upon bo th  

ana l ys i s  of t he  phys ica l  processes i nvo l ved  and observa t ion  o f  high-speed 

movies of t e s t s  o f  p ro to t ype  i n f l a t a b l e  s a f e t y  r e s t r a i n t s .  User ex- 

per ience w i t h  t he  model may suggest a l t e r a t i o n  o f  some o f  t h e  assump- 

t i o n s  o r  g e n e r a l i z a t i o n  o f  some o f  the  a lgor i thms used t o  cover  a  w ider  

v a r i e t y  o f  phys ica l  s i t u a t i o n s .  Observat ion o f  high-speed movies o f  

t e s t s  l e d  t o  f o u r  assumptions (See F igure 10-2).  

1. No r e s t r a i n t  f o r ce  i s  exer ted  upon t he  occupant u n t i l  t he  

occurrence of  f u l l  bag i n f l a t i o n ,  which i s  de f i ned  as the  c o n d i t i o n  i n  which 

the  c a l c u l a t e d  per imete r  o f  t he  deformed o r  undeformed bag equals the  i n -  

pu t t ed  f i l l e d - b a g  per imeter .  Th is  i s  equ i va l en t  t o  s t a t i n g  t h a t  t he  mass 

o f  the  bag and i t s  contents  can be neglected.  

2 .  The s k i n  o f  the  bag does n o t  s t r e t c h .  

3.  The per imete r  o f  the  bag cross s e c t i o n  i n  t he  p lane o f  mot ion con- 

forms t o  t he  shape o f  the  automobi le i n t e r i o r  o r  t o  the  occupant wherever they 

touch. Elsewhere t he  per imete r  i s  descr ibed by c i r c u l a r  a rcs .  

4.  Once t he  occupant and the  bag have contacted,  t he  bag s k i n  ad- 
o 

heres t o  t h e  occupant w i t h o u t  s l i ppage .  

Four o t h e r  assumptions were made t o  s i m p l i f y  the  model. 

1. Thermodynamic p r o p e r t i e s  o f  t he  gas i n  t h e  bag a re  c a l c u l a t e d  us ing  

a d i a b a t i c  expansion o f  i d e a l  n i t r o g e n  , neql e c t i  ng p o t e n t i  a1 energy o f  t he  

gas. Flow o f  gas through t he  d e f l a t i o n  membranes i s  c a l c u l a t e d  assuming 

unchoked f l o w  through a  converging nozzle.  

2. Bag pressure does n o t  a f f e c t  the  r a t e  o f  i n f l a t i o n  by t he  gas 

generator ,  which d e l i v e r s  gas a t  a  predetermined r a t e .  Th is  

imp l i es  t h a t  t he  area o f  the  cross s e c t i o n  o f  t he  bag increases 



I.  - -  The occupant feels constraint forces only after b a g  i s  fu l ly  
- - -- ---- ------- -.- ------- 7 expanded. I ----- A-- 

...... -- - ---- ... - - - - - - - - I_- -  --_- 
; 2. The skin of the bag  does not  stretch. ---- -- -- -_ -- -.-.-----.-..-I_ ------ ---I_______L_ 

3 .  The bag cross-section perimeter i s  circular ex?c?-pt -- -- - -  .-..-- 
w h e r e i t o r m s  to the shape of the veGcle inter ior  
I - -  - -  ----. - - - _ _ _ _ _  - 
; o r  to the occupant. 
--------.- .-- 

---- - -.---.------ ---. -- -. ------ -- 
,4. The bag  skin adheres to the occupant without sl ippage. 
---..--- . .. _ _  _ - . 

.. ----. ...-. ....................... _-_- ......--........................ -_... -..__ _ 
5. Adiabat ic expansion of idea l  n i t rogen i s  a t  assumed. - - - ..........-.............. . . - . . .  .- - - - ~ -  -. . 

............. .. ... ............ 

6. Bag pressure does not affect the rate of inf lat ion,  
....--...... ..... - -. .- -- 

which i s  specificed b y  the user. 
-..-.-.................. ------ 

--- -- ---- .- 

i 7. The attachment po in t  i s  f i x e m h e G X u < G m p 3 - r t m < G t .  

-- 
8. The effect of skin tension c a r b e  approx imated from b a g  - - 

ressurel occupant width; a n d  depth of penetrat ion in to  !k - .--- --  -- - - -. - - - - - - - -- - - - . - - - - - - - 
l the bag. 

1 FIGURE 10-2 Summary o f  Assumpt ions i n  A i r b a g  Submodel A n a l y s i s  
i _ _ _ . _ _ _ _ _ -  --...- ________ .-__ ....... 



a t  a predetermined rate until the bag i s  f i l l ed .  

3 .  The point a t  which the bag attaches t o  the automobile 

inter ior  i s  fixed w i t h  respect t o  the inter ior .  This means that the 

bag may n o t  be attached t o  a collapsible steering column. 

4. Restraint force due t o  tension in the skin of the bag, 

caused primarily by the bag wrapping around the sides of the occu- 

pant, i s  approximated by a simple algorithm which takes into 

account the most important variables: pressure in the bag, width of 

the occupant and depth of penetration into the bag. 

10.4 Simulation Description 

The differential  equations for occupant motion require values 

for forces and moments, from a l l  sources, acting on the occupant. 

A t  each step of the numerical integration, a central routine ca l l s  

the airbag submodel, presents i t  with an updated occupant and vehicle 

position, and receives i n  return updated forces and moments on the 

occupant due t o  the airbag. Basic organization of the airbag 

simulation i s  shown in Figure 10-3. 

The airbag i s  inflated a t  a time-dependent rate specified by 

the user; in le t  mass flow ra te  i s  a tabular input to  the simulation. 

Energy absorption by the bag results by e i ther  or both of two means, 

controllable by the user. F i rs t ,  exhaust gas may be vented through 

user-defi ned or i f ices ,  as i 11 us trated i n Figure 10-4. Second, the 

venting of gas over the surface of the bag may be simulated by 

defining the porosity of the bag fabric.  These features of the 

airbag submodel will be discussed in detail  with the description 

of input data requirements . 
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FIGURE 10-3 General Organization o f  the Airbag Simulation 



FIGURE 10-4 Supply Cylinder and Bag 



The bag may be a r b i t r a r i l y  p o s i t i o n e d  w i t h i n  t he  passenger compart- 

ment; f o r  example, on the  ins t rument  panel .  A v e c t o r  heading must 

be s p e c i f i e d  t o  de f ine  an a x i s  a long  which t h e  bag cen te r  progresses 

as t h e  bag becomes an ever-expanding c i r c l e .  Th i s  a x i s  i s  i l l u s t r a t e d  

i n  F i gu re  10-1. The heading angle  remains cons tan t  u n t i l  c o n t a c t  

occurs  w i t h  bounding segments o f  t he  c losed  area i n  which t h e  a i r -  

bag expands, p r e v i o u s l y  i l l u s t r a t e d  i n  F igure  10-1. A f t e r  such con- 

t a c t ,  t h e  heading o f  t he  bag cen te r  mot ion  i s  ad jus ted  i n  o r d e r  t o  

ba lance z - d i r e c t i o n  fo rces  on t h e  bag. It i s  assumed t h a t  f o r ces  

on t h e  bag i n  t h e  v e h i c l e  x - d i r e c t i o n  caused by c o n t a c t  w i t h  t h e  

occupant a re  balanced by fo rces  caused by c o n t a c t  w i t h  t he  i n t e r i o r .  

Forces on the  occupant a re  c a l c u l a t e d  as a  sum o f  elemental  

fo rces  from elemental areas o f  con tac t  between bag and occupant 

as shown i n  F igure  10-5. Forces a re  accumulated f o r  each of  t h e  

body segments r ep resen t i ng  head, t o r s o  and upper l egs .  Moments on 

each segment a re  c a l c u l a t e d  i n  t h e  same process. Each elemental  

f o r c e  i s  made up o f  two p a r t s :  one caused, by p ressure  i n s i d e  t he  bag 

and t he  o t h e r  by t ens ion  i n  t h e  bag sk i n .  The f i r s t  of these i s  c a l c u l a t e d  
. -.-.- 

f rom t h e  elemental  l e n g t h  o f  bag con tac t ,  t he  w i d t h  o f  t he  occupant a t  
- 0 -  . 

t h a t  p o i n t ,  and t h e  p ressure  i n  t h e  bag. The s k i n  t e n s i o n  f o r c e  r e s u l t s  

f rom t h e  tendency o f  t h e  bag t o  wrap around t h e  s i des  o f  t h e  occupant. 

S ince t h i s  s i m u l a t i o n  c a l c u l a t e s  t he  shape o f  t h e  bag o n l y  i n  t h e  

p lane  o f  mot ion,  s k i n  t ens i on  f o r c e  can o n l y  be rough l y  approximated. 

The v a r i a b l e s  o f  s t r onges t  i n f l u e n c e  on s k i n  t e n s i o n  f o r c e  a re  
., . . .. 

p ressure  i n s i d e  the  bag, w i d t h  o f  t h e  occupant a t  each c o n t a c t  p o s i t i o n ,  and 

t he  d i s t ance  t he  occupant has pene t ra ted  i n t o  t h e  bag a t  a l l  p o i n t s  on 
. . 

t h e  a i  rbag per imete r .  
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d j  = ~nciernental - l e n z h  -. - of iontbct in plane -- bf A motion. 
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W j  = Width of occupant at thiGncrement 

FIGURE 10-5 Incremental Force Generation 



The approximation used i s  an attempt t o  take al l  three of these fac- 

tors into account without unduly increasing the complexity of the 

analysis . 

10.5 I n p u t  Data Cards 

Data pertinent t o  the airbag submodel are entered primarily on 

Cards 901 through 909. Other relevant cards are 102 and 411. The 

presence of airbag data within a completely assembled s e t  of data 

for an MVMA-2D crash simulation will not in i t s e l f  resul t  in inclu- 

sion of airbag effects in the crash dynamics. I t  i s  necessary for  

the user to indicate that airbag interaction with the occupant i s  to 

be considered by set t ing a control switch on Card 102. Field 2 of th i s  

card must contain a non-zero value i f  the airbag i s  t o  be deployed. 

Card 102 i s  shown in Figure 10-6 along with other cards for an 

example airbag data se t .  

Special entries are required on a t  leas t  two, b u t  not more 

than s i x ,  411-Cards in any simulation in which the airbag i s  t o  

be deployed. These cards are used normally for  specifying the lo- 

cation of endpoints of s t raight  1 ine segments which define the 

vehicle inter ior  profi 1 e seen by occupant contact-sensing el 1 i pses. 

These cards are also used, however, t o  specify points of a frontal 

in te r ior  profile against which the airbag can react when i t  inter- 

acts with the occupant. These two vehicle in te r ior  profiles have 

been discussed previously and are i l lus t ra ted  in Figure 10-1. If 

points of the occupant-sensi ng profi 1 e are f e l t  t o  adequately define 

the bag-sensing profi le ,  then such line segment endpoints as are ap- 
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propriate, from two t o  s ix ,  may be made t o  serve double duty. An 

independently defined bag-sensing profile may be used instead, i f  

desired, by adding 411-Cards for l ine segments of a vehicle in te r ior  

region which i s  not allowed t o  interact with body segment e l l ipses .  

(41 lowed or disal lowed contact interactions are specified on 106- 

Cards, which are discussed in Module 6 . )  In ei ther  case, the values 

in f ie lds  4 and 5 of any 411-Card for  time equal t o  zero are used 

as coordinates of a point of the bag-sensing profile i f  f ie ld 8 of 

the card contains a I . ,  2 . ,  3 . ,  4 . ,  5 . ,  or 6. If there are t o  

be "n" l ine segments in the profi le ,  then there must be " n  + 1 "  411- 

Cards with values from 1 . t o  " n  + 1 "  in f ie ld  8. The "n + 1 "  points 

so designated are connected in order of t h e  numbers in f ie ld  8 t o  

define the " n u  segments. Point 1 should be near the bottom of the 

toeboard and point "n + 1 "  should be for a point near the t o p  of 

the windshield. The example 411-Cards in Figure 10-6 define a 

three-segment bag-sensi ng profi l e .  

Values are required for various constant airbag system para-  

meters on Cards 901 , 902, and  903. The f i r s t  f ie ld  of Card 901 

must contain a zero or be l e f t  b l a n k .  In f ie ld 2 i s  entered the 

angle, in degrees, of the l ine from the attachment point a l o n g  

which the bag center progresses as the bag expands. This angle 

i s  measured counterclockwise from the vehicle 's  x-axis. The value 

of 161" in the,exarnple data of Figure 10-6 i s  typical.  Bag width, 

i .e., the out-of-plane dimension, i s  entered in f ie ld  3 ,  and the 

perimeter of the bag when fully inflated i s  in f i e ld  6. ..Fields 4 

and 5 contain two quantities t h a t  can be ful ly  understood only 



w i t h  an examinat ion o f  some o f  t h e  computer code. They a r e  a  p e r i -  

meter  i t e r a t i o n  t o l e rance  and a  maximum a l lowed count  f o r  t h a t  i t e r a -  

t i o n .  S u f f i c e  i t  t o  say t h a t  values o f  1.  i n c h  and 30. a re  appro- 

p r i a t e .  

One o f  t h e  two d e f l a t i o n  mechanisms ment ioned e a r l i e r  i s  t he  

ven t i ng  of gas through o r i f i c e s  a f t e r  t h e  r u p t u r e  of d e f l a t i o n  mem- 

branes. The pressure d i f f e r e n t i a l  necessary t o  b u r s t  a  membrane i s  

en te red  i n  f i e l d  7 o f  Card 901. The area o f  one d e f l a t i o n  membrane 

i s  en te red  i n  f i e l d  8. E x p l i c i t  assumptions made i n  the  c a l c u l a -  

t i o n  o f  t h e  exhaust mass f l o w  r a t e  a re :  1 )  t h a t  unchoked f l o w  

through an o r i f i c e  occurs w i t h  no losses ,  i . e . ,  w i t h  a  va lue  o f  1  

f o r  t h e  o r i f i c e  d ischarge  c o e f f i c i e n t ;  and, 2) t h a t  t h e  bag has 

two d e f l a t i o n  o r i f i c e s .  Since t h e  exhaust mass f l o w  r a t e  i s  d i r e c t -  

l y  p r o p o r t i o n a l  t o  t h e  d ischarge  c o e f f i c i e n t  and t o  t h e  area o f  a  

d e f l a t i o n  membrane, t h e  user  may e f f e c t i v e l y  a d j u s t  t h e  pre-assumed 

va lues f o r  d ischarge  c o e f f i c i e n t  and number o f  o r i f i c e s  by a d j u s t i n g  

t h e  va lue  f o r  d e i l  a t i o n  membrane area a p p r o p r i a t e l y .  The s tuden t  

should be ab le  t o  s a t i s f y  h i m s e l f  t h a t  t h e  va lue  o f  12. square inches 

i n  f i e l d  8 o f  Card 901 m igh t  be f o r  a  bag w i t h  two 12 square- inch 

o r i f i c e s  w i t h  d ischarge  c o e f f i c i e n t s  o f  1, o r  t h a t  i t  cou ld  e q u a l l y  

2 w e l l  be f o r  a  bag w i t h  t h r e e  o r i f i c e s ,  one w i t h  area 10 i n  and a  

d ischarge  c o e f f i c i e n t  o f  1. and two o the rs ,  each w i t h  an area o f  8 

2 i n  and a  d ischarge  c o e f f i c i e n t  o f  ,875. 

The X- and Z-coordinates i n  t h e  v e h i c l e  system o f  t h e  bag a t -  

tachment p o i n t  a re  en te red  i n  f i e l d  9 o f  Card 901 and f i e l d  1  o f  Card 902. 

Temperature of t he  supply  gas ( O F  o r  "C), i f  cons tan t ,  i s  i n  f i e l d  2 



o f  Card 902.  Occupant  o u t - o f - p l a n e  w i d t h s  f o r  head, s h o u l d e r s ,  t o r s o ,  

h i p ,  and t h i g h s  ( t w o  l e g s )  a r e  r e q u i r e d  i n  f i e l d s  3  t h r o u g h  7 .  F i e l d  

8 i s  unused and may be l e f t  b l a n k .  The bag f i r e  t i m e  i s  e n t e r e d  i n  

f i e l d  9 .  T h i s  v a l u e  i s  g e n e r a l l y  i n  n e a r  c o i n c i d e n c e  w i t h  t h e  f i r s t  .- 

d e v i a t i o n  f rom z e r o  o f  t h e  v e h i c l e  d e c e l e r a t i o n  p r o f i l e s  b u t  w i l l  

n o r m a l l y  depend on  a  A V - t h r e s h o l d  a t  t h e  senso r .  

Seven val-ues a r e  r e q u i r e d  on Card 903. The gas c o n s t a n t  i s  i n  f i e l d  
- 

1 .  The v a l u e  o f  55.15 f t / " F  i n  t h e  example d a t a  i s  f o r  n i t r o g e n .  

53.3 f t / " F  i s  a p p r o w i a t e  f o r  a i r .  The exhaus t  p r e s s u r e  i s  i n  f i e l d  
- 

42. S i n c e  t h i s  must  be one atmosphere,  t h e  v a l u e  e n t e r e d  s h o u l d  be 

2 14.7 I b / i n  i f  t h e  s i m u l a t i o n  i s  done i n  E n g l i s h  u n i t s  o r  10 .135  N/cm 2 

i f  done i n  M e t r i c  i n i t s .  I n  f i e l d  3  s h o u l d  be e n t e r e d - t h e  r a t i o  o f  spe- 

c i f i c  h e a t  a t  c o n s t a n t  p r e s s u r e  t o  t h e  s p e c i f i c  h e a t  a t  c o n s t a n t  - 
volume.  Fo r  r e a l  gases, t h e  s p e c i f i c  h e a t s  and a l s o  t h e i r  r a t i o  a r e  

dependen t  on t empe ra tu re ,  b u t  f o r  t h e  t e m p e r a t u r e  r anqe  l i k e l y  f o r  a i r -  

bag s i m u l a t i o n s ,  a  mean r a t i o  o f  1 .4  i s  a c c u r a t e  f o r  e i t h e r  n i t r o g e n  

o r  a i r .  F i e l d  4  i s  unused and may be l e f t  b l a n k .  A mean v a l u e  o f  t h e  

- s p e c i f i c  h e a t  a t  c o n s t a n t  p r e s s u r e  i s  r e q u i r e d  i n  f i e l d  5 ;  .25 BTU/ lb0F 
- 

i s  an app rox ima te  v a l u e  f o r  b o t h  n i t r o g e n  and a i r .  The a n g l e  f o r  t h e  

r o o f  l i n e  w i t h  r e s p e c t  t o  t h e  x - a x i s  o f  t h e  v e h i c l e  i s  needed i n  f i e l d  6 t o  h e l p  

d e f i n e  t h e  c l o s e d  a r e a  i n  wh i ch  t h e  a i r b a g  expands.  T h i s  i s  t h e  a n g l e  

+ i n  F i q u r e  10-1.  Model r e s u l t s  a r e  i n s e n s i t i v e  t a  t h e - v a l u e  i n y t t e d  
- 

w i t h  any r e a s o n a b l e  bag l o c a t i o n  as l o n g  as t h e  p r o j e c t e d  r o o f  l i n e  
W 

passes above t h e  head. A v a l u e  o f  150" i s  r e a s o n a b l e .  The l a s t  r e -  

q u i r e d  e n t r y  on t h e  903-Card i s  a  v a l u e  i n  f i e l d 7  f o r  average  head 

r a d i u s .  I t i s  used  t o  h e l p  d e f i n e  t h e  1 i n e  segments bc and c l  i n  

F i g u r e  10-1 . - 

Three  t y p e s  o f  t a b u l a r  i n p u t  a r e  s p e c i f i e d  w i t h  Cards 903, 905 



and 906 and unnumbered cards which follow them. Card 904 contains 

one value, in f ie ld 1 -- the number o f .  time points a t  which mass in- 

flux rate will be specified. The computer model determines the influx 

rate for a1 1 non-specified times by 1 inear interpolation. Coordinate 

pairs which define the mass influx rate  profile are entered on u n -  

numbered cards imediately foll  owing the 904-Card, four time-rate pairs 

per card, in order. Field 1 of each such card contains a time value in 

msec, time and influx rate values alternating in the f i r s t  eight f ie lds .  

Supply gas temperature versus time i s  similarly defined by Card 905 

and fol lowing unnumbered cards. 

One of two deflation mechanisms has previously been discussed, v i z . ,  

the venting of gas through orif ices  a f t e r  the rupture of deflation 

membranes. The second optional method i s  the venting of gas through 

porous bag fabric over the surface of the bag. Tile user i s  required 

t o  specify bag porosity as a function of pressure d i f fe rent ia l .  Field 

1 of Card 906 indicates the number of points in the table and following 

cards contain pressure-porosi ty pairs,  four pairs t o  a card. The 

units of porosity are volume of gas ( a t  the temperature and pressure 

of the occupant environment) per unit area per minute. The user may, 

i f  desired, combine the two available deflation mechanisms i n  any 

crash simulation. I f  i t  i s  desired t o  use only bag-porosi ty defla- 

t ion,  i t  i s  necessary t o  ensure against gas loss through the defla- 

tion orifices, which are an integral feature of the airbag model . 
This may be done by specifying an unrealist ically large value in f ie ld 

7 of Card 901 for the pressure differential  necessary t o  burst a defla- 

tion membrane or by sett ing the deflation membrane area equal t o  zero 

i n  f ie ld 8 of Card 901. If energy absorption i s  to  resul t  on ly  from 



venting of gas through or i f ices ,  then Card 906 and  accompanying un-  

numbered cards should be omitted from the data deck. 

Three remaining cards complete the d a t a  requirements for the a i r -  

bag submodel. Bag forces on the occupant  resul t  from interaction of 

the airbag with the occupant profile.  Cards 907,  908, and 909 define 

this  occupant profile as a series of s t raight  l ine segments. 

These are i l lustrated in Figure 10-7. The user i s  required t o  define 

the locations of eight points on the occupan t  frontal profi le ,  each 

fixed with respect t o  some body link as indicated. The points in 

Figure 10-7 which are defined on cards 907, 908, and 909 are ( E ~ ,  i i )  

w i t h " i U e q u a l  t o 1 ,  2 , 4 , 6 , 7 , 8 , 9 , a n d 1 0 .  I t i s c l e a r t h a t a s  

articulation occurs a t  body joints ,  any successive points of this  group 

that are n o t  defined with r e s ~ e c t  t o  the same body link will undergo 

relative motion. Solid l ine segments in the contact l ine profile are 

fixed in length and orientation by the input d a t a .  Dashed lines will 

vary in b o t h  length and orientation with respect t o  a l l  body links; 

these are determined by the computer model from the input d a t a  so as 

t o  make the contact profile continuous. 

The f i r s t  eight f ie lds  of Card 907 are used for coordinate pairs 

( t i ,  c i )  with successive values of i  equal t o  1 , 2 ,  3 ,  and 4. No values 

are required for point 3 ,  so f ie lds  5 and 6 are l e f t  blank. Similarly, 

four points are accommodated by Card 908. No input i s  required for  point 

5 ,  however, so the coordinates of points 6 through 8 are in fields 3 

th rough  8. Points 9 and 10 are defined in the f i r s t  four f ie lds  of 

Card 909. 



FIGURE 10-7 A i rbag Contact  L i n e s  on Occupant 



MODULE 12  - MODEL OPERATION 

12.1 Model Architecture 

The MVMA Two-Dimensional Crash Victim Simulation i s  a large and 
complex computer program. Some of the input quantities t o  the MVPA 

2-D Model deal with the alternatives in operation of the computer 
program as opposed t o  the description of the situation being simula- 
ted. 

Unders tandi ng of some of  the proaram controls entai 1 s  some 
knowledge of the architecture of the model program. The MVMA 2-D 

Model i s  organized as a multiprocessor in that the model has been 
divided into three parts which operate in turn. 

The f i r s t  processor i s  called the I n p u t  Processor (IN). I t  reads 
data cards, packs the values into binary tables and records those tables 
for use by subsequent processors. The second processor, called the 
Dynamics Solution Processor ( G O )  reads the binary tables, solves the 
equations of  motion, and incorporates the computed results i n t o  the 
binary tables. The third processor i s  called the O u t p u t  Processor 
(OUT). I t  reads the binary tables produced by the other processors 
and prints a comprehensive summary of a l l  recorded information as 
the user specifies. 

The binary tables which are used for communication between proces- 
sors are stored in four external f i l e s .  These f i l e s  can be used as 
a complete summary of this  computer run for input into post-processors 
such as the Validation Command Lanquage or a graphics package. 
The four f i l e s  are called N U ,  MU, MV, and NP, respectively for the 
four variables used t o  reference the logical device numbers t o  which 
they are attached. NU i s  a direct access data se t  which contains a l l  
input quantities and a l l  fixed-lenath computed results.  M U  i s  a 
sequential data set  which contains head, chest, and hip acceleration 

information for every integration time step. MV i s  a direct access 
data se t  which contains the variable-length computed resul t s ,  which 
include contact interactions , region movement, and  region summary 
quantities. NP i s  a sequential data se t  which contains the special 
information - needed for production of the stick-figure printer-plot - .  - . . .- 



outpu t .  F igure  12-1 summarizes t h e  in tercommunicat ion between t h e  

t h r e e  processors by means o f  t he  f o u r  e x t e r n a l  f i l e s .  

12.2 Output  Categor ies  

The computed r e s u l t s  a re  broken i n t o  sub jec t s  o r  ca tego r i es  which 

correspond t o  o u t p u t  pages f o r  t h e  f i x e d - l e n g t h  o u t p u t  and t o  " t y p i c a l  

o u t p u t  pages" f o r  t he  v a r i a b l e - l e n g t h  ou tpu t .  There a re  f o r t y  such 

sub jec t s  o r  ca tego r i es  and these a re  numbered 1  through 40. 

I n  a d d i t i o n  t o  t h e  f o r t y ,  t h e r e  a re  s i x  s p e c i a l  types o f  o u t p u t  which i t  

was convenient  t o  p u t  i n  t h e  same numbering scheme even though they 

a re  n o t  recorded i n  t he  same manner. These ca tego r i es  a re  numbered 

0 and 41 through 45. F i ~ u r e  12-2 l i s t s  a l l  f o r t y - s i x  ca tego r i es .  

Categor ies  1  through 40 may be o p t i o n a l l y  recorded on t h e  b i n a r y  

f i l e s  NU and MV under c o n t r o l  o f  t he  r e c o r d i n g  switches s p e c i f i e d  by t h e  

user  on Cards 107 through 110, f i e l d s  1  through 9 and Card 11 1  , 
f i e l d s  1 through 4 r e s p e c t i v e l y .  These swi tches a re  s e t  non-zero 

t o  i n h i b i t  the  r e c o r d i n g  o f  t he  i n f o r m a t i o n  f o r  t h e  r e s p e c t i v e  cate-  

go r i es .  Example images o f  Cards 137 throuqh 111 and a l l  o t h e r  da ta  

cards d iscussed i n  t h i s  module a re  shown i n  F i gu re  12-13 a t  t h e  end o f  

t he  module. 

The i n p u t  t o  OUT a l l ows  a  s p e c i f i c a t i o n  o f  which ca tego r i es  a re  t o  

be p r i n t e d  d u r i n g  t h e  execu t i on  o f  OUT and t h e  o r d e r  i n  which t he  

ca tego r i es  a re  t o  appear. OUT may be repeated w i t h  t h e  s p e c i f i c a -  

t i o n  o f  d i f f e r e n t  cho ices o f  ca tego r i es  as many t imes as d e s i r e d  

as l o n g  as the  b i n a r y  t a b l e s  remain und is tu rbed .  A p a r t i c u l a r  ca te -  

gory  w i l l  appear i n  t he  o u t p u t  o f  OUT i f  t h e  ca tegory  was recorded by  

GO and was s p e c i f i e d  as des i r ed  i n  t he  i n p u t  t o  OUT. I n p u t  cards 

1001 and 1002 a re  used t o  s p e c i f y  which ca tego r i es  a re  d e s i r e d  

t o  be p r i n t e d .  A l l  i n p u t  cards numbered 1001 and h i g h e r  a r e  t o  be 

i n p u t t e d  t o  OUT. Cards 1001 and 1002 a re  t h e  o n l y  two i n p u t  cards 

which a re  n o t  f i xed- fo rmat  f i e l d s .  These cards c o n t a i n  a  1  i s t i n g  o f  

t he  category  numbers i n  t he  o r d e r  i n  which they  a re  t o  appear i n  t h e  

p r i n t o u t .  The ca tegory  number zero i s  used f o r  t h e  o u t p u t  o f  t h e  

i n p u t  va lues and must occur  f i r s t  i f  i t  occurs a t  a l l .  The ca tegory  

numbers a re  separated by commas. I n  o rde r  t o  s i m p l i f y  t he  presenta-  

t i o n  o f  a  consecu t i ve  sequence o f  i n t e g e r s  ( e i t h e r  .ascending o r  descending) ,  



Cards Input 
Parameters 
and Results b 

Packed Reads I n p u t  Debug 
Input Di rect Iri tes printout 

IN Access optional and Tab'es Data Set 
Go 

Writes General O u t p u t  Error Messa:: 
on N U  Results 

d 

A 
Wri tes 
Tab 1 es 
of 
Accel s. 
F i  1 tered 
Acce 1 s 
and Sf ' s  Printout 

and r v ,  
Error Accels on E4V 
Messages A 

4 1 * 

OUT 4 Reads 
Contact I n f o  

4 
Reads Plot ter  Info 

I 
I 

Auxi 1 i ary 
Printout 

Error 

.Standard 
Printout 
(op  t i  onal 

The four data se ts  may 
be saved as a record 
of the run. 

. . . 

FIGURE 12-1 Overall Model In formati on Flow 



Category 
Number Description 

Formatted Printout of Input Quantities 

Vehi cl e Response 

Real Line Region Paramters 

Real Line Region Individual Line Segment rlovement 

Contact Forces Incl udi n g  Occupan t-Vehi cl e , Occupan t-Be1 t , 

Occupan t-Occupant 

Belt Angles 

Unfi 1 tered Body Accelerations (Head, Chest, pelvis)  

Fil tered ~ o d ~  Accelerations (Head, Chest, Pelvis) 

Unfiltered Severity Indices 

Fi 1 tered Severity Indices 

Body Link Angles 

. Body Link Angular Velocities 

Body Link Angular Accelerations 

Body Jo in t  Coordinates 

Body Joint Veloci t i e s  
8 

Body Joint Torques 

Body Joint Absorbed Energies 

Body Kinetic Energies 

Ai rbag Vari ables 

A i  rbag Contact Forces 

A i  rbag Center of Mass Forces and Moments 

Neck Joint  Coordi nates 

Shoulder Jo in t  Coordinates 

FIGURE 12-2a List of O u t p u t  Categories 



Category 
Number , Descri pti on 

Joint Torque Linear Components 

Joint Torque. Nonlinear Components 

Joint Torque Fri cti on Components 

Joint Torque Viscosity Components 

Joint Absorbed Energy Joint Stop Components 

Joint Absorbed Energy Friction Components 

Joint Absorbed Energy Vi scosi t y  Components 

Center of Mass X-Component Forces 

Center of Mass Z-Component Forces 

Center of Mass Resultant Moments 

Steering Col u r n  Coordinates 

Steering Col umn General ized Coordinates 

Steering Colum Forces and  Monents 

Forces and Moments on Body Due t o  Steering Colum 

Neck and Shoulder Forces 

Muscle Tension Forces 

Muscle Tension Energy Absorption 

Femur and Tibia Accelerations and Loads 

Joint Relative Ang le  Comparisons Against Upper and  Lower 

Test Values 

Standard List of quantities t o  be Compared Against Test 

Values 

Individual Type A Comparisons 

Indi vi dua l  Type B Comparisons 

Printer-Plots o f  Stick Figures 

FIGURE 12-2b List o f  Output Categories 



a special abbreviation of a sequence i s  recognized by OUT. The abbrevia- 

tion l i s t s  the category number of the end of the sequence which i s  t o  ap- 
pear f i r s t  followed by a hyphen (minus sign) followed by the category 
number of the end of the sequence which i s  to appear l a s t .  The whole 

sequence abbreviation i s  separated from other category numbers or  other 
sequence abbreviations by commas. 

-. 

Category numbers are also used in specifying input to the Type 
A and Type B comparisons which will be discussed l a t e r  i n  t h i s  module. 

12.3 General Model Controls 

The general model controls are specified on Cards 101 and 102 and 
will be described here in the order they are found on those two cards. 

The MVMA 2-D Man Model i s  capable of accepting input and pro- 

ducing output in e i ther  metric units or in American standard (English) 
units.  Field 1 of Card 191 i s  used t o  specify a switch which i s  s e t  
t o  0 for  metric units and se t  non-zero for  Engl ish units.  Figure 
12-3 contains the metric/English conversion constant used in the model. 

Field 2 must be se t  to 1 since the fixed-step Runge-Kutta i s  the 
only integration me.Lhod currently implemented. Fiel d 3 specifies 
the acceleration due to gravity t o  be operative during the simula- 
t i  on .  

I t  i s  sometimes useful to ed i t  acceleration values which are 

close to zero back t o  zero. This procedure often improves the appear- 
ance of the tabulated resul ts  and rarely can affect  the accuracy of  a 
computation. Field 4 i s  used to control the editing f a c i l i t y  bu i l t  
into the MVMA 2-D model. I f  f ie ld  4 i s  0,  editing i s  not done. 
I f  f i e ld  4 i s  posit ive,  the value will be the cut-off point between 
the acceleration magnitude values reset t o  zero and those which are 
unal tered. 

Fiel ds 5 through 9 contain the simul a t i  on beginning time, ending 
time, integration time s tep,  tabular o u t p u t  time s tep,  and the time 
step for  p l o t  recording, respectively. The beginning time i s  normally 
se t  t o  zero. The final time will be se t  to 200 mil 1 iseconds beyond 
the beginning time i f  i t  does not exceed the beginning time. If  the 
integration time step i s  not posit ive,  i t  i s  s e t  t o  1 msec. I f  the 
tabular output time step i s  not posit ive,  i t  i s  s e t  t o  the maximum 



METRI C/ENGL I SH SYSTEM CONVERSION CONSTANTS 

PHY S I CAL QUANTITY CONVERSION RELATION 

Length 1 i n .  = 2.54 cm* 

beng t h 1 ft. = ,3048 m* 

Length 39.370075 i n .  = 1 m 

Force 1 l b .  = 4.4482216 N 

Mass 1 1 bin = ,45359237 kg* 

Mass 

Mass 1 s l u g  = 14.593903 kg. 

Moment of I n e r t i a  

Torque 1 l b - i n  = 0.11298483 N-m 
- -  

Energy 1 i n - l b  = 0.11298483 N-m - 
L i n e a r  Spr ing  C o e f f i c i e n t  1 l b / i n .  = 1.7512684 N/cm 

Second Order C o e f f i c i e n t  1 1 b / i n 2  = 0.68947573 N/cm2 

T h i r d  Order C o e f f i c i e n t  1 1 b / i n 3  = 0.27144714 N/cm3 

Four th  Order C o e f f i c i e n t  1 1 b / i n 4  = 0.10686895 N/cmk 

F i f t h  Order C o e f f i c i e n t  1 l b / i n s  = 0.042074390 N/cms 

S i x t h  Order C o e f f i c i e n t  1 1 b / i n 6  = 0.01 6564721 N/cm6 

Pressure 1 1 b / i n 2  = 0.68947573 ~ / c r n ~  

Pressure 1 atm. = 14.696 1 b / i n 2  
. = 1.0132535 x 1 o5 ~ / m ~  

Gas Constant 1 f t / " F  = 0.54864 m/"C* 

S p e c i f i c  Heat 

E a r t h  Standard G r a v i t y  1 E.S.G. = 9.80665 m/sec2* 
= 32.174049 f t / s e c 2  = 386.08858 i n / s e c 2  

* Exact  convers ion  

FIGURE 12-3 Met r i c /Eng l  i sh System Conversion Constants 
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o f  5 msec. and t h e  i n t e g r a t i o n  t ime s tep .  I f  t h e  t a b u l a r  o u t p u t  

t ime  s tep  i s  n o t  an i n t e g r a l  m u l t i p l e  o f  t he  i n t e g r a t i o n  t ime 

s tep ,  i t  i s  s e t  t o  t he  c l o s e s t  i n t e g r a l  m u l t i p l e  of t h e  i n t e g r a t i o n  

t ime s tep.  L ikewise,  i f  t he  p l o t  r eco rd i ng  t ime  s tep  i s  n o t  an i n -  

t e g r a l  mu1 t i p l e  of the  t a b u l a r  ou tpu t  t ime s tep ,  i t  i s  s e t  t o  t h e  

c l o s e s t  i n t e g r a l  m u l t i p l e  o f  t he  t a b u l a r  ou tpu t  t ime  s tep.  I f  t he  

p l o t  r eco rd i ng  t ime s tep  i s  zero, no p l o t  r eco rd i ng  i s  done. 

Four o p t i o n a l  subsystems a re  a v a i l a b l e  w i t h i n  t h e  MVMA 2-D 

Man Model f o r  two be1 t models, an a i r b a g  model and an energy-ab- 

so rb i ng  s t e e r i n g  column model. These f o u r  op t i ons  a re  c o n t r o l l e d  by 

t h ree  swi tches which a r e  s p e c i f i e d  us i ng  the  f i r s t  t h r e e  f i e l d s  o f  

Card 102. The f i r s t  o f  these switches has t he  f o u r  p o s s i b l e  va lues 

( 0  t o  3 )  which s i g n i f y  r e s p e c t i v e l y  no b e l t s ,  s tandard l a p  b e l t  on l y ,  

s tandard l a p  b e l t  and shoulder  harness, and t h e  advanced be1 t system. 

The o t h e r  two swi tches deal w i t h  a i  rbag and s t e e r i n g  c o l  umn r e s p e c t i v e l y  

and a re  s e t  non-zero t o  i n d i c a t e  use o f  t h e  r espec t i ve  subsystem. 

F i e l d  8 i s  used t o  s p e c i f y  a  r e l a t i v e  e r r o r  bound which w i l l  be 

used t o  recognize a  s i n g u l a r  m a t r i x  d u r i n g  t he  i n v e r s i o n  s tep .  0.000001 

i s  the  recommended va lue.  

F i e l d  9 con ta ins  an execu t ion  t ime l i m i t .  Dur ing t h e  run,  i f  

t he  execu t ion  t ime  exceeds t h e  l i m i t ,  t he  r u n  w i l l  be te rm ina ted .  

I f  f i e l d  n i ne  i s  s e t  zero,  t h e  t e s t i n g  o f  execu t ion  t ime  i s  i n h i b i t e d .  

12.4 A u x i l i a r y  P r i n t e d  Output  

The GO processor  has a  l a r g e  number o f  o p t i o n a l  p r i n t o u t  capa- 

b i l  i t i e s  c a l l e d  aux i  1  i a r y  o r  Debug P r i n t o u t .  These o p t i o n a l  p r i n t o u t s  

a re  organized under s i x t e e n  time-dependent f o u r - l e v e l  swi tches.  The 

f o u r  l e v e l s  a re  o f f ,  p r imary ,  secondary, and t e r t i a r y  and a re  represen- 

t e d  by zero, one, two and t h r e e  r e s p e c t i v e l y .  A complete d e s c r i p t i o n  

o f  t h e  debug swi tches and t h e  p r i n t o u t  they  c o n t r o l  i s  found i n  Sec t i on  

4 . 3 . 5  o f  Volume 3. Sw i tch  16, l e v e l  3 causes t he  t e r m i n a t i o n  o f  t he  

r u n  and a dump i f  subrou t ine  ABDUMP has been implemented. 

The des i r ed  debug p r i n t o u t  i s  s p e c i f i e d  us i ng  f i e l d s  1  through 
8 on Cards 104 and 105. Each success ive p a i r  o f  f i e l d s  on these 



two cards define one of the eight possible time points for hexadecimal 
debug switch sett ings.  Each such pair of f ie lds  has the effective time 
in milliseconds in the odd-numbered f ie ld and the hexadecimal debug 
switch sett ing i n  the even-numbered f ie ld .  The pairs of f ie lds  are 
f i l l ed  in ascending order of time s tar t ing with the f i r s t  pair of 
f ie lds  and continuing with each consecutive pair  for f ie lds  as needed. 

The f i r s t  effective time must e i ther  equal or exceed the beginning 
time specified i n  f ield 8 of Card 101. If  the f i r s t  effective time 
exceeds the beginning time, an all-zero hexadecimal debug switch 
sett ing i s  presumed until the f i r s t  effective time. 

Each hexadecimal debug switch set t ing contains a representation 
of the values of a l l  sixteen debuq switches a t  the effective time. 
The recommended procedure for generating hexadecimal debug switch 
sett ings i s  i l lustrated by Figure 12-4. 

Field 9 of the 104-Card contains a switch which when s e t  zero 
specifies that the debug switch sett ings apply to a l l  four evalua- 
tions necessary a t  each integration step. I f  this  switch i s  se t  non- 
zero, the debug switch sett ings apply only t o  ths fourth evaluation 
a t  each integration step. A non-zero sett ing for this  switch nearly 
always provides adequate debugging information a n d  considerably 
reduces the volume of printout. 

Field 9 of the 105-Card contains a switch which controls the 
auxiliary o u t p u t  of the I n p u t  Processor. I f  the switch i s  se t  zero, a 
packing dictionary and binary f i l e  index summary are printed. If 
the switch i s  s e t  non-zero, the auxiliary output i s  not printed. I t  
i s  advisable t o  obtain th is  o u t p u t  as a standard operating procedure. 

12.5 Accelerometer Location 

For determination of several o u t p u t  quantit ies,  two occupant 
accelerometers, one in the head and one in the chest, are represented 
i n  the model. The chest accelerometer can be placed anywhere along 
the upper torso centerline, and i t s  position i s  measured from the lower 
neck joint.  This coordinate i s  entered in f ie ld  2 of Card 218. 
The head accelerometer i s  not confined t o  the head center1 ine and  i t s  
position i s  specified in f ie lds  1 and 3 of the same card. Field 1 i s  



Procedure Step Example 

A .  Determine desired val i~es  f o r  ( 1 ) ' ~ t  t = 0 ,  switches 1 ,  4 ,  9 ,  13 a re  0 ,  
each debug switch a t  each switches 2 ,  3 ,  15, 16 a re  1 , switches 
e f fec t ive  time. See Tables 5 ,  6 ,  10, 11 a r e  2 and switches 7 ,  8 ,  
70, 71, 72, 73, and 75 i n  12,  14 a re  3. 
Volume 3. Steps B through 
D a r e  carried o u t  for  ( 2 )  A t  t = 5 msec, switches 11 and 1 2  a re  

each time in turn. 3 ,  switch 16 i s  1 ,  and the r e s t  a re  
0. 

( 3 )  A t  t = 59 msec a l l  switches are  0. 

(4 )  A t  t = 103 msec a1 1 switches a r e  1 .  

( 5 )  A t  t = 157 msec a1 1 switches except 
16 are  3, and switch 16 i s  2 ( f u l l  
debug). 

( 6 )  A t  t = 159 msec a l l  switches a re  0 
(no debug). 

( 7 )  A t  t = 162 msec switches 1 , 2 ,  3 ,  
6 a re  1 , the r e s t  a re  0 .  

(8) A t  t = 164 msec a l l  switches a re  3 
( f u l l  debug, termination of run 
and d u m p ) .  

B .  Write o u t  the values of each For t = 0 
switch in binary in ascend- 
ing switch number. 1 2 3 4 5 6 7 8 9 1 0  

0 0 0 1  01 00 10 10 11 11 00 10 

C, Replace each four binary 1 4 A F 2 B 3 5  
b i t s  by the corresponding 
hexadecimal d i g i t  in turn? 

- - - - - -. . - - - - 

D. Enter the e f fec t ive  time in 0. 14AF2B35 
mi'1iseconds i n  the next  "- Figure 12-13 contains the complete used odd-numbered ( n o t  104 and 105 cards f o r  the to ta l  example 

and  the e igh t  d i g i t  specif ied in s tep  A o f  t h i s  procedure. hexadecimal number in the 
next unused even-numbered 
f i e l d ,  

FIGURE 12-4 Hexadecimal Debug Switch Set t ing Generation 

* The hexidecimal representations of the binary numbers 0 through 11  1 1  
are 0 through 9 followed by A through F. 



the component of the head accelerometer posit ion measured along the 
head cen te r l ine  from the upper neck j o in t .  Field 3 i s  the poster ior  

component of the posit ion of the head accelerometer measured from the 
head center1 i ne. 

12.6 Generation of Paqe T i t l e s  

The regular  output of the MVMA Two-Dimensional Man Model i s  pro- 
vided with automatic t i t l i n g  based on the contents of cards 100, 200, 

300, 400, 500, 600, 700, 800, and 900. Card 100 wil l  be t r ea ted  as 

seventy-two columns of general run t i t l e .  The contents of the other  
cards appear in pa r t  in the t i t l e .  The t i t l e  consis ts  of two 1 ines 

formatted from t h i s  information together w i t h  the da te ,  the time, 
job iden t i f i ca t ion  and page number. Figure 12-5 shows the layout 

of t h i s  information in the t i t l e  and s t a t e s  which columns of each of 
the forenamed input cards a re  incorporated. 

12.7 End of Input Processor Data Deck 

The end of the data deck fo r  the Input Processor i s  marked by 
the presence of a 1000-Card. All f i e l d s  on t h i s  card a re  ignored. 

12.8 O u t p u t  Processor Control Cards 

The r e s t  of t h i s  module deals  with the i n p u t  control cards 

inputted t o  the O u t p u t  Processor. These cards a l l  have iden t i f i ca -  
t ion numbers exceeding 1000. Cards 1001 and 1002 have already been 
discussed in Section 12.2. 

The f i r s t  two f i e l d s  of the 1003-Card contain controls  f o r  the 
aux i l i a ry  output from the O u t p u t  Processor. The f i r s t  of these  f i e l d s  
contains a switch which when s e t  non-zero causes intermediate p r in t -  
out from the H I C  computation t o  be printed.  The second of these 
f i e l d s  a c t s  both as a switch and a designation of a logical  device 
number upon which a separate pr in tout  of peak head accelera t ion 
and three  millisecond average accelera t ion a re  t o  be p u t  out .  
I f  t h i s  f i e l d  i s  zero, the peak head accelera t ion and three  mi l l i -  
second average accelerat ion a r e  not desired.  



I n p u t  I n p u t  
T i t l e  T i t l e  Card Card 
L i n e  Columns Number Col umns Desc r i p t i on  

1 1 - - E j e c t  Page 
--- 

2 -  4 - - Bl  an k 

5 - 16 - - Date: Month, Day Year, if 
FDATER implemented 

17 - 24 - - Time: Hour, Minute, Second if 
FDATER implemented 

25 - 29 - - B l  ank 
I 

30 -101 100 1 - 72 General Run T i t l e  

102 -106 - - Blank 

107 -114 - - Job Name i f  USERZZ implemented 

115 -118 - - Bl  ank 

119 -132 - - Page Number 

-- - -- 

2  - 20 200 1 - 79 Occupant I d e n t i f i c a t i o n  

21 - 39 300 1 - 19 Occupant O r i e n t a t i o n  

40 - 58 400 1 - 19 I n t e r i o r  Desc r i p t i on  

59 - 77 500 1 - 19 I n t e r i o r  Con f i gu ra t i on  
-- 

78 - 96 600 1 - 19 Acce le ra t ion  P r o f i l e  

97 -115 700 1 - 19 Be1 t Desc r i p t i on  
-. - 

800 1 - 17 
or 

900 1 - 17 
whichever occurs 
l a s t  i n  data deck 

Steer ing  Column Desc r i p t i on  
o r  

A i  rbag Desc r i p t i on  
Defaul ted t o  " M V f l A  2-0 ,VER3" 

- .  

FIGURE 12-5 Layout o f  Automatic T i t l e  



The th i rd  f i e l d  of Card 1003 a l so  ac t s  as a switch which i f  
non-zero causes the output processor to  repeat the f i l t e r i n g  and 
computation of special indices whether i t  has been previously done or 
not. I f  t h i s  switch i s  s e t  zero and i f  the output processor has 
been previously run on a s e t  of binary catch f i l e s ,  the f i l t e r i n g  

and the computation of special indices a re  not repeated. 

Field 4 of Card 1003 contains the distance along the upper leg 
center l ine  from the hip j o in t  to a simulated femur-load sensor 
mounted on the upper leg center l ine .  Field 5 i s  the amount of upper 
leg mass between the sensor and the knee. 

Card 1004 contains four f i l t e r i n g  controls  and four HIC con- 
t o l s .  Section 4.4.2.3 of Volume 3 describes the low-pass f i l t e r i n g  
technique. Field 1 i s  the number (NPP)  of f i l t e r  weights on one s ide  
of the syrmetric sum exclusive of the center  weight. Field 2 i s  the 
cut-off frequency ( F C )  t ha t  i s ,  the frequency marking the upper bound 
of the passband. Figure 12-6 i 1 l u s t r a t e s  the gain charac te r i s t i c s .  

Field 3 i s  the terminal frequency (FT), tha t  i s ,  the frequency which 
marks the s t a r t  of the stopband and the end of the ro l l -o f f  band. The 
quanti ty NPP cannot exceed 500 without redimensioning of storage arrays .  
FC cannot exceed half the sampl ing frequency. Further, the product of  
the r a t i o  of  the ro l l -o f f  bandwidth t o  the sampling frequency and NPP 

_ must be as large as 1 .  fo r  reasonable f i l t e r i n g  accuracy. I n  

order t o  compute the symmetric sums within NPP points of two endpoints, 
i t  i s  necessary t o  extend the data f o r  NPP points around each end- 
point .  Field 4 i s  a  switch which when zero implies t h a t  a  polar. 

image wil l  be used a t  the two endpoints and which when non-zero 
implies t ha t  a  mirror image wil l  be used a t  the two endpoints. 
Figure 12-7 i l l u s t r a t e s  the difference between polar and mirror 
images. I t  i s  thought t ha t  polar images usually y ie ld  be t t e r  re- 
sul t s .  

The four HIC controls begin w i t h  f i e l d  5 of Card 1004. Field 

5 i s  the f rac t ion of the maximum HIC below which scanning i s  stopped. 
Field 6 contains the number of time points over which H I C  i s  t o  be 
computed. Fields 7 and 8 contain the number of points by which the 
outside and inside loops are incremented for  comparison of a1 1 
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FIGURE 12-7 Mirror and Polar Images 



.o f  p o i n t s .  These two increments a re  used t o  decrease t h e  expense o f  

t h e  HIC computat ion and each must be s e t  a t  l e a s t  t o  1  o r  may be g r e a t e r  

i f  s u f f i c i e n t  t ime p o i n t s  a re  be ing  used. 

12.9 Output Comparisons 

Cards 1100 through 1107 a re  used t o  supply  h i gh  and low t e s t  

values f o r  r e l a t i v e  angles a t  a l l  o f  t h e  e i g h t  j o i n t s .  F i e l d s  1  and 

2 o f  each o f  these cards c o n t a i n  t h e  h i g h  and low t e s t  va lues respec- 

t i v e l y .  F i gu re  12-8 r e l a t e s  t he  i n d i v i d u a l  ca rd  i d e n t i f i c a t i o n  num- 

bers  w i t h  t h e  connected body p a r t s  and j o i n t  ang le  name. I f  t h e  j o i n t  

r e l a t i v e  angle  exceeds t h e  h i g h  t e s t  va lue  o r  f a i l s  t o  exceed t h e  

low t e s t  va lue,  an e n t r y  s t a t i n g  t he  q u a n t i t y  name, peak va lue,  

t ime  o f  peak, v i o l a t i o n  du ra t i on ,  beg inn ing  t ime o f  v i o l a t i o n ,  and 

ending t ime o f  v i o l a t i o n  appears on t h e  j o i n t  t e s t  summary page. 

I f  b o t h  h i g h  and low t e s t  va lues a re  zero,  t he  t e s t  i s  n o t  c a r r i e d  

ou t .  

Cards 1200 and 1201 a re  used t o  s p e c i f y  t e s t  values f o r  e igh teen  

i n j u r y - r e l a t e d  q u a n t i t i e s .  F igure  12-9 l i s t s  the  e igh teen  q u a n t i t i e s  

i n  t h e  o rder  o f  t e s t i n g .  Each t e s t  i s  made o n l y  i f  t he  correspon- 

d i n g  s p e c i f i e d  t e s t  va lue i s  g r e a t e r  than zero.  The abso lu te  va lue  

o f  each q u a n t i t y  i s  t e s t e d  f o r  exceeding t h e  t e s t  va lue.  The o u t p u t  

produced p r i n t s  t he  q u a n t i t y  name, t h e  peak va lue,  t he  t ime a t  

which t h e  peak occurs ,  t h e  t ime  d u r a t i o n  d u r i n g  which t he  q u a n t i t y  

exceeds an i n p u t t e d  t e s t  va lue  t oge the r  w i t h  t he  p o i n t s  i n  t ime  a t  

which t h e  q u a n t i t y  exceeds and then r e t u r n s  below t he  t e s t  va lue.  

Th i s  o u t p u t  i s  repeated f o r  each new v i o l a t i o n  t ime range. The 

f i r s t  n i n e  t e s t  va lues a re  s p e c i f i e d  i n  Card 1200, f i e l d s  1 through 

9 r e s p e c t i v e l y .  The second n i n e  t e s t  va lues a re  s p e c i f i e d  i n  Card 

1201 , f i e l d s  1  through 9. Card 1202 i s  used t o  s p e c i f y  a  name f o r  a  

face  e l l i p s e  i n  columns 1  through 15 and a  name f o r  a  ches t  e l l i p s e  

i n  columns 17 through 32. The i n t e r a c t i o n  f o r c e  q u a n t i t i e s  assoc ia ted  

w i t h  these e l l i p s e s  a re  used i n  t he  app rop r i a t e  t e s t s .  
. . .  . . . . 



CARD I D  BODY PARTS CONNECTED JOINT ANGLE NAME 

1100 Head t o  Neck Upper Neck 

1101 Neck t o  Upper Torso Lower Neck 

1102 Upper Torso t o  M idd le  Torso Upper Spi ne 
- 

11 03 Midd le  Torso t o  Lower Torso Lower Spine 

1104 Upper Leg t o  Lower Torso H ip  

11 05 Lower Leg t o  Upper Leg Knee 

11 06 Upper Arm t o  Upper Torso Shoulder 

1107 Lower Arm t o  Upper A r m  E l  bow 

FIGURE 12-8 R e l a t i o n s h i p  o f  T e s t  Value Card ID  Numbers t o  J o i n t s  



Quantity Description 

Head f ronta l  accelerat ion a t  the center of gravity (Anterior- 
poster ior ,  A-P)  

Head vert ical  acceleration a t  the center of gravity (Superior- 
infer i  o r ,  S-I) 

Head resul tant  acceleration a t  the center of  gravity 

Head angul a r  acceleration 

Head in jury c r i t e r ion  (HIC) 

Face loads as measured on a deformable head.contact e l l i p s e  

Chest deflect ion as measured on a deforming chest contact e l l i p s e  

Chest load as measured on a deforming chest contact e l l i p s e  

Chest frontal  acceleration a t  the center of gravity (A-P) 

Chest ver t ica l  acceleration a t  the center of gravity (S-I) 

Chest resul tant  acceleration a t  the center of gravity ( 3  msec 
average) 

Chest frontal sever i ty  index ' - (A-P)  

Chest vertic 'al severi ty index (S-I) 

Chest resul tant  sever i ty  index 

Pelvic horizontal acceleration a t  the h i p  jo in t  

Pelvic vert ical  acceleration a t  the hip j o i n t  

Pelvic resu l t an t  acceleration a t  the hip jo in t  

Femur load a t  a speci f ied  point along the length representing 
the location of a sensor 

FIGURE 12-9 L i s t  of Injury Related Test Quantities 



Two types o f  general  comparison a re  a v a i l a b l e  f o r  any v a r i a b l e  

a g a i n s t  f i x e d  l i m i t s  o r  a g a i n s t  any o t h e r  v a r i a b l e .  The c l a s s  o f  

v a r i a b l e s  which can be compared c o n s i s t s  o f  a l l  q u a n t i t i e s  which have 

been recorded f o r  p r i n t i n g .  The t o t a l  s p e c i f i c a t i o n  f o r  one o f  these 

q u a n t i t i e s  i nvo l ves  a t  l e a s t  two numbers and i n  some cases one o r  two 

s i x t een -cha rac te r  names. The two numbers a re  t he  ca tegory  number and 

t h e  column number ( i g n o r i n g  t ime  except  i n  ca tegory  one) on t h e  

p r i n t e d  page. I f  the  category  number i s  two o r  th ree ,  t h e  name o f  t h e  

r e g i o n  i n  ques t ion  i s  a l s o  r e q u i r e d  t o  make t he  s p e c i f i c a t i o n  un ique.  

I f  t h e  category  number i s  f o u r ,  t h r e e  d i f f e r e n t  poss i  b i  1  i t i e s  e x i s t .  

These p o s s i b i  1 i t i e s  deal w i t h  t h e  t ype  o f  i n t e r a c t i o n  ( e l  1  ipse-1  i n e ,  

e l l  i p s e - e l l  i pse ,  and be1 t )  and a re  summarized i n  F i g .  12- 10. An 

a l p h a b e t i c a l  1  i s t i n g  o f  a1 1  p r i n t e d  q u a n t i t i e s  t oge the r  w i t h  ca tegory  

number and column number w i  11 be found i n  Volume 3 i n  Table  80. Be1 t 

names a re  n o t  user -supp l ied .  The b e l t  names which have been assigned 

a r e  shown i n  F ig .  12-11. 

Card 1300 i s  used t o  s p e c i f y  a  comparison of Type A i n  which 

a  s i n g l e  general  v a r i a b l e  i s  compared a g a i n s t  h i g h  and low t e s t  

va lues.  The p r i n t o u t  i s  s i m i l a r  t o  t h a t  produced f o r  t he  J o i n t  

R e l a t i v e  Angle Tests  and f o r  t he  Standard L i s t  Tests .  The f i r s t  

two f i e l d s  con ta i n  t he  ca tegory  number and t he  column number 

r e s p e c t i v e l y .  F i e l d s  3 and 4  c o n t a i n  t h e  f i r s t  name, and f i e l d s  5 

and 6 con ta i n  t he  second name. These f i e l d s  should  be l e f t  b l ank  

i f  t h e  corresponding name i s  unneeded. F i e l d  7 con ta i ns  t he  h i g h  

t e s t  va lue  and f i e l d  8 con ta i ns  t he  low t e s t  va lue.  

Cards 1400 and 1401 a re  used t o  spec i f y  a  comparison o f  Type 

B i n  which two general  v a r i a b l e s  a re  compared i n  t ime  a g a i n s t  each 

o the r .  The produced o u t p u t  l i s t s  each o f  t h e  v a r i a b l e s ,  t h e i r  d i f -  

ference,  and an i n d i c a t i o n  o f  which i s  l a r g e r .  The f i r s t  s i x  f i e l d s  

o f  Card 1400 c o n t a i n  a  genera l  v a r i a b l e  s p e c i f i c a t i o n  as d iscussed 

i n  t h e  preceding paragraph. F i e l d  7 i s  an o p t i o n a l  o r d e r i n g  number 

among Type B Comparisons. The Order ing  Number, i f  s p e c i f i e d ,  

serves a  dual  f u n c t i o n  of spec i f y i ng  an o r d e r i n g  o f  p r i n t o u t  which may 

be d i f f e r e n t  f rom the  o r d e r i n g  o f  i n p u t  cards and o f  p r o v i d i n g  a  means 

o f  match ing the f i r s t  h a l f  o f  t h e  comparison s p e c i f i c a t i o n  (Card 1400) 

w i t h  t he  second h a l f  of t he  comparison s p e c i f i c a t i o n  (Card 1401) 

independent o f  the  o rde r  of cards i n  t h e  i n p u t  deck. I f  t h e  Order ing  



%lumn 
dumber Quantity Description Interaction Type Name A Name B 

Deflection El 1 ipse-Line El 1 i pse Name Line Name 

Deflection 

Normal Force 

Tangenti a1 Force 

Contact Point Position on Line 

Contact Point Velocity on Line 

Contact Point X in Inertial  
Space 

Contact Point Z in Inertial  
Space 

Contact Point X on Body Seg- 
men t 

Contact Point Z on Body Seg- 
ment 

Deflection 

Deflection Sate 

Normal Force 

Ellipse A Center Point X 

Ellipse A Center Point Z 
Ellipse B Center Point X 

Ellipse B Center Point Z 

El 1 ipse A Body Segment X 

El 1 i pse A Body Segment Z 
El 1 ipse B Body Segment X 

El 1 ipse B Body Segment Z 

El 1 i pse-ell ipse Ellipse A Name Ellipse B 
Name 

Deflection Be1 t 
Deflection Rate 

Tangential Velocity 

Normal Force 

Tangential Force 

Resultant Force 

Resul tant Heading Angle 

Absorbed Energy 

Belt Name Blank 
(see Fig. 
12-11) 

FIGURE 12- 10 Category Four Col umti Numbers 



Belt Nam 

A. Advanced Belts 

UPPERbTORSOb BELT 

LOWERbTORSObBELT 

UPPERbRINGbSTRAP 

Report Be1 t Nurber Internal Be1 t Number 

B. Old Belts 

! 
UPPERbTORSObB ELT 2 11 

LOWERbTORSObBELT 3 

NOTE: Each small l e t t e r  "b" s igni f ies  a blank column. The naw must be 

specified exactly as shown to  be recognized. 
# A% 

FIGURE 12-11 ~ e l t  Ident i f ie r  Names 



Number i s  not specified, the order of the input data dictates both 

the order of printout and the matching of 1400- and 1401-Cards. 
Card 1401 i s  laid out similarly to Card 1400 except that the f i r s t  
six f ie lds  specify the second general variable. If the Ordering 

Number i s  specified in the 1400-Card, i t  must also be specified in 
the correspondi ng 1401 -Card and vi ce versa. 

12.10 Stick Figure O u t p u t  

The MVMA Two-Dimensional Man Model optional ly produces a s t ick 

figure representation of the occupant, the vehicle in te r ior ,  and the 
res t ra in t  configuration. The stick figures can optionally be produced 
based on input data alone and/or a time series based on computed re- 
sul ts  from the Dynamic Solution Processor. 

Input cards 1500, 1501 and 1502 control the production of st ick 
figures. All f ie lds  on Card 1500 except f ie ld 2 together w i t h  f ie lds  
2 through 5 on Card 1501 control the appearance of the typical s t ick 
figure plot. Figure 12-12 shows one example of a st ick figure p l o t .  

The location of each o f  the nine body segment joints i s  represented 
by an integer between zero and ten. The body segments between joints 
are represented with dots or decimal points. Zeroes represent the 
position of the centers of gravity o f  head, upper torso, lower arm, and 
lower leg. Ellipses and contact regions are represented by l e t t e r s .  
The position of the coordinate axes i s  shown with aster isks .  
Figure 12-13 shows the legend of these symbols which i s  produced as 
part of the printed o u t p u t  t o  enable the user to easily relate  the 
printer plot symbols t o  the body parts and user-supplied input names 
for el 1 ipses and contact regions. 

Card 1500, f ie ld  1 i s  a switch which controls whether the zero 
coordinate axes are shown ( f ie ld  se t  zero) or not ( f i e ld  se t  non-zero). 
Fields 3 through 6 specify the coordinate space t o  be pictured in 
terms of a coordinate system with the positive x-axis extending to the 
right and the positive z-axis extending downward. The horizontal and 
vertical scales are adjusted t o  compensate for the pr int  spacing 
i n  the two directions so that angles and circles  will be preserved 
and distances will be l inearly scaled within the resolution of the 
l ine printer.  The imp1 ication of this  constraint for determining 

. . - - 9  
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Coordinate ranges fo r  p lo t  a re  X = 0.0 ( a t  l e f t )  t o  64.00 ( a t  r i g h t )  
and Z = 2.24 ( a t  bottom) t o  -41.24 ( a t  t o p ) .  Scale fac to r  i s  ( i n )  = 
4.923 ( i n ) ,  X and Z point resolution e r ro r s  equal respectively 0.246 and 
0.410 ( i n )  - i n  scale .  

F I G U R E  12-12 Example of Pr in te r  Plot  O u t p u t  



STIC.( PIGU1E SYMBOL LESEEID 

SXYB3L D E S I G Y B T I ~ t l  
HEAD C.G. 

UPPER 9 ECX J 3 I S I T  
LOWER NECK JCIM.' 
UPPER 7!3BSl C.S. 
UPPER SPINE JNT.  
L 3 i l E B  S ? D E  JYT. 

K I P  JOIdT 
< Y  EE 

LOWER L E X .  2. 
SH3ULDR AT T31S3 
S30ULDEB A1 A R M  

EL B3? 
LOWER ARfl C. S. 

03 DI F I L L E R  PTS 
Z E R O  C O O R D  LIiJES 
HZBD 
Z3EST 
CHEST 2 
Z3EST3 

. r IDDL E r3 3 s 3  
' 3 I P  

H I P  2 
K dE E 
UPPER L E G  
LE; LI NE 
HEEL 
TOE 
5HIY 1 
531 N2 
S H I 3 3  
ELBOU 
HAY D 
F f  R B  WALL 
S EAT B A C l  
B O O P B E B D E B  
S E A T C U S H I J  J 
SEATEDZE 
r3EB3ARD 
WL NDSHIELD 
PL33RPAY 
I P 
L I P  

FIGURE 12 -1 3 STICK FIGURE SYMBOL L E G E N D  



input values i s  that only three of the four maximum and  minimum 

values are independent. The program modifies the inputted values so 
that a l l  the coordinate space specified i s  within the coordinate space 
actually pictured. The values for the l e f t  edge, right edge, bottom 
edge, and t o p  edge are inputted using fields 3 through 6 respectively. 

Field 7 contains a switch which controls the presence and spacing 
of the symbols used t o  designate the ou t1  ines of body segments, e l -  
l ipses ,  and contact regions. I f  this  f ie ld i s  se t  zero, the minimum 
representation for each case i s  used. For body segments, the 
minimum representation i s  joint numbers without f i l l e r  dots. 
For el 1 ipses and circles ,  the minimum representation i s  five l e t t e r s ,  
one l e t t e r  a t  the center and one a t  each end of the major and minor 
axes. For contact regions, the m i n i m u m  representation i s  one l e t t e r  
a t  each line segment endpoint. 

I f  fi'eld 7 i s  non-zero, the value i s  taken as the number of f i l l e r  
symbols t o  be plotted per ten inches or per ten centimeters of scaled 
length. This paramcter should be chosen t o  cause enough f i l l e r  
symbols t o  be pleasing t o  the eye without putting one or more symbols 
in every resolution patch. I n  this  l a t t e r  case, machine time i s  
wasted and an unpleasing representation i s  obtained. 

Field 8 i s  a switch which when se t  zero causes belt  anchor points 
and be1 t attachment points t o  be plotted. Field 2 of Card 1501 i s  a 
switch which when se t  zero causes ell ipses to be plotted. Field 3 of 
the same card i s  a switch which when se t  zero inhibits the plotting 
o f  a c i rcle  around the head center of gravity. If this  f ie ld i s  non- 
zero, the value i s  taken as the radius of the circle  to be produced 
i n  either inches or centimeters. Field 4 i s  a switch which when se t  
zero causes the airbag perimeter t o  be plotted. Field 5 similarly 
controls the plotting of a steering column outline. Field 6 similar- 
l y  controls the plotting of contact regions. 

All the printer plot f ie lds  discussed apply equally t o  a l l  plots 
whether produced directly from i n p u t  data or produced from computation 



of crash events. Field 2 of Card 1500 controls whether the input 

based plot i s  desired. I f  th i s  f ie ld  i s  zero, the plot i s  desired. 
The plot i s  identified by a time value of-1000. The plot can be pro- 
duced even i f  the O u t p u t  Processor i s  run a f t e r  the I n p u t  Processor 
without the intermediate execution of the Dynamics Sol ution Processor. 

Fields 1 ,  7 ,  8 ,  and 9 of Card 1501 control the production of the 
time ser ies  of plots.  Field 1 i s  the number of plots t o  be produced 
from computed information. This value may n o t  exceed 27 .  Field 7 i s  a 
switch which when se t  zero causes the time points a t  which plots 
are t o  be produced to be read from u p  t o  three 1502 cards. These time 
points are specified using a l l  nine f ie lds  of the 1502 cards i n  the 

order in which they occur in the input deck. These time points must 
appear as an ascending sequence. 

I f  f ie ld 7 of Card 1501 i s  non-zero, plots a t  equal increments 

are desired and are controlled by f ie lds  8 and 9. Field 8 i s  the f i r s t  
time a t  which a p l o t  i s  desired, and f ie ld  nine i s  the time increment 
between plots. I f  f i e ld  9 i s  zero, a l l  recorded plots are desired. 

Whichever way desired p l o t  times are specifled, i t  may come about 
that  plotting i s  desired for a time a t  which no plotting information 
was recorded. I f  th is  condition a r i se s ,  a plot i s  produced a t  the 
closest  recorded time unless a plot has already been produced a t  that  
time, in which case the plot i s  inhibited. 

End of O u t p u t  Processor Data Deck 

The 1600-Card marks the end of the data deck for the O u t p u t  

Processor i n  the same way that  the 1000-Card marks the end of the data 

for  the Input Processor. 

12.12 Example Input Cards 
Figure 12-1 4 contains examples of the cards discussed in th is  module. 

Cards 104 and 105 show the completed debug cards for  the example given 
in Figure 12-4.  Belt angles, joint  absorbed energy, body kinetic 
energy, and femur and t ib ia  quantity o u t p u t  are a l l  inhibited. The 

default order of o u t p u t  pages i s  expl ici t ly  written out on the 1001 
and 1002-Cards. The joint  t e s t  i s  used to analyze when the upper 



j o i n t  stop comes on. Head f ronta l  accelerat ion i s  tes ted  fo r  magni- 
tude exceeding for ty  g ' s . Fi  1 tered head resul t an t  accelerat ion i s  
compared against  f i  1 tered chest resul tant  accelerat ion.  The p r in te r  
plot  cards are  those used t o  produce Figure 12-12. 
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FIGURE 12-14 Example Da ta  Cards 



MODULE 13 -- EXAMPLE CRASH SIMULATIONS 

The purpose o f  t h i s  module i s  t o  g i v e  t h e  user  o f  the  T u t o r i a l  System 

a  "hands-on" f e e l i n g  f o r  i n p u t  da ta  se t s  r e q u i r e d  f o r  e x e r c i s i n g  t he  MVMA 

2-3 Crash V i c t i m  S imu la to r  and f o r  t he  ou tpu t  which i s  generated. Data 

decks a re  descr ibed  and assembled i n  t h i s  module f o r  t he  f o l l o w i n g  two 

s imu la t i ons :  

1.  a  30-mph f r o n t a l  b a r r i e r  c rash w i t h  v e h i c l e  i n t e r i o r  deformat ion 

and a  dummy passenger r e s t r a i n e d  o n l y  by a  knee bar;  and, 

2. a  crash w i t h  s i m i l a r  occupant and v e h i c l e  c o n f i g u r a t i o n s  except  

t h a t  t he  occupant i s  r e s t r a i n e d  a d d i t i o n a l l y  by a  t o r s o  harness. 

13.1 I n t r o d u c t i o n  

I t  i s  norma l l y  convenient  t o  c o n s t r u c t  a  da ta  s e t  ca rd  by card, 

beg inn ing  w i t h  Card 100 and proceeding through Card 1600. However, a  

complete data s e t  can a l s o  be viewed as a  c o l l e c t i o n  o f  subsets which 

may be d e a l t  w i t h  i n d i v i d u a l l y .  I n  t h i s  module, d i s cuss ion  o f  t he  con- 

s t r u c t i o n  o f  da ta  se t s  i s  i n  terms o f  e igh teen  l a r g e l y  independent sub- 

se t s .  These a re  i d e n t i f i e d  i n  F i gu re  13-1. Data subsets developed f o r  

one s i m u l a t i o n  can be assembled w i t h  subsets developed f o r  o t h e r  simu- 

l a t i o n s  t o  y i e l d  a  complete da ta  deck f o r  a new s imu la t i on .  As l o n g  

as t h e  user  keeps i n  mind and takes account o f  t h e  va r ious  dependencies 

between some o f  the  subsets,  a  complete ly  s a t i s f a c t o r y  composite da ta  

deck w i l l  r e s u l t .  

13.2 I n p u t  Data f o r  Example 1 

The f i r s t  example t o  be cons idered i s  s i m u l a t i o n  o f  a  30-mph f r o n t a l  

b a r r i e r  c rash  w i t h  a  dummy passenger r e s t r a i n e d  o n l y  by a  knee bar .  The 

f r o n t a l  p o r t i o n  o f  t he  v e h i c l e  i n t e r i o r  d i sp laces  toward t h e  occupant. 

F igure  13-2 i s  a  schematic o f  t h e  occupant and v e h i c l e  i n t e r i o r  con- 

f i g u r a t i o n  a t  c rash onset .  The f o l l o w i n g  sec t i ons  (13.2.1 through 13.2.11) 

d iscuss t h e  c o n s t r u c t i o n  o f  t he  da ta  s e t  f o r  Example 1, which i s  shown i n  

i t s  e n t i r e t y  i n  F i gu re  13-14. 



Arbitrary Decomposition 

of MVMA 2-D Data Set Into Subsets 

DATA SUBSET 

Title Cards 

Genera l  Controls for IN a n d  GO 

Debugg ing  Printout Controls 

Categories of  O u t p u t  Va r iab les  
to  b e  Stored 

Vehic le  M o t i o n  

Occupant Descr ip t ion 

Occupant  Posit ion 

Vehicle In ter ior  

Fr ict ion Characteristics 

A l l owed  or Disa l lowed Contact 
In teract ions 

Belt Restraint System 

A i rbag Restraint  System 

End o f  Da ta  Deck for IN 

Categories of O u t p u t  Var iab les  
to b e  Printed 

HIC, Femur l o a d s ,  a n d  Fil tering 

Potent ia l  l n i u r y  Indicators 

Pr in te r -P lo t  Stick Figure Time 
Sequence 

End of D a t a  Deck for  OUT 

CARD NUMBERS 

FIGURE 13-1 Arbitrary D e c o m p o s i t i o n  o f  MVMA 2-D Da ta  S e t  I n t o  Subse t s  



FIGURE 13-2 Occupant and Vehicle I n t e r i o r  Conf igura t ion  f o r  Example 1 



13.2.1 T i t l e  Cards. Each page o f  ou tpu t  f o r  a s i m u l a t i o n  i s  headed 

by t i t l e s  which may be supp l i ed  on Cards 100, 200, 300, . . . , 900. These 

cards a re  discussed i n  Module 12. The 100-Card i s  f o r  a  " r un  t i t l e , "  

which should be centered i n  t h e  f i r s t  72 columns and which w i l l  appear 

on t he  f i r s t  l i n e  o f  each page o f  p r i n t o u t .  (See F igure  13-3). The 

second l i n e  o f  page heading cons i s t s  o f  t h e  concatenated con ten t  o f  

Cards 200, 300, . . . , 900. Each o f  these cards i s  norma l l y  used f o r  

d e s c r i p t i o n  o f  a  s p e c i f i c  s i m u l a t i o n  c h a r a c t e r i s t i c .  For example, as 

i n d i c a t e d  i n  Volume 2  o f  t he  MVMA 2-D r e p o r t ,  t he  700-Card norma l l y  

descr ibes the  type o f  be1 t r e s t r a i n  t system used. However, t he re  a re  

no r e s t r i c t i o n s  on the  con ten t  o f  these cards.  The 19-column sub- 

t i  t l e  f i e l d s  o f  Cards 200, 300, . . . , 700 p l u s  t he  17-column f i e l d  o f  

e i t h e r  Card 800 o r  Card 900 . (on ly  one may be used) can be used t oge the r  

f o r  any 131-character d e s c r i p t i o n  o f  t h e  s imu la t i on .  

The t i t l e  cards f o r  Example 1  have been grouped t oge the r  a t  the  

beg inn ing  o f  t h e  data s e t  except  f o r  t h e  200- and 300-cards, which have 

bo th  been used f o r  occupant d e s c r i p t i o n  and a re  p laced w i t h  t he  occu- 

pan t  data cards (see F igure  13-7).  I t  migh t  be again  noted, as exp la ined  

i n  Module 1, t h a t  data cards can be p o s i t i o n e d  w i t h i n  t h e  data deck i n  

any o rder ,  w i t h o u t  a t t e n t i o n  t o  ca rd  i d e n t i f i c a t i o n  number. Except ions 

t o  t h i s  a re  t he  1000- and 1600-cards, which serve as "end-of-data-deck" 

markers and must be the  l a s t  cards of t he  da ta  decks f o r  t h e  I n p u t  ( I N )  

and Output (OUT) processors,  r e s p e c t i v e l y .  

13.2.2 General Con t ro ls  f o r  I N  and GO. A number o f  general  c o n t r o l s  

a re  r e q u i r e d  f o r  t h e  ope ra t i on  o f  t he  I n p u t  ( I N )  and Execut ion (GO) 

Processors. These a re  on Cards 101 , 102, and 103, which a re  discussed 

i n  Modules 4, 5, 6, 9, 10, and 12.* Some of the  most impor tan t  o f  these 

c o n t r o l s  spec i f y :  1 )  t h e  system o f  u n i t s  ( m e t r i c  o r  Eng l i sh )  f o r  t he  

s imu la t i on ;  2 )  c rash dura t ion ,  i n t e g r a t i o n  t ime s tep,  and t ime increment 

f o r  p r i n t i n g  o f  ou tpu t ;  3)  use o r  non-use o f  t h e  va r ious  r e s t r a i n t  sys- 

tem op t ions ;  4)  i n t e r p r e t a t i o n  o f  " i n h i b i t i o n  cards" f o r  a l lowed o r  d i s -  

a l l owed con tac t  i n t e r a c t i o n s ;  and 5 )  l i m i t s  f o r  t h e  a l g o r i t h m  which 

*The user  i s  r e f e r r e d  t o  F igure  1-26 o f  Module 1  f o r  a i d  i n  f i n d i n g  d i s -  
cuss ion  i n  Modules 2  through 12 o f  t he  parameter i n  any da ta  ca rd  f i e l d .  
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FIGURE 13-3 Tit le  Cards for Example 1 

F I G U R E  13-4 General Controls for IN and GO for Example 1 



determines shared-def lec t ion force balance. S imu la t ion  Examples 1  and 

2 o f  t h i s  module a re  bo th  f o r  200 msec du ra t i on ,  one msec i n t e g r a t i o n  

t ime step, and f i v e  msec p r i n t o u t  i n t e r v a l .  The s imu la t i ons  a re  made 

w i t h  Eng l i sh  system data.  F igure  13-4 shows Cards 101 through 103. 

13.2.3 Veh ic le  Mot ion.  The v e h i c l e  mot ion,  o r  more p r e c i s e l y ,  

occupant compartment mot ion,  i s  desc r i  bed w i  t h  Cards 601 through 604. 

Th is  p r e s c r i p t i o n  o f  t h e  "crash h i s t o r y "  i s  t he  s u b j e c t  o f  Module 8. 

Cards f o r  t h e  30-mph f r o n t a l  b a r r i e r  c rash o f  Example 1  a re  shown i n  

F igure  13-5. I n i t i a l  p o s i t i o n  and v e l o c i t y  values f o r  v e h i c l e  h o r i -  

zon ta l ,  v e r t i c a l ,  and p i t c h  coord inates a re  on Card 601, toge ther  w i t h  

two coord inates f o r  an accelerometer l o c a t i o n .  The remain ing cards spe- 

c i  fy a c c e l e r a t i o n  h i s t o r i e s  f o r  the  t h ree  v e h i c l e  degrees o f  freedom. 

The h o r i z o n t a l  mot ion f o r  t h i s  example, i l l u s t r a t e d  by t h e  acce lera-  

t i o n  p r o f i  l e  i n  F igure  13-6, i s  de f i ned  by twen ty - th ree  t ime-accelera- 

t i o n  p o i n t s  on cards f o l l o w i n g  t he  602-card, The crash represented i s  

f o r  an impact v e l o c i t y  o f  30 mph, a  A V  o f  32.83 mph, 33.9 g ' s  peak 

acce le ra t i on ,  and a s topp ing  d i s t ance  ( o r  "crush")  o f  21 .a inches. 

13.2.4 Occupant Desc r i p t i on .  Most o f  the  Cards 201 through 242 

a re  used f o r  p r e s c r i b i n g  occupant parameters. Cards 201 through 216 

p l us  227 through 242 descr ibe  mass and moment o f  i n e r t i a  p r o p e r t i e s  f o r  t h e  

body l i n k s ,  l i n k  leng ths ,  and j o i n t  p rope r t i es .  Cards 219 and 220 d e f i n e  

e l  1 i pses  which represen t  t he  contact -sens ing p r o f i l e  o f  t he  body. 

Loading and un loading c h a r a c t e r i  s t i  cs o f  body ma te r i  a1 s  a re  p resc r i bed  

on Cards 221 through 226.* The da ta  i n  F igure  13-7 a re  p r e l i m i n a r y  

da ta  compi led by HSRI f rom severa l  sources f o r  a  GM Hyb r i d  I1  
dwmy. Toe and heel  e l l i p s e s  have been p o s i t i o n e d  f o r  a  f o o t  

i n  a  f l e x e d  c o n f i g u r a t i o n  s i nce  t h e  MVMA 2-D model does n o t  i n c l u d e  

an a r t i c u l a t i o n  a t  t h e  ank le  j o i n t .  

Values p e r t i n e n t  t o  i n i t i a l  j o i n t  torques a re  on Card 217 

(see Sec t ion  13.2.5). Head and chest  accelerometers a re  l oca ted  by 

values on t he  218-Card (see F igure 13-27). 

* See Modules 2, 3, 4, and 6 f o r  d i scuss ion  o f  occupant parameters. 



FIGURE 13-5 Vehicle Motion Cards  f o r  Example 1 
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FIGURE 13-6 H o r i z o n t a l  Component o f  V e h i c l e  A c c e l e r a t i o n  f o r  Example 1  
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FIGURE 13-7 Occupant Parameter Cards for Example 1 



13.2.5 Occupant P o s i t i o n .  The seated occupant a t  " t ime  zero" f o r  

Example 1 i s  shown i n  F igure  13-2. Data a re  r e q u i r e d  f o r  i n i t i a l  p o s i t i o n -  

i n g  o f  t he  occupant. I n  a d d i t i o n ,  a  va lue i s  needed f o r  t he  

i n i t i a l  v e l o c i t y  f o r  each occupant degree o f  freedom (see Module 7 ) .  

As t he  occupant f o r  Example 1 i s  i n i t i a l l y  a t  r e s t  w i t h i n  t he  occupant 

compartment, which i s  norma l l y  t he  case f o r  crash s imu la t ions ,  these i n i -  

t i a l  v e l o c i t i e s  -- four teen  f i e l d s  o f  Cards 302, 303, and 304 -- 
a re  a l l  0. i n  t h e  da ta  o f  F igure  13-8. 

The i n i  t i a l  p o s i t i o n  data a re  on Cards 21 7, 301 , 303, and 304. 

F i r s t  , i n i t i a l  p o s i t i o n  values a re  r e q u i r e d  f o r  t he  f ou r t een  occupant 

degrees o f  freedom. These a re  t he  i n i t i a l  l i n k  angles (301) ,  neck 

l e n g t h  (303),  shoulder  p o s i t i o n  (304), and h o r i z o n t a l  and v e r t i c a l  

l o c a t i o n s  w i t h i n  t he  occupant compartment o f  the  upper t o r s o  cen te r  o f  

g r a v i t y  (303) .  For t h e  two example s imu la t ions ,  i n i t i a l  l i n k  angles 

and upper t o r s o  CG l o c a t i o n  were es t imated  f rom sca le  drawings o f  the  

" t ime  zero" occupant and v e h i c l e - i n t e r i o r  con f i gu ra t i ons ,  so t he  values 

i n  F igure  13-8 produce o n l y  approximate i n i t i a l  occupant e q u i l i b r i u m .  

The r e s u l t i n g  t o t a l  i n i t i a l  upward f o r c e  on t h e  occupant, f o r  example, 

i s  207.1 l b ,  which does n o t  equal t h e  occupant weight ,  163.7 I b .  The 

i n i t i a l  imbalance i s  n o t  g rea t  enough t o  s i g n i f i c a n t l y  a f f e c t  t he  simu- 

l a t i o n  r e s u l t s .  

Values on Card 217 a re  f o r  the  so - ca l l ed  " j o i n t  e q u i l i b r i u m  angles."  

The values i n  t he  example data have been se lec ted  t o  equal i n i t i a l  

r e l a t i v e  j o i n t  angles, which may be determined by s u b t r a c t i n g  l i n k  angles 

on Card 301. As exp la ined  i n  Module 2, t h i s  r e s u l t s  i n  zero i n i t i a l  

values f o r  t he  l i n e a r  components o f  j o i n t  torques. 

13.2.6 Veh ic le  I n t e r i o r .  A v e h i c l e  i n t e r i o r  w i t h  which t he  occu- 

pant  i s  t o  i n t e r a c t  must be p resc r i bed  by the  user.  Two types o f  data 

a re  r equ i r ed .  The f i r s t  o f  these descr ibes t h e  geometr ica l  p r o f i l e  

o f  t he  i n t e r i o r  i n  t he  p lane o f  occupant mot ion.  (See Module 5 . )  The 

p r imary  elements o f  t h i s  d e s c r i p t i o n  a re  the  endpoin t  coord inates o f  

1  i n e  segments which comprise so - ca l l ed  v e h i c l e - i n t e r i o r  " reg ions  ," 
a " reg ion"  be ing  a s e t  o f  connected s t r a i g h t - l i n e  segments hav ing t he  

same ma te r i a l  p rope r t i es .  F igure  13-9 shows t he  v e h i c l e  i n t e r i o r  pro- 

f i l e  def ined f o r  Example 1. Region and segment names a re  i nd i ca ted ,  



FIGURE 13-8 Occupant Position Cards for Example 1 
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FIGURE 13-9  V e h i c l e  I n t e r i o r  P r o f i l e  f o r  Example 1 



segment names i n  parentheses. S o l i d  l i n e s  i n d i c a t e  p o s i t i o n s  o f  l i n e  

segments be fo re  f r o n t a l  i n t e r i o r  p e n e t r a t i o n  i n t o  t h e  occupant compart- 

ment, which begins a t  40 ms. A l l  p e n e t r a t i o n  occurs between 40 and 

80 ms, and t he  dashed 1  i nes  represen t  t h e  deformed v e h i c l e  i n t e r i o r ,  

Note t h a t  t h e  toeboard segment decreases cons iderab ly  i n  l eng th .  

There i s  no r e s t r i c t i o n  t h a t  segment l eng ths  be h e l d  cons tan t  w h i l e  

undergoing mot ion.  Data f o r  one o f  t h e  p e n e t r a t i n g  reg ions  o f  t h e  

v e h i c l e  i n t e r i o r ,  t he  INSTRUMENT PANEL reg ion ,  a re  ill u s t r a t e d  i n  F igure  

13-10. The INSTRUMENT PANEL p r o f i l e  i s  de f i ned  e n t i r e l y  by Cards 401, 

402, 409, 410, and 411. 

The second type  o f  da ta  r e q u i r e d  f o r  t he  v e h i c l e  i n t e r i o r  descr ibes 

m a t e r i a l  c h a r a c t e r i s t i c s ,  i .e., l o a d i n g  and un load ing  p r o p e r t i e s  o f  

reg ions  o f  t h e  de f i ned  p r o f i l e .  Data a re  on Cards 403 through 408. 

Wi th  regard  t o  m a t e r i a l  s p e c i f i c a t i o n s  i n  F igure  13-10 f o r  t h e  INSTRU- 

MENT PANEL, t h e r e  a re  two p o i n t s  wor thy o f  note.  F i r s t ,  t he  use o f  

t he  name IZERO on Card 404 f o r  t h e  i n e r t i a i  s p i k e  curve i l l u s t r a t e s  

t h a t  curve names may be shared by m a t e r i a l s ;  no i n e r t i a l  sp i ke  da ta  

(Card 408) appear here f o r  m a t e r i a l  I P M T  s i nce  t h e  i n e r t i a l  s p i k e  curve 

IZERO i s  de f i ned  elsewhere i n  t he  da ta  s e t  f o r  a  d i f f e r e n t  m a t e r i a l  

(see Card 226 i n  F i gu re  13-7).  I t  i s  a l s o  a l l owab le  t o  s p e c i f y  t h e  same m a t e r i a l  

name f o r  d i f f e r e n t  reg ions  o r  e l l i p s e s  w h i l e  d e f i n i n g  t he  m a t e r i a l  

p r o p e r t i e s  o n l y  once w i t h i n  the  data s e t .  Second, t h e  dependence o f  t h e  

R - r a t i o  ( f o r  energy r e s t i t u t i o n )  on maximum deformat ion i s  i n d i c a t e d  on 

t he  406-Cards and has been es tab l i shed  t o  be compat ib le  w i t h  t h e  G- 

r a t i o  ( f o r  permanent deformat ion) on Cards 405 and t he  l oad ing  curve 

from Cards 407. Th i s  i s  impo r tan t  t o  guarantee proper  un load ing  be- 

h a v i o r  f o r  t h e  m a t e r i a l .  Determinat ion o f  G- and R - ra t i o  c o m p a t i b i l i t y  

i s  desc r ibed  i n  Module 6, P a r t  2 (see F igure  6-28). 

13.2.7 F r i c t i o n  C h a r a c t e r i s t i c s .  F r i c t i o n a l  fo rces  between t he  

occupant and elements o f  t he  v e h i c l e  i n t e r i o r  can be l a r g e  enough t o  

have a  cons iderab le  e f f e c t  on t he  magnitude and d i r e c t i o n  o f  t h e  

r e s u l t a n t  f o r c e  vec to r  a t  the  i n t e r a c t i o n  i n t e r f a c e .  I t  i s  t h e r e f o r e  
impor tan t  i n  s imul a t i o n s  t o  account f o r  f r i c t i o n a l  forces accu ra te l y .  

The user  o f  t he  MVMA 2-0 model assigns each body e l l i p s e  and each 

v e h i c l e  i n t e r i o r  r eg ion  t o  a  " f r i c t i o n  c lass ; "  t h i s  i s  done w i t h  

e n t r i e s  on Cards 219 and 402. C o e f f i c i e n t s  o f  f r i c t i o n  a re  s p e c i f i e d  
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FIGURE 13-10 Data Cards f o r  D e f i n i t i o n  o f  Geometrical P r o f i l e  
and Mater ia l ,  P r o p e r t i e s  f o r  a Typical  Region 



on 412-Cards f o r  combinat ions o f  e l l i p s e  and r e g i o n  f r i c t i o n  c lasses.  

F igure  13-11 shows t h e  412-Cards i n  t h e  da ta  s e t  f o r  Example 1. There 

i s  one card f o r  each p a i r i n g  o f  f r i c t i o n  c lasses represented i n  t he  s e t  

o f  con tac t  i n t e r a c t i o n s  which can occur i n  t h i s  s imu la t i on .  For any 

s imu la t i on ,  c o e f f i c i e n t s  o f  f r i c t i o n  w i l l  d e f a u l t  t o  0. f o r  any p a i r i n g  

n o t  represented by  a  412-card. Note t h a t  t h e  f i r s t  data  ca rd  i n  F igure  

13-1 1  inc ludes  c o e f f i c i e n t s  f o r  tangen t i  a1 f o r ces  p r o p o r t i o n a l  t o  the  

f i r s t  and second powers o f  d e f l e c t i o n ,  as exp la ined  i n  Module 6-2. For 

t h i s  example, t he  values represen t  p low ing  res i s t ance  t o  r e l a t i v e  mot ion 

between t he  SEAT CUSHION and SEAT BACK reg ions  and con tac t i ng  body 

e l l i p s e s .  

13.2.8 I n t e r a c t i o n  " I n h i b i t i o n "  Cards. Modules 4  and 5 d iscuss 

t he  use of 106-Cards f o r  s p e c i f i c a t i o n  o f  a l lowed o r  d i sa l l owed  combina- 

t i o n s  o f  p o t e n t i a l l y - i n t e r a c t i n g  body e l l i p s e s  and v e h i c l e  i n t e r i o r  

reg ions .  "A1 lowed" combinat ions a re  norma l l y  s p e c i f i e d  when t h e  num- 

b e r  o f  probable  i n t e r a c t i o n s  i s  l e s s  than t he  number o f  improbable 

i n t e r a c t i o n s .  Th i s  i s  judged t o  be t he  case f o r  t he  f i r s t  s i m u l a t i o n  

example, so twenty-one a1 1  owed i n t e r a c t i o n s  have been s p e c i f i e d  between 

t he  t e n  body e l l i p s e s  and n i ne  v e h i c l e - i n t e r i o r  reg ions.  These a re  

shown i n  F i gu re  13-1 2. One card  has been i nc l uded  f o r  an a1 lowed 

i n t e r a c t i o n  between body e l  1  ipses  THIGH and THORAX. 

13.2.9 B e l t  R e s t r a i n t  System. Example 1  i s  a  s i m u l a t i o n  f o r  an 

un res t r a i ned  occupant. As an i l l u s t r a t i o n  t h a t  i t  i s  unnecessary t o  re -  

move r e s t r a i n t  system data from the  da ta  deck f o r  such a  s imu la t i on ,  

be1 t system data cards a re  inc luded  i n  t h e  complete da ta  deck f o r  Example 

1 shown i n  F igure  13-14. (These a re  Cards 228, 501 and 701 through 709. 

I t  i s  necessary o n l y  t o  s e t  t he  b e l t  system usage sw i t ch  i n  f i e l d  1  o f  

Card 102 t o  i t s  " o f f "  value, zero. 

13.2.10 End of Data Deck f o r  I N .  The l a s t  ca rd  i n  the  data deck 

f o r  t he  I n p u t  Processor, IN, must be t h e  1000-Card. I t  i s  b lank  except 

f o r  t he  ca rd  i d e n t i f i c a t i o n  number i n  columns 77 through 80. (See F igure  
13-14.) 



FIGURE 13-11 Data Cards f o r  C o e f f i c i e n t s  o f  F r i c t i o n  f o r  Example 1  
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FIGURE 13-12 I n t e r a c t i o n  " I n h i b i t i o n "  Cards f o r  Example 1 



13.2.11 Output Processor Con t ro ls .  Cards 1001 through 1600 con- 

s t i t u t e  a  separate da ta  deck f rom Cards 100 through 1000, descr ibed i n  

t he  preceding sec t ions  and read by the  I n p u t  Processor.  Cards 1001 

through 1600 a re  read by t he  Output Processor.  These cards c o n t r o l  

post -process ing and p r i n t o u t  o f  data  c a l c u l a t e d  and s t o r e d  by t h e  

Dynamic Sol u t i o n  Processor ( o r  "Execut ion Processor," GO). These 

da ta  and da ta  generated by t h e  I n p u t  Processor a re  s t o red  i n  f o u r  

ex te rna l  f i l e s  (see Module 12);  as l ong  as t he  f i l e s  a re  mainta ined i n -  

t a c t ,  they  can be processed by t h e  Output Processor any number o f  t imes, 

us ing  d i f f e r e n t  c o n t r o l  Cards 1001 through 1600. 

13.2.11.1 Output Categor ies f o r  P r i n t o u t .  The e n t i  r e  Output 

Processor data deck f o r  Example 1  cons i s t s  o f  seven cards.  These a re  

shown i n  F igure  13-13. The f i r s t  two cards, 1001 and 1002, a re  used f o r  

s p e c i f i c a t i o n  o f  ca tegor ies  o f  c a l c u l a t e d  da ta  f o r  which p r i n t o u t  i s  

des i r ed  and t he  o rde r  o f  p r i n t o u t  f o r  these ca tegor ies .  The f o r t y -  

f i v e  ca tegor ies  o f  r e s u l t s  which may be p r i n t e d  a re  i d e n t i f i e d  by Cate- 

gory  Number i n  F igures 1-21 and 12-2 o f  Modules 1  and 12. The o rde r i ng  

f o r  p r i n t o u t  shown f o r  Example 1  i n  F igure  13-13 i s  i d e n t i c a l  t o  the  

d e f a u l t  o rde r i ng  which would r e s u l t  i f  t h e  1001- and 1002-Cards were 

om i t t ed  f rom t h e  data deck.* A l l  ca tegor ies  a re  requested f o r  Example 

1. Requests f o r  p r i n t o u t  f o r  ca tegor ies  f o r  which no data a re  s t o red  

w i  11 be ignored  by t he  Output Processor.  

13.2.11.2 HIC, Femur Loads, and F i l t e r i n g .  Various data 

exp la ined  i n  Module 12 a re  r e q u i r e d  on Cards 1003 and 1004 f o r  the  pos t -  

processor  f unc t i ons  o f  f i  1 t e r i  ng o f  occupant acce le ra t i ons  and determina- 

t i o n  o f  HIC and femur loads.  

13.2.11.3 P o t e n t i a l  I n j u r y  ~ i d i c a t o r s .  I n  a d d i t i o n  t o  H I C  

and femur loads, o t h e r  p o t e n t i a l  i n j u r y  i n d i c a t o r s  can be determined 

and p r i n t e d  by t h e  Output Processor. These a re  a l s o  discussed i n  

Module 12. They a re  requested by us i ng  Cards 1100 through 1401, none 

o f  which a re  i nc l uded  i n  t he  data deck f o r  Example 1 .  

* The d e f a u l t  o rde r i ng  minus p r i n t o u t  o f  t he  i n p u t  data summary, Category 
0, can be ob ta ined  by us ing  a 1001-Card which con ta ins  o n l y  "-1" i n  
columns one and two. 



FIGURE 13-13 Output Processor Data Deck for Example 1 



13.2.11.4 P r i n t e r - P l o t  S t i c k  F igures.  As exp la ined  i n  Module 

12, a  t ime sequence o f  p r i n t e r - p l o t  pages can be produced which d e p i c t  

t he  occupant and a l l  l i n e s  o f  t h e  v e h i c l e  i n t e r i o r .  A c o n t r o l  f o r  s t o r i n g  

data r e q u i r e d  f o r  p roduc t i on  o f  t h i s  p r i n t o u t  i s  on Card 101, read by 

t h e  I n p u t  Processor and shown i n  F igure  13-4. Con t ro ls  f o r  produc ing 

t h e  p r i n t o u t  a re  read  f rom Cards 1500 through 1502 by the  Output Processor.  

The most impor tan t  da ta  on these cards a re  margin coord ina tes  which 

frame t h e  p r i n t e r - p l o t  image w i t h i n  t h e  v e h i c l e  coord ina te  system and 

t he  s i m u l a t i o n  t imes t o  be i nc l uded  i n  t h e  t ime sequence o f  p r i n t o u t s .  

13.2.11.5 End o f  Data Deck f o r  OUT. As f o r  t h e  I n p u t  Proces- 

sor  data deck, a  s i n g l e  ca rd  i s  r e q u i r e d  t o  mark t he  end o f  t he  

Output Processor da ta  deck. I t  i s  Card 1600, which i s  b lank except  f o r  

t he  ca rd  i d e n t i f i c a t i o n  number. 

13.3 Selected Output f rom S imu la t i on  Example 1  

Selected pages o f  p r i n t o u t  f rom the  MVMA 2-D Crash V i c t i m  S imu la to r  

a re  shown as F igures 13-1 5  through 13-26. F igure  13-14 con ta ins  the  

data cards f o r  Example 1  which generated t he  s i m u l a t i o n  r e s u l t s  shown. 

The MVMA 2-D model has undergone cont inuous development and improve- 

ment s i nce  i t s  i ncep t i on ,  and i t  i s  expected t h a t  i t  w i  11 con t inue  t o  

undergo change. Consequently, numerical  r e s u l  t s  i n  F igures 13-1 5  through 

13-26 should n o t  be compared w i t h  r e s u l t s  t h a t  MVMA 2-D users m igh t  

o b t a i n  by us ing  t he  da ta  s e t  f o r  Example 1  f o r  s i m u l a t i o n  w i t h  t h e i r  

own i n s t a l l a t i o n s  o f  t h e  model. Rather, these f i g u r e s  a re  t o  be viewed 

as i l l u s t r a t i v e  o f  the  format  o f  MVMA 2-D p r i n t o u t ,  

13.3.1 Data Set Echo. Both t h e  I n p u t  and Output Processors always 

produce "echoes" o f  t h e i r  da ta  decks. An example page f rom t h e  I n p u t  

Processor "echo" f o r  Example 1  i s  shown as F igure  13-15. The 

e i g h t - c o l  umn data f i e l d s  a re  separated by a s t e r i s k s .  

13.3.2 Summary o f  I n p u t  Data. F igure  13-16 i s  an example page o f  

p r i n t o u t  o f  a summary o f  t he  i n p u t  data.  The e n t i r e  i n p u t  da ta  summary 

f o r  Example 1  i s  63 pages. Th is  p r i n t o u t  i s  produced whenever category  0  

i s  requested on t he  1001-Card. 



13.3.3 Printer-Plot Stick Figure Sequence. The data decks for 
Example 1 cause printer-plot s t ick figure o u t p u t  t o  be generated for 
each 10 ms of simulation time. Selected "frames" of the time sequence 
are shown as Figure 13-17. 

13.3.4 Printout of Numerical Results. Nine example pages of print- 
out of numerical results are shown in Figures 13-18 through 13-26. The 
definition of most o u t p u t  variables i s  clear.  However, aid i s  provided 
for the user in interpreting o u t p u t  in a section of Volume 2 of the MVMA 

2-D report en t i t led ,  "Description of Normal O u t p u t .  " 

Only two special notes will be made here regarding o u t p u t  variables. 
F i rs t ,  femur and t ib i a  loads (Figure 13-24) must be interpreted as for 
two legs combined. That i s ,  values for one leg are obtained by dividing 
by two. Second, GMR Severity Indices are calculated for head and chest 
in addition t o  values for the standard Gadd Severity Index. The GMR 

index i s  defined in a section of Volume 3 of the MVMA 2-0 report 
en t i t led ,  "Special Indices." I t  d i ffers  from Gadd index in that 
i t s  calculation involves raising acceleration values t o  powers which 
vary w i t h  acceleration level rather than the constant power 2 . 5 .  
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KNEEBAR LTNF  0 .  40.4 -13.2 
KN'FBAR L ? Y F  60. 10.4 -13.2 
< Y F F R A ?  LIVE 80. 38.9 -13.2 
KNFERAR LTNF  300. 3P.9 -13.2 
80'/FHEAr)EQ R M A y  0. 
ROClFHFAOE9 1. 6. 1 a 

L Q  ROOFYFhOER 5 .  
L 9 1 . 
L R -1 . 1 8 . 2  -43.4 
W I  YDSHTEL'Y W I N 9 S H I F L D  GL4SSO. 
WTNOSHIELD 1. 5. 1. 
L W WINOSHl  E L 0  5 . 
L U  1 . 
h w -1. 27.8 -41.3 
TYTTRIIYEYT OAVEL IPM4T  0 • 
INSTRl lMEY+ PAVC12. 4 s 1 
YTD TP I N S T R U M F M  P4NEL5. 
U1') I P  4 . 
WID I D  o . 44.9 -27.3 
YTQ I" 40. 41.9 -27.3 
M I D  TP no. 45-6  - 2 9 . 3  
Y I r )  T o  300 1 5  -6 -29.3 
LTWER I D  IhlSTRUMENT D4NEl.5, 
L d U E R  TP 4- 
LCIWER l p  0 . 43.7 -15.9 
LOUFR I P  40. 43.7 -15.9 
LOWfR T Q  80. 40.6 -18.9 
LOWER If' 300. 40.6 -18.9 
DASH DASHMATL 0 • 
CIA SH 1 • 2 • 1 • 
DACHL I Y E  DASH 5 • 
rJASHLTN5 4. 
OASHLTVE 0. 54.7 -5.6 
DASHL I N =  40 54.7 -5.6 
D b S H L I V E  80. 47.9 -5.6 
?ASH1 IME 300 47 .a -5.6 
n h F Y u h T L  0. 0, 0 • 
D A S H M A Y  5 .  

0 . 
I ZERO 

40 1 
402 

10000. 403 
G? SHEET 404 

405 
40 5 
405 
406 
40 6 
40b 
40 6 
406 
406 
406 
407 
407 
407 
407 
407 
407 
409 
4 1  0 
411 
41  1 
411 
4 1  t 
40 1 
402 
409 
410 
41 1 
40 1 
402 
409 
410 
411 
40 1 
*02 
409 
410 
41 1 
41 1 
411 
411 
409 
41 0 
41 1 
41 1 
41 1 
41 1 
401 
402 
409 
4 10 
411 
41 1 
41 1 
41 1 
4 0  3 
104  
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nca 0. o . 
m a  .o01 .OI 
9GD 10. -01 
OGQ 0.. 1 . 
DC.9 -001 - 9 1  
Ot9 -75 - 8  
OSQ 1.5 .5 
RCQ I0 .3  
n s ~ 4 ~  O. o . 
nqT4r 0.75 ~100. 
?ST4T 1.5 9000. 
')ST4T 40. 0000. 
P'!bTL 0. 
RY4TL 5 • 
RtT4T -1. 1200. 
UIhI9CHIEL'l CLISSoS 
U!VOSW!ELO GL4555. 
WCQ 0 . 0 . 
wcq . 5 0 . 
UG Q - 5 1  a 65 
UCR 1 . 075 
UGQ 6 . 8 
WGR 0. 1 . 
WGQ .5 1 • 
UGR -51 • 1 
U h9 1 • . 05 
UGP 6 . .o\ . 
WST4T -1. 108.8 
W! -1. 3000 
TOVAT 0. 
rDY 4 T  5 . 
I Q G Q  0. 0. 
tPCQ 2. . .75 
IDG? 40. 075 
IPGR 0, 1 • 
IOGQ 10 -25 
!pGQ 2. .1 
IbC4 R *  . 1 
IPCR R.4 15 
TDSTAT n. o l 
IDSTAT .165 80. 
IDSTAT - 3 7 5  480. 
IDSTAT - 6 6 5  750. 
IDSTAT .7RO 760. 
!DSTAT 1.25 500. 
I'qThT 1-75 580. 
IPSTAT 2 . 5 4  225 .  
fDCTAT 2.A7 255. 
IDqTAT 3.A* 300. 
IQFTAT 4.54 380. 
1 ~ 5 7 4 ~  4 . 6 3  250. 
IQSTAT L\. 250. 
!'STAT 12. 3f453, 
FH4TL 0. 
EYATL 5 • 
FG9 0. 0. 
FGQ 2 .  .7 
FCP 0. 1. 
Fr,P 2. .2 
FSTAT 0. 0. 

100. 101. 0. 0. 
0 • RST4T IZERCl DSS 
-29.36 4.78 
LOO. 101. 0. 0. 
0 a . USTAT HI WGR 

1 . 
4000. 
LOO. 101. 0. 0 . 
0 . IPSfAr IZERO I P G R  

LOO. 101. 0 . 0. 
0. FST4T IZER3 FGR 
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FSTAT .25 
FSTdT .? 
FSTAT .75 
FST4T 1. 
FSTbT 1.5 
FST4T 2. 
FST4T 3. 
F574T 4. 
FSTAT 6, 
FST4T 10. 
FSThT 16. 
1. I. 
1. 2. 
1. . 3. 
1. 4, 
2. 2. 
3. 1. 
3. 2. 
3. 4. 
3 .  5 .  
3 . 4 
HEAQ 
HEAQ 
HF4D 
THnQ A X 
TH7Q A X  
TYnq A X  
HI0 
H I o  
H I P  
THIGH 
KNEF 
<Nre 
SH4VK 
SH4NY 
HE L 
HEFL 
TO= 
YEEL 
rne 
H4Y9 
n4 V r) 
TYTGH 
2.75 7. 
0. 0. 
100. 0. 
V O  STRFVCTH 
bK WEBRING il 
6% WESRTWG LL 
6% H E R R I N G  *l 
GRELT1 0. 
GRELTl * I 6  
GSELTl 1.37 
GRFLTI 6.15 
GRELTl 40. 
GSFLT1 0s 
CRELTl 1.37 
GRFLT1 2.06 
GOcLTI 6.15 
GBELTl 40. 

100. 
LOO. 
1200. 
2400. 
~ 0 0 0 .  
4600. 
5000. 
5200. 
qaoo. .. 
5600. 
10000. 
025 -125 0125 . 5 . 5 . h - . B . 
0s 
.b 
-67 
.a 
PPPFqFADER 
wrvnsH?Em 
INSTQUMcNT PdNEL 
S F 4 f  F d C K  
sEar CIISHION 
TNFTR(lqFNr P 4 N R  
S E d T  R A C K  
SFAT CIISHfOY 
FLPOR 
c=aT CIJSHION 
I N q T R U W E N T  D4YEL 
KNcE AR 
TNcTqUWNT Q4YEL 
YNFI: RAW 
CLrJflR 
n A f H  
DASH 
Tff c D 4 N  
TPEPAN 
qF4T TU5HTOY 
TNSTQUUENT P I Y E L  
THOPdX 
0. 0. 0. 1.9 -1.76 14.12 -5.07 
0 • 0. 0- -33.52 1'. -1.2 
15.13 -.00178 6600. 6600. 10. 

14.04 -.00172 2. 1 
6 %  WEBBING r 2  

0 • 0. 0.16 14.36 15.04 0. 0. 
5. SBEtTl I Z E R O  GBELfl 
0. 
0 
-56 
.Q9 . 9; 
1. 
033 
-19 
005 
a05 
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SRELTL 0. 
SRELTl -533 
SRCLT1 9.91 
SSFLTI  11.2R 
SRFLTL 14.36 
SgFLTl  15.06 
6% U C R R I N G  I 2  
67 WEqRTNC 1 2  
S A F L T Z  0. 
SRELTZ .396 
SRcLT2 9.56 
S R E L T ~  10.9 
SBFLTZ 13.85 
SSFtT2 lk.51 
N O  S T P F N G T H  
Y? STPewrJTH 
GNOSTR -1. 
GNqSTR -1. 
SNOSTR -1. 

0. 
1500. 
2000. 
5300. 
6600. 
0. 
0. 0. ,155 l3-85 14-51 0. 0 • 
5 . S B R T 2  IZERO GRECTI 
0. 
1150. 
1650. 
9300. 
6600. 
0. 
0. 0 . 0, 10- 11- 0. 0. 
5. SNOST* IZER3 G V O S T ?  
0. 
1 .  
0. 
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1 100 * * * f lVN*A 2-D TU*TORIAL E*XAZPLE #*I * * * 
2 4 0 0  * KNEE * B A R  * * * * 1 * * 
3 500 *OCC. COfi*P. DISPL*. c * * a * * * 
u 6 0 0  * ~ O ~ P H  P R * Q N T  DABR*IIR * * * * a * * 
5 700  80  B*PLTS * a * * * * t 

G 101  * l o  * 1. *32.174 *O. *O, *ZOO.  *1. * S o  * l o o  $ 

7 1 0 1  $0. *0. *o. *o. *o. *o. * l o .  *.000001 *5. * 
Y 1 0 3  * . 2  *.05 *100000,  *15000. *lo. t . 0 5  * lo .  * l o  * l o  t 
9 6 0 1  *0.  *44-  *O. *O. *O. * 0. * O .  *O. * * 

10  ' 6 JZ  *23, * 1. *l .  * * c 41 * * * 
1 1  * 0.0 * -1.70* 1.00* -1,4O* 7.00* -33.90* 12.00* 2,80* 0.0 * 
12  * 13,50* 3 .901  18.00* -21.20* 21.50* -12.40* 28.00* -9.20: 0.0 * 
1 3  * 32.00* -24.00* 33.00* - 2 4 - 0 0 *  36.00* -9.90* 37.00* -9.90* 0.0 * 
14 42.00* -26.90* 47.001 -31.80, 50.00* -25.90* 54.00* -27.20* 0.0 * 
15  * 58 .00+ -32.20* 61.00* -29.001 76.00* -6,90* 90.00* -1.40* 0.0 * 
16 * 109.00* - l , 4 0 *  120.00* 0.0 * 300.00* 0.0 * 0.0 * 0.0 * 0.0 * 
17 6 0 3  *2. * l .  * l a  * 1 ?I 4 t t * 
18 * 0.0 * 0.0 * 300.00* 0.0 * 0.0 * 0.0 * 0.0 * 0.0 * 0.0 * 
1'3 6 0 4  '2. * l a  t * * $ * c * a 
20 * 0 . 0 s  0 . 0 *  300 .00*  0.0* 0 . 0 *  0 . 0 *  0 . 0 *  0 . 0 *  0 . 0 *  
21 2 0 0  * ~ n  B Y D R I * D  TI O U M * ~ Y  I * L c * t * 
22 300 * (PRELIYL*NARY DAT*A) * * C * c * * 
23 2 0 1  *1.1 * I 3 0 4 4  e3.4 *So *15.8 * * l o o 3  * 3 o 2 5  * - a 8 8  * 
24 202 *2.75 *7. t1 .7  t 4 . 2  *8.2 * g o 3  * 5 .  *5.8 * . 5  & 
25 203 r e 0 2 5 7  *.0951 **0052  * a 0 9 8 2  *a0932  *.0518 *do22  * a 0 2 5 6  t . 0 0 7  * 
26 L O U  * . 1 9 d  *1.97 *.OU * l o 5 3  * l a 3 8  *2o82  * a 1 8  *. 62 * * 
27 2 0 5 * 1 2 . 3  *.58 *O. *. 5 2  e17.4 *I .  * *-25. *.35 t 
28 2 0 6  *12.8 *.58 *O. *. 5 2  e17.4 *I .  * *  *-22. *.35 * 
2'1 LO7 *72. *15. *(J. *. 66 *1000. *I. *-6. *-25.5 *.35 * 
30  2 3 9  *102.5 *-7.624 *.I944 1 - 6 6  *1090. * l o  *-33.999 *-34.001 *. 35  t 
3 1  249 *94.44 *-4.dlO * . l o 5 3  *Ow 5650.  * l .  *-49,999 *-50.001 * . 5  * 
32 2 1 0 * 0 .  *29,8 *O.  *O. *204. * l .  *135. *0. *. 5 * 
33 211  *O. *to .  *O. *O. *222. *I. *28. *-197. *.5 * 
34  2 1 2  10.  * l o .  *O. *Ow *64. * 1, *O.  *-165. *.5 * 
35 2 1 3  4751. *O. *757, *1.98 * * t * * * 
36 21U *20, *230. *O. * O ,  * 41 *2. * *. 5 * 
37 2 1 5  *38. *. 5 3  *O. *. 5 2  *0. * 1. *-I. *. 16 * 
Jd 2 1 6 * 3 8 .  *. 58 *O. *. 5 2  * O .  * 1. *2. * *. 16 s 
39 2 4 2  *751. *O. *757. *1.98 * * * * * t 

40 219 *HEAD * * 41 *1. * 3 .  * * * 41 a 
41 219  * T d O B A X  * *CHZSTRAT*L * 2- *l .  * * * * 
4 2  219 *HIP * *HIPflATL * *4. *1. * * * * 
43 219  *THIGH * * * *5. '1. L * * a 
44. 219 * K N E E  * * 5. *I. * * * 
4 5  219 *SHANK * * t *6d  * 1. * * 41 * 
46 219 *HEEL * * t *6. *2. * * t t 
47 219 *IOE * * * *6. *2. * * t * 
4d 219 * E L B O Y  . * * *7. *1. dl * a * 
49 219 * H A N D  * * * * 8. *3. * z * 
59 220 *HEAD * *o. *. 5 * 4. *4. * * $ * 
5 1  220  *THORAX * *-. 5 *-.68 *5.52 *4 .44  * * * 
5 2  220  *HIP * *-.I2 *O. *4.5 *4.5 * * 41 * 
53 220  *TYIGB * *-. 5 *-. 1 *7. *3. a * #I * 
54 220  *KNEE * *7. *-, 4 *2.25 *2.25 * a e * 
55 2.20 *SilAIK * *-7.54 *O. *3. *2.4 f * * * 
56 220 *HEEL * *3.57 $0. *1.2 *1.2 * * a a 
57 220 * T O E  * *5.6 1 *-5.16 *1.2 * l W 2  t if * 
5 3  220 *EL301 * *5.3 *O. *1,5 * l . 5  * * * * 
5 3  220 * H A N D  * *!i. 6 *-. U $2.72 *1.52 * * * L 

FIGURE 13-15 I n p u t  Processor Data Deck Echo for  Example 1 (example page) 



* 
m e . -  
a w n  
4 0 .  
D O *  
v 3 
a a w  rn c 
d 0 0 0 0 0 . - - 0  

- I \ # . . . . ,  
v C ~ O o 0 0 0 0  
r u m  
m u 4  
a.4 I 
u e . =  

2 5  
a I 
z 
H 24 
w O k  
a = 3  
Y  hlz 
4 -1U 

a 4 
M I A  E 
P .n U P  

a m  m  
G m bl 

n P O  
a I( ~ 4 - 1  
w 11 = h a 5  
.a n z n  w ' 3 9 o  

I@= 
C w w *  d W t n L I  = W Z W I l a d  
U a w z 3 3  E.E. 
P I ' r l Z l h Z S O O  
u d 4 , 3 5 3 0  
e r n  o x ~ m r c  
~ z 3 V l o w O J ~ z  

W W m V I d n u H *  
C O M O X  a 1 3 3  
~ ~ C ) F ~ W O S L O ,  
o u H * w : w u  
m  d a * %  

! n . a = = ' x d : l t l  
a u a w  I Y ~ Y U  
c & n 2 L L 3 x a  





I m I 

UV) 
E .  ** W 

c 
3 

4 a 
01 z 



W a 
0 * aa 
P 

P 
m 
P a a  
W 
I 0  
Y 0 
m 
P P 







1 
1 6 1  

P W 1 * h  
O C J L r l  * 

at 4 1 1  
I L  rO 

w l a  
w *  O L W O  

h n o r  
I t o  

W W h O  
t h h b  

P 

I 





* 
l n m  
: * 
I C 
0 
In. 
- 0  



O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O  
I v I * v I ~ l l * v ~ * v * v I v . * * ~ l ~ l v * v v , v v I v v I I * I v  
0000000000000000000000000000000000000000 

3 0  
a m  

I I 
cnul 
C V N  
I I 

r- C 

0 - 
1 1  

or) 
m ry 
I I 





- - - 

O N r n m m T h o m m r a N r N m F m P f ~ N P h r - ~ ~ r ) m o n m o m f P O m - d ~ a m  
x n ~ ~ ~ w m w ~ m ~ ~ f m ~ n r m m o m w ~ ~ m o ~ a ~ ~ ~ m ~ + ~ ~ ~ m + m m ~ ~ ~ ~ o ~  
L Q J Y ~ ~ P S U I N J ~ ~  ~ ~ ~ o m r a m m ? a - ~ m - m o n 1 m ~ ? 5 a t n a ~ p l ~ r n  

- r - w m o m m l  I I m - ~ - -  - N - - -  I - - N -  I I I -  - m a  
N m N N  
C 

I l l  I I  1 

'3 
w o ~ o m o ~ o a m ~ ~ m ~ m m o ~ w m m ~ m ~ m z ~ m - r o n m ~ ~ o n ~ o ~ o m -  
~ r ~ - o m m m ~ w e ~ ~ ~ m m ~ n a m a c m m m b : ~ ~ m ~ m m ~ f ~ a ~ m - ; f ~ ( ~ ~ ~  

m ~ a ~ - m ~ ~ f ~ x + ~ 1 n n x - - v ~ 3 ~ r - o a ~ ~ n ~ m ~ o 3 m o m ~ m m m a ~  
m e ~ ~ ~ a - ~ m ~ o w ~ ~ ~ ~ m ~ n o ~ ~ n o o ~ m r m a - ~ x ~ ~ m ~ ~ ~ ~ ~ r a a  
~ ~ m ~ - ~ ~ ~ ~ f m ~ m m r ' - m m m a ~ a ~ ~ - m m \ o m ~ ~ m m a c m r n ~ a m ~ m m  
o ~ ~ m a 0 ~ r n z ~ m 1 ~ m a m p ~ ~ ~ r n - r ~ 3 a c ) ~ ? w 1  ~ N ? ? Y Q ~ Q I  1 m  
4 r f - n t n t ~ N ~ ( Y m f ( m f N P - f l l  

- - m r  r m c -  
I 

I l l  
I l l  I I 

r r r r  N 
I I I I  

~ ~ ~ ~ ~ w m ~ - o m ~ ~ \ ~ ~ m t ~ n ~ ~ - m o m m n m ~ ~ m r ~ ~ ~ r n ~ ~ - ~ ~ ~ a ~  
E N ~ - ~ F P s x Q - ~ ~ o P + ~ . ~ I ~ F ~ - ~ ~ I ~ ~ ~ ~ " . I ~ ~ N N P P ~ - w P ~ D ~ Q ~  

L ? f f 3 f 3 f f ? N m m N N r N - ' m l I  1 I ~ m m m  f 
1 1 1 1 1 1 I  I I I I  I  I I I I  

3 
VI 
m r o o ~ - ~ ~ m n - o n m 3 m m ~ ~ m o a m r n m w m m m ~ ~ a o m ~ ~ m ~ a o ~ ~ ~ m a  
3 ~ 0 ~ 1 m ~ ~ - a m m w m m 3 m ~ 7 a ~ o m w m + m ~ ~ r n . - ~ o - - f - m ~ , i n o ~ w n m  
H * * t t * * * * * I * l l * * * , * m * * t * * * * * * * * * * * * * l * * * * ,  
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~ a ~ S O w 5 ~ f + ? a ~ ~ ~ f f ~ ~ ~ N ~ 3 - N ~ ~ - P 9 Q ' ? N ~ ~ 3 n Q m a o o o  
~ ~ m r n ~ n ~ v m ~ ~ ~ ~ ~ ~ o ~ ~ m m o ~ ~ m m i ~ o - ~ o m m ~ h c ~ ~  m a 3 m o = o m  
a d m m w ~ ~ m n a r o a ~ ~ ~ a o ~ ~ m ~ o - m m a ~ m m ~ s w m  r a q o r c n m r n  
P I  9 N N N Y V - 3 - 7  N N ~ L ~  j ~ q U 7 m N - r  ( N N  r r r  ( r - t r r r N O  
3 F r - t r c r - r r  I I 1  I c c r  1 1 c 

I I I 1 

~ m ~ ? - - a m - m r n - r n ~ ~ ~ m ~ m - m m n ~ a ~ - ~ ~ ~ t ~ ~ o m a m ~ ~ m  
~ ~ a ~ ~ m m ~ ~ m ~ ~ m m ~ o ~ ~ ~ r n ~ ~ ~ ~ - z z m m r - ~ r - ~ n ~ o n w o o r - -  
u 8 ~ ~ t * ~ * @ ~ e ~ @ * @ * ~ ~ * 8 ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ t o ~ ~ l o ~ ~ @ ~  
~ m - ~ a \ 0 ~ ~ n ~ - 3 - e ~ 1 w a m a - ~ - ~ ~ w a ~ t a ~ n ~ n - ~  ~ m j r = t m r - a  
9 m m 3 - 3 7 7 3 m m 0 ~ ~ n ~ ~ ~ ~ ~ ~ + 3 ~ - + n t o y s ~ - ~ ~ ~ ~ - ~ ' 1 ~ - - c . r - a  

~ m 3 a ~ w m ~ - a ~ ~ - m ~ m ~ m a ~ - o ~ - r 5 1 ~ ) a ~ m 3 m ~ o c \ ~ - r n ~ ~ - n  
N ~ m m - P v h n 3 f ~ 3 1 C m P r - ~ l y Y - ~ O a - m ~ m ~ ~ ? O 3 O ~ * f ~ N -  

~ m m m n n ~ 3 1 n ~ a w a ? o  m m 3 m ~ ~ a - T  I ~ r l - r - ~ - ~ a ? m t r i  
N N N N N N N N T - - - r - - N  'D I I I ( CT-t 7'- 

I I I I I I I  I I I I  1 1 1  



w -0 
E N U  
u 
W X Z  
'a - 0  













13.4 Input Data for Example 2 

The second example data se t  includes the same 30-mph frontal barrier 

crash acceleration profile as used for Example 1 .  Simulation Example 2 

i s  similar t o  Example 1 in other ways also. I t  uses the same occupant 

description data subset and the occupant i s  positioned within the vehicle 
in an identical manner. The vehicle inter ior  used i s  basically the same. 
The primary difference between Examples 1 and 2 i s  that while b o t h  occupants are 

restrained by a knee bar, the occupant in Example 2 i s  additionally 
restrained by a torso harness. There are a number of other differences 

in the data se ts .  None of these should affect the crash dynamics; they 

have been included t o  i 11 ustrate various program options. 

13.4.1 Be1 t Restraint System. The three-be1 t submodel described in 
Module 9 i s  used for this simulation. Since simulation Example 1 was 
for an occupant unrestrained by bel ts ,  the belt  system usage switch in 
f ie ld 1 o f  Card 102 was set  t o  0 .  For Example 2 ,  however, Card 102 
in Figure 13-30 i s  seen t o  have a 2.  i n  f ie ld 1 .  This indicates usage 
of the three-belt submodel with b o t h  lap and torso restraints .  Since 
i t  i s  desired for this simulation t o  have only the torso harness and 
the knee bar as restraints ,  and not a lap bel t ,  the belt  system data 

subset shown in Figure 13-27 includes some specifications worthy of note. 

Whi 1e any of the seven be1 t segments of the Advanced Be1 t-Restraint 
Submodel may be included or omitted from a belt system design, the Three- 

Belt Submodel is  n o t  as flexible. I t  must include either both lap belt 
a n d  torso harness or the 1 ap be1 t a1 one. Therefore, i n  the data sub- 
se t  shown, in order t o  effectively eliminate the lap bel t ,  a belt  material 

named NO STRENGTH i s  defined by 704- and 705-Cards and i s  prescribed a 
zero s t i f fness  with a 708-Card. This belt  material i s  assigned t o  t h e  

lap be1 t on Card 702. 

The torso be1 t s  are each pre- tensioned t o  5 1 b .  This i s  done by 

assigning negative values for in i t i a l  slack on Cards 701 and 702. Beit 
anchor 1 ocati ons and attachment points on the occupant are prescribed 
on Cards 501 and 218. 



2.75 7. 
0. 0. 
100. 0. 
NI) STQFNGTW 
6% W E R Q I N G  6 1  
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GRcLT1 e l 6  
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SRFLTl 14.3h 
SRCLT1 15.04 
5 X  V E R P I Y G  12  
6% W F R R I N G  fit 
SRELT2 0. 
SRFLT2 ,396 
SRCLTZ 9 . 5 4  
SSELT2 10.9 
S9'LTZ 13-95 
SRELT2 14.51 
NO STPENGTH 
V O  5TQFNGTH 
GYOSTR -1. 
GNO5TR -1. 
SUDST9 -1. 

0. 0. 1.8 -1.96 
0. 0. -37.52 17. 
-.00178 5600. 6600. 10. 

14.04 -. 00172 2. 
6X WEBBING #2 

0. 0.16 14.36 15.04 
SBELTl 

rr 

0. 0. 10. I f .  
SNOSTR 

-5 .07  218 
501 
70 1 
70 2 
703 

0. 704 
G3ELT1 705 

706 
706 
70 6 
706 
705 
707 
707 
707 
707  
7 0 7 .  
708 
709 
70 8 
7 0 9  
709 
708 

0. 704  
G3 ELT 1 705 

708 
708 
708 
708 
7 0  8 
708 

0. 706  
GVOST? 705 

706 
707  
70 8 

FIGURE 13-27 Belt Restraint System Cards for Example 2 



13.4.2 A u x i l i a r y  Debugging P r i n t o u t .  Module 12 e x p l a i n s  t h e  use 

o f  104- and 105-Cards f o r  o b t a i n i n g  "debugging" p r i n t o u t  o f  i n t e r m e d i a t e  

r e s u l t s  f rom t h e  Execut ion Processor.  Time-dependent, m u l t i - l e v e l  swi tches 

may be s e t  f o r  s i x t e e n  d i v i s i o n s  o f  program v a r i a b l e s .  F igu re  13-28 

i l l u s t r a t e s  s p e c i f i c a t i o n s  f o r  debugging p r i n t o u t  f o r  Example 2  f rom 0  

t o  3  ms and f rom 198 t o  200 ms i n c l u s i v e .  P r i n t o u t  beg inn ing a t  t imes 

zero w i l l  be f o r  swi tches 1, 7, 9, 10, 11, and 16 a t  l e v e l s  3, 1, 3, 3, 2, 

and 2, r e s p e c t i v e l y .  A t  1.1 ms, swi tches 7  and 16 a re  s e t  t o  0, and a t  

3.1 ms a l l  debugging p r i n t o u t  i s  suppressed. A t  198 ms, a l l  s i x t e e n  

swi tches a r e  s e t  a t  l e v e l  1; debugging p r i n t o u t  cont inues through t h e  

end o f  t h e  s i m u l a t i o n  (200 ms f o r  Example 2) s i n c e  t h e  switches a re  n o t  

r e s e t  t o  0.  F i e l d  9  o f  Card 104 i s  s e t  t o  1.  i n  o r d e r  t o  l i ~ i t  debugging 

p r i n t o u t  t o  each f i n a l  e v a l u a t i o n  f o r  t h e  f o u r - s t e p  Runge-Kutta i n t e g r a t i o n .  

A "pack ing d i c t i o n a r y , "  which i s  o f t e n  u s e f u l  i n  i n t e r p r e t i n g  debugging 

p r i n t o u t , i s  requested by d e f a u l t i n g  t h e  n i n t h  f i e l d  o f  Card 105 t o  0 ,  by 

omission o f  t h e  c a r d  f rom t h e  data  deck. 

13.4.3 Output V a r i a b l e  Storage. S e c t i o n  13.2.11.1 has exp la ined  

t h e  use o f  Cards 1001 and 1002 f o r  s p e c i f y i n g  c a t e g o r i e s  o f  c a l c u l a t e d  

data  f o r  which p r i n t o u t  i s  des i red .  It should  be k e p t  i n  mind t h a t  

i n  o r d e r  f o r  t h e  Output Processor t o  p r i n t  o u t  v a r i a b l e s  i n  response t o  

s p e c i f i c a t i o n s  on Cards 1001 and 1002, those v a r i a b l e s  must f i r s t  be 

s t o r e d  i n  an e x t e r n a l  f i l e .  S p e c i f i c a t i o n  o f  c a t e g o r i e s  which a re  t o  be 

s t o r e d  d u r i n g  execu t ion  o f  t h e  "GO"  p rocessor  f o r  p o s s i b l e  l a t e r  p r i n t o u t  

i s  made s e p a r a t e l y  through use o f  Cards 107 through 111. For Example 1, 

these cards were o m i t t e d  f rom t h e  data  deck and thus,  by d e f a u l t ,  a1 1  

ca tegor ies  were s t o r e d  f o r  p r i n t o u t .  However, t h e  data  deck f o r  Example 

2  i n c l u d e s  t h e  cards shown i n  F igu re  13-29. Only v a r i a b l e s  f o r  c a t e g o r i e s  

f o r  which a  "0 . "  i s  s p e c i f i e d  w i l l  be w r i t t e n  t o  t h e  e x t e r n a l  f i l e  f o r  

p o s s i b l e  p r i n t o u t .  Use o f  Cards 107 through 111 i s  exp la ined  i n  

Module 12. 

13.4.4 Other "Example 2" M o d i f i c a t i o n s .  Adai t i o n a l  d i f f e r e n c e s  

between t h e  data  decks f o r  Example 1  and Example 2  i n c l u d e  t h e  f o l l o w i n g .  

(These can be seen i n  comparing t h e  a p p r o p r i a t e  s e c t i o n s  of t h e i r  com- 

p l e t e  data  decks, which a r e  shown i n  F igures 13-14 and 13-30.) F i r s t ,  

t h e  v e h i c l e  i n t e r i o r  f o r  Example 2  does n o t  i n c l u d e  t h e  ROOFHEADER, 
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WINDSHIELD, and INSTRUMENT PANEL regions. Second, the 106-Cards are 

absent from the data deck, and in teract ion " inhibi t ion"  controls on 

Card 102 are redefined so t ha t  a1 1 potential el  1 ipse-1 ine in teract ions  

are  investigated.  Third, the THORAX and HIP el  1 ipses have been 

made r ig id  since materials were defined fo r  them fo r  Example 1 only 

because of the possi bi 1 i ty of THORAX- INSTRUMENT PANEL and HIP- FLOOR 

in teract ions .  Finally,  printout  of the summary of the input data i s  

often not desired;  i t  i s  suppressed fo r  Example 2 by removing Cate- 

gory 0 from the s t r i ng  on Card 1001. A1 te rnat ively ,  a 1001-Card 

containing only "-1" in columns one and two could have been used. 

This requests the default  ordering fo r  Categories 1 through 40 minus 

printout  of the input data summary, Category 0. 

13.6 Selected O u t p u t  from Simulation Example 2 

Selected pages of printout  produced by the complete Example 2 

data deck in Figure 13-30 are  shown as Figures 13-31 through 13-36. 

These are :  a printer-pl  o t  s t i ck  f igure sequence; example debugging 

pr in tout ;  be l t  system data;  body l ink angle accelerat ions;  head, ches t ,  

and hip accelerat ions;  and HIC and Severity Indices. 



M V M A  2-0 TUTOQTAL EXAMPLE a2 
KNFF 849  

ItC. t q ' 4 D .  DISPL. 
30UDH FQCJYT R A R R I E R  

FOR[!-I- 1'4. HARNESS 
V O  I-Ro 9ELT 

1. 1. 32.174 
2. 0. 0. 
.2 -05 100000. 
0 I tOCI4F902l.l 
0. 1. 1. 
0. 0. 0. 
1. 1. 0 . 
1. 1. 0. 
0. 1. 1. 
0. 44. 0. 
23. 1. 1. 
0. -1.7 1. 
13.5 3.9 18. 
72. -26.0 33. 
42. -25.0 67. 
sa. -12.2 61. 
100. -1.4 120. 
2.  1. 1. 
0. 0. 300 
2. 1 . 
0. 0. 100; 
',Y HyRaIr! T T  D I IMYY 
( P Q E L  I Y T W 4 Q Y  D I T A )  
1.1 13.44 3.4 
2-75 
. 0 Z ~ Q  
-109 
12.9 
12.9 
72. 
107.5 
84.44 
0. 
0. 
0. 
751. 
20. 
39. 
1 R .  
751. 
HE40 
T H l R A X  
H I P  
THIGH 
K Y E C  
S H A N K  
HEFL 
TrjF 
rLSnW 
HAVD 
HEao 
T Y C R A X  
HTP 
T H l  GH 

FIGURE 73-30 Complete Da ta  Set  for Simulation Example 2 (page 1 o f  5 )  
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KYFE 
SYANK 
W E C t  
TOE 
ELSQW 
WbMD 
CHcSTrbTL  
tH=STwATL 
C GR -1. 
ccs 0. 
c G? 00 1 
CGQ .3 
CPlR 1.35 
C 5 T 4 T  0. 
CSTbf 001 
C S r A r  -05 
CSTAT -3  
CSTAT 04 
C S T A t  1.1 
C S T A T  a.25 
TZFQO -1, 
HIOY ATL 
H f  PYATL 
-11. -Q. 

73.5 07.5 
0. 0. 
12.2 0. 
0. 0. 
SEAT RACK 
SE4T 3ACK 
SEdT MErFQlAL 
SE4T wAT'EQTAL 
GRSEAT -1, 
r,?c=AT -1. 
SSE4T 0 .  
SSEAT - 8  
5SEAT 1.6 
f S F A 7  3. 
SS=AT 3.5 
FSFA? a, 
SLCU L I N E  
RACK LTYC 
RACK LTYC 
SFAT CllcHTOY 
$FAT Cl17MtnY 
CUfHI!YM L lYE  ! 
CUSHfqN L I Y F  1 
SUtwTnN L ! W  L 
CUYHTQV LrVF 2 
CUSHIPN LTME 2 
CUqnTO"! L l Y  2 
FL Y Y R  
FLOW? 
SEAT ROTTrjW 
SFAT qPTTrlf4 
SEAT SOTTOV 
FL77RS7APb 
FLDnRRn4RT) 
FLOOQRflAQn 
f'3EDAY 

a000, 
0 . 
SEAT RACK 
1, 
-1. 60 2 
SEAT wATEPI4L  
2 . 1. 
SFAT CUSHI OV 
1 0 

-1 I 15.44 
SfaT c u s H r a H  
1 .  
-1. 29 

2.25 
2.4 
1.2 
1.2 
1 5 
1.52 
100. 101. 0. 0. 

CSTbf  IZERO CGR 

1. 1. 
0. 
4 . 0 . 0. 
SSEAT IZERO CRSEAf 

FIGURE 13-30 Complete Data Set for Simulation Example 2 (page 2 of 5) 
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TQEOAN 
T O F Y ~ ~ ~ ~ I  
TOFRflARn 
T')55nAP'Y 
TflcBr?ARD 
TOERnARO 
T3C9C1AQr) 
KNEE RAQ 
Y Y C F  RPIQ 
SHCFT METPIL 
SHEET YFTAL 
GRSHCET D o  

GQSYFFT 0.5 
GQC'4FcT 5.5 
GRSYFFT D o  

r;QSUECT .t 

GRS'iEcT 2. 
GRCWEET 4. 
G R  SHcFT  5.5 
GSSYFFT Q. 

GQSME=T 0. 
SSHEFT 0. 
SSUFET 2. 
SSHEET '0 

SSHECT 5.5 
5SuCFT 4 .  
SSWEET 0. 

KNFE34Q L T Y E  
yU:=qbo L!'P 
KYcFSAQ LTYr 
KVecq f iP  L I V  
YYEFPhD LTYF  
YNFE4AQ L I Y F  
D I S H  
')ASH 
D A S r L I V F  
QA 5 H L I Y F  
D I S H L I Y F  
9ASHLTYF 
?A?HL I V E  
D A F H l r N E  
DASHMATL 
DASHMATL 
9tR 0. 
D GQ .001 
DGQ 10. 
n r , ~  0. 
DGP .OO 1 
DCR .'5 
DGR 1.5 
DGQ 10. 
DST4T  0. 
DSTAT 0.75 
DSTAT 1.5 
D S f 4 T  40. 
EYATL 
FYATL  
EPIR 0. 
FGQ 2. 
FGR 0. 

1. 2. 
T O E O 4 N  
4. 
0. 47.3 
40 47.3 
RO. 47.3 
300. 47.3 
SHCET METAL 
1. 3. 
0. 0. 
5. 
0. 
0. 
0.9 
1. 

.2  . I5 

.I 
001 
0. 
1500 
1500. 
10000. 
10000, 
0. 
KNET R A R  
4. 
0. 40.4 
60 '0 - 4  
PO. 3 8 . 0  
300. 35 .'9 
OASHYATL 
1 . 2. 
OASH 
4. 
0. 54.7 
40 . 5L.7 
no. 47.9 
300. 67.9 
0 . 0. 
5 .  
0 . 
.O1 
.o l 
1. 
091 
0 8  
.5  
03 
0 . 
2100. 
0000. 
9000. 
0. 0. 
5. 0. 
0. 
.7 
1 . 

0. 
0 . 
5 4.1 
54.7 
47.9 
47.9 
I* 
0. 
8. 

0-5  

38-9 
39.9 
37.4 
37.4 
1 . 
0. 
0. 

S b  2 
5 L  2 
47-6 
k7.4 
100. 

- 

LOO,. 
0 ,  

1, 

1, 

LOOOO. 
T Z F R O  

1 * 

1 . 
1, 

0.  
I ZERO 

0 . 
I ZE5 3 

40 2 
409 
41 0 
41 1 
41 1 
41 1 
411 
401 
40 2 

10000. 1.0 3 
G? S H E E T  404 

405 
405 
40 5 
1.06 
406 
'06 
406 
b06 
406 
406 
407 
407 
'07 
007 
407 
407 
405, 
410 
411 
411 
41 1 
41 1 
40 1 
402 
409 
4 10 
41 1 
411 
41 1 
01 1 

0. 403 
DGR 404 

405 
405 
405 
40 6 
406 
4 04 
1.06 
406 
407 
'07 
407 
407 

0 • 403 
FS7 '04 

405 
'05 
406 

FIGURE 13-30 Complete Data Set for Simulation Example 2 (page 3 o f  5) 
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F GQ 2 .  
FSTAT 0. 
FSTAT a 2 5  
FST4T .5 
F5TAT .75 
FSTAT 1. 
FSTAT 1.5 
FSTAT 2. 
FSr4T 3 0  
FSTAT 6. 
F t t 4 T  6. 
FST4T 10. 
FSTAT 1 5 .  
1. 1. 
I. 2.  
1. 3. 
1. 4. 
2. 2. 
3 8 1. 
3. 2. 
3. 4. 
3. 5. 
3 .  6. 
2.75 7. 
0. 0. 
100. 0. 
NO STRFNGTH 
6% YEUSING I 1  
6 %  w C s s ~ w  r t  
6 7  WFQRIYG d l  
GREL'l 0, 
SSFLT1 -16 
SBELTL 1.37 
GRELTI 6.15 
GBELTl 40. 
C4FLTl  0. 
GRELTl 1.37 
C R E L t l  2.06 
GRELTl 6.15 
GBFLTI 40. 
SRFLTl 0. 
S9FLTl -533 
SSELT1 9.91 
SSELTL 11.28 
SSGLTl 1L.?b 
SRCLTl 15.04 
5Z  W E R R I N G  62 
6% W E B R I N G  6 2  
SRFLT2 0. 
SRFLt2 -396  
SRFLT2 9 .55  
SqECr2 10.9 
SRELTZ 13.35 
SRECT2 14.51 
Nq STPENGTH 
'40 STQFNGTH 
GYOSTR -1. 
GVOSTR -1. 
SVOSTQ -1. 

0. 0. 1.8 -1.96 14.12 -5.07 
0. 0. -33.52 17. -1.2 
-.00178 6600. 5600. 10. 

14.04 -.00172 2. 1. 
6 %  WEBBING Y2 

0. 0.16 14.36 15.04 0. 0. 
SBELT l  IZEQ3 t 3 E L T l  

n 

0. 0. 10. 11. 0. 0. 
SNOSTR IZESO GVOST? 

FIGURE 13-30 Ccmplete Data  Set for Sinulaiion Example 2 (page 4 o f  5 )  



1 t  LO-L4v21~2Zv37t39tL5~23-2612-5,19-20t33-36t30-32 9 1 5  q27-23q39*l?v40q 100 1 
6-9 q 45 1002 
0. 0. 0. 11.55 .025 1003 
40. 500. 560. 0. - 8 5  201. 5. 5. 1004 
0. a 0. -3. 62 5 .  - 4 4 .  LO. 0. 1500 
2 1. 00 0. 1. 1. 0. I • 0. L50 L 

1600 

FIGURE 13-30 Complete Data Set for Simulation Example 2 (page 5 o f  5 )  
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3 u u  u u  
7 U Y U  

? U C  . u  









u u  
u  

U'U , u  

- 
I F -  



I a 
N U '  

I 
* 

s f 



s 
a 

e * 
a 6 

C 
a 6 

a 0 
a 

9 0 P 
9 a h.... 

4 r .  a 
e 0 

a t 
9 C 

e o * C x x  
a *  a x 

x 



f- 0 
C 0 
b a 
4 t- 
hi" 
O C  N 
0 0  .c 
* *  0. 

0 0  0 
0. 
0 
0 
m 

0 0 0 0  

o c -  
C 

c c c o o  c o - 3  - . . . .  . .=C.z E 
0 c c c c  c4zcz + 
C C  m u z  . - - u' . . , d  0 
C  C 

- - - 4 - - (P 

0 
0 
0 
0 
0 
C 
0 
0 

C C O O  
. . I *  

ccoa- 
I 

(V 

f ' JCC 
C * .  
r o c  
LP 

0, 
N 

",C,C.C.C. 
C S  CCCC-' 

I 

N u -  LT S 
C d  4 4 
I L ' C I O  
L: I 
c, 
C 

C "  g c 3 z  
0 o c = =  
C cc:; - F C C  

C C C O  C C < U - -  O C  I . I .  * *  * Z =  F F  
c c c r  c d c = ?  

C 
C C C C  * . * .  





- 
h 
9 
9 
C 
U 
v. 
\ 
C 
I:' 
c - 

a ~ w o o n i r ~ w ~ m ~ ~ ~ ~ ~ ~ u ~ ~ r O ~ ~ o . o ~ r - ~ ~ o p r a a ~ ~ ~ ~ p r ( r ) ~ ~ ~ m ~  
L L F ~ O C O  r o p r m ~ u a a ~ t r  O P C . U  L ~ O U  u  ~ a a ~ ~ a m ~ c r n c r - . ~ - o ~ r  
C ~ ~ ~ ~ . . ~ e ~ ~ r . t ~ ~ r r r . * . o ~ ~ s ~ * . ~ s ~ e ~ ~ b ~ * ~ o D ~  
- 0  4 - 0 0  u o u  n a c o o u  N & - u  o r - o r o h r j r  a m r u c : u  a p r w ~ a ~ i a a b *  
z c t - + c m m n t r i r ~ u u  ~ ~ + P F O  c a u  C N U - . I C - ~ ~ O ~ U . C L C I ~ N ~ N F ~ ~ C ~  
c m u t - o c l o u t - u  . Y W ~ @ O H U - - I  c r r u < u  N F I C ~ - ~ O ~ I P C N ~ - ~ ~ " N U ~ U .  
T I C N O  a u c ~ o r  . t a t  0 4 & r a ~  ~ C - U C ~ L " U ~ N - I ( ~ O  m m r l  w a e \ t w r u  
~1 I N ~ P V S C N P N ~ - ~ ' ~ U  I F - r  c n o c c y r o ~ t - ~ f i . ~ ~ . o - q e ~ ~ c ~ ~ ~ ~  

r r a  .O I +i d m  I au I -I I - ~ c a , o n ' -  s u  4 . c u  m h ~ - h ~ - +  -r-r 
I b - 1  1 I I I  1 I i N N  I I I I I I  

I I I 
c 
U O - , * S C F ~ . ~  c o  ~ ~ u ~ ~ ~ ~ c ~ - ~ ~ ~ ~ n e ~ ~ v ' o a a ~ ~ m ~ - r ~ ~ ~ ~ ~ a  
, C ~ O + N O F ~ ~ + ~ U ~ O L C O ~  3 - K  u m ~ u ~ ~ m . r m t -  c e c r + ~ . ~ u m m a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( L N ~ ~ I ~ C ~ O O W Q N ~ ~ ~ C J ~ ~ G ~ P  C u  U U \ ~ C C N ~ O O U  O U  a h r ~ u m o  ~ N r r -  
L C C U C , ~ ~ ~ < ~ U F V H ~ N ~  o u  T ~ O  rl I C - ~ I ~ U U ~  r c i r ~ r c c o - e ~ ~ ~  
r -  t r c b r  - 0 0  \ t \ ~ r  V - T F C I . P ~ . R F C ~ N J C ~ \ P U C I - L T O ~ ~ ~ - ~ ) C ( U ~  
C. I o D o C - . . I ~ ~ N + U C O  I - t  N - t r r - d  u a n o c  c c r u i - ~ ~ ~ a c r u m n  
2 I I  c d r U h W N U r m  I  r - - d < U l l l  l l  l I f l W h c l l l d - 4  

I m e  N  1 - 1  I I 1 I 
I I I 

L" 
~ ~ " a a u ~ a e ~ u w ~ r ~ m + - ~ ~ c ~ . c p . - m m c ~ c ~ - * o o ~ m u ~ t - ~ ~ ~ m  
i u i + a r t  ~ c . ~ N < < c J  - F J  c m ~ u r ~ ~ ~ ~ ~ u a u m o c - - r , ~ r ( ~ . t - r ~ ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O . ~ N C Q ~ - I ~ . J C N . L . C . L ~ ~  J O O  C G ~ L  r ~ d - c u  h @ r w r r . i ~ , u ~ ~ r . . r ~  
L L L T U \ ~ C ~ C C \ ~ ~  h . j . j v c - r r u  a c r c . ~ ~ u c i r  ~ ~ - . I C - . ~ N N ~ C C U I C U ~ L T . ~  
c ~ d a a a r a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ( ~ e * ~ O c r u  c o u r - a ~ a m ~ ( r ~ c c ~ m ~  
~ V C ~ F ~ I ~ C O  r P C C U - C I - + U  V P - u  II o u  m h q . ~ m . + ~ h  * I ~ ~ u I K . ~ F ~ ~ L  - - I I I I I I ~ C P - u  c r n d 1  - N I Q I  I I I I I I d 

d I I I I  

C 
w ~ m m ~ ~ ~ m ~ ~ ~ ~ ~ ~ ~ m ~ m ~ . t ~ h ~ m ~ m ~ - ~ \ r m ~ ~ ~ c ~ c ~ ~ ~ ~ ~ ~  
c u ~ r a ~ u ~ o ~ c r m o c ~ ~ - . r ~ ~ ~ a a ~ ~ ~ u - ~ . c a u a a ~ ~ r r \ ~ u m ~ ~  
C . . . . . . . . . * * . . . . . . . . . * * . . . . . * * * * . . * . . * o * . . .  
+ r ~ m r h o  ~ - ~ F F c u - o ~ ~ ~ - w ~ ~ ~ ~ ~ ~ - ~ ~ c ~ ~ c I ~ ~ o ~ c o N ~ u ~ ~ ~ ~ -  
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M V M A  Two-Dimensional Crash Victim Simulation: 

Tutorial System Update 

The Tutorial System fo r  the M V M A  Two-Dimensional Crash Victim Simulation 

(Version 3)  was released April 2 7 ,  1977. There were twelve modules in the 

or ig inal  Tutorial System. On August 3, 1977, a th i r t een th  module was re-  

1 eased together with several rep1 acement pages f o r  the  or ig inal  twelve moduf e s .  

The Tutorial System now cons i s t s  of a 397-page Sel f-Study Guide and a 298-page 

Audio-visual Program with 198 35 mm sl ides and nearly f i v e  hours of narrat ion 

on tape ca s se t t e s .  

This document i s  a Tutorial System Update which makes the Self-study Guide 

and Audio-Visual Program current  to  June 1979. HSRI has recent ly  completed 

Version 4 of the  MVMA 2-D model. Versions 3 and 4 d i f f e r  primarily in program 

organization and many associated modifications t o  the  Tutorial System were 

required.  In addi t ion,  several other modifications not re la ted  t o  Version 4 

d i f ferences  have been made. The Tutorial System Update cons i s t s  o f :  

a )  59 replacement pages fo r  the Self-study Guide; 

b )  5 i n se r t  pages fo r  the  Self-study Guide; 

c )  41 replacement pages fo r  the Audio-Visual Program; 

d )  17 replacement s l i de s  f o r  the Audio-Visual Program. 

The user of the Tutorial System should note t ha t  modifications have been made 

to  the ~ud ib -v i sua l  t ex t .  None of these changes a r e  of great  s ignif icance,  

so re-taping of the affected Audio-Visual Program ca s se t t e s  was not warranted. 

A 1  so ,  seven of the replacement pages for  the Audio-Visual Program a r e  fo r  
modifications t o  f igures  t ha t  a r e  so minor t ha t  associated replacement sl ides 

were f e l t  unnecessary. 

Listed on the next page a re  the pages and s l i de s  which should be replaced 

in ex i s t ing  copies of the Tutorial System. Each page i s  three-hole punched 

and each has "6/28/79", the re lease  date  f o r  t h i s  document, in the lower r igh t -  

corner.  



Sel f -Study Guide: rep1 acement paaes 

x i x ,  6 ,  23,  25-28, 30,  31,  32 ,  34,  54, 57-60, 62,  63,  168,  231-233, 237, 238, 

240-243, 286-2883 301-3073 311 , 314, 319, 326, 328, 330, 332, 334, 343, 

346-348, 355, 367, 368, 370, 371, 378-380, 384 

(59 pages t o t a l  ) 

Se l f - s t udy  Guide: i n s e r t  pages 

x x ,  31 . l ,  366.1,  366.2,  366.3 

( 5  pages t o t a l  ) 

Audio-Visual Program: replacement  pages 

3 ,  8-10, 33,  35,  36,  39,  47-49, 64,  66,  145,  194,  199 ,  202-204, 227, 228, 

234, 240, 241, 243, 245, 248, 249, 251, 252, 255, 256, 260, 262, 266, 267, 

271 , 273, 284, 292, 295 

(41 pages t o t a l  ) 

Audio-Vi sual Program: rep1 acement s l  i de s  

S l i d e s  1 -4 ,  1-23, 1-24, 1-27, 2-12, 2-14, 8-5,  8-6,  8-7, 10-2,  12-2,  

12-3,  12-5,  12-6,  12-9,  12-14, 13-2 

(1 7 s l  i d e s  t o t a l  ) 
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i m p o r t a n t ,  and independent  f r o m  a  u s e r ' s  mathemat ica l  background, a r e  

good e n g i n e e r i n g  judgment and an unders tand ing  o f  t h e  fundamental  s  o f  

Newtonian mechanics . 
The focus o f  t h e  T u t o r i a l  System i s  p r e p a r a t i o n  o f  i n p u t  da ta .  

I t  i s  he re  t h a t  d e s i g n  da ta ,  t h e  mathemat ica l  model , and e n g i n e e r i n g  

judgment must  be b r o u g h t  t o g e t h e r .  The mathemat ica l  model, l i k e  a l l  

mathemat ica l  models, w i  11 a1 l ow  o n l y  i m p e r f e c t  r e p r e s e n t a t i o n s  o f  

r e a l i t y .  I n  o r d e r  t o  s i m u l a t e  p h y s i c a l  phenomena as a c c u r a t e l y  as pos- 

s i  b l e  w i t h  t h e  model , i t  i s  necessary  f o r  t h e  use r  t o  unders tand t h e  

manner by  wh ich  f e a t u r e s  o f  t h e  o c c u p a n t / v e h i c l e  system have been ap- 

p rox ima ted  a n a l y t i c a l l y .  The re fo re ,  most  o f  t h e  m a t e r i a l  i n  t h e  T u t o r i a l  

System i s  e x p l a n a t i o n  o f  t h e  f e a t u r e s  o f  t h e  mathemat ica l  model and t h e  

a s s o c i a t e d  parameters f o r  wh ich  t h e  use r  must supp ly  va lues .  En- 

g i n e e r i n g  judgment i s  b r o u g h t  t o  bea r  i n  d e c i d i n g ,  f o r  s i m u l a t i o n  o f  

a  s p e c i f i c  c r a s h  even t ,  wh ich  f e a t u r e s  o f  t h e  model a r e  b e s t  used, how 

t h e y  a r e  used, and what parameters a r e  c r i t i c a l  and t h e r e f o r e  r e q u i r e  

s p e c i a l  a t t e n t i o n .  Such " s p e c i a l  a t t e n t i o n "  may be g i v e n  t o  a  c r i t i -  

c a l  parameter  i n  two d i f f e r e n t  ways. 1 )  F i r s t ,  i t  w i l l  sometimes be 

t h e  case t h a t  i t  i s  e n t i r e l y  u n f e a s i b l e  t o  e s t a b l i s h  an exper imen ta l  

v a l u e  f o r  a  parameter ,  e.g., a  measure f o r  h y s t e r e t i c  energy  a b s o r p t i o n  

f o r  an impac t  t o  t h e  head o f  a  s i x - y e a r - o l d  c h i l d .  A l so ,  we m i g h t  con- 

s i d e r  t h e  case o f  a  des ign  parameter  o f  t h e  occupant  compartment f o r  

wh ich  t h e r e  a r e  m in ima l  n o n - s a f e t y  r e l a t e d  d e s i g n  c o n s t r a i n t s ,  e .g . ,  

t h e  webbing s t i f f n e s s  f o r  a  component o f  a  be1 t r e s t r a i n t  system. 

Fo r  these  two examples i t  may be necessary  o r  a p p r o p r i a t e  t o  p e r f o r m  

s i m u l a t i o n s  f o r  a  range o f  va lues f o r  t h e  r e s p e c t i v e  parameters.  

2 )  S p e c i a l  a t t e n t i o n  can be g i v e n  t o  a  c r i t i c a l  parameter  i n  a  second 

way. I t s  v a l u e  m i g h t  be measured. Any c r i t i c a l  b iomechan ica l  para-  

me te r  o r  any d e s i g n  parameter t h a t  i s  e s s e n t i a l l y  f i x e d  i n  va lue,  o r  

wh ich  a t  l e a s t  has a  nominal  " b a s e l i n e "  va lue,  shou ld  be measured 

exper imen ta l  l y  i f  f e a s i b l e  and p r a c t i c a l .  I t  has been demonst ra ted 

t i m e  and a g a i n  t h a t  f o r  s a t i s f a c t o r y  per formance o f  mathemat ica l  

models, t h e r e  i s  no s u b s t i t u t e  f o r  good exper imen ta l  da ta .  R e a l i t y  

can be s i m u l a t e d  o n l y  if r e a l i t y  i s  rep resen ted .  



Inertial reference frame 

\ Accelerometer 
Location 

FIGURE 1 -1  6 V e h i c l e  Ccord i  na tes  



I n  special applications of the M V M A  2-D model , i t  can be useful 
t o  be able t o  specify time-dependent forces for direct application t o  

the occupant. Provision i s  made for applying such a force to any de- 
sired point on the head, as shown in Figure 1-18. 

1.4.5 Post-Processing and Model O u t p u t .  The MVMA 2-D computer 
model i s  organized as a multiprocessor in that i t  i s  divided into five 
parts which operate in turn. (See Figure 1-19.) The f i r s t  processor 
i s  called the I n p u t  Pre-Processor, or INP.  I t  reads data cards and  

writes the main program for the second processor. The second processor 
i s  called the I n p u t  Processor, or IN. I t  packs input data into binary 
tables and records those tables for use by subsequent processors. I t  
also writes two programs needed by the third processor, including the 
main program. The third processor i s  called the Dynamics Solution Pro- 
cessor, or G O .  I t  reads the binary tables, solves the equations of 
motion, and incorporates the computed results into the binary tables. 

The fourth processor i s  the O u t p u t  Pre-Processor, or OUTP. I t  reads 
data cards and writes three programs needed by the f i f t h  processor, in- 
cluding the main program. The f i f t h  processor i s  called the O u t p u t  Pro- 
cessor, or OUT. I t  reads the binary tables produced by the other pro- 
cessors and prints a comprehensive summary of a l l  recorded information 
as the user specifies. 

Discussion of the MVMA-2D model in preceding sections of this  
module i s  pertinent only t o  the functions of the f i r s t  three processors, 
that i s :  1 )  reading and interpreting the input data; 2 )  solving the 
equations of motion for  the simulated crash; and 3) storing results.  
This section i s  pertinent to the output processors, particularly the 
l a s t  processor, OUT, 

The O u t p u t  Processor has two primary functions: 1 )  t o  process and 
analyze computed results with various so-cal led "post-processor" sub- 
routines, and 2 )  to  produce printed o u t p u t ,  



F I G U R E  1-18 S c h e m a t i c  o f  Fo r ce  A p p l i e d  t o  Head 



THE MULTIPROCESSOR MVMA 2 4  MODEL 

INP = Input  Pre-Processor 

@ IN = lnput Processor 

GO = Dynamics Solution Processor, or Execution Processor 

OUTP = O u t p u t  Pre-Processor  

OUT = Output Processor 

FIGURE 1-19 The Mu1 t i p r o c e s s o r  MVMA 2-D Model 



Post -processor  subrou t ines  make p o s s i b l e  d i g i t a l  f i  1  t e r i n g  o f  

occupant acce le ra t i ons .  E i t h e r  f i  1  t e r e d  o r  u n f i  1 t e r e d  acce le ra t i ons  

may be used i n  de te rmina t ions  o f  t he  Head I n j u r y  C r i t e r i o n ,  HIC, 

and head and ches t  S e v e r i t y  I nd i ces .  A1 so, a x i a l  and shear components 

of femur and t i b i a  loads can be ca l cu l a ted .  Up t o  e igh teen  s tandard 

p o t e n t i a l  i n j u r y  i n d i c a t o r s  i n c l u d i n g  acce le ra t i ons ,  loads,  HIC, 

and s e v e r i t y  i n d i c e s  can be compared aga ins t  u s e r - s p e c i f i e d  t e s t  va lues.  

J o i n t  r e l a t i v e  angles can be s i m i l a r l y  t es ted .  I n  a d d i t i o n ,  i t  i s  

p o s s i b l e  t o  compare any recorded response v a r i a b l e  a g a i n s t  any o t h e r  

o r  aga ins t  h i gh  and low t e s t  values. The f i n a l  post -processor  

f u n c t i o n  i s  t o  produce p r i n t e r - p l o t  s t i c k - f i g u r e  r ep resen ta t i ons  o f  t he  

occupant, t he  v e h i c l e  i n t e r i o r ,  and t he  r e s t r a i n t  c o n f i g u r a t i o n .  One 

s t i c k  f i g u r e  f rom a  t ime sequence o f  p l o t s  i s  shown i n  F i gu re  1-20.* 

I n  i t s  second f u n c t i o n ,  p r i n t i n g  t ime h i s t o r i e s  of response v a r i a b l e s ,  

t he  ou tpu t  processor  deals  w i t h  f i f t y  d i f f e r e n t  ca tego r i es  o f  computed 

r e s u l t s .  These a re  ca tegor ies  1-40 and 46-50 i n  F i gu re  1-21. They i n -  

c lude  i n f o r m a t i o n  about v e h i c l e  mot ion,  occupant mot ion,  j o i n t  torques,  

and fo rces  r e s u l t i n g  f rom occupant i n t e r a c t i o n  w i t h  elements o f  t h e  

v e h i c l e  i n t e r i o r  and r e s t r a i n t  systems. Any o r  a l l  of these ca tegor ies  

can be requested by t he  user  f o r  p r i n t o u t .  I n  a d d i t i o n ,  i t  i s  p o s s i b l e  

t o  o b t a i n  fo rmat ted  p r i n t o u t  o f  i n p u t  q u a n t i t i e s .  

* The T u t o r i a l  System does n o t  deal  w i t h  t h e  use o f  VCL (Val  i d a t i o n  Command 
Language), a  separate  MVMA 2 - D  computer program which can per fo rm most 
o f  t he  pos t -p rocess ing  f unc t i ons  mentioned here.  VCL has many o t h e r  
pos t -p rocess ing  uses as w e l l .  I t  was developed t o  a i d  t h e  automot ive 
s a f e t y  researcher  i n  q u a n t i f y i n g  comparison between impact t e s t  r e s u l t s  
and p r e d i c t i o n s  of mathematical  s imu la t i ons .  



Category 
Number Description 

Formatted Printout of Input Quantities 

Vehicle Response 
Real Li ne Region Parameters 
Real Line Region Individual Line Segment Movement 
Contact Forces Including Occupant-Vehicl e ,  Occupant- 
Be1 t ,  Occupant-Occupant 

Neck Reaction Forces 
Unfi 1 tered Body Accelerations (Head, Chest, Pelvis)  
Fi 1 tered Body Accelerations (Head, Chest, Pelvis)  

Unfi 1 tered Severity Indices 
Fi 1 tered Severi ty Indi ces 

Body Link Angles 

Body L i n k  Angular Velocities 
Body Link Angular Accel era t ions 
Body Jo in t  Coordinates 
Body Jo in t  Velocities 
Body Jo in t  Torques 
Body Jo in t  Absorbed Energies 
Body Ki neti c Energies 
Ai rbag Vari abl es 
A i  rbag Contact Forces 
Airbag Center of Mass Forces and Moments 
Neck Jo in t  Coordinates 
Shoulder Jo in t  Coordinates 
Jo in t  Torque Elas t ic  Components 
Jo in t  Torque Joi nt-Stop Components 
Jo in t  Torque Frict ion Components 
Jo in t  Torque Viscosity Components 
Joint  Absorbed Energy Jo in t  Stop Components 
Jo in t  Absorbed Energy Frict ion Components 
Jo in t  Absorbed Energy Viscosity Components 
Center of Mass X-Component Forces 
Center of Mass Z-Component Forces 

FIGURE 1-21a Lis t  of O u t p u t  Categories 



Category 
Number Description 

Center of Mass Resultant Moments 
Steering Col umn Coordinates 
Steeri  ng Col urnn General i zed Coordi nates 

Steering Column Forces and Moments 
Forces and Moments on Body Due t o  Steering Column 

Neck and Shoulder Forces 
Muscle Tensi on Forces 
Muscle Tension Energy Absorption 
Femur and Tibia Accelerations and Loads 
Jo in t  Re1 a t i  ve Angl e Comparisons Against Upper and 
Lower Test Values 
Standard Lis t  of Quant i t i e s  t o  be Compared Against 
Test Values 
Individual Type A Comparisons 
Individual Type B Comparisons 
Printer-Plots  of St ick Figures 
Head Center-of-Gravi ty Motion 
Chest Center-of-Gravi ty Motion 
Hip blotion 
Jo in t  Re1 a t ive  Angles 
Joint  Relative Angle Velocities 

F I G U R E  1-21b Lis t  of O u t p u t  Categories 

3 1 



1.5 Data Set  S t r u c t u r e  

Two da ta  decks a re  r e q u i r e d  f o r  computer 
s imu la t i ons  made w i t h  t he  MVMA 2-D model. (See F igure  1-22.) Each da ta  

deck cons i s t s  o f  a  s e r i e s  o f  e i gh t y - cha rac te r  l i n e s  which w i l l  be c a l l e d  

"cards"  i n  t h i s  d iscuss ion .  The f i r s t  da ta  deck i s  read by the  i n p u t  p re -  

processor,  and t h e  cards a re  i d e n t i f i e d  by numbers 100 through 1000 

i n  columns 78-80 o r  77-80. P r i m a r i l y ,  these cards con ta i n  da ta  which 

descr ibe  t h e  crash event,  t he  occupant, t h e  v e h i c l e  i n t e r i o r ,  and t he  

r e s t r a i n t  systems. The second data deck i s  read by t he  ou tpu t  pre- 

processor.  Each card  i s  i d e n t i f i e d  by a  number 1001 through 1600 

i n  columns 77-80. These cards con ta i n  data which c o n t r o l  p r i n t o u t  

and t h e  use o f  post -processors  d iscussed i n  t he  l a s t  sec t i on .  I n  

genera l ,  da ta  cards can be i n  any o rder  w i t h i n  a  da ta  deck. Cards which 

c o n t r o l  model op t i ons  n o t  used f o r  a  p a r t i c u l a r  s i m u l a t i o n  need n o t  

be p resen t .  A lso,  as exp la ined  i n  Volume 2  o f  t h e  MVMA 2-D manuals, 

va r ious  q u a n t i t i e s  can be de fau l ted  t o  constants  s t o red  w i t h i n  t h e  

program by o m i t t i n g  t h e i r  cards f rom the  da ta  deck(s)  . 

Each card c o n s i s t s  o f  t e n  f i e l d s .  (See F igure  1-23.) The t e n t h  

f i e l d  i s  reserved f o r  t he  p r e v i o u s l y  mentioned ca rd  i d e n t i f i c a t i o n  

number. The f i r s t  n i n e  f i e l d s ,  c o n s i s t i n g  o f  e i g h t  columns each, a re  

da ta  f i e l d s .  Thus, up t o  n i ne  numbers may be r e q u i r e d  per  ca rd  a1 though 

most cards make use of  a  sma l l e r  number o f  f i e l d s .  Numerical da ta  

must be s p e c i f i e d  i n  e i t h e r  F, E, o r  D format ,  examples o f  which a re  

g iven w i t h  F igure  1-23. Blanks i n  numeric f i e l d s  a re  t r e a t e d  as zeros 

by most computer systems, so E- and D-format numbers must be r i g h t -  

ad j us ted  w i t h i n  data f i e l d s .  Alphanumeric da ta  a re  r e q u i r e d  on some 

cards;  b lanks w i t h i n  an alphanumeric f i e l d  w i l l  n o t  be ignored  s ince  a  

b lank  i s  a  l e g i t i m a t e  alphanumeric cha rac te r .  



DATA DECKS 

Card Number 

Cards read by INP. 
100, 200, ..., 900 content used for 
automatic titling of pages 

1000 (blank) marks end of data deck 

Cards read by OUTP. 

1600 (blank) marks end of data deck 

F I G U R E  1 - 2 2  D a t a  Decks 



1.6 Using the Tutorial System 

The Tutorial System self-study guide and audio-visual program are 
intended t o  faci 1 i t a te  learning t o  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 i s  not intended t o  be a replacement for the report manuals, b u t ,  
rather,  a detailed supplement. 

Volume 2 of the MVMA 2-D report manuals includes a description of 
a l l  data cards and the i r  content, card by card and f ie ld  by f ie ld .  
Figure 1-24 i s  a typical card layout from Volume 2 .  The table from 

which this  example page i s  taken includes over 100 such card layouts. 
They must be refere'nced in the preparation of a data s e t ,  b u t  they 
are n o t  included with the Tutorial System. The table,  in addition t o  
collecting in one place a description of a l l  required input data, 
includes information regarding default values for f ie lds  of cards omitted 
from the data deck(s) and also information regarding required units 
for data, f ie ld  by f ie ld .  The units required for  running the model 
with metric-system or Engl i sh-system data are indicated separately. * 

As previously mentioned, Tutorial System Modules 2 through 1 2  deal with 
different groups of related model features. However, i t  i s  not possible 
t o  make the treatment of a l l  subject matter in each module completely 
self-contained. For example, Module 9 describes the two optional 

* A1 1 example data included in the Tutorial System self-study manual are 
in English system units.  



e i t he r  s ide  of the in- l ine  or ienta t ion,  i . e . ,  one value i s  posit ive and 

one i s  negative. For th i s  reason they are often called " ~ o s i t i v e "  and 

"negative" jo in t  stop angles. B u t  s ince there i s  no general r e s t r i c -  

t ion on the stop values and since indeed the stops are  not always on 

e i the r  s ide  of the in-1 ine or ienta t ion,  they are  best called "upper" 

and "lower" stop angles, the upper jo in t  stop being the positive-most 

position. The stop angles a re  i l l u s t r a t ed  in Figure 2-6. Positions 

of L , the upper l ink ,  requiring clockwise rotat ion a re  described 
Q 

by negative angles. 

2.3.2 L i n k  Equilibrium Position 
Another quantity i l l u s t r a t ed  by Figure 2-6 i s  the "natural 

link position." A be t t e r  name fo r  th i s  quantity m i g h t  be "link 

equilibrium position." I t  i s  the value of the re la t ive  angle a t  which no 

1 inear,  e l a s t i c  component of spring torque resu l t s .  In contrast  

to  the nonl i  near joi nt-stop coeff ic ients ,  the values normal ly used 

for e l a s t i c  coeff ic ients  produce small torques except for  1 arge rela-  

t ive  angulations. The natural l i n k  positions a re  most commonly 

s e t  to  coincide with the i n i t i a l  occupant configuration so t ha t  no 

jo in t  torques ex i s t  a t  time zero. Resistance t o  small 

motion away from th i s  configuration i s  normally considered t o  be 

due to sof t - t i ssue  deformation. 

2 .3 .3  E g  

Figure 2 -7  i s  a  st ick-figure representation of  a seated occupant 

a t  time zero. Consider the knee as a typical jo in t .  The f igure 



i l l u s t r a t e s  t h e  range o f  m o t i o n  o f  t h e  lower  l e g ,  Thus f a r  s i x  

q u a n t i t i e s  r e l a t i n g  t o  j o i n t  geometry and t o r s i o n a l  p r o p e r t i e s  have 

been d e f i n e d .  Four p r imary  q u a n t i t i e s  remain t o  be d e f i n e d ,  b u t  f o r  

t h e  moment l e t  us c o n s i d e r  t h e  i n p u t  requ i rements  f o r  t h e  s i x .  N ine 

knee j o i n t  s p e c i f i c a t i o n s  a r e  en te red  on t h e  210-Card and t h e  t e n t h  

i s  e n t e r e d  on t h e  217-Card, which c o n t a i n s  n a t u r a l  l i n k  ang le  va lues 

f o r  a l l  j o i n t s .  The upper ( o r  p o s i t i v e - m o s t )  and lower  ( o r  nega t i ve -  

most)  j o i n t  s t o p  ang les  f o r  t h e  knee a r e  en te red  i n  f i e l d s  7  and 8 

o f  Card 210. F i g u r e  2-7 shows a  bent-knee s t o p  p o s i t i o n  

f o r  which t h e  t h i g h  element,  L  , i s  150' coun te rc lockw ise  
a 

f r o m a n i n - l i n e o r i e n t a t i o n w i t h  t h e l o w e r l e g e l e m e n t ,  L  The 
B ' 

o t h e r  s t o p  i s  a t  0° S O  t h e  p o s i t i v e - m o s t  s t o p  i s  a t  +150P and O O ( l e g  s t r a i g h t )  

i s  t h e  negat ive-most  s top .  Suppose t h a t  i t  i s  d e s i r e d  t o  have t h e  

n a t u r a l  l i n k  ang le  o f  t h e  knee c o i n c i d e  w i t h  t h e  i n i t i a l  knee ang le  

so t h a t  t h e r e  w i l l  be no e l a s t i c  t o r q u e  component i n  t h i s  p o s i t i o n .  

Again c o n s i d e r i n g  a n g u l a t i o n  o f  e lement a w i t h  r e s p e c t  t o  e lement 

6 f rom t h e  i n - l i n e  o r i e n t a t i o n ,  we see t h a t  t h e  n a t u r a l  1  i n k  ang le  

must be +6Z0. These va lues  a r e  among t h e  con ten ts  of Cards 210 and 

217, which a r e  shown i n  F i g u r e  2-8. I t  i s  suggested t h a t  t h e  user  

demonstrate,  as an e x e r c i s e ,  t h a t  t h e  n a t u r a l  l i n k  ang le  va lues i n  

f i e l d s  1  th rough  8 o f  Card 217 cor respond t o  t h e  r e l a t i v e  angles i n  

t h e  i n i t i a l  c o n f i g u r a t i o n  d e p i c t e d  i n  F i g u r e  2-7. 

2.3.4 L i n e a r  and N o n l i n e a r  S p r i n g  Torques 

F i e l d s  1  , 2, and 3  o f  t h e  knee j o i n t  ca rd ,  21 0, c o n t a i n  va lues 

f o r  q u a n t i t i e s  which have a l r e a d y  been d iscussed - -  namely, t h e  

po lynomia l  c o e f f i c i e n t s  f o r  1 i n e a r  and non l  i near  s p r i n g  t o r q u e  com- 

ponents.  The e q u a t i o n  w i t h  F i g u r e  2-9 desc r ibes  these components. 



F I G U R E  2-8 Joint property cards 



Spring Torque 
at Joint 

I I 
SPRING 
TORQUE = - k  

2 
ELASTIC ' '('1 , S T O P ~ A ~  K ~ l ~ ~ ~ ~  A +  STOP ( ~ ~ 1 )  sgn A 

Linear, e last ic  Nonl inear ,  joint-stop component  
component  

Angle 

F I c U R E  2-9 L i n e a r  and n o n l i n e a r  j o i n t  t o r q u e s  



= - k ~ ~ ~ ~ ~ ~ ~  - ('1 ,.STOP/'1 ' K 2 , ~ ~ ~ ~  a2 ' K 3 , S T O p l b 3 1 }  'gn A 
TORQUE 

l i n e a r ,  e l a s t i c  
component non l inear ,  j o i n t - s t o p  component 

The l i n e a r  e l a s t i c  to rque  component i s  p r o p o r t i o n a l  t o  6, t he  angu la r  d i f -  

ference f rom the  n a t u r a l  1  i n k  p o s i t i o n .  The p r o p o r t i o n a l  i t y  cons tan t  kELASTIC 

i s  i n  f i e l d  1, There can be t h r e e  terms i n  t he  non l i nea r ,  j o i n t - s t o p  com- 

ponent. The f i r s t  term i s  p r o p o r t i o n a l  t o  A, t h e  angu la r  p e n e t r a t i o n  i n t o  a  

m o t i o n - l i m i  t i n g  stop. Th i s  l i n e a r  j o i n t - s t o p  term can be used, however, o n l y  

i f  the  1  i n e a r  e l a s t i c  component i s  - n o t  used, and converse ly .  The second term 

i s  p r o p o r t i o n a l  t o  t h e  square o f  A, and t he  t h i r d  term i s  cub i c  i n  the  

q u a n t i t y  A .  The t o t a l  j o i n t - s t o p  component i s  made p o s i t i v e  o r  nega t i ve ,  

depending on whether t h e  upper s t op  o r  lower  s top  i s  a c t i v e .  Values f o r  t he  

l i n e a r ,  quad ra t i c ,  and cub i c  j o i n t - s t o p  s p r i n g  r a t e  c o e f f i c i e n t s  a re  i n  

f i e l d s  1, 2, and 3  o f  t he  210-Card. I f  t h e  va lue  i n  f i e l d  1  i s  negat ive,  i t s  

magnitude i s  used f o r  t he  l i n e a r  j o i n t - s t o p  c o e f f i c i e n t .  I f  the  va lue i s  

p o s i t i v e ,  then  i t  i s  used i n s t e a d  f o r  the  l i n e a r  e l a s t i c  c o e f f i c i e n t .  

2.3.5 Energy Absorp t ion  i n  J o i n t s  

The f o u r  p r imary  j o i n t  q u a n t i t i e s  which have n o t  y e t  been de- 

f i n e d  a re  i n  f i e l d s  4, 5, 6 and 9 o f  t h e  j o i n t  parameters da ta  card -- 

f o r  t he  knee, Card 210. F i e l d  9 con ta ins  t h e  s o - c a l l e d  " R - r a t i o "  

f o r  t he  j o i n t .  Th is  i s  t h e  f r a c t i o n  o f  t h e  energy s to red  i n  t h e  non- 

l i n e a r  l o a d i n g  o f  a  j o i n t  s top  which w i l l  be conserved upon complete 

un load ing  o f  t h e  s top .  A t y p i c a l  l oad ing-un load ing  l oop  f o r  t h e  

nonl i n e a r  s p r i n g  to rque  component i s  i 1 l u s t r a t e d  i n  F i gu re  2-10. 

The quad ra t i c  un load ing  curve i s  determined such t h a t  t h e  area A i s  

equal t o  BR/( l -R) s i n c e  t h e  R - r a t i o  i s  A/(A+B). F i e l d  4 con ta ins  a  

v iscous f r i c t i o n  c o e f f i c i e n t .  Th is  i s  t he  p r o p o r t i o n a l  i t y  cons tan t  

f o r  a  v e l  o c i  ty-dependent to rque .  The to rque  i s  d i r e c t l y  p r o ~ o r t i  onal  

t o  t h e  magnitude o f  t h e  r e l a t i v e  angle  v e l o c i t y  and,of course, 

ac t s  i n  a  d i r e c t i o n  t o  r e s i s t  mot ion.  F i e l d s  5  and 6 bo th  r e l a t e  t o  

6 0  6 /28 /79 
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Re la t ive  A n g l e  Veloci ty  

F I G U R E  2 -11  Jo in t  f r i c t i on  a t  jo in t  " i "  

NOTE: I t  i s  estimated fo r  50th-percentile-male values f o r  mass, moment 
of i n e r t i a ,  and l ink lengths and an intggration time s tep  of one 
millisecond t ha t  a threshold velocity V i  of 300-400 degisec or 
greater  should be used fo r  a jo in t  with a constant f r i c t i on  torque 
of 1000 in-1 b or  113 N-m.  For greater  values of  constant f r i c t i o n  
and time s tep ,  proportionately greater  val ues of  thresh01 d velocity 
should be used. Minimum threshold ve loc i t i e s  a r e  in inverse proportion 
t o  masses and moments of i ne r t i a .  



c o n s t a n t  f r i c t i o n  j o i n t  t o rque .  Both  q u a n t i t i e s  a r e  i l l u s t r a t e d  

by F i g u r e  2-11. The va lue  i n  f i e l d  5 i s  t h e , c o n s t a n t  t o r q u e  l e v e l ,  

J Fi , f o r  j o i n t " i  ." The q u a n t i t y  V! i n  f i e l d  6 i s  t h e  v e l o c i t y  t h r e s h o l d  

f o r  c o n s t a n t  f r i c t i o n ;  i t  i s  t h e  minimum r e 1  a t i v e  a n g l e  v e l o c i t y  

f o r  wh ich t h e  f u l l  f r i c t i o n  t o r q u e  r e s u l t s .  Torques f o r  r e l a t i v e  

ang le  v e l o c i t i e s  l e s s  than  t h e  v e l o c i t y  t h r e s h o l d  i n  a b s o l u t e  va lue  

a r e  c a l c u l a t e d  w i t h  a  1  i n e a r  ramp, as i l l u s t r a t e d  i n  t h e  f i g u r e .  

Constant  f r i c t i o n  i s  n o t  a  component o f  t o r q u e  a p p r o p r i a t e l y  used 

f o r  model ing t h e  human be ing  s i n c e  human j o i n t s  a r e  v i r t u a l l y  

f r i c t i o n l e s s .  I t  i s  v e r y  u s e f u l  , however, i n  s i m u l a t i n g  anthropo-  

morph ic  dummies. (see f o o t n o t e  w i t h  F i g u r e  2-1 1 .  ) 

T h i s  completes d i s c u s s i o n  o f  t h e  p r i m a r y  j o i n t  parameters f o r  a  

t y p i c a l  j o i n t ,  t h e  knee. I n p u t  d a t a  requ i rements  a r e  i d e n t i c a l  

i n  fo rm f o r  t h e  upper sp ine,  l ower  s p i n e ,  h i p ,  upper arm-upper t o r s o  

j o i n t ,  and elbow except  t h a t  parameter va lues a r e  e n t e r e d  on t h e  

207, 208, 209, 211, and 212 cards,  r e s p e c t i v e l y .  

2.3.6 The Neck J o i n t s  

The upper and l o w e r  neck j o i n t s  i n  t h e  MVMA 2-D model a r e  

a t y p i c a l  j o i n t s  i n  an i m p o r t a n t  sense. They a r e  a l l owed  t o  have v i s c o -  

e l a s t i c  p r o p e r t i e s  i n  f l e x i o n  d i f f e r e n t  f rom those i n  ex tens ion .  

Whi le  t h e  " t y p i c a l  " j o i n t s  d iscussed above can have asymmetri.c 

j o i  n t - s t o p  p o s i t i o n s  , s t i  11 t h e  to rque-p roduc i  ng elements a r e  t h e  same 

f o r  p o s i t i v e  and n e g a t i v e  r e l a t i v e  ang le  mot ions .  There a r e  two 

j o i n t  parameter cards f o r  each o f  t h e  two neck j o i n t s .  F l e x i o n  d a t a  

f o r  t h e  upper and l o w e r  neck j o i n t s ,  i .e., f o r  fo rward  bending,  a r e  

e n t e r e d  on Cards 205 and 206. F i e l d  7  may be l e f t  b l a n k  s i n c e  t h e  

p o s i t i v e - m o s t  s t o p  must be f o r  ex tens ion ,  n o t  f l e x i o n .  Data f o r  

backward bend ing o f  t h e  neck, i .e. , ex tens ion ,  a r e  en te red  on Cards 

215 and 216. Here, f i e l d  8 may be l e f t  b l a n k ,  and e x t e n s i o n  s t o p  
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MODULE 8 - -  CRASH DECELERATION PROFILES AND HEAD APPLIED FORCES 

8.1 Veh ic le  Motions 

The crash v i c t i m ' s  environment i s  made t o  be dynamic by s p e c i f y i n g  

a  v e h i c u l a r  mot ion.  I f  t he  crash v i c t i m  i s  a  pedes t r i an ,  t h e  v e h i c l e  

m igh t  be moving w i t h  cons tan t  speed o r  i t  migh t  be a c c e l e r a t i n g  o r  

dece le ra t i ng .  I f  t he  crash v i c t i m  i s  an occupant o f  e i t h e r  a  s t r u c k  

v e h i c l e  o r  a  s t r i k i n g  v e h i c l e ,  he i s  norma l l y  i n i t i a l l y  a t  r e s t  w i t h  

r espec t  t o  t h e  v e h i c l e .  He i n t e r a c t s  dynamica l l y  w i t h  t h e  v e h i c l e  

i n t e r i o r  and r e s t r a i n t  systems o n l y  as a  r e s u l t  o f  occupant compartment 

a c c e l e r a t i o n  o r  dece le ra t i on .  Therefore,  un less t h e  model i s  be ing  

used t o  so l ve  a  f r e e  mot ion  problem, i t  i s  always necessary t o  p r e s c r i b e  

a  v e h i c u l a r  mot ion.  

F igure  8-1 i s  a  schematic o f  t he  p l a n a r  v e h i c l e .  P o i n t  "0 "  i s  

the  o r i g i n  o f  a  coo rd i na te  system f i x e d  t o  t h e  occupant compartment. 

I t s  l o c a t i o n  i n  t he  v e h i c l e  i s  a r b i t r a r y ;  i t  migh t ,  f o r  example, be a  

p o i n t  on t he  toeboard. Whi le  occupant p o s i t i o n  and t he  l o c a t i o n  o f  

p o i n t s  d e f i n i n g  the  v e h i c l e  i n t e r i o r  a re  p resc r i bed  w i t h  r espec t  t o  

t h i s  p o i n t ,  i t  i s  necessary t o  descr ibe  t h e  mot ion o f  t h i s  p o i n t  

w i t h  r espec t  t o  an i n e r t i a l  r e f e rence  frame. I n  a d d i t i o n  t o  h o r i z o n t a l  

and v e r t i c a l  mot ions f o r  p o i n t  "0 "  (Xv and Zv) ,  i t  i s  necessary t o  know 

t h e  angular  v e h i c l e  mot ion  as a  f u n c t i o n  o f  t ime.  The sense of each of  

t he  t h r e e  v e h i c l e  degrees o f  freedom (Xv, ZV,  and ev )  i s  shown i n  t h e  

f i g u r e .  Veh ic le  mot ion i s  p resc r i bed  w i t h  Cards 601, 602, 603, 604, 

and accompanying unnumbered cards.  

8.1.1 Data Requirements. I n i t i a l  values f o r  the  x- and z-coor-  

d i na tes  o f  p o i n t  "0"  i n  t h e  i n e r t i a l  frame a re  r e q u i r e d  i n  f i e l d s  1  

and 3  o f  Card 601, and t h e  x- and z-  components o f  t h e  i n i t i a l  v e l o c i t y  

v e c t o r  o f  t h i s  p o i n t  a re  r e q u i r e d  i n  f i e l d s  2 and 4 .  S i m i l a r l y ,  t he  

i n i t i a l  p i t c h  angle  and p i t c h  angu la r  v e l o c i t y  a re  en te red  i n  f i e l d s  

5 and 6. I f  v e l o c i t i e s  o f  t he  v e h i c l e  degrees o f  freedom a re  t o  va ry  

w i t h  t ime,  t ime-dependent acce le ra t i ons  must be p resc r i bed .  I n  

o rde r  t h a t  v e h i c l e  acce le ra t i ons  can be s p e c i f i e d  w i t h  g r e a t e s t  p o s s i b l e  

ease, i t  i s  n o t  r e q u i r e d  t h a t  t h e  l i n e a r  acce le ra t i ons  be de f i ned  
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a t  t h e  p o i n t  "0," b u t  r a t h e r  a t  an a r b i t r a r y  p o i n t  i n  t h e  occupant com- 

partment,  where, f o r  example, a  b i a x i a l  accelerometer m igh t  be mounted. 

The l o c a t i o n  o f  t h a t  p o i n t  i n  v e h i c l e  coord ina tes ,  t h a t  i s ,  r e l a t i v e  

t o  p o i n t  "0," must be s p e c i f i e d  i n  f i e l d s  7 and 8 o f  Card 601. 

Acce le ra t i on  h i s t o r i e s  a re  i n p u t t e d  as t a b u l a r  f u n c t i o n s  o f  t ime. 

The number o f  p o i n t s  i n  t he  x -acce le ra t i on  t a b l e  i s  en te red  i n  f i e l d  1  

o f  Card 602. Th is  number must be between 2. and 200. F i e l d  2  should 

con ta i n  a  1. if the  acce le ra t i ons  a re  i n  g  u n i t s  and a  0. i f  i n  i n/sec 2  

2 o r  m/sec . I f  v e h i c l e  acce le ra t i ons  a re  de f i ned  w i t h  r espec t  t o  t he  

v e h i c l e  coord ina te  frame, i . e. , as acce lerometer  readings , then f i e l d  

3 should  con ta i n  a  0. I f  v e h i c l e  acce le ra t i ons  a re  de f i ned  i ns tead  w i t h  

r espec t  t o  t h e  i n e r t i a l  re fe rence  frame, f i e l d  3 o f  Card 602 should  

c o n t a i n  a  non-zero value;* i n  t h i s  case, t he  a c c e l e r a t i o n  components 

must be f o r  t he  v e h i c l e  o r i g i n ,  "0," n o t  f o r  a  s p e c i f i e d  accelerometer 

l o c a t i o n .  The coord ina tes  o f  t h e  p o i n t s  i n  t he  x - a c c e l e r a t i o n  t a b l e  

a re  en te red  on unnumbered cards f o l l o w i n g  t h e  602-Card. Each card con- 

t a i n s  coord ina tes  o f  f o u r  p o i n t s .  The t ime i n  m i l l i seconds  i s  p laced 

i n  f i e l d s  1, 3, 5, and 7 and t h e  cor responding x - a c c e l e r a t i o n  values 

i n  f i e l d s  2, 4, 6, and 8. The f i r s t  e i g h t  f i e l d s  on each card  a re  f i l l e d  

before proceeding t o  t h e  nex t  card. Card 603 and f o l l o w i n g  unnumbered 

cards a re  s i m i l a r l y  used f o r  s p e c i f y i n g  z -acce le ra t i ons .  

The p i t c h  angular  a c c e l e r a t i o n  t a b l e  i s  de f i ned  by Card 604. P i t c h  

a c c e l e r a t i o n  data a re  entered on succeeding unnumbered cards i n  the  

p r e v i o u s l y  descr ibed manner. The 604-Card requ i r es  o n l y  two e n t r i e s  -- 
t h e  number o f  ~ o i n t s  i n  t he  t a b l e  i n  f i e l d  1  and a  u n i t s  i n d i c a t o r  i n  

2  2  f i e l d  2, 0. i f  deg/sec and 1. i f  rad/sec . 
8.1.2 Example Data. As an example o f  t he  p repa ra t i on  o f  veh i c l e -  

mot ion i n p u t  da ta  cards,  cons ider  a  h y p o t h e t i c a l  30 mph f r o n t a l  b a r r i e r  

c o l l i s i o n .  Suppose t h a t  l i n e a r  a c c e l e r a t i o n  da ta  i s  ob ta ined  from a  

b i a x i a l  accelerometer fas tened t o  t he  frame o f  t he  v e h i c l e  and l oca ted  

* Other names commonly used f o r  t he  i n e r t i a l  r e f e rence  frame a re  
"spaced- f ixed frame," l a b  frame," and "abso lu te  f rame." 



cards,  t i m e  values i n  m i l  l i seconds  and a c c e l e r a t i o n s  i n  g ' s .  For 

example, t h e  second p o i n t  on t h e  x - a c c e l e r a t i o n  t r a c e  i s  -17.3 g  a t  

25 msec. F i e l d s  3  and 4  o f  t h e  f i r s t  ca rd  a f t e r  t h e  602-Card a c c o r d i n g l y  

c o n t a i n  25. and -17.3. 

The angu la r  a c c e l e r a t i o n  t r a c e  i n  F igu re  8-3 m i g h t  have been ob ta ined  

f rom an angu la r  acce lerometer ,  f rom a n a l y s i s  o f  non-co inc iden t  1  i near  

acce lerometer  da ta ,  o r  f rom f i l m  a n a l y s i s .  L i k e  t h e  x-  and z - a c c e l e r a t i o n s  

i n  t h e  f i g u r e ,  t h i s  t r a c e  i s  a  p i e c e w i s e - l i n e a r  approx imat ion o f  a  more 
2  complex p r o f i l e .  Values used from t h e  t r a c e  a re  i n  rad/sec so f i e l d  2 

o f  Card 604 con ta ins  a  1.  The t e n  p o i n t s  which d e f i n e  t h i s  a c c e l e r a t i o n  

p r o f i l e  a re  en te red  on t h e  unnumbered cards f o l l o w i n g  t h e  604-Card. 

8.1.3 A c c e l e r a t i o n  Components i n  D i f f e r e n t  Frames o f  Reference. 

I f  1  i n e a r  v e h i c l e  a c c e l e r a t i o n  components f o r  t h e  f o r e g o i n g  example 

had been determined i n  t h e  i n e r t i a l  frame ( f o r  " 0 " )  i n s t e a d  o f  as acce lerometer  

measurements i n  t h e  v e h i c l e  frame, t h e  necessary da ta  c o u l d  be i n p u t  

j u s t  as e a s i l y .  I n  t h i s  case, f i e l d  3  o f  Cards 602 and 603 would 

be s e t  t o  0. i n  o r d e r  t o  i n d i c a t e  i n e r t i a l  a c c e l e r a t i o n s .  Th is  

o p t i o n  was p r e v i o u s l y  exp la ined .  

Whether t h e  model u s e r  i n p u t s  v e h i c l e  a c c e l e r a t i o n  components r e 1  a- 

t i v e  t o  t h e  i n e r t i a l  frame o r  i n  t h e  v e h i c l e  frame of r e f e r e n c e  

g e n e r a l l y  depends on t h e  source o f  h i s  da ta .  The l i n e a r  a c c e l e r a t i o n  

p r o f i l e s  may be entered i n  whichever form i s  more convenient .  It 

i s  unnecessary f o r  t h e  purpose o f  d e f i n i n g  i n p u t  data  f o r  t h e  u s e r  t o  

unders tand t h e  a n a l y t i c a l  re1  a t i o n s h i p  between a c c e l e r a t i o n  components 

i n  these two r e f e r e n c e  frames. I t  i s  n o t  a  c o n s i d e r a t i o n  i n  t h e  s p e c i f i -  

c a t i o n  o f  data .  But  i t  i s  c l e a r  t h a t  an a n a l y t i c a l  r e l a t i o n s h i p  between 

them does e x i s t  s i n c e  t h e r e  i s  no model p r o v i s i o n  a l l o w i n g  t h e  

acce lerometer  l o c a t i o n  t o  change w i t h  t i m e  i n  t h e  v e h i c l e - f i x e d  c o o r d i n a t e  

frame . * 
The f o l l o w i n g  s imp le  t r a n s f o r m a t i o n  r e 1  a tes t h e  i n e r t i a l  components 

t o  components measured i n  the  r o t a t i n g  v e h i c l e  c o o r d i n a t e  system. 

* That i s ,  t h e  q u a n t i t i e s  a  and c  i n  F igu re  8-1 a r e  cons tan ts ,  n o t  f u n c t i o n s  
of t ime.  



Where e v  i s  t h e  v e h i c l e  p i t c h  angle,  

( i n e r t i a l )  - " ( v e h i c l e  frame) ( v e h i c l e  frame) sin e v  
X,, U0"  - x,,"Oll cos e v  -I- Zv,",," 

.. ( i n e r t i a l )  - * '  ( v e h i c l e  frame) z, , n o "  
* *  ( v e h i c l e  frame) s i n  @, + z ~ , , ~ ~  - -Xv, "O"  cos e v  

where 

" ( v e h i c l e  f rame) - " 

. . 2 

Xv , ,loll - 'acce 1 erometer - c e V + a e v  

( v e h i c l e  frame) - i 2 
Z,, lloll - acce lerometer  + a e v + c e v  

These r e l a t i o n s  a re  p e r t i n e n t  t o  understanding t h e  p r i n t e d  o u t p u t  

o f  v e h i c l e  mot ion.  A1 though t he  use r  i s  a l lowed t o  p r e s c r i b e  acce le ra -  

t i o n  components i n  t h e  veh i  c l e - f i x e d  frame, i n e r t i  a1 components a re  

c a l c u l a t e d  by t h e  computer model f o r  ou tpu t  and f o r  use i n  t h e  equat ions 

o f  mot ion.  

The i n e r t i a l  components a re ,  o f  course, i d e n t i c a l  t o  t h e  veh i c l e -  

r e l a t i v e  components whenever t he  v e h i c l e  i s  n o t  p i t ched .  These r e s u l t s  

can be seen t o  f o l l ow  from t h e  t r ans fo rma t i on  r e l a t i o n s  by s e t t i n g  t he  

p i t c h  angle,  OV, equal t o  zero.  As an exerc ise ,  t he  s t uden t  m igh t  t r y  

t o  demonstrate f o r  t h e  example crash d e f i n e d  by t h e  p r o f i l e s  i n  F igure  

8-3 t h a t ,  w h i l e  t h e  accelerometer peaks a re  -20 g ' s  and t11 .1  g ' s  

f o r  x- and z-  mot ions,  t h e  peak i n e r t i a l  acce le ra t i ons  a re  -20.2 g ' s  

and + 9.8  g ' s .  Acce le ra t i on  da ta  f o r  t h e p r o f i l e s  i n  F igure  8-3 a re  i n  

F igure  8-2, and t h e  v e h i c l e  p i t c h  angle  as a  f u n c t i o n  o f  t ime  i s  shown 

i n  F igure  8-4.*  Assume the  accelerometer t o  be a t  t h e  v e h i c l e  o r i g i n .  

8.2 Head App l ied  Forces 

Crash d e c e l e r a t i o n  p r o f i  l e s  p rov i de  an i n d i r e c t  f o r c i n g  e x c i t a t i o n  

t o  t he  occupant l i n kage .  It i s  i n d i r e c t  i n  t h a t  c rash fo rces  on t h e  occu- 

pan t  r e s u l t  o n l y  when p resc r i bed  v e h i c l e  mot ion causes i n t e r a c t ' o n  w i t h  

occupant-compartment sur faces and r e s t r a i n t  systems. The MVMA Two- 

Dimensional Crash V i c t i m  S imu la to r  p rov ides  as we11 f o r  a  s p e c i a l ,  

d i r e c t  f o r c i n g  e x c i t a t i o n  t h a t  has found occas ional  use. Th is  i s  t h e  

d i r e c t  a p p l i c a t i o n  o f  a  t ime-dependent f o r c e  v e c t o r  t o  any d e s i r e d  

p o i n t  on t he  head. Both t h e  magnitude and d i r e c t i o n  o f  t h e  v e c t o r  

can be t ime  dependent s i nce  t he  X-  and Z-components a re  sepa ra te l y  

* The p i t c h  angle  i n  F igure  8-4 i s  t h e  second i n t e g r a l  o f  t he  p i t c h  angu- 
l a r  a c c e l e r a t i o n  i n  F igure  8-3. 
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speci f ied .  Figure 8-5 shows the head and the components of an applied 

force vector. 

The force components are  specif ied as time-dependent tables .  A 

s ingle  605-Card i s  required. Field 1 should contain a name assigned 

t o  the table  f o r  F x ;  i t  may be any combination of up  t o  e ight  alpha- 

numeric characters.  Field 2 s imilar ly  contains a name fo r  the z- 
component. The value entered f o r  f i e l d  3 indicates whether force 

components are  t o  be interpreted as re la t ive  t o  the i ne r t i a l  coor- 

dinate axes or  the rota t ing head system. A zero js entered i f  they are 

in the i ne r t i a l  frame and  a non-zero value otherwise. Fields 4 and 5 

contain the X and Z coordinates in the head system of the point of 

application of the force vector, "a" and "c" in Figure 8-5. One 606- 

Card i s  required for  each point in the two applied force tables .  

Field 1 of each 606-Card must contain the name assigned t o  the force 

table  in  f i e l d  1 or f i e l d  2 of the 605-Card. The time fo r  the table  

point i s  in f i e l d  2 of the 606-Card and the force component value i s  
in f i e l d  3. 

Figure 8-6 i l l u s t r a t e s  a 500 l b . ,  10 msec half-sine force applied 

a t  the base of the skull in a superior and anter ior  d i rec t ion ,  30" 

above the i ne r t i  a1 horizontal axis .  The force i s  applied a t  a point 

4 inches posterior  and 1.2 inches i n f e r i o r  of the head center of 

gravity. In accordance with the sign convention indicated in Figure 

8-5, values of "a" equal to  1.2 and "c" equal t o  -4 .  a re  entered 

in f i e l d s  4 and 5 of Card 605. The data cards fo r  t h i s  example are 

shown in  Figure 8-7. The sinusoidal force pulses a re  approximated by 

piecewise-linear forms, and the resul t ing time and force values are  

entered on  606-Cards. Field 3 of Card 605 contains a 0. since force 

components are defined in the i ne r t i a l  frame fo r  t h i s  example. 

Diverse applications might be made of t h i s  model fea ture .  

One use to  which i t  has been p u t  was to  aid in the empirical determina- 

t ion of a composite l a te ra l  bending s t i f f ne s s  of the neck fo r  small 
deformations. An experiment was devised in which a short-duration , 
low-level force could be applied l a t e r a l l y  t o  a sub jec t ' s  head. 

The subject  was seated,  and a sideboard prevented any torso motion. 
The force pulse was recorded as a function of time, and angular 

head accelerat ion was determined from accelerometers mounted on a 
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FIGURE 8-5 Schema t i c  o f  F o r c e  App l  i e d  t o  Head 



rnsec. 

277 F,=500 cos n/6 sin (= t )  

7 .  
Fz = -500  sin /6 s i n ( 3 t )  

FIGURE 8-6 Example o f  Da ta  f o r  F o r c e  Applied t o  Head 



FIGURE 8-7 Head A p p l i e d  Force Data Cards 



t h a t  would p r o v i d e  accep tab le  agreement w i t h  exper imen ta l  data .  Assumptions 

made i n  t h e  f o r m u l a t i o n  o f  t h e  a n a l y t i c a l  model were based upon b o t h  

a n a l y s i s  o f  t h e  p h y s i c a l  processes i n v o l  ved and o b s e r v a t i  on o f  h igh-speed 

movies o f  t e s t s  o f  p r o t o t y p e  i n f l a t a b l e  s a f e t y  r e s t r a i n t s .  User ex- 

p e r i e n c e  w i t h  t h e  model may suggest  a1 t e r a t i o n  o f  some o f  t h e  assump- 

t i o n s  o r  g e n e r a l i z a t i o n  o f  some o f  t h e  a l g o r i t h m s  used t o  cover  a  w i d e r  

v a r i e t y  o f  p h y s i c a l  s i t u a t i o n s .  Observat ion o f  h igh-speed movies o f  

t e s t s  l e d  t o  t h r e e  assumptions (See F i g u r e  10-2). 

1. No r e s t r a i n t  f o r c e  i s  e x e r t e d  upon t h e  occupant u n t i l  t h e  

occur rence o f  f u l l  bag i n f l a t i o n ,  wh ich i s  d e f i n e d  as t h e  c o n d i t i o n  i n  wh ich 

t h e  c a l c u l a t e d  p e r i m e t e r  o f  t h e  deformed o r  undeformed bag equa ls  t h e  i n -  

p u t t e d  f i l l e d - b a g  p e r i m e t e r .  Th is  i s  e q u i v a l e n t  t o  s t a t i n g  t h a t  t h e  mass 

o f  t h e  bag and i t s  con ten ts  can be neg lec ted .  

2. The s k i n  o f  t h e  bag does n o t  s t r e t c h .  

3. The p e r i m e t e r  o f  t h e  bag c ross  s e c t i o n  i n  t h e  p lane  o f  mot ion con- 

forms t o  t h e  shape o f  t h e  automobi le  i n t e r i o r  o r  t o  t h e  occupant wherever they  

touch.  Elsewhere t h e  p e r i m e t e r  i s  d e s c r i b e d  by c i r c u l a r  a r c s .  

F i v e  o t h e r  assumptions were made t o  simp1 i f y  t h e  model. 

1. Tangen t ia l  fo rces between t h e  occupant and t h e  bag a r e  n e g l i g i b l e  

i n  comparison w i t h  normal f o r c e s .  

2 .  Thermodynamic p r o p e r t i e s  o f  t h e  gas i n  t h e  bag a r e  c a l c u l a t e d  u s i n g  

a d i a b a t i c  expansion o f  i d e a l  n i t r o g e n ,  n e g l e c t i n g  p o t e n t i a l  eneray o f  t h e  

gas. Flow o f  gas th rough  t h e  d e f l a t i o n  membranes i s  c a l c u l a t e d  assuming 

unchoked f l o w  th rough  a  converg ing  nozz le .  

3. Bag p ressure  does n o t  a f f e c t  t h e  r a t e  o f  i n f l a t i o n  by t h e  gas 

genera to r ,  wh ich d e l i v e r s  gas a t  a  predetermined r a t e .  Th is  

i m p l i e s  t h a t  t h e  area o f  t h e  cross s e c t i o n  o f  t h e  bag inc reases  



SUMMARY OF ASSUMPTIONS IN AIRBAG SUBMODEL ANALYSIS 

1. The occupant  feels constraint  forces on ly  a f te r  b a g  i s  f u l l y  

e x p a n d e d .  

2. The skin of  the b a g  does n o t  stretch. 

3. The b a g  cross-section per imeter  i s  c i rcular except  
where i t  conforms to  the shape o f  the vehic le  in te r io r  
o r  t o  the occupant .  

4.  Tangen t ia l  b a g  forces a r e  n e g l i g i b l e .  

5. Ad iaba t i c  expans ion  of i d e a l  n i t r o g e n  i s  a t  assumed. 

6. Bag pressure does no t  a f fec t  the ra te  o f  i n f l a t i on ,  
which i s  speci f iced b y  the  user. 

7. The at tachment  p o i n t  i s  f i x e d  i n  the occupant compar tment .  

8. The effect of skin tens ion can b e  app rox ima ted  from b a g  

pressure, occupant  width,  a n d  depth  of  pene t ra t i on  i n to  
the b a g .  

F I G U R E  10-2 Summary o f  Assumptions i n  A i rbag  Submodel A n a l y s i s  



a t  a  predetermined r a t e  u n t i l  t h e  bag i s  f i l l e d .  

4. The p o i n t  a t  which t he  bag a t taches  t o  t he  automobi le 

i n t e r i o r  i s  f i x e d  w i t h  respec t  t o  t he  i n t e r i o r .  Th i s  means t h a t  t he  

bag may n o t  be a t tached  t o  a  c o l l a p s i b l e  s t e e r i n g  column. 

5 .  R e s t r a i n t  f o r c e  due t o  t ens i on  i n  t h e  s k i n  o f  t he  bag, 

caused p r i m a r i l y  by t he  bag wrapping around t h e  s ides o f  t he  occu- 

pant ,  i s  approximated by a  s imple a l g o r i t h m  which takes i n t o  

account t h e  most impo r tan t  v a r i a b l e s :  pressure i n  t h e  bag, w i d t h  of 

t he  occupant and depth o f  p e n e t r a t i o n  i n t o  t h e  bag. 

10.4 S imu la t i on  D e s c r i p t i o n  

The d i f f e r e n t i a l  equat ions f o r  occupant mot ion  r e q u i r e  values 

f o r  f o r ces  and moments, f rom a l l  sources, a c t i n g  on t h e  occupant. 

A t  each s tep  o f  t he  numerical  i n t e g r a t i o n ,  a  c e n t r a l  r o u t i n e  c a l l s  

t h e  a i  rbag submodel, presents  i t  w i t h  an updated occupant and v e h i c l e  

p o s i t i o n ,  and rece ives  i n  r e t u r n  updated fo rces  and moments on t h e  

occupant due t o  t h e  a i rbag .  Bas ic  o r g a n i z a t i o n  o f  t he  a i r b a g  

s i m u l a t i o n  i s  shown i n  F igure  10-3. 

The a i r bag  i s  i n f l a t e d  a t  a  t ime-dependent r a t e  s p e c i f i e d  by 

t h e  user ;  i n l e t  mass f l o w  r a t e  i s  a  t a b u l a r  i n p u t  t o  t h e  s imu la t i on .  

Energy absorp t ion  by t h e  bag r e s u l t s  by e i t h e r  o r  bo th  o f  two means, 

c o n t r o l l a b l e  by t h e  user .  F i r s t ,  exhaust gas may be vented through 

user -de f ined  o r i f i c e s ,  as i l l u s t r a t e d  i n  F igure  10-4. Second, t he  

ven t i ng  o f  gas over  t he  su r face  o f  t he  bag may be s imu la ted  by 

d e f i n i n g  t he  p o r o s i t y  o f  t he  bag f a b r i c .  These fea tu res  o f  t he  

a i r b a g  submodel w i l l  be d iscussed i n  d e t a i l  w i t h  t h e  d e s c r i p t i o n  

o f  i n p u t  da ta  requi rements .  



MODULE 1 2  - MODEL OPERATION 

1 2 . 1  Yodel Architecture* 

The MVMA Two-Dimensional Crash Victim Simulation i s  a large and 
complex computer proqram. Some of the input quantit ies t o  the MVVA 

2-D Model deal with the alternatives in operation of the computer 
program as opposed to  the description of the situation being simula- 
ted. Understandinp of some of the proaram controls entai ls  some 
knowledge of the architecture of the model proqram. 

The MVMA 2-D computer model i s  organized as a multiprocessor in 
that  i t  i s  divided into five parts which operate in turn. The f i r s t  

processor i s  called the Input Pre-Processor, or INP. I t  reads data 

cards and writes the main program for  the second processor. The second 

processor i s  cal led the Input Processor, or IN. I t  packs input data 

into binary tables and records those tables for  use by subsequent pro- 
cessors. I t  also writes two programs needed by the third processor, in- 
cluding the main program. The third processor i s  called the Dynamics 

Solution Processor, or G O .  I t  reads the binary tables,  solves the equa- 
tions of motion, and iccorporates the computed resul ts  into the binary 
tables.  The fourth processor i s  the O u t p u t  Pre-Processor, or OUTP. I t  

reads data cards and writes three programs needed by the f i f t h  processor, 
including the main program. The f i f t h  processor i s  called the O u t p u t  
Processor, or OUT. I t  reads the binary tables produced by the other 
processors and prints a comprehensive summary of a l l  recorded information 
as the user specifies.  

The binary tables which are used for communication between proces- 
sors are stored in four external f i l e s .  These f i l e s  can be used as 
a comglete summary of this  computer run for input into post-processors 
such as the Validation Command Languaae or a graphics package. 
The four f i l e s  are called NU, MU, MV, and NP, respectively for the 
four variables used t o  reference the logical device numbers t o  which 
they are attached. N U  i s  a direct  access data se t  which contains a l l  
input quantities and a l l  fixed-length computed resul ts .  M U  i s  a 
sequential data se t  which contains head, chest, and hip acceleration 
information for ever%y integration time step. M V  i s  a direct  access 
data se t  which contains the variable-length computed resu l t s ,  which 
include contact interactions , region movement, and region summary 
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q u a n t i t i e s .  NP i s  a  sequen t ia l  data  s e t  which con ta ins  t he  spec ia l  

i n f o rma t i on  needed f o r  p roduc t i on  o f  t he  s t i c k - f i  aure p r i n t e r - p l o t  

ou tpu t .  F i gu re  12-1 summarizes t he  in tercommunicat ion between t he  

f i v e  processors by means o f  t he  f o u r  ex te rna l  f i l e s .  

12.2 Output Categor ies  

The computed r e s u l t s  a re  broken i n t o  sub jec t s  o r  ca tegor ies  which 

correspond t o  ou tpu t  pages f o r  t h e  f i x e d - l e n g t h  ou tpu t  and t o  " t y p i c a l  

ou tpu t  pages" f o r  t he  v a r i a b l e - l e n g t h  ou tpu t .  There a re  f o r t y - f i v e  such 

sub jec t s  o r  ca tegor ies  and these a re  numbered 1  through 40 and 46 through 50. 

I n  a d d i t i o n  t o  these, t he re  a re  s i x  spec ia l  types o f  ou tpu t  which i t  

was convenient  t o  p u t  i n  t he  same numbering scheme even though they 

a re  n o t  recorded i n  t h e  same manner. These ca tegor ies  a re  numbered 

0  and 41 through 45. F i ~ u r e  12-2 l i s t s  a l l  f i f t y - o n e  ca tegor ies .  

Categor ies 1-40 and 46-50 may be o p t i o n a l l y  recorded on t he  b i n a r y  

f i l e s  NU and MV under c o n t r o l  o f  t he  r eco rd i ng  switches s p e c i f i e d  by t he  

user  on Cards 107 through 110, f i e l d s  1  through 9 and Card 111, 

f i e l d s  1  through 4 r espec t i ve l y .  These swi tches a re  s e t  non-zero 

t o  i n h i b i t  t he  r eco rd i ng  o f  t he  i n f o r m a t i o n  f o r  t he  r espec t i ve  cate-  

go r i es .  Example images o f  Cards 137 t h r o u ~ h  111 and a l l  o t he r  da ta  

cards discussed i n  t h i s  module a re  shown i n  F igure  12-13 a t  t he  end o f  

t h e  module. 

The i n p u t  t o  OUTP a l lows  a  s p e c i f i c a t i o n  o f  which ca tegor ies  a re  t o  

be p r i n t e d  d u r i n g  t he  execu t ion  o f  OUT and t he  o rde r  i n  which the  

ca tego r i es  a re  t o  appear. OUTP and OUT may be re- run w i t h  the  s p s c i f i c a -  

t i o n  o f  d i f f e r e n t  choices o f  ca tegor ies  as many t imes as des i r ed  

as l o n ~  as t he  b i n a r y  t a b l e s  remain undis turbed.  A p a r t i c u l a r  cate-  

gory  w i  11 appear i n  the  ou tpu t  o f  OUT i f  t he  category  was recorded by 

GO and was s p e c i f i e d  as des i r ed  i n  t he  i n p u t  t o  OUTP. I n p u t  cards 

1001 and 1002 a re  used t o  s p e c i f y  which ca tegor ies  a re  des i r ed  

t o  be p r i n t e d .  A1 1  i n p u t  cards numbered 1001 and h i ghe r  a re  t o  be 

i n p u t t e d  t o  OUTP. Cards 1001 and 1002 a re  t he  o n l y  two i n p u t  cards 

which a re  n o t  f i xed- fo rmat  f i e l d s .  These cards con ta i n  a  l i s t i n q  o f  

t he  category  numbers i n  the  o rder  i n  which they a re  t o  appear i n  t he  

p r i n t o u t .  The category  number zero i s  used f o r  t he  ou tpu t  o f  t he  

i n p u t  values and must occur f i r s t  i f  i t  occurs a t  a1 1.  The c a t e g o r , ~  

numbers a re  separated by commas. I n  o rder  t o  s i m p l i f y  t he  presenta-  

t i o n  o f  a consecut ive sequence o f  i n t e g e r s  ( e i t h e r  ascending o r  descending) , 



FIGURE 12-1 Overall Model Information Flow 



Category 
Number Description 

Formatted Printout  of Input Quant i t i e s  
Vehicl e Response 
Real Line Region Parameters 
Real Li ne Regi on Indi vidual Li ne Segment Movement 

Contact Forces Including Occupant-Vehicl e ,  Occupant- 
Be1 t, Occupant-Occupant 
Neck Reaction Forces 

Unfi 1 tered Body Accelerations (Head, Chest, Pelvis)  
Fi 1 tered Body Accelerations (Head, Chest, Pelvis)  
Unfi 1 tered Severity Indices 
F i  1 tered Severity Indices 
Body L i n k  Angles 
Body Link Angular Velocities 
Body Link Angular Accelerations 
Body Joint  Coordinates 
Body Joint  Velocities 
Body Jo in t  Torques 
Body Joint  Absorbed Energies 
Body Kinetic Energies 
A i  rbag Variables 
Ai rbag Contact Forces 
Airbag Center of Mass Forces and Moments 
Neck Joint  Coordinates 
Shoulder Jo in t  Coordinates 
Joint  Torque Elast ic Components 
Jo in t  Torque Joi n t - S t o p  Components 
Jo in t  Torque Friction Components 
Joint  Torque Viscosity Components 
Joint  Absorbed Energy Jo in t  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 O u t p u t  Categories 



Category 
Number D e s c r i p t i o n  

Center o f  Mass Resu l t an t  Moments 

S t e e r i n g  Column Coord inates 

S t e e r i  ng Column General i zed Coordi nates 

S t e e r i  ng Col umn Forces and Moments 

Forces and Moments on Body Due t o  S tee r i ng  Column 

Neck and Shoulder Forces 

Muscle Tension Forces 

Muscle Tension Energy Absorp t ion  

Femur and T i b i a  Acce le ra t i ons  and Loads 

J o i n t  Re1 a t i  ve Angle Comparisons Aga ins t  Upper and 

Lower Tes t  Values 

Standard L i s t  of Q u a n t i t i e s  t o  be Compared Aga ins t  

Tes t  Values 

I n d i v i d u a l  Type A Comparisons 

I n d i v i d u a l  Type B Comparisons 

P r i n t e r - P l o t s  o f  S t i c k  F igures 

Head Center -o f -Grav i  t y  Mot ion 

Chest Center -o f -Grav i  ty  Mot ion 

Hip Mot ion 

J o i n t  R e l a t i v e  Angles 

J o i n t  R e l a t i v e  Angle V e l o c i t i e s  

F I G U R E  12-2b L i s t  o f  Output Categor ies  



a  s p e c i a l  a b b r e v i a t i o n  o f  a  sequence i s  recognized by OUTP. The abbrev ia-  

t i o n  l i s t s  t h e  category  number o f  t h e  end o f  t h e  sequence which i s  t o  ap- 

pear  f i r s t  f o l l o w e d  by a  hyphen (minus s i g n )  f o l l o w e d  by t h e  ca tegory  

number o f  t h e  end o f  t h e  sequence which i s  t o  appear l a s t .  The whole 

sequence a b b r e v i a t i o n  i s  separated f rom o t h e r  ca tegory  numbers o r  o t h e r  

sequence a b b r e v i a t i o n s  by commas. 

Category numbers a r e  a l s o  used i n  s p e c i f y i n g  i n p u t  t o  t h e  Type 

A and Type B comparisons which w i l l  be d iscussed l a t e r  i n  t h i s  module. 

12.3 General Model C o n t r o l s  

The genera l  model c o n t r o l s  a r e  s p e c i f i e d  on Cards 101 and 102 and 

w i  11 be desc r ibed  here  i n  t h e  o r d e r  t h e y  a r e  found on those two cards.  

The MVMA 2-D C V S  Model i s  capable o f  a c c e p t i n g  i n p u t  and p ro -  

duc ing  o u t p u t  i n  e i t h e r  m e t r i c  u n i t s  o r  i n  American s tandard ( E n g l i s h )  

u n i t s .  F i e l d  1  o f  Card 101 i s  used t o  s p e c i f y  a  s w i t c h  which i s  s e t  

t o  O f o r  m e t r i c  u n i t s  and s e t  non-zero f o r  E n g l i s h  u n i t s .  F igu re  

12-3 c o n t a i n s  t h e  m e t r i  c/Engl i sh convers ion cons tan t  used i n  t h e  model . 
F i e l d  2 must be s e t  t o  1  s i n c e  t h e  f i x e d - s t e p  Runge-Kutta i s  t h e  

o n l y  i n t e g r a t i o n  method c u r r e n t l y  implemented. F i e l d  3  s p e c i f i e s  

t h e  a c c e l e r a t i o n  due t o  g r a v i t y  t o  be o p e r a t i v e  d u r i n g  t h e  s imula-  

t i o n .  

I t  i s  sometimes u s e f u l  t o  e d i t  a c c e l e r a t i o n  values which a re  

c l o s e  t o  zero back t o  zero.  T h i s  procedure can improve t h e  appear- 

ance of t h e  t a b u l a t e d  r e s u l t s  and r a r e l y  can a f f e c t  t h e  accuracy o f  a  

computat ion.  F i e l d  4 i s  used t o  c o n t r o l  t h e  e d i t i n g  f a c i l i t y  b u i l t  

i n t o  t h e  MVMA 2-D model. I f  f i e l d  4 i s  0, e d i t i n g  i s  n o t  done. 

I f  f i e l d  4 i s  p o s i t i v e ,  t h e  va lue w i l l  be t h e  c u t - o f f  p o i n t  between 

t h e  a c c e l e r a t i o n  magnitude values r e s e t  t o  zero and those which a re  

u n a l t e r e d .  

F i e l d s  5 through 9 c o n t a i n  t h e  s i m u l a t i o n  beg inn ing  t ime,  end ing 

t ime,  i n t e g r a t i o n  t i m e  s tep ,  t a b u l a r  o u t p u t  t i m e  s tep,  and t h e  t ime  

s tep  f o r  p l o t  record ing ,  r e s p e c t i v e l y .  The beg inn ing  t ime  i s  no rma l l y  

s e t  t o  zero.  The f i n a l  t i m e  w i l l  be s e t  t o  200 m i l  1  iseconds beyond 

t h e  beg inn ing  t i m e  i f  i t  does n o t  exceed t h e  beg inn ing  t ime. I f  t h e  

i n t e g r a t i o n  t i m e  s t e p  i s  n o t  p o s i t i v e ,  i t  i s  s e t  t o  1  msec. I f  t h e  

t a b u l a r  o u t p u t  t i m e  s tep  i s  n o t  p o s i t i v e ,  i t  i s  s e t  t o  t h e  maximum 



METRICIENGLI SH SYSTEM CONVERSION CONSTANTS 

PHYSICAL QUANTITY CONVERSION RELATION 
- 

Length 1 i n .  = 2.54 cm* 

l e n g t h  1 ft. = .3048 m* 

Length 39.370075 i n .  = 1 m 

Force 1 I b .  = 4.4482216 N 

Mass 1 1 bm = ,45359237 kg* 

Mass 1 I b - s e c 2 / i n .  = 175.12684 kg 

Mass 1 s l u g  = 14.593903 kg. 

Moment o f  I n e r t i a  1 1 b -sec2- in  = 0.11298483 kg-m2 

Torque 1 I b - i n  = 0.11298483 N-m 

Energy 1 i n - l b  = 0.11298483 N-m 

L i n e a r  S p r i n g  C o e f f i c i e n t  1 l b / i n .  = 1.7512684 N/cm 

Second Order C o e f f i c i e n t  1 1 b / i  n2 = 0.68947573 N/cm2 

T h i r d  Order C o e f f i c i e n t  1 l b / i n 3  = 0.27144714 N/cm3 

Four th  Order C o e f f i c i e n t  1 l b / i n 4  = 0.10686895 N/cm4 

F i f t h  Order C o e f f i c i e n t  1 1 b / i n 5  = 0.042074390 N/cm5 

S i x t h  Order C o e f f i c i e n t  1 1 b / i n 6  = 0.016564721 N/cm6 

Pressure 1 1 b / i n 2  = 0.68947573 ~ / c m ~  

Pressure 1 atm. = 14.696 1 b / i n 2  
= 1 .0132535 x 1 o5  t4/m2 

Gas Constant 1 f t - l b / ( l b m  OF) = 5.38032 J o u l e s / ( k g  "C) 

S p e c i f i c  Heat 1 BTU/lb-OF = 1 kg-ca l /kg-"C 
= 4.1868 J o u l e ~ / g r n - ~ C *  

E a r t h  Standard G r a v i t y  1 E.S .G.  = 9.80665 m/sec2* 
= 32.174049 f t / s e c 2  = 386.08858 i n / s e c 2  

* Exact  convers ion  

FIGURE 12-3 M e t r i  c /Engl  i sh Sys tern Conversion Constants 



the component of the head accelerometer position measured along the 
head center l ine  from the upper neck j o in t .  Field 3 i s  the posterior  

component of the position of the head accelerometer measured from the 
head center1 i ne. 

12.6 Generation of Page T i t l e s  

The regular  output of the MVMA Two-Dimensional CVS Model i s  pro- 
vided w i t h  automatic t i t l i n g  based on the contents of cards 100, 200, 
300, 400, 500, 600, 700, 800, and 900. Card 100 will be t rea ted as 
seventy-two columns of general run t i t l e .  The contents of the other 
cards appear i n  pa r t  in the t i t l e .  The t i t l e  consists  of two l ines  

formatted from t h i s  information together w i t h  the da te ,  the time, 
job iden t i f i ca t ion  and page number. Figure 12-5 shows the layout 

of t h i s  information in the t i t l e  and s t a t e s  which columns of each of 
the forenamed input cards a re  incorporated. 

12.7 End of Input Processor Data Deck 

The end of the data deck fo r  the Input Pre-Processor i s  marked by 
the  presence of a 1000-Card. All f i e l d s  on t h i s  card are  ignored. 

12.8 O u t p u t  Processor Control Cards 

The r e s t  of t h i s  module deals  with the i n p u t  control cards 

inputted t o  the O u t p u t  Pre-Processor. These cards a1 1 have iden t i f i ca -  
t ion numbers exceeding 1000. Cards 1001 and 1002 have a1 ready been 
discussed in Section 12.2. 

The f i r s t  two f i e l d s  of the 1003-Card contain controls  fo r  the 

auxi l iary  output from the O u t p u t  Pre-Processor. The f i r s t  of these f i e l d s  
contains a switch which when s e t  non-zero causes intermediate p r in t -  
out from the H I C  computation to  be printed.  The second of these 
f i e l d s  ac t s  both as a switch and a designation of a logical device 
number upon which a separate pr in tout  of peak head accelerat ion 
and three mil 1 isecond average accelerat ion a re  t o  be p u t  out .  
I f  t h i s  f i e l d  i s  zero, the peak head accelerat ion and three mi l l i -  
second average accelerat ion are  not desired.  



Characteristics of a Martin-Graham Digital Filter 

I FC = cut-off frequency 
1. 

output 

input 

FT = termination frequency 
0. 

FT-FC = roll-off frequency band 

F I G U R E  1 2 - 6  Characterist ics  o f  a  Martin-Graham Digital Fi 1 t e r  



Two types o f  general  comparison a re  a v a i l a b l e  f o r  any v a r i a b l e  

aga ins t  f i x e d  l i m i t s  o r  a g a i n s t  any o t h e r  v a r i a b l e .  The c l a s s  o f  

v a r i a b l e s  which can be compared c o n s i s t s  o f  a l l  q u a n t i t i e s  which have 

been recorded f o r  p r i n t i n g .  The t o t a l  s p e c i f i c a t i o n  f o r  one o f  these 

q u a n t i t i e s  i n v o l v e s  a t  l e a s t  two numbers and i n  some cases one o r  two 

s i x t een -cha rac te r  names. The two numbers a re  t he  category  number and 

t h e  column number ( i g n o r i n g  t ime  except  i n  ca tegory  one) on t h e  

p r i n t e d  page. I f  t h e  category  number i s  two o r  th ree ,  t h e  name o f  t h e  

r e g i o n  i n  ques t i on  i s  a l s o  r e q u i r e d  t o  make t h e  s p e c i f i c a t i o n  un ique.  

I f  t h e  category  number i s  f o u r ,  t h r e e  d i f f e r e n t  poss i  b i  1  i t i e s  e x i s t .  

These poss i  b i  1  i t i e s  deal  w i t h  t h e  t ype  o f  i n t e r a c t i o n  ( e l  1  i pse-1 i ne, 

e l l  i p s e - e l l  i pse ,  and be1 t )  and a r e  summarized i n  F ig .  12- 10. An 

a l p h a b e t i c a l  1  i s t i n g  o f  a l l  p r i n t e d  q u a n t i t i e s  t oge the r  w i t h  ca tegory  

number and column number w i l l  be found i n  Volume 3  i n  Table  114. Be1 t 

names a re  n o t  user -supp l ied .  The b e l t  names which have been assigned 

a r e  shown i n  F ig .  12-11. 

Card 1300 i s  used t o  s p e c i f y  a  comparison o f  Type A i n  which 

a  s i n g l e  genera l  v a r i a b l e  i s  compared a g a i n s t  h i g h  and low t e s t  

va lues.  The p r i n t o u t  i s  s i m i l a r  t o  t h a t  produced f o r  t h e  J o i n t  

R e l a t i v e  Angle Tests  and f o r  t h e  Standard L i s t  Tests .  The f i r s t  

two f i e l d s  c o n t a i n  t h e  category  number and t h e  column number 

r e s p e c t i v e l y .  F i e l d s  3 and 4 c o n t a i n  t h e  f i r s t  name, and f i e l d s  5 

and 6 c o n t a i n  t h e  second name. These f i e l d s  should  be l e f t  b l ank  

i f  t h e  cor responding name i s  unneeded. F i e l d  7 con ta i ns  t h e  h i g h  

t e s t  va lue  and f i e l d  8 con ta i ns  t he  low t e s t  va lue.  

Cards 1400 and 1401 a re  used t o  s p e c i f y  a  comparison o f  Type 

B  i n  which two general  v a r i a b l e s  a re  compared i n  t ime  a g a i n s t  each 

o the r .  The produced o u t p u t  l i s t s  each o f  t h e  v a r i a b l e s ,  t h e i r  d i f -  

ference, and an i n d i c a t i o n  o f  which i s  l a r g e r .  The f i r s t  s i x  f i e l d s  

o f  Card 1400 c o n t a i n  a  genera l  v a r i a b l e  s p e c i f i c a t i o n  as d iscussed 

i n  t he  p reced ing  paragraph. F i e l d  7 i s  an o p t i o n a l  o r d e r i n g  number 

among Type B Comparisons. The Order ing  Number, i f  s p e c i f i e d ,  

serves a  dual  f u n c t i o n  o f  spec i f y i ng  an o r d e r i n g  o f  p r i n t o u t  which may 

be d i f f e r e n t  f rom t h e  o r d e r i n g  o f  i n p u t  cards and o f  p r o v i d i n g  a  means 

o f  matching t h e  f i r s t  h a l f  o f  t he  comparison s p e c i f i c a t i o n  (Card 1400) 

w i t h  t h e  second h a l f  o f  t h e  comparison s p e c i f i c a t i o n  (Card 1401) 

independent o f  t h e  o r d e r  o f  cards i n  t h e  i n p u t  deck. I f  t h e  Order ing  



o f  c rash  events .  F i e l d  2  o f  Card 1500 c o n t r o l s  whether t h e  i n p u t  

based p l o t  i s  des i r ed .  I f  t h i s  f i e l d  i s  zero,  t h e  p l o t  i s  des i red .  

The p l o t  i s  i d e n t i f i e d  by a  t ime  va lue o f  -1000. The p l o t  can be pro-  

duced even i f  t h e  o u t p u t  processors a r e  r un  a f t e r  the  i n p u t  processors 

w i t h o u t  t h e  i n t e rmed ia te  execu t ion  o f  t h e  Dynamics Sol u t i o n  Processor.  

F i e l d s  1, 7, 8, and 9 o f  Card 1501 c o n t r o l  t h e  p roduc t i on  o f  t h e  

t ime  s e r i e s  o f  p l o t s .  F i e l d  1  i s  t h e  number o f  p l o t s  t o  be produced 

f rom computed i n f o r m a t i o n .  Th i s  va lue  may n o t  exceed 27. F i e l d  7 i s  a  

s w i t c h  which when s e t  zero causes t he  t ime  p o i n t s  a t  which p l o t s  

a re  t o  be produced t o  be read  f rom up t o  t h r e e  1502 cards.  These t ime  

p o i n t s  a re  s p e c i f i e d  u s i n g  a l l  n i n e  f i e l d s  o f  t he  1502 cards i n  t h e  

o rde r  i n  which they  occur  i n  t h e  i n p u t  deck. These t ime  p o i n t s  must 

appear as an ascending sequence. 

I f  f i e l d  7 o f  Card 1501 i s  non-zero, p l o t s  a t  equal increments 

a re  d e s i r e d  and a re  c o n t r o l l e d  by f i e l d s  8 and 9. F i e l d  8 i s  t h e  f i r s t  

t ime  a t  which a  p l o t  i s  des i red ,  and f i e l d  n i n e  i s  t h e  t ime  increment  

between p l o t s .  I f  f i e l d  9 i s  zero, a l l  recorded p l o t s  a re  des i r ed .  

Whichever way des i r ed  p l o t  t imes a r e  spec i f i ed ,  i t  may come about 

t h a t  p l o t t i n g  i s  d e s i r e d  f o r  a  t ime  a t  which no p l o t t i n g  i n f o r m a t i o n  

was recorded. If t h i s  c o n d i t i o n  a r i s e s ,  a  p l o t  i s  produced a t  t he  

c l o s e s t  recorded t ime un less  a  p l o t  has a l r eady  been produced a t  t h a t  

t ime ,  i n  which case t h e  p l o t  i s  i n h i b i t e d .  

12.11 End o f  Output Processor Data Deck 

The 1600-Card marks t h e  end o f  t h e  da ta  deck f o r  t he  Output Pre- 

Processor i n  t h e  same way t h a t  t h e  1000-Card marks t h e  end o f  t h e  da ta  

f o r  t he  I n p u t  Pre-Processor. 

12.12 Example I n p u t  Cards 

F igu re  12-1 4 con ta i ns  examples o f  t h e  cards d iscussed i n  t h i s  module. 

Cards 104 and 105 show the  completed debug cards f o r  t h e  example g i ven  

i n  F i gu re  12-4. B e l t  angles,  j o i n t  absorbed energy,  body k i n e t i c  

energy,  and femur and t i b i a  q u a n t i t y  o u t p u t  a re  a l l  i n h i b i t e d .  The 

d e f a u l t  o rde r  o f  ou tpu t  pages i s  e x p l i c i t l y  w r i t t e n  o u t  on t h e  1001 

and 1002-Cards. The j o i n t  t e s t  i s  used t o  analyze when t he  upper 



MAIN  T ITLE  FOR RUN 100 

1. 1. 32.174 0 .  0. 180. 1.  5. 10. 101 

2. 0. 0. 0. 1.  1.  10. .000001 5. 102 

-- - 

157. FFFFFFFEI 59. 000000001 62. 541 000001 64. FFFFFFFFO. 105 

FIGURE 12-14 Example Data Cards 



Arbitrary Decomposition 

of MVMA 2-D Data Set Into Subsets 

DATA SUBSET 

Title Cards 

Genera l  Controls for IN a n d  G O  

Debugg ing  Printout Controls 

Categories of O u t p u t  Va r iab les  
to  be  Stored 

Vehic le  M o t i o n  

Occupant  Descr ip t ion 

Occupant  Posit ion 

Vehicle In te r io r  

Fr ict ion Characteristics 

A l l owed  or Disa l lowed Contact 
In teract ions 

Belt Restraint System 

A i rbag Restraint  System 

End o f  Da ta  Deck for INP 

Categories of  O u t p u t  Var iab les  
to b e  Printed 

HIC, Femur Loads, a n d  Fil tering 

Potent ia l  l n i u r y  Indicators 

Pr in te r -P lo t  Stick Figure Time 
Sequence 

End of D a t a  Deck for  OUTP 

CARD NUMBERS 

FIGURE 13-1 Arbitrary Decompos i t ion  o f  MVMA 2-D Data  S e t  I n t o  Subsets 

3 30 



13.2.1 T i t l e  Cards. Each page o f  o u t p u t  f o r  a  s i m u l a t i o n  i s  headed 

by t i t l e s  which may be supp l i ed  on Cards 100, 200, 300, . . . , 900. These 

cards a r e  d iscussed i n  Module 12. The 100-Card i s  f o r  a  " r un  t i t l e , "  

which should  be centered i n  t h e  f i r s t  72 columns and which w i l l  appear 

on t h e  f i r s t  1  i n e  o f  each page o f  p r i n t o u t .  (See F igu re  13-3).  The 

second 1 i n e  o f  page heading c o n s i s t s  o f  t he  concatenated con ten t  o f  

Cards 200, 300, . . . , 900. Each o f  these cards i s  no rma l l y  used f o r  

d e s c r i p t i o n  o f  a  s p e c i f i c  s i m u l a t i o n  c h a r a c t e r i s t i c .  For example, as 

i n d i c a t e d  i n  Volume 2 o f  t he  MVMA 2-D r e p o r t ,  t he  700-Card norma l l y  

descr ibes t he  type  o f  be1 t r e s t r a i n  t system used. However, t h e r e  a r e  

no r e s t r i c t i o n s  on t he  con ten t  o f  these cards.  The 19-column sub- 

t i t l e  f i e l d s  o f  Cards 200, 300, ..., 700 p l u s  t he  17-column f i e l d  of 

e i t h e r  Card 800 o r  Card 900 . ( o n l y  one may be used) can be used t oge the r  

f o r  any 131-character  d e s c r i p t i o n  o f  t h e  s i m u l a t i o n .  

The t i t l e  cards f o r  Example 1  have been grouped t oge the r  a t  t h e  

beg inn ing  o f  t he  da ta  s e t  except  f o r  t h e  200- and 300-cards, which have 

bo th  been used f o r  occupant d e s c r i p t i o n  and a re  p laced  w i t h  t h e  occu- 

pan t  da ta  cards (see F igu re  13-7).  I t  m igh t  be aga in  noted, as exp la ined  

i n  Module 1, t h a t  data cards can be p o s i t i o n e d  w i t h i n  t he  data deck i n  

any o rde r ,  w i t h o u t  a t t e n t i o n  t o  ca rd  i d e n t i f i c a t i o n  number. Except ions 

t o  t h i s  a re  t he  1000- and 1600-cards, which serve as "end-of-data-deck" 

markers and must be the  l a s t  cards o f  t h e  da ta  decks f o r  t h e  I n p u t  

and Outpu t  ?re-processors , r e s p e c t i v e l y  . 
13.2.2 General Con t ro ls  f o r  I N  and GO. A number o f  genera l  c o n t r o l s  

a re  r e q u i r e d  f o r  t h e  ope ra t i on  o f  t he  I n p u t  ( I N )  and Execut ion (GO) 

Processors.  These a re  on Cards 101 , 102, and 103, which a re  d iscussed 

i n  Modules 4,  5 ,  6, 9, 10, and 12.* Some o f  t he  most impo r tan t  o f  these 

c o n t r o l s  s p e c i f y :  1 )  t he  system o f  u n i t s  ( m e t r i c  o r  Eng l i sh )  f o r  t he  

s imu la t i on ;  2) c rash d u r a t i o n ,  i n t e g r a t i o n  t ime  s tep,  and t ime increment  

f o r  p r i n t i n g  o f  ou tpu t ;  3 )  use o r  non-use o f  t h e  va r ious  r e s t r a i n t  sys- 

tem op t ions ;  4)  i n t e r p r e t a t i o n  o f  " i n h i b i t i o n  cards"  f o r  a l lowed o r  d i s -  

a1 lowed con tac t  i n t e r a c t i o n s ;  and 5 )  l i m i  t s  f o r  t h e  a l g o r i t h m  which 

*The u'ser i s  r e f e r r e d  t o  F igure  1-26 o f  Module 1  f o r  a i d  i n  f i n d i n g  d i s -  
cuss ion  i n  Modules 2  through 12 o f  t he  parameter i n  any da ta  ca rd  f i e l d .  



determines shared-de f lec t ion  f o r c e  balance. S imu la t i on  Examples 1  and 

2  o f  t h i s  module a re  bo th  f o r  200 msec du ra t i on ,  one msec i n t e g r a t i o n  

t ime s tep,  and f i v e  msec p r i n t o u t  i n t e r v a l .  The s imu la t i ons  a re  made 

w i t h  Eng l i sh  system data.  F i gu re  13-4 shows Cards 101 through 103. 

13.2.3 Veh ic le  Mot ion.  The v e h i c l e  mot ion,  o r  more p r e c i s e l y ,  

occupant compartment mot ion,  i s  desc r ibed  w i t h  Cards 601 through 604. 

Th is  p r e s c r i p t i o n  o f  t he  "crash h i s t o r y "  i s  t h e  s u b j e c t  o f  Module 8. 

Cards f o r  t h e  30-mph f r o n t a l  b a r r i e r  c rash o f  Example 1  a re  shown i n  

F igure  13-5. I n i t i a l  p o s i t i o n  and v e l o c i t y  values f o r  v e h i c l e  h o r i -  

zon ta l ,  v e r t i c a l ,  and p i t c h  coord ina tes  a re  on Card 601, t oge the r  w i t h  

two coord i  nates f o r  an acce l  erometer 1 o c a t i  on. The remain ing cards spe 

c i  fy  a c c e l e r a t i o n  h i  s t o r i e s  f o r  t he  t h r e e  v e h i c l e  degrees o f  freedom. 

The h o r i z o n t a l  mot ion  f o r  t h i s  example, i l l u s t r a t e d  by t he  acce lera-  

t i o n  p r o f i l e  i n  F igure  13-6, i s  de f i ned  by twen ty - th ree  t ime-accelera-  

t i o n  p o i n t s  on cards f o l l o w i n g  t h e  602-card. The crash represented i s  

f o r  an impact v e l o c i t y  o f  30 rnph, a  A V  o f  32.83 rnph, 33.9 g ' s  peak 

acce le ra t i on ,  and a  s topp ing  d i s t ance  ( o r  "c rush" )  o f  21.8 inches. 

13.2.4 Occupant Desc r i p t i on .  Most o f  t he  Cards 201 through 242 

a re  used f o r  p r e s c r i b i n g  occupant parameters. Cards 201 through 216 

p l u s  227 through 242 descr ibe  mass and moment o f  i n e r t i a  p r o p e r t i e s  f o r  the  

body l i n k s ,  l i n k  leng ths ,  and j o i n t  p r o p e r t i e s .  * Cards 219 and 220 d e f i n e  

e l l i p s e s  which represen t  t he  contact -sens ing p r o f i l e  o f  t he  body. 

Loading and un loading c h a r a c t e r i s t i c s  o f  body m a t e r i a l s  a re  p resc r i bed  

on Cards 221 through 226."" The da ta  i n  F igure  13-7 a re  p r e l i m i n a r y  

da ta  compi led by HSRI f rom severa l  sources f o r  a  GM Hyb r i d  I 1  
dummy. Toe and heel  e l l i p s e s  have been p o s i t i o n e d  f o r  a  f o o t  

i n  a  f l e x e d  c o n f i g u r a t i o n  s i nce  t he  MVMA 2-D model does n o t  i n c l u d e  

an a r t i c u l a t i o n  a t  t h e  ank le  j o i n t .  

Values p e r t i n e n t  t o  i n i t i a l  j o i n t  torques a re  on Card 217 

(see Sec t ion  13.2.5). Head and chest  accelerometers a re  1  ocated by 

values on the  218-Card (see F igure  13-27). 

* Much l a r g e r  t h resho ld  v e l o c i t i e s  ( f i e l d  6, Cards 205-216) should 
have been used. See F igure  2-11. 

** See Modules 2,  3, 4, and 6  f o r  d i scuss ion  o f  occupant parameters. 



on 412-Cards for combinations of e l l ipse  and region fr ic t ion classes. 
Figure 13-1 1 shows the 412-Cards in the data se t  for Example 1 .  There 

i s  one card for  each pairing of f r ic t ion  classes represented in the se t  
of contact interactions which can occur in th is  simulation. For any 

simulation, coefficients of f r ic t ion will default t o  0. for any pairing 

not represented by a 412-card. Note that  the f i r s t  data card in Figure 
13-1 1 includes coefficients for tangenti a1 forces proportional to the 
f i r s t  and second powers of deflection, as explained in Module 6-2. For 

th is  example, the values represent plowing resistance t o  re lat ive motion 
between the SEAT CUSHION and SEAT BACK regions and contacting body 
el l ipses .  

13.2.8 Interaction "Inhibition" Cards. Modules 4 and 5 discuss 
the use of 106-Cards for specification of allowed or disallowed combina- 
tions of potential ly-interacting body el 1 ipses and vehicle inter ior  
regions. "Allowed" combinations are normally specified when the num- 
ber of probable interactions i s  less than the number of improbable 
interactions. This i s  judged to be the case for the f i r s t  simulation 
example, so twenty-one a1 1 owed interactions have been specified between 
the ten body el l ipses  and nine vehicle-interior regions. These are 
shown in Figure 13-12. One card has been included for an allowed 
interaction between body el 1 i  pses THIGH and THORAX. 

13.2.9 Belt Restraint System. Example 1 i s  a simulation for an 
unrestrained occupant. As an i l lus t ra t ion  that  i t  i s  unnecessary t o  re- 
move res t ra in t  system data from the data deck for such a simulation, 
belt  system data cards are included in the complete data deck for Example 
1 shown in Figure 13-14. (These are Cards 218, 501 and 701 through 709). 

I t  i s  necessary only t o  s e t  the belt  system usage switch in f ie ld  1 of 
Card 102 to i t s  "off" value, zero. 

13.2.10 End of Data Deck for INP.  The l a s t  card in the data deck 
for the Input Processor, IN, must be the 1000-Card. I t  i s  blank except 
for the card identification number in columns 77 through 80. (See Figure 
13-14.) 



13.2.11 Output Processor Cont ro ls .  Cards 1001 through 1600 con- 

s t i t u t e  a  separate da ta  deck f rom Cards 100 through 1000, descr ibed  i n  

t he  preceding sec t ions  and read  by t he  I n p u t  Pre-Processor. Cards 1001 

through 1600 a re  read by t he  Output Pre-Processor. These cards c o n t r o l  

post -process ing and p r i n t o u t  o f  data c a l c u l a t e d  and s t o r e d  by t he  

Dynamic S o l u t i o n  Processor ( o r  "Execut ion Processor," GO). These 

da ta  and da ta  generated by t h e  I n p u t  Processor a re  s to red  i n  f o u r  

ex te rna l  f i l e s  (see Module 12) ;  as l ong  as the  f i l e s  a re  mainta ined i n -  

t a c t ,  they  can be processed by t h e  Output Processor any number o f  t imes, 

us ing  d i f f e r e n t  c o n t r o l  Cards 1001 through 1600. 

13.2.11.1 Output Categor ies f o r  P r i n t o u t .  The e n t i  r e  Output Pre- 

Processor data deck f o r  Example 1  cons i s t s  o f  seven cards.  These a re  

shown i n  F igure  13-13. The f i r s t  two cards, 1001 and 1002, a re  used f o r  

s p e c i f i c a t i o n  o f  ca tegor ies  o f  c a l c u l a t e d  data f o r  which p r i n t o u t  i s  

des i r ed  and t he  o rde r  o f  p r i n t o u t  f o r  these ca tegor ies .  The f o r t y -  

f i v e  ca tegor ies  o f  r e s u l t s  which may be p r i n t e d  a re  i d e n t i f i e d  by Cate- 

gory  Number i n  F igures 1-21 and 12-2 o f  Modules 1  and 12. The o rde r i ng  

f o r  p r i n t o u t  shown f o r  Example 1  i n  F igure  13-13 i s  i d e n t i c a l  t o  t he  

d e f a u l t  o rde r i ng  which would r e s u l t  i f  t he  1001- and 1002-Cards were 

om i t t ed  from the  data deck.* A1 1  ca tegor ies  a re  requested f o r  Example 

1. Requests f o r  p r i n t o u t  f o r  ca tegor ies  f o r  which no data a re  s to red  

w i l l  be ignored  by the  Output Processor.  

13.2.11.2 H I C ,  Femur Loads, and F i  1  t e r i n g .  Various data 

exp la ined  i n  Module 12 a re  r e q u i r e d  on Cards 1003 and 1004 f o r  t he  pos t -  

processor  f unc t i ons  o f  f i  1  t e r i  ng o f  occupant acce le ra t i ons  and determina- 

t i o n  o f  H I C  and femur loads. 

13.2.11.3 P o t e n t i a l  I n j u r y  I n d i c a t o r s .  I n  a d d i t i o n  t o  H I C  

and femur loads,  o the r  p o t e n t i a l  i n j u r y  i n d i c a t o r s  can be determined 

and p r i n t e d  by t h e  Output Processor.  These a re  a l s o  discussed i n  

Module 12. They a re  requested by us ing  Cards 1  100 through 1401 , none 

o f  which a re  i nc l uded  i n  t he  data deck f o r  Example 1. 

* The d e f a u l t  o rde r i ng  minus p r i n t o u t  o f  t he  i n p u t  data summary, Category 
0, can be ob ta ined  by us ing  a  1001-Card which conta ins o n l y  " -1"  i n  
columns one and two. 



FIGURE 13-13 Ou tpu t  Processor Data Deck for Example 1 



13.2.11.4 P r i n t e r - P l o t  S t i c k  F igures.  As exp la ined  i n  Module 

12, a  t ime  sequence o f  p r i n t e r - p l o t  pages can be produced which d e p i c t  

t h e  occupant and a1 1 l i n e s  o f  t h e  v e h i c l e  i n t e r i o r .  A c o n t r o l  f o r  s t o r i n g  

da ta  r e q u i r e d  f o r  p roduc t i on  o f  t h i s  p r i n t o u t  i s  on Card 101, read by t he  

I n p u t  Pre-Processor and shown i n  F i gu re  13-4. Con t ro ls  f o r  p roduc ing  

t h e  p r i n t o u t  a re  r ead  f rom Cards 1500 through 1502 by t he  Output Pre-Processor.  

The most impo r tan t  da ta  on these cards a re  marg in  coord ina tes  which 

frame t h e  p r i n t e r - p l o t  image w i t h i n  t h e  v e h i c l e  coord ina te  system and 

t h e  s i m u l a t i o n  t imes t o  be i nc l uded  i n  t h e  t ime sequence o f  p r i n t o u t s .  

13.2.11.5 End o f  Data Deck f o r  OUTP. As f o r  t h e  I n p u t  

Pre-Processor da ta  deck, a  s i n g l e  ca rd  i s  r e q u i r e d  t o  mark t h e  end of t h e  

Output  Pre-Processor da ta  deck. I t i s  Card 1600, which i s  b l ank  except  f o r  

t h e  ca rd  i d e n t i f i c a t i o n  number. 

13.3 Se lec ted  Output  f rom S imu la t i on  Example 1  

Se lec ted  pages o f  p r i n t o u t  f rom t h e  MVMA 2-D Crash V i c t i m  S imu la to r  

a re  shown as F igures 13-1 5  through 13-26. F i gu re  13-14 con ta i ns  t he  

da ta  cards f o r  Example 1  which generated t h e  s i m u l a t i o n  r e s u l t s  shown. 

The MVMA 2-D model has undergone cont inuous development and improve- 

ment s i nce  i t s  i n c e p t i o n ,  and i t  i s  expected t h a t  i t  w i l l  con t inue  t o  

undergo change. Consequently, numer ica l  r e s u l  t s  i n  F igures 13-1 5  through 

13-26 shou ld  n o t  be compared w i t h  r e s u l t s  t h a t  MVMA 2-D users  m igh t  

o b t a i n  by us i ng  t h e  da ta  s e t  f o r  Example 1  f o r  s i m u l a t i o n  w i t h  t h e i r  

own i n s t a l l a t i o n s  o f  t h e  model. Rather,  these f i g u r e s  a re  t o  be viewed 

as i l l u s t r a t i v e  o f  t he  fo rmat  o f  MVMA 2-D p r i n t o u t . *  

13.3.1 Data Se t  Echo.. Both t h e  I n p u t  and Output Pre-Processors always 

produce "echoes" o f  t h e i r  da ta  decks. An example page from the  I n p u t  Pre- 

Processor "echo" f o r  Example 1  i s  shown as F igure  13-15. The 

e ight -co lumn da ta  f i e l d s  a re  separated by a s t e r i s k s .  

13.3.2 Summary o f  I n p u t  Data. F igure  13-16 i s  an example page o f  

p r i n t o u t  o f  a  summary o f  t h e  i n p u t  data.  The e n t i r e  i n p u t  da ta  summary 

f o r  Example 1  i s  63 pages. Th i s  p r i n t o u t  i s  produced whenever category  0  

i s  requested on t he  1001-Card. 

*Resul ts i n  F igures 13-18.1, 13-18.2, 13-18.3, 13-22, and 13-23 a re  no t  c o n s i s t e n t  
w i t h  o t h e r  r e s u l t s  s i nce  they  were taken f rom a d i f f e r e n t  s imu la t i on .  
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FIGURE 13-14 Complete Data Se t  f o r  S i m u l a t i o n  Example 1 (page 6 o f  6 )  
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FIGURE 13-28 Debugging P r i n t o u t  S p e c i f i c a t i o n s  f o r  Example 2 

0. 1. 1. 0. 0. 0. 1. 0. 1. 107 
0. 0. 0. 0. 0. 0. 1 . I. 1. LOR 
1. 1. 0. 0. 0. 0. 0. 0. 1. 109 
1. . 1. 0. 0. 0. 1. 1 . 1. 1. 1 1  0 
0. 1. 1 . 0. 0. 0. 0. 9. 3. 11 1 

FIGURE 13-29 S p e c i f i c a t i o n s  f o r  Storage o f  Output  Ca tegor ies  f o r  Example 2 



WINDSHIELD, and INSTRUMENT PANEL reg ions .  Second, t h e  106-Cards a re  

absent f rom the  da ta  deck, and i n t e r a c t i o n  " i n h i b i t i o n "  c o n t r o l s  on 

Card 102 a re  rede f ined  so t h a t  a1 1  p o t e n t i a l  e l  1 ipse-1  i n e  i n t e r a c t i o n s  

a re  i n v e s t i g a t e d .  Th i r d ,  t h e  THORAX and HIP e l l i p s e s  have been 

made r i g i d  s i n c e  m a t e r i a l s  were de f i ned  f o r  them f o r  Example 1  o n l y  

because of t h e  p o s s i b i l i t y  o f  THORAX-INSTRUMENT PANEL and HIP-FLOOR 

i n t e r a c t i o n s .  F i n a l l y ,  p r i n t o u t  o f  t h e  summary o f  t h e  i n p u t  da ta  i s  

o f t en  n o t  des i red ;  i t  i s  suppressed f o r  Example 2 by removing Cate- 

gory  0 f rom t h e  s t r i n g  on Card 1001 . A1 t e r n a t i v e l y ,  a  1001-Card 

c o n t a i n i n g  o n l y  "-1" i n  columns one and two cou ld  have been used. 

Th i s  requests  t h e  d e f a u l t  o r d e r i n g  f o r  Categor ies  1  through 40 and 

46 through 50 w i t h  omiss ion o f  p r i n t o u t  o f  t h e  i n p u t  da ta  summary, Category 0.  

13.5 Se lec ted  Output f rom S imu la t i on  Example 2  

Se lec ted  pages o f  p r i n t o u t  produced by t h e  complete Example 2 

data  deck i n  F igure  13-30 a re  shown as F igures 13-31 through 13-36. 

These are:  a  p r i n t e r - p l o t  s t i c k  f i g u r e  sequence; example debugging 

p r i n t o u t ;  be1 t system data;  body 1  i n k  ang le  acce le ra t i ons ;  head, chest ,  

and h i p  acce le ra t i ons ;  and H I C  and S e v e r i t y  Ind ices .  
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FIGURE 13-30 Complete Data Set for Simulation Example 2 (page 1 of 5) 
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