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1.0 INTRODUCTION

This report deals with the development and use of a mathematical model
for the simulation of automobile occupant kinematics in three dimensions in
event of a coilision. The model was developed as a tool to study advanced
concepts and designs of seat restraint systems from the viewpoint of
occupant protection.

A schematic for the three-dimensional model is shown in Figure 1. The
three parts of the model are the occupant, the vehicle, and the deceleration
srofile. The occupant is represented by three mass elements lTocated in
the head, torso, and extermities. Attached to the various body elements are
ellipitical surfaces serving to outline the body in order that contact
hetween the occupant and the interior or exterior of 2 vehicle can be pre-
dicted. The vehicle is represented by a series of planar contact surfaces
which can be arranged to represent either a vehicle interior for occupant
kinematics studies or the exterior for pedestrian studies. Belt restraints
are included in the model if their use is desired. Forces are applied to
the body of the occupant whenever interaction is sensed between the occupant
and the vehicle. In order to produce occupant motions, a six degree of free-

dom deceleration can be applied to the vehicle. Thé resulting occupant
motions are listed as computer program output.

In addition to an analytical description of the model, a User's Guide
is included as a part of this report. Sections are included describing pre-
paration of input data decks and the options available in studying the output
produced by the computer program. The techniques which can be ysad in opera-

ting the model at a teletype terminal remote from The University of Michigan
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THREE- MASS,THREE - DIMENSIONAL MODEL
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are described in a Teletype Users' Guide. Documentation of the program
includes an overall program description and flow diagrams, subroutine
descriptions and a complete symbol dictionary. |

The comparison of the predictions of the model with experimental impact
sled tests is the subject of paéﬁ 3.0 of the report. The complex problem of
gathering a set of input data describing the occupant and the vehicle is
discussed and the technique by which this is carried out are described. The
equally difficult task of obtaining appropriate experimental data is aiso
considered. Comparisons between a 30 mph impact sled test invelving a belt-
restrained 50th percentile male dummy and the predictions of the model
conclude part 3.0.

The model which is described in this report is proposed as a powerful
tool for studying and designing advanced integrated seat-restraint systems.
It has been exercised several hundred times to study belt restraint systems,
various deceleration profiles, headrest and seatback shape, pedestrian kine-
matics, occupant size and position, etc., and represents the current state
of the art in three-dimensional crash victim simulators.

As a secondary output, the program produces a file of stored data which
is used in preparing pictorial displays of occupant motions on a sequence of
ik plots, a television screen, or as 16mm motion pictures. The calling

routines for operating on this file are described in part 5.0.

1.7 STATE OF THE ART

Mathematical models have been developed for the motion of the human body

in several environments, including auto occupant dynamics*"% human gait, and

*Note: only a small number of representative papers published on this
are included in this list.
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the motions experienced by the legs and arms during walking.g"11

often applied to the design, development and use of prosthetic devices. In
connection with aerospace applications, analytical studies of self-generated

12-14

motions possible in free-fall and 0-gravity environments are being

carried out and find application in such activities as sky-diving and space-
walking. Also, studies are being made of such work tasks asziiftingls’lﬁ
resulting in the development of work capability amplifiers.

Fundamental theoretical work has been carried out in the field of mathe-
matical models for more than sixty years, as seen in the work of Fischer.17
However, it is only with the coming-of-age of the high speed computer in the
last twenty years that practical solutions of equations as compiex as those
proposed by Fischer have been realized. Hence, the mathematical simulation-
of human body motions has become a very active research topic in the last ten
years.

Generaily, two approaches have been used in analyses simulating auto
occupant protection. On one hand, various researchers have adopted rela-
tively simple physical models for studying specific aspects of human kine-

18

matics. Weaver © has used a two-mass, two-degree-of-freedom model to simu-

late belt loadings and head impact velocity in the case of a lap-belted

20

oCtupani. Simiiar modeis have been deveioped by Aldman'° and Renneker’® for

studying slack in restraint systems and the effect of various input decelera-

21, Mertzzz, and Robert523

tion profiles. Other authors, ingcluding Martinez
have used somewhat more sophisticated models for studying the phenomenon of
whiplash. Roberts has added an-additicnai complicating factor to his model-—
the motion of the brain mass inside the brain case.

1-8

On the other hand, several authors have developed more compiex models

of human kinematics utilizing several masses for simulating body motions. In

This work is
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addition, complex vehicle geometry is introduced in these simulations to provide
an intricate array of forces acting on the segmented occupant. Particularly
noteworthy in the early development of these models are the efforts of McHenry.z
A1l these models are marked by extensive development programs requiring at
Teast two years from project in?}iation to the production of a functioning
computer program,

Most of the modeling work mentioned above has been concerned with
simulations of occupant motion in two dimensions. The only known published

1 4

simulations invalving three dimensions are those of Roberts, Thompson,

Robbinst and Young.7 The first of these is a simple-one-mass model capable
of simulating beit loads and upper torso motions in three dimensions, while (?
the second is part of amlggggﬁgrggEEEanvolv1ng vehicle crush charaffi:jifigi//g&%éaf%
The third model simulates a three-d1mené;gﬁzimaégagggzuby three masses and /Zi;%*h
twelve degrees-of-freedom while the recently completed fourth model describes
the occupant by twalve masses and thirty-one degrees-of-freedom while mz_ Ll
possessing a less sophisticated model of occupant-vehicle interactions thaq;> é;bﬂé
that of Rcbbins.6
Even with the advent of the highly complex computer programs described
here, there still exist major problem areas such as:
. Yerification of the model by experiment;
2. lLack of highly controlled tests;
3. Llack of anthropometric data and verification of the models using
human volunteers;
4. Lack of impact test data reduction techniques specifically
oriented towards mathematical model verification.
5. Difficulty in using the models because of the complex input dif§>
requirements; and &{é
i

5 %‘)[ agﬁf
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///////‘ 6. Difficulty in using the model at locations other than the

laboratories of the developer.

These problems can be classified into two general types: (a) lack of
closely coordinated efforts to insure that the mathematical models predict
and anticipate physical reality, and-(b) gase of use. The latter problem
is somewhat easier to approach than the first one. One neegs to identify
the user and his capabilities and then write a program which is user-oriented.
Computer programs of this nature are in actual use, particularly in styling
and design laboratories in the auto industry. The users need not be highly
trained computer experts.

In assigning staff to the various subject areas of the current research.
project, a concerted effort was made to coordinate the sled test program and
the analytical program. One group was assigned the task of analysis; another
group was responsible for the impact sled test program; and a new key group
was formed to bridge the gap which was found to exist between the analytical
and experimental grﬁups. The task of the key group was to insure that
meaningful data was generated in the tests and to establish techniques for
reducing this data into a form which could be compared with the output of a
mathematical model.

This discussion is intended to show that the current state of the art
is quite advanced from the viewpoint of producing computer programs which
predict vehicle occupant motions in a crash environment. However, considerable
research must be carried out to make programs of this nature easily usable.
Additionally, it is recommended that experimental kork accompany the
developmeni of future models to make assessment of their validity more

straightforward.

b._J







by stops located at the limit of practical motion of each joint. The stops
are modeled by linear, viscoelastic torsional springs possessing a high degree
of stiffness. Third, body geometry is represented by the moments of inertia
of the three rigid masses and by body contact ellipsoids. These ellipsoids,
which are rigidly attached to the head, torso, and lower extremities, allow
= the user of the model to ascertain if a body part contacts any part of the
vehicle interior {or exterior) and with what force.
ﬂf \dg ‘The external system restraining an occupant is ordinarily defined in terms
gf& of specific devices such as a seat belt or an airbag. One common feature of all
§§‘\ Y “these devices is the fact that they can be described in terms of a dynamic
) _dpforce—deformation profile. For example, an acceleration-dependent inertial
gg}xggﬁd& reel used in conjunction with a shoulder harness will have a different character-
€?§9 istic curve than a controlled permanent deformation device or one of the'harnesses
- %Q N used in most curfent production vehicles. In each case a different formula
must be used which computes force as a function of deformation and deformation
rate. Therefore, provisions must be made for forces to be applied to the
occupant in a rather general manner in order that they can be used in modeling
any one of the proposed restraint devices.
Two types of interactions are possible between the occupant and vehicle:
fa) +he pccupant with 2 system of belts attached tc both the vehicle and himself,
j.e., the seat belt and/or shoulder harness, and (b) a collection of ellipsoids

representing body parts with a collection of geometric surfaces representing

/ R 1 ETT RN

the profile of a vehicle interior or exterior. These surfaces, each represented
by a different dynamic force-deformation relationship, interact with the contact
e ellipsoids fixed to the body of the occupant to generate a complex interaction

of forces and occupant motions representing the collision of the occupant with

seat, restraint system, or vehicle structural member.
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An example of a complex set of force interactions between an occupant and

a vehicle interior is represented by simulating the airbag restraint system.

The occupant is represented in the usual way and may or may not be restrained

by a lap belt. Vehicle components such as the seat back, seat cushion, floor,
windshield, and lower dash panel are described in terms of contact surfaces.

It is necessary to know the force-motion interrelationship between the head or
torso and the bag before the simulation can be carried out as the model itself
cannot predict any force-deformation relationships. They must be obtained using
experimental procedures and be provided as input data for the operation of the
computer simulation. |

It should alsc be noted that this general formulation allows studies of
much more than a seated occupant restrained in some manner inside the venicle.
Studies have been carried out of more esoteric concepts such as the collapsing
airbag, the oblique rolling collision, and the pedestrian. Alsg, studies of
the dynamics of a child in any one of the large number of seats and restraint
devices available on today's market are possible.

The deceleration profile of the crashing vehicle which is used in this model
can provide a completely general six-degree-of-freadom motion input to the occupant
compartment. The motions can include front {or rear), lateral, and vertical linear
decelerations as well as pitching; spinning, and rolling angular deceleraticns.

These input decelerations may be used separately or in any combination. The shape %%;

of each deceleration profile input to the model is Jimited to, 700 piecewise 1inea§>

sagments. Typical examples are shown in Figures 2 and 3. J//éfiﬂ L‘%L/
2.2 FORMULATION OF THE MODEL

The equations of motion are derived by Lagrangian technique524:
d_ {3({KE 3(KE} . 3(PE) . 3(DE) _
at [32—11 Y Puil v et el (2.2.1)
i i i i i
9
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where
KE is the system kinetic energy
PE is the system potential energy
BE i3 the éystem dissipated eﬁergy rate

Fz are the classical generalized forces
i

Z& are the classical generalized coordinates or degrees of freedom of the
mode] _

Since the only driving force is applied to the vehicle and not directly to
the body, the an terms are all zero. After the energy terms have been written,
the resulting equations of motion are rearranged so that all the terms containing
generalized accelerations appear on the left-hand side and all other terms appear

on the right-hand side. Thus rearranged, these equations are of the form

mZ=§ (2.2.2)
where m is the matrix of generalized acceleration coefficients and %'15 the gen-
eralized acceleration vector. In this analysis the right-hand side of the equa-
tion, U, will be called the "generalized force" and contributions to it from the
kinetic, potential, and dissipative energias in Eguation (2.2.1) will be referred
to as the generalized force from that part of the model. The total "generalized
force” is the vectorial sum of each contributing component {gravity, joints, belts
and contacts). The kinetic energy contributions to the "generalized force" are
centrifugal and Coriolis force terms.

Kinetic energy alone determines the left-hand side of the equations of motion.
In the computational procedure, the inverse of the matrix, m~1l, multipiied by the

generalized vector, 3, yields the solution for the generalized accelerations, i.e.,

% = 1 (2.2.3)

The generalized force vector may be expanded to show the various contributions
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. §= 5& + ET + 66 + a& +~EB (2.2.4)
e where -
,;; ET is due to kinetic energy

at is due to contact forges

-
. Q. is due to gravity - _ Wyl
G 2L ?4Z;p@/ 5b¢z?, @ﬁ%%é;/

2.3 BODY
The crash victim is simulated by three body segments: the head, the torso
(with attached arms), and the Jower extremities (right and left legs combined).

Figure 1 shows a c¢rash victim in a typical seating configuration restrained by

<7 ) .

~__‘:f;—,‘f 'Q"’J is due to joints /Wéﬁdwfr/mﬁ &7 %{%f‘ﬂ‘zf
T 6§ is due té:ééii:i:> Sorces we 7 weet
L ' Jp  osrrdidor Aot 574’ ot

AN a lap belt and shoulder harness. Figure 4 illustrates the body segments and their

- lengths, centers of gravity, and moments of inertia.
: The basic inertial coordinate system has unit vector f'pointed forward, J

o pointed right, and E pointed downward and pesitioned at an arbitrary point in

- space.
- Let ¥
B e= |J {2.3.1)
-KP R
. The coordinate systems imbedded in the %orso, head, legs, and vehicle will
, be referred to as ey, e;, &3, and e, respectively where

- '1“
- n

g en = jﬂ form=1,2, 3, oré4 (2'3‘2)
=S k

- n

éﬁ%

.%i

j 13
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ey is positioned at the torso center of gravity so that ?1 points out of the
chest, El_poiuts out the right arm, and E} points out the bottom of the torso.

es 1s positioned at the head center of gravity so that ?ﬁ points out the nose,
32 points out the right ear, and ;2 points down the neck.

e3 is positioned at the éentar of gravity of the lower extremities so that
?5 protrudes forward from the knees, 33 points out the right side, and fg points
out the bottom of the upper legs.

e, is positioned at a point "0" which is arbitrarily positicned in the vehicle
with ;; extendiﬁg forward, Eu extending right, and i; extending downward.

Figure 5 shows the relationships between the five basic coordinate systems,
their positions, and orientations. Note that the vector ﬁn points from the iner-

tial system to the origin of the nth

movable coordinate system for each of the
four values of n.

The rotations of each of the movable coordinate systems are described by a
set of Euler angles as {lTustrated in Figure-a. It should be noted that any of
the systems of movable coordinates, e, are positioned initially parzilel to the
inertial system and the angles are applied in the order yaw, pitch, and roil.

The arrows in Figure § show the direction of positive rotation. When the individ-

ual rotations are applied to a coordinate éystan, it will be true that

. _ —
{ -
cosvncnsen sinwncosen = singg
. =, 3 q =4
e, cosy,sine sing, s1nwns1nensin¢n cose, sing, | e (2.3.3)
- e +
siny cose, oSy, Cose,
coswnsinencos¢n sinwnsinencos¢n oS8, COSé,
A . ,
s1n¢nsin¢n cos¢nsxn¢n
e —

foreachn=1, 4

15
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The rotational kinetic energy is

i |
1
T ,.=2= 1 ] I a2 (2.3.4)
rot =~ Z Ly p&y nmn
where B
Iin is the moment of inertia about Tﬁ
-+
Izn about ip
I3n about kn

and "n" is the body segment index (n=1 for torse, n=2 for head, n=3 for lower

extremities). The guantities a ope and o, shown in Equation (2.3.5)

in* ®
B T 0 - ¥psing,
A = insin¢ncosan +-éncos¢n (2.3.5)

Tan = wnCOS¢nCOSBn - ans1n¢n

are the components of the angular velocity vector $n shown in Equation (2.3.6).

-+ Bl o

wn = 2ypin ¥ oopdy *oogpky (2.3.6)

The transiational kinetic energy for the body is
1

Terans = 7 z

24 82 52
& mz(xi + ¥+ 21) {2.3.7)

where m, is the mass of the zth body segment and Xo1 ¥yr 2 are the components

%
of the position vector of the body segment center of gravity as shown in Figure

5 and Equation {2.3.8).

= b o

eg e
Ry = %, + yd +2,K {2.3.8)}

The total kinetic energy is then just the sum of Trut and Ttrans'
A three mass structure connected by ball joints will exhibit twelve degrees
of freedom. The twelve generalized coordinates used in this simulation are x;,

Yis 21 ‘f’la ala ¢13 *bz: 92: 4’2; wsn eag and ¢3 in that order.
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It is true that
- -> - -
Ry = Ry = oyky = pokg
and - >

- - {(2.3.9)
Ry = Ry + p kg + 0,13

where F is the distance along the centerline from the center of gravity of one of
the body segments to one of the joints or the end of the body segment as shown in
Figure 4. Equation {2.3.10) shows Equation {2.3.9) rewritten in terms of

generalized coordinates.

2

Xy % Xp = 2£1 gi[coswzsinezcos¢£ + sinmzsin¢£3

2
Y2 =¥, - ig} pz[siuwisinezcos¢£ - cos¢£sin¢11

2
z, =z, - 221 gzﬁcosezcos¢£3
(2.3.70)

X3 = Xy + p3(Cosy;5ine cose; + singysing;) + p,cosy;cosssy

<
w
[

= y1 + p3(siny;sine;cose; - cosyysingy) + oysinpscose,

Z3 = 2; + p3yC0881C08¢; - p,sine,

When Equation {2.3.10) is substituted into Equation (2.3.7) and then, along
with Equation (2.3.4), substituted into Equation (2.2.1) and rearranged into the
form of Equation (2.2.2), the resulting matrix, m, has the elements shown in
Equation (2.3.11).

Since the matrix, m, is symmetric, only the diagonal and the terms above the
diagonal are whown in Equation (2.3.171). Certain trigonometric functions used

in the matrix and throughout this report are given in Equation (2.3.12).
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V,, = cosy,sine, sine, - siny coss,

G

vzk ='sinwksinaksin¢k +—cos¢kcos¢k

57;. V, = cosy,sing cosé, + sing, sing,

= Vi, = sinv, sine cose, - cosw,sing,
(Lé;: : Wy =-c?swkcosekcos¢k
. W, = siny, cose, cose,

Wy, = coswcose,sing,
H-k n sinwkcosaksin¢k

. 4

;j Wg, = cosy,sine, cose,
W . = siny, s5ing, cosé

)u; w,k = ccswksjnaksia¢k

- U, = sing cose,
e Uy ==cosekcos¢k
U, = sine, sine,
U;k = sinwkcosek
u&k = coswksinek
1

B! U;k = COS¥ L0886,

u;k = sinwksinek

Loty

where k = 1, 2, 3, 4 refers to a particular moving coordinate system.

Lz

After the matrix, m, has been formed out of the kinetic energy terms, the
remaining terms are collected on the right-hand side to. form 5T. Physically

7 I
o
. ':-Z.‘:E

these terms represent the forces due to Coriolis and centrifugal effects. The

components of ET are given as Equation (2.3.13).

oo Lt
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(mapy = map3)[83Wsy + (3 + 43)Va1
2h181Wz1 = 2b191Vpy + 28181M31]
maop[82Wsa + ($3 + $2)Vap + 2i82Waz

2¥282V22 + 28242W32] "

F

+

+

]

mSPk[(;fJ% + é%)“ga - 2’})3é3|.b:3]

Eia

= (mzpy - map3)[63Wer + (93 + 3%)Vuy

2018 W1y + 201d1Viy + 28163Wu1]

£

+ ma02[82Wgz + (93 + #3)Vu2 -

- 20282412 + 2U282V12 + 28282Ky2] 2

- maps[(¥2 + 83)uiy + 203d3ubs] =

i - -Qpy = {m2e2 - m3o3)[(8} + 3%)ugy ~ 28191uu1] (2.3.13) -

e + mep2 [ {82 + 32)usz - 28282Uy7] :;a
- + m394-3§51'n83

-0, = -{I21 - Iy +mapd + m303)8% 4084y :}

+20181[Ty1 = I3y + mppe? + mgp} -

= (Iz; = I31 + mpo? + mypd)sin?e;]sineycose, =

< + 2(151 - Is1 + mpp? + mapd)b1druziusy o

, +8161(T21 - I3 - Iy - 2sine1[Ta) - Iz + mped + mge])cose; b

+ mpp102[43(VurVaz = VuaVar) + 83(VuiNsz - Varkea) T

+ 82(Vu1Vaz = VarVug) = 20aa(VaiVay + V3iVi2) -

+ 20282 (VyiWaa + Vailyig) + 26282(VaiWaz ~ Varkuz)] ‘“

- + mapapu[{2 + 83)(Vuquda = Vaguls) = 203ds(Vuruds + Vaiuz)] :

: E

3
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~0q, = V3[(I21 - I3y + mpe? + mgpd)sin?ey - Iyy + I3y = med

- m3p%lsine;cose;
+ 91610111 + 121 - I31 + 2(mae? + m3o?)
~ 2{Iz1 - I3y + mpp? + myp%)sin?e)Jcose,

2.81%1(121 - I + 5;!20‘;: + M3p§)5‘in¢1c05¢1

.'—

map102[82 (U Uz - WiiWss ~ WoiWs2)
U2(Wy11V3p + WoaVep) + 63(upusp - WipVap = WayVys)
29202(W11Vaz = WaiVi2) + 20282 (WiaWay - WiiWaz)

26062(Up Uy + WygWas + WaiWyz)d

+

i

m3o3eul53(sinesuyy + W Uiz + Warula)

+ 05 {Wyyus + Waruia) + 20383(Wa1Ud3 ~ Wiguds)]

= (Izy = I3y + mpo? + m3e?)(82sineicose; ~ ¥fuziusy)

- 4181[11) + 11 = I3y + 2mpp? + 2mge} (2.3.13
-25in2¢, (I3 = I3y + mep? + mzp})]coss, continyed)

+map1p2[¥3(V11Vaa + Va1Vuz) + 83(uz usg + ViiWsy + VaiWe2)

+ 83 (upUgp + ViVap + Va1Vuz) + 2u292(Vi2Vay - ViaVaa)

+ 20282(V11Wan = Va1W12) + 28282(ViiWas + VoiWus = uziusz)]

+ mapzen[P3(Vi1uds + Varuis) + 83(Vyyuls + Vayuls - uzysines)

+ 20385(Vaauds ~ Vyuds)]

= Mpwipa wiiVarYug = VurVaz) + 83{VioWsy - VigHgy)

+32(Va Vs = ViVaz) = 20181 (Va1 Vip + VpyVa,)
20181 (VyoWay + VaoWyy) + 28191 (VioWyy = Vaohyy)]

82(I22 = I3z * Mypd)u,pc084,

+

t

2928, (Iy5 = Igp +mpd) - (Ipz = I3 + myp3)sinZg,Jsinsycoss,

.i.

24389(1az = T3z + mzp2lugys,

+

82020122 = T3z = Iyz = 2{Izp - I3z + mypZ)sin2g,]eose;
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~Qqg = Mp102[82(uz1urz = WsiWiz - Weikzz)

”Q'\,’g

8110

-1y

. . e
= WE{(VuiWpp *+ VW) + e3{usiupy = VaiWip - VuiWoo) 4
+ 2018, (Wy oy - WaiWpp) + 20181 (VaaHyp = VigW2a)

t

2683 {Uyyuyz + WaiWyp + WyaWao)]

[

‘3’%‘:112 - I3, + mzp% w (I, = I3z + mzp’i)sin%z]sinezcosez

+

Uada[T1g + Izp = Tag + 2mpp3 - 2(I52 = 13z + mae)sinZezlcoss
- 28302{I22 = I3z + mep2)sinescose;

Mapyoz (82 (ugiUsp + Ng Vs + WeyVa2)

+ §2(VaVip + ViyVoo) + ¢2(usiuap *+ VarViz + VurVa2)

+ 20181{Vy1Van = VorViz) + 20181 (Wo V12 = Wi1Va2)

+ 2813y (WaVin + WyyVap = Uyqlzp)]

s - e maDen SRS T

+

8%(I22 = I3z + mop3)sinescosss

- U2d,[Iya + 122 = I3z + 2mppd - 2(15 = I3z + meed)sin?ez]cose,

m3p306 (83 (Wsiuls - Weiuda) + (43 + $2)(Vayuls = Vyquds)

+ 2018 (Wyuls + Woruls) - 20181 {Vyuds + Vauuls)

- 26191 (Wy1uls - Wadis)] = 64(I23 - I33luu3coses

(o

- 2383[133 - I13 +mae? + {I23 - T33)sin®s3]sinescosss

+ 29393(I23 - I33)uz3usg

A

- 8363LIy3 = I3 # I33 # 2(I;5 - I33)sin?¢3]coses

-
= M3030,[82({Ws us; + Wguls + U3 c0883) ;J
+ p3(V3qusy + Vyyuls) + $2(Vayups + Viqudg + ug c0s83) 7
- 20191 (Wy Vis = Wagugs) + 2¢181(Vyqulhs = Voquds) -
#2874 (Wy Uy + Wyglly = Uy c0s83)] ﬁ]
+ 93[(I33 - Iy5 + myp2)sinescossy + (I3 = Iazluyzuzsl] N
C# Y3ballia # Ipg = I3z = 2(Ip3 - I33)sinZesleose; i}
- 28383{I23 - I33)sinescoses .

i
4

24 ‘ ]



4

’ .--b .’)i.-ml :
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“J.‘v.
Al

.d

-Qp,, = 83123 - Isa)sineacosés - 93(I23 - Izalugsuss (2.3.13
=~ #383[I13 + Ip3 = I3z - 2(I23 - I33)sin?ej]cose, concluded)
For all of the body segments, formulation of the gravitational potential
energy and substitution in Equation (2.2.1) will yield 55»

-
"
0
-g(my +my + my)
0
~g{map1tyy - Mapuyy)
- ~g{maeqUz;y = M3paizy)

Q = (2.3.14)
G 0

~g{maoauy )

-g(mzp2uz2)
0

g{mypycos63)

N 4]

2.4 ADDITION OF FORCES TOQ THE EQUATIONS OF MGTI&&

Each of the remaining sections of this part of the report concerns itself
with the effect upon the equations of motion from one of the force~producing fea-
tures (contacts, belts and joints) of the vehicle or body mode]e& in this simula~
tion. The determination of force is unique to each of these features but the
way inm which the resulting force is applied to the equations of motiom is common
to a1l and will be discussad here.

Consider a typical force-producer and call it feature F. In this simulation,
the magnitude of the force produced by F will be a function of deflection and

deflection rate where deflection is defined appropriately for each feature.

25



For example, belt deflection is elongation of the belt beyond the zero slack con-

dition. The direction of the force in each case is that which will tend to maxi-

mally decrease deflection. The force produced can be separated into a collection

A

of deflection-dependent terms which will be called the spring faorce and a collec-

tion of defiection rate-dependent terms which will be called the damping force.

FOAEY

Fe= GFE* pfp | (2.4.1) -
where d
FF is the total force produced by feature F :'
SFF is the spring force for feature F -
D‘EF is the damping force for feature F
Further o
|5F;:| = f{5) -
and, (2.4.2) -~
ol = 96) -
where f{8) 1is an analytical third-order polynomial function of displacement, ¢, M
and g{s) is a linear function of displacement rate, §. The deflection and deflec-
tion rate (5 ;nd 5§ ) are computed as functions of the twelve generalized coordinates. .
'{he spring force, SFF’ will do work in the classical sense and yield a poten-' “
tial energy -
Vg = g“ f(x)dx (2.4.3) -
and the contributions to (2.2.1) will be of the form m
vV M T 38

'ﬁ?' Eg—az_l' ISFFI'H—Z? (2.4.4} 4

for 1 = 1, 12.
_'_‘.'5?
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The quantity %g;»wiTX be referred to as the "lever armm." If the generalized
coordinate is rotational and the force for the feature F such that it tends to
physically push or pull the body segment in a direction perpendicular to the line
joining the center of rotation to the point of appiication of the force, then
this quantity will be the actual length of that line and hence, the lever arm.

In other cases, it contains factors which yield the perpendicular component

of the force as well and is an "effective lever arm". In general,.since
e | F 138 :
s%1 = IsFelay (2.4.5)
{where 53% is. the generalized force vector contribution due to the spring force
of feature F) strongly resembies the relation,
Torque = Forca x Lever armm

this nomenclature has been adopted.

The guantity ﬂ?ﬁ is dissipative in nature and will yleld a dissipative energy

rate.,
Y
Dp = J, 9lx)dx (2.4.6)
and the contributions to {2.2.1) will be of the form
30 _ 30 38 19”? (2.4.7)
aZf 35 aZi , aZi

for i = 1, 12.
But it is also true that

36 a.s 38 38
2.) + 7 L. ——{ 2.4.8)
az11 jz'l 2 ~ 321 321 ) Y (

since § is a function on}y of the generalized coordinates and not their rates.
Therefore {2.4.7) will take the form of (2.4.5) and recalling (2.4.1) as

well as correcting signs, it can be shown that
-
Q; = |st§§-1- (2.4.9)
where EF is the generalized force vector contribution for feature F.
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S
Bad abiid

Equation (2.4.9) will hold true if it is agreed that the magnitude may
reverse signs when the force reverses directions.
One last property of lever arms should be noted. Using the chain rule,
TR oy
FLo(ay » oo O 7 L Bq T (2.4.10)
where the g's are the parameters including generalized coordinate upon which
deflection depends
Hence the terms of & due to body motion can be computed by summing up
each lever arm times the corresponding generalized velocity. In most cases,

this is the actual technique employed.

S5 the labor of either deriving or presenting the implications of feature
F on the equations of motion can De simplified to the consideration of deflec-
tion and lever arms. In the sections which follow concerning the individual
force-producers, deflection and lever arms will be explicitly defined. It
will be left to the reader to substitute these quantities into the “"feature F”
equations given in this section.

Deflection rate will be discussed in terms of body motion, vehicle motion,
and motion relative to the vehicle. The exact form of equation {(2.4.10) which
applies for the feature under consideration will also be presented.

Figure / 1ilustrates the joad-defiection characteristics of a typical
feature F. Curve MAA'BC represents an instance of a force versus deflection

o

plot of ]FFI defined in Equation (2.4.1) where

‘S?Fl =-k16 + k252 + k353

and (2.4.11)

Ipfel = cb

This basic medel is modified in three ways"to achieve greater realism,

computer stability, and special material properties respectively.
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Production of negative force by feature F {s unrealistic for the kinds of
force-producers that are being discussed. Therefore, any segment, CN., of a2 load-
defliection curve iz replacad by segment CO. In terms of computational manipula-
tions, if a negative force is comiuted, it is set to zero. Further, the deflec-
tion (e) at which the force first goes zero is added to the permanent deformation
(2}. The deflection must exceed the permanent deformatiﬁn before any force will
be computed during reloading.

The form of I?F[ embodied in Equation {2.4.11) leads to a step function at
point 0 as the curve is zerc on the left side of point 0 and continues from point
M on the right side. This condition is intolerable to the numerical procedures
empioyed for integration and so segment MA is replaced by sagment OA.

The dissipative force, lﬁ??i. is multiplied by a coefficient which varies
Tinearly from zerc at point O to unity at a specified defiection, §,, beyond
paint .

In order to model special energy-absorbing materials or structures which
undergo large deformations at a constant load, the program accepts as input a
maximum 1imiting force and a special slope for the force-deformation curve when
the material unloads. This is applicable to the belt and contact surface force-
producers. The normal OABCO curve is used‘uati1 force is predicted to éxceed
*he specified maximum force, F

max”
unloading is predicted to begin. A permanent deformation, ', is added to 2 in

The force_is then held at this level until

this case. Hence, if "saturation" of the maximum force occurs, the load-deflection

curve takes the shape GAA'B'C'0O as shown in ngure 7.
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The resulting analytical forms are

o for §'<a
BDFF} = Kcd where K = §'/s  for 056'560

]
| for & >§

- kis' + ky{8'}2 + k3(8')? for &'20
|sFel = '
o for §'<o
{2.4.12)

(F oy 1F IgFel + IgFl2F, and &2

) < ol + I5Fel 1 oSIgFel + |gFel<Fp,
Fl = - - e b
0 1 |gFe] +-|cFri<o or 8'Se

L(é' - ¢')D if Frax has been reached, §'>¢', and b<o.
where

§' =8 - @1
§, = damping term full on deflection (set to one inch if units are
inches or .1 radian if units are radians).

Q = permanent deflection which is initially zero and accumulated for

each interaction separately
¢ = damping constant

ki,kssk3 = non-linear spring constants

-
[T}

ax specified maximum force

. Fnax

E T o - D—'—'— i
J = specified unloading slope

w = value of deflaction at which és=o0 after Fmax has been exceeded
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2.5 CONTACT FORCES

Interactions of the crash victim with the vehicle interior are modeled by
impingement of ellipsoids attached to body segments into planar surfaces attached
to the vehicle as shown in Figure 8. Neither the eilipscid nor the contact sur-
face is considered to deform as such although in effect the contact surface will
move away in response to "deformations” due to the effect of permanent deforma-
tion as discussed in Part 2.4 of this report. The force from such an encounter
is taken to be deflection and deflection-rate dependent where deflection is de-
fined as the maximum perpendicular distance, &, the ellipsoid extends into the
contact'surface. The force acts to push the ellipsoid ocutward perpendicular to
the contact plane at the point of maximum impingement.

A total of ten ellipsoids is allowed. Each ellipsoid can be attached to
any of the body segments, centered at an arbitrary displacement from the body
segment center of gravity, but always located with principle axes parallel to
the body segment coordinate system (see Figure §). Twenty-five planar contact
surfaces in the shape of parallelograms can be attached to the vehicle and moved
relative to the vehicle as a function of time to represent occupant compartment
deformation or intrusion. Each contact surface is specified by three consecutive
corner points, given as a function of time'in tabular form relative to the vehicle

Sovainate systam (see Figure 10). Only the initia) location need be specified

[

if the contact is stationary relative to the vehicle.

The spring constants and damping constant used are considered to be properties
of the contact surface alone in this simulation. Contact surfaces are endowed with
other special properties some of which are illustrated in Figure 11. The three
points in Figure 11 which define the shape of the contact surface are specified

in the following order:
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(1) Point 1. Any of the four coener points;

(2) Point 2. Either-addacent.ccrner point; ind,

(3) Point 3. The other corner qunt adjacent to Point 1.

The contact surface illustratad is 165 inches from Point 1 to Point 2 and 108
inches from Point 1 to Point 3. The included angleris-eighty degrees. A sur-
face coordinate system is set’ up by the computer program with Point 1 serving
as. the: origin, Point 2 as Point (1,0) and Point 3 as Point (0,1) with the axes
taken parallel to the edges. This coordinate system sees all comntact surfaces
as a unit square regardless of shape or size. The point on the contact
surface at which the maximum impingement takes place is represented in this
system. When the coordinates of the point are reported in the printed output,
geach of the coordinates are multiplied by the length of its respective side
so that printed results are in inches. Thus, if Point P represents the point
of maximum impingement, it has internal surface coordinates of (.51,.56) and
will be reported as (85,60).

Since the total interaction of the ellipsoid with the parallelogram is
represented by what happens at the point of maximum impingement, a quantity
called the "edge constant" was introduced to handle cases where an ellipsoid
interacted with the edge of a contact surface or at a corner where contact
surfaces meet; In this case, maximum impingement lies outside the region de-
fined by the parallelogram but yet the ellipsoid makes firm contact with the
surface. It is assumed in developing an analytical tool to handle this
probleﬁ that the contact force decreases as the point of maximum impingement

moves away from the edge of the contact surface. The computer simulation

approximatelv resolves these edge problems by employing the following devics.
The force is computed using the deflection and deflection rate in the normal

manner. The resulting force is multiplied by an "effectiveness factor" which

xanges from gne in 3 reqion in the middle of the contact surface down_tg 28ro
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in the reqions outside the contact surface., The effectiveness factor is

illustrated in Figure 11 by plotting its value corresponding to the various

points on and near the contact surface above the level of the plane. For example:

(1) Effectiveness factor for contact surface Point P is shown as Point
P' above the surface and has the.value of unity;

(2) Effectiveness factor fo; Point E is represented by Point D, also unity;

(3) Point A on the edge of the contact surface has an effectiveness factor
of 1/2 shown as Point K; and,

(4) Outside the contact surface at Point B, the effectiveness factor is
reduced to zera indicating that no contact will be predicted between an
ellipsoid and a contact surface.

The line 8KD is a trace of the values of the factor as the point of maxi-
mum impingement of an ellipsoid into the surface moves toward and beyond_the
edge of the contact surface along line EAB. The result is that for a given
deflection, force will be reduced to zero as the ellipsoid moves off the edge

of the surface. The.effectivepess factor is linear along lines such as BKD,

GHD, KC, and HCI bqt parabolic along OCL. The exact definition of the effec-
tiveness factor is given below: |

E = RS (2.5.1)
where

£ is the effectiveness factor

0 for X5 - 2

B+ &éz-for - A<Xe)

1 for A3XS1 - 2 . (2.5.2)

A

.5+ .S(lii) for 1 = a<X<l + 2
0 for XE1 +

(Continued on next page)
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0 for Y3 - 2
.5+ 2L for - actar
. (2.5.2
S 1 for ASYSY -2 concluded)
5+ 550 for 1 - acrel +2

0 for Y21 + 2

where X, Y are the contact surface coordinates of the maximum impingement

A is the edge constants specified as input to the computer program, which

must lie in the range 0<ig.5

The edqe constant is the mechanism by which a user of the HSRI model specifies
Lhe dnteraction of a body eilipsoid with the edge of a contact surface and must be
provided as input data for each contact surface in order to exercise the model.

it should‘be‘selected on the basis of a comparison of the geometries of a particu~

lar contact surface and the body ellipsoid which is most likely to interact with
the surface. For instance, the surface shown in Figure 11 is 165 inches long along
its x-coordinate. If it is assumed that a body ellipsoid with a. semi-major axis
length of 54.45 inches is the most likely or important interaction, then the edge
constant should be selected as

4 = 54.45/165 = 0.33
If this value: is used, a contact force equal to zero will be predicted if the con-
tact ellipsoid just misses the surface, but when any part of the ellipsoid touches
an edge of the contact surface, a small force will be computed. This force will be
at a maximum when the contact ellipsoid interacts with the center region of the
contact surfaca.

Occasionally a body ellipsoid can approach a contact surface from either side.
Consider the case of a contact surfacs representing the top of a dash panel and a
body e]iips&id attached to the knee of an unrestrained occupant. In some vehicles
the top of the dash panel is directly above the knees. Consider a hypothetical

case where the vehicle is impacted in the rear and is pushed into the path of an
39



oncoming truck. During the rear-end part of the collision, the occupant is ﬁj

oftan propelled upward along the siope of the seat back. During the frontai -

collision, the cccupant then moves forward. In this series of events it is

possible that the knees of the occupant could impact very high on the instru-

b4

ment panel due to the unusual initial positioning for the frontal crash event.
=
O It is desired in this case that the knee feel a force from contact with the *iﬁ

- top of the dash panel and not a large force due to the initial seating

position where the knee is below the panel. Another example of this kind of

problem is the rear seat passenger which vaults the front seat, striking the =

front seat back. 5

. This simulation resalives this kind of difficulty by requiring the user 7

| Xo assign a positive or front side to each contact surface. No force will be =
b —generated unless the ellipsoid approaches from the front side.. In order to ;

determine simply whether an ellipsoid has approached from the front or back,

the yser is required to specify the "penetration limit." a parameter which o

represents the maximum penetration into the surface which can occur in one in- -

tegration time step. Then, if an ellipsoid’s first deflection into the surface -

is greater than this value, the ellipsoid is assumed to be coming up from be-
hind and no force is computed until the ellipsoid gets totally in front of the
contact surface and then comes back and hits the surface.

ine penetration iwmit is illustrated in Figure 11 by a plane in dotted

lines drawn underneath the contact plane. CJ represents the penetration limit. _

- The value of 38 inches s about ten times. the normal size of this parameter and -
. ’ is exaggerataed only for {illustrative purposes. i
The positive side specification is made by teiling the program whgﬁgg;.the g

ipertial origin lies behind or in front of the contact surface. The inertial )
origin‘shouid not lie exactly on the infinite extension of any of the contact %3

surfaces although it is permissible to get arbitrarily close. The front of )

the contact surface is shown in Figure 11 by an arrow passing through Point 1.
40



Lo.d

Lo

The anaiytical expression for deflection is

. Ax°+By°+Czo+D

& =
+/AZ+B2+C2

{2.5.3)

where (xo, Yoo zo) is the location of that point in inertial coordinates on the
ellipsoid which is tangent to a surface, paraliel to the contact surface, and
which represents the point of maximum penetration of the ellipsoid into the con-
tact surface. The quantities A, B, C, D are computed from the generalized moticn
coordinates at each point of time in the simulation. The various quantities are

defined in the following analytical expressions.

xO. = Uy + k(uzA + uzB + uac)
¥, = ug + k(A + B + usC) : (2.5.4)
z, = ug + k(ush + ugB + ugl)
— .
= 3
k V/;2A4+u434+uﬁcz+zulAa+zu3Ac+zusgc (2.5.5)

= I 2 2 2 i
M1 Z{cmvanvun *bVinYan * amu{nuanl
1 '
up = z{c;vgn + bévfn + aé{u3n)2]

1 #-'] 2 2 . - 32y

43 = Zleq¥aplsn + bRV, Uy = 33uipsing ] (2.5.6)
=] .

e = SLCVE L+ BEVE L + aZ{u},)2]

ug = %{czv u,, + b2y y - aéu’

m wn 3n m2nT2n 1n51"an]

Tri2,2 2 2¢qn2
ug = -z[cmu3n + blu,, + alsinZe ]

A = ujyr + uiyq - sine,p
B = Viur + Vouq + ugep (2.5.7)
CCo= Vaur + Viuq + ug,p

D=5~ Axy, ~ By, - Cz,
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The gquantities A, B, {, D are the coefficients of the contact plane according to
the inertial system.

23 - 2;) + §3(3; - 23) (2.5.8)

The gquantities p, q, r, s are coefficients of the contact plane according to the

velricle system.

I +
uz = Xy * Xelan ¥ Yan'in ¥ Zan'an

o 1
g = Y Xl YV R 2V (2.5.9)

Hg * 2 - xemsine +y U

n em’zn ¥ Zam“an
The quantities us, pg, ug are the inertial coordinates of the ellipsoid center.
The remaining quantities are defined as

m is ellipsoid index,

n is body segment index,

am.bm,cm are the semimajor axes of ellipsoid m,

Xom'YomZan 47 the components of Rem or the coordinates of the e!Iipsoid
center in the body segment coordinate system (see Figure 9),

a” A A : *

Xy:¥yr2y are the components of vector R.I for i=1,2,3 or contact surface cor-
ner position vectors in vehicle system (see Figure 10).

Lever arms are as follows:

8 _ . A {2.5.10)
1t/

38 _,___ B (2.5.11)
o t/RERe

38 . c

35 —-——1‘ —_ {2.5.12)

42

2.3

LR

WL

t g

ARpLE]

3

L:.‘. i

LA



- (udixgn + Viryon + VarZap) = Alulixgy + Varyo

+ Vtuzem) + k[(B% - A%}uy + AB(uz = uy) -~ ACus + BCu_3]

3
%
+

HE

[

when n=1 - {2.5.13
p1{AVyy - BV3y) when n=2
93(BV31 - AVql) when n=3

Co

38 : -
. (P73 Ty = A= usaxgy + Warlen + WiiZgg) + B(= Ul Xgp *+ Wuryor + Wa1Zo,)

JUS—

: 1

B + G- cosaixyy - UulYgy - ULiZay) + 3K[AP(c2VsiWy;

~ + B2V11Ma; - aZujiug) + BR(cZVuiWay+ bZV2 Wy - a2uijuly)
+ C3(- cluyusy - bluziuyy + aZsing;cose;)

(e + AB{c2{V3iHz1 + WyiVur) + BA(VigHu; + Va2 H3;)

—
™
&n
~—t
R

e

- aZ(uiiugy + ubpue )t + ACTCR{uz Wy - Varusy)
! + bZ(uaiWgy - Vyquuy) + aZ(ujysine; - ujjcoser)}
+ BC{cZ(uziWay - Vuquyy) + b2{uziMyy = Vajus)
L : +-aé(u¢isinel - ujicoséy}}]
— when n=1

i._‘ : P ( Cuyp - 8”21 - AW ) when n=2
o pemrerra kil e
‘/‘:....‘ ( p +q Py m = . (2-5-]5)

3{AW,; + BWp; - Cuyy) when n=3

- (Varygm = Vi1Zg) + BVury o - Varz,0)
= , 1
2 . * Cugiyoy = Ua1Zgy) * wk(bd - c2)[A2Vy, Vs,
. + B2V Vi + Cugyugy + AB(V) 1V, + Vo1Vg))
3 (W%—;: (2.5.16)

+ AC(Vypugy + Vapupy) + BC{Vaug;y + Viqugy)] when n=l
pl(AVu + BVzl + CUZI) when n=2

'93('“11 + BVZI + Cuu) when n=3
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Note: The lever arms for generalized coordinates 7, 8 and 9 (42, 82, and ¢;) are

zero when n=1 or 3.

38
(pZ+eZHrl)sy =

34
(*S’?EziF’)gzg =

B(ubaXy * VioVen * VazZgy) = Alulaxgy + Vao¥on + Vuiz,)
+ p2{AVyy - BV3z) + k[(B? - A2)n, + AB{uz = wuy) - ACus (2.5.17)

+ BCua] when n=2

A(- udoxyp *+ Wan¥on + WiaZop) + B(- ubaxy, + Wuo¥on + WaoZ )

* (- coseaxy, = Uua¥on ~ U12Zg,) + p2(Cupp  BHpp = AWpy)

+ %REAZ(CéVazﬂlz + b2VioWy - aZujauiy) + B2(c2VyaHa,

+ b2VaoHyy - a2udsula) + C2(- cBuiausz - bRuzsuug

+ afsingycosey) + AB{cZ(VagWaz + VugWyz) + BA(VioWyy + V3zW3z)

- a2{ufsus + ulguls)} + AC{cZ(uaaWiz - Viauyz) (2.5.18)
+ b2{ugaWap = VigUyp) + a2{ujysings - ujscoser)}

+-BC{cé(u32ng = Vyoupp) + bé(uzzwuz = Voouuz)

+ a2{uizsiney - ujjcoses)} when n=2

AlVagy gy - Vi2zgn) + B(Vuaygy - V222,

+ CuaaYgy - U22Zg) * 02(AV12 + BVpa + Tuyyp)

+ %k(b% - Z2)AZV Vg + BRVy5Vin + Clugsus, (2.5.19)
+ AB(VyoVyg + VaoVsz) + AC(Vyzusp + Vaougp)

+ BC{Vaous3z + Vuolsa)] when n=2

Note: The lever arms for generalized coordinates 10, 11, and 12 (g2, 83, and 43)

are zero when n=]

38
(Jpz+qz+r2)azlo

or 2.

Blussxgy + VigVyy * VasZeg) - Alulsx gy * Vasyg, + Vusz,)
+ py{Bujs - Auiz) + k[(B2 - A%)u; + AB(up - uy) {2.5.20)

- ACug + BCugs] when n=3
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ad ' }
(’52z52:?233i§; = Al- udaxg + Wasygn + WisZgy) * B(- ubsxyy + Wuay oo + Woszo,)
+—C(»—cosagxem - Uu3Yay ~ ulazem) - pu{Auss + Buly + Ccosés)
+ }zk{Az(C!%V33N}3 + bg‘lvlgw?,g - aﬁu_‘gguh) + BZ{C:‘ngwzg
* biVagiug -afuliauls) + C3(- c2uygusz - bAusatug
+ a2sinescose;) + MBcZ(VaaWas + VusHiz) + BR{VigWys + Va3Hgs)
- a2(ujsujs + ulzubs)] + AC[cZ(uasiyy - Vaaurs) (2.5.21)
+ b2(upaWag = Viguus) + af(upssing; - ulscosey)]
+ BC{c2(u3ahas = Vuaura) + b2{uzsMys = Va3uusa)

+ a2(ui;sine; - ujjcosez)]) when n=3

(Jsfiﬁzi?z)ggiz = AlV3aygy - ViaZgy) + B(Vuaygy = VaaZy)
+ Clugaygy = Y2aZgy) +‘%{b§ - c2)[A%V3Vs;3
+B2Vp3Vy3 + CPug3uas + AB(Vi3Vug + VaaVss) (2.5.22)
+ AC(Vy3ug3 + Vasuzs) + BC(Va3uszg + Vy3uas)l
when n=3
The deflection time rate is dependent on not only the movement of the crash

victim but also on both the movement of the vehicle and the movement of the con~

tact surface with respect to the vehicle. Therefore, Equation (2.4.10) here be-

comes ; %2 38 2 g 38 % 38 ( )
§ = _—Z‘ o .....—.-.é- S ""““"""““"T‘]- 2.5_23
1 Tk gey foy = gl

The first term of {2.5.23} represents the movement of the body and is the
sum of each lever arm already presented times the corresponding generalized vei-
ocity. The second term of (2.5.23) represents the movement of the vehicle where

: .;“_
LN
- Zy

= : (2.5.24)
¥y

G
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The vehicle “lever arms”" are given below.

3d A

= - | (2.5.25)
801 Vpiegears
3o _.E (2.5.26)
392 YprqsFre
38, c
503 o (2.5.27)
38 - (yo-yli)A = (XQ‘XQ)B (2 5 28)
39 e o
(¢523373¥”3%§§-= (Xo = Xu)(Wyup + Wasq - ubyr)
+ (Yo =Yu)(Wzup + Wyug ~ ubur) (2.5.29)
- (2o =24} {Uyup + Usug + cOS84T)
(YpeHqéer )%SE = (X = Xo){V3aq = Viup) + {¥, - yu){(Vuaq = Voup) (2.5.30)

+ (2, - 24)(u3ug = uz4p)

A

Eid

o

The third term of (2.5.23) represents the motion of the contact with respect to '1
the vehicle where -
P :
e q . . =
n = as defined in {2.5.8) (2.5.31) i
r e
s -
These contact coefficients or "lever arms” are defined below. -
38 - & B}
{(/p%+q7+r ETTY (xg = xu)V3a + (Yo = YadVuu + (2, = Zadugy - R‘——‘-‘—p — (2.5.32) N
38 . - - - R I
(sz+qz+rz)3n2 {xg = X4 )Viy + (Yo = YulVou + (25 = Z4)Uzy S (2.5.33) :?
Py Eﬁ..... = - ! V.o = 1, = - i - ______________r5
(¥p%+q *rz)ana (%o = xydudy + (¥o = yoluls = (2o = z4)sing, S (2.5.34) -,
.. ! (2.5.35)
e /pTrgTRRT .
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The motion of any of the contact surfaces s specified 3s input data to the

crash victim simulator by presenting the positidns_gf the three defining corner

points 3t a seguence of time points. Implicit in this type of specification is

the ability to change size, shape-and orientation as well as position of a con-

tact surface as a function of time. Figure 12 i1lustrates this general type of

metion in a contact surface specified at three time points. The arrow eminating
from the contact surface shows the forward side of the surface.

The contact surface starts out in the form of a square in the plane of the
figure at t=0, moves forward, sideways, rotates, and becomes a rectangle by t=t;,
and moves back into the plane of the figure as a diamond shape oriented in the
other direction by t=t;. The three defining points are numbered with arrows
showing their movements during the intervening times between specifications.

Each of the nine coordinates definingrthe position of the corner points are
treated as piece-wise linear functions of time. A typical coordinate, the x~
coordinate of Point 1, is shown in Figure 13. The coordinate rate is a step
function but is made continuous by adding ramps from one level to the next within
a small time interval. Values for corner coordinates and coordinate rates together
with the derivatives of Equation (2.5.8) determine the-éj for j=1-4 used in Equa-
tion (2.5.23).

2.8 BELTS

The belt model s illustrated in Figure 14. The belts are represented by
four independent segments, each anchored to the vehicle at an arbitrary point
and pinned to the torso at an arbitrary point. Deflection is defined as elonga-
tion beyond the effective Tength of\the belt segment at time zero and is formu-

lated as

~
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? & = zn(t) - 1n(o) (2.6.1)
- where 1n(0) = [Iﬁl + Eh -R - “n!]t=0 -4,
—_’ -y -
; 2a(t) = lR * Eﬁ -R - o]
i n is belt segment number
o a. is anchor position vector (see Figure 12)
= ) Eﬁ is attachment position vector
-~ 8, 1S the specified slack in the belt
TABLE I. BELT INDEX SPECIFICATIONS
;( Belt Index Belt Segment Name
] Left Shoulder
2 Right Shoulder
3 Left Lap
4 Right Lap
The components of ah and E; are taken according to vehicle and torsc respec-
{;lA tively as shown in Eq. (2.6.2).
" -+ -+ - -
- = A 1y +u Ju + v Ky
- n " n oo (2.6.2)
. ot g
} En = Y'th + Snj}_ + tnkl
- Then the inertial position of the anchor point is
B
L Xy T Xu + X, COS$4C088y + u SinyycOs8, - v,sing,
:Eg j; = y4,+A1n(cos¢ksineusin¢q = sim,cosey,) + un(siansineusin¢g + COSYLCOS by )
wd .
- + uncosegsin¢u (2.6.3)
- 2% = Zy + xn(coswgsinehcos¢q + singysine,) + un(siansinegcos¢u - cOSy,Sing,)

; * v, C0S8,C0S 4y
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and the inertial position of the attachment point on the torso is

-

X, = Xy + r,COSyiC0s8, + spsinyicose; - t,singy

§. =y, + r_(cosysine sing; - sinyycossy) + s (sinyysing sing; + cosyycosey)

n n 1 N n

+ t coseising ) (2.6.8)

in =z + rn(cosq;lsinelcosm + siny;singy) + sn(sinwlsineicosh - COSY1Sing;)

+ t C0S81C0S4y

and

b= /(X - 502+ (T, - 302+ (F, - 7,2 (2.6.5)
Further, lever arms take the form

38 xn'z'n *n yn"fn In zn"—z-‘-n %

-(2.6'.6)

Ty T T g, 9l " TR, 3 M 77
for j=1,12
where ~ 1
1
0
0
(s,cosyy - r,sing;)cose,
- (snsinwl + rncoswl)sinel - t,c0s8;
3;'1 - ° C(2.6.7)
- 3%y 0
0
0
g
a
0
L -
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=

Qr
&

(sncoswl -

(sncos¢1 -

0
i
0

[(5n51"¢1 + rhcoswl)cosel -‘tnsinellsin¢1

(snsinw1 + rncoswl)sinelcos¢1 - (sncoswl - rhsfnwl)sin¢1

+ tncaselcus¢1

o

o O o O o

0
]
1

[{s siny, + racosy1)cose; - t sine;lcoss;

= {sysiny + rocosyy)sine;sing; - (s,cosy; - rosinyy)cose,

- t“cose;sin¢1

a

o o o & o

53

rnsinwl)sinelsin¢1 - (snsin¢1 + rncoswl)cos¢1

r.siny )sine cos¢ + (5n55"¢1 *+ r cosy;)sing;

{2.6.8)

(2.6.9)




For belts, deflection rate is computed by Equation

%23524,?3-5-3 (2.6.10)
ks1 34 K 4hy 3T h

where the second term represents vehicle motion and o is. defined in (2.5.24).

| 36 *n~Ky 9%, yn{zﬁ "?h Z; |
Then 30, L. 3o, T % 334 ¥ z 30, (2.6.11)
b nod n o n he

where -
T
2

0

IS

or
ol

- xnsinwuccsau + K COSY,COSBy

- Ancaswksineu_- unsiansinau - Yy COS8y

b 0

0

B . (2.6.13)
- ang_u + Unvlg.

+ -
lnusu Wown Uyuv,

+ +
ApVay + o Vuu + ugpvy

b
"

a

4]

3L 1

é‘-w (2.6.14)
J = A Vuu + Vagu,

Agiie + Wouu, = Uzev,

= ApYis = Vauu, = Uzuvp

o =

54
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2.7 JOINTS

Ihe motion resisting torques which exist at the two joint structures (neck
and hip) have been modeled by Tinear elastic torsi

hold the bod n itz oosition at time zero epresenting m ar acticn.tesding,

na

4a-Jiold the body in an equilibrium position) and stiff linear elastis tarsionad
springs which are applied only at the end of the practical range of ioint motion.

In addition, the torques associated with the joint stops include linear damping
effects. At each joint, separate torques are applied to resist pitch, roll and
yaw motions. A schematic of joint structures is included as Figure 15.

The motion resisting torques are computed from relative angular motions be-
tween the various body segments. These are represented as a series of relative
Euler angles shown in Figure 16 which transforms a system of coordinates parallel
to the torso coordinate system to a system of coordinates parallel to the head
coordinate system. The relative angles are named

Awii = relative yaw,
A8y 5
A¢ii = relative roil,

relative pitch, and

where the subscripts define the two body elements, i and j, betwean which the
motions. take place. The order of applicatiﬁn of these angles is yaw, pitch,
then roll.

To derive these equations, reference is made to Equation (2.3.3) which shows
the transformation between ey, a coordinate system fixed in one of the body seg-

ments, and e, the coordinate system fixed in inertial space. Equation (2.3.3) can

be rewritten to show this transformation.
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For orthogonal transformations the inverse of A1 is the-samé as the transpose.

-1 u AL

(2.7.2)

Let & represent the coordinate system attached to the body segment adjacent

to the body segment orientated by e;. Equation (2.7.1) becomes

e‘j ='Aie

(2.7.3)

The system of relative Euler angles Awij, Aeij’ and A¢1j is defined from a

transformation of the same form as Equation (2.3.3) which rotates a system paral-

lel to,ej into a system paralilel to e, as ilTustrated in Figure 16.

Recalling Equations (2.7.3) and (2.7.2), it is apparent that

. = -.1 = T ol
e AJ.ej AJej‘ and (2.7.4)
substituting into Equation {2.7.1), it will be seen that
- T
ey Aquej (2.7.5)
So it is true that
= ) -
cosawiicosaeij. sinawijcosaeij - s1nAeij
COSAwijSinAeijsinA¢iJ sindwijsinaeijsina¢ij cosneijsina¢ij
T . ‘
AiAj = -sznawijcosa¢1i + cosa&ijcosa¢13 (2.7.6)}

cosawijsinaaijccsa¢ij

sinawijsinaeijcosa¢ij

COSA8 ; ;COSAY,y 5

d

coordinates describing occupant motion.

+‘sinawijsinA¢ij - cosawijsinA¢ij

W——

The quantities Awij‘ Aefj, and A¢1j must be written in terms of

To do this one must use the

original forms

of A1 and Aj described by Equation (2.3.3) in terms of the pitch, roll, and yaw

generalized coordinates in order to form an equation equivalent to Equation (2.7.6).

When this has been done, various elements of the matrix in Equation (2.7.6) and its

equivalent can be used to define the relative Euler angles as follows:
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sinA¢ijcosaei. N¢1'
-1 Iy o pan=
bbgy = tan {ccsawijcosaeij) tan ﬁ¢;§9 (2.7.7)

where N“‘i i and th. are given in terms of the generalized motion coordinates as

defined in Equation (2.3.12).

Ne,. = ¥ -u' +V .u!', - u_ .sine
RS 13731 23*1d ?j -i (2.7.8)
ﬁwij = Uj4Uyy +<u1iu1j + sine,sine

Simi1ar1y,.AaU is formed from the third element in the first row of the matrix,

8844 = sin‘l(Aaij) (2.7.9)
where
and.A¢1j is. formed from the second and third elements in the third column of the
matrix, "
@.. _
Ad =tan‘1(-ﬁ—-u ) (2.7.11)
id 443
where
Nogg = Vig¥ay # Voqlug + Uy (2.7.12)
P45 = Vai¥ag ¥ VaiVag * by

In order to compute the torques acting at all joints, it is necessary to
define the angular deflection for use in the equations given in Section 2.4 of
this report. For computation of elastic forces, the deflections are given rela-

tiye~tn the initial positfon of the occupant at the beginning of the simulation,

or

e5w1 DL Pl [Awillt"O
esei = 48y, - [Aeizjtso (2.7.13)

e5¢1 = Ay, - [A¢11]t*0
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where the subscript 1 refers to the torso element and the subscript i can have
the values i=2,3 depending on whether the motion is relative to the head or the
lower extremities. The torsional reactions which occur as a result of inter-
action with the motion resisting stops are based on the relative and stop angles

as follows.

sawi Sldwiﬂ < Vs

Aa.iz ~ 84us » interaction with upper stop
s = (2.7.%)

s 8
1 485, -raai » interaction with lower stop

where .

is® %us® %4gs and bqg are the various stop angles illustrated in Figure
15..

Based on the deflections given in Equations (2.7.13) and (2.7.14} it is pos-
sible to determine the “lever arms" used in computing the contributions to the
generalized force vector from joint forces. For 1=2,3 indicating either the head

or lower extremities, the lever arms are given in the following table of equations.

. 344
Genegﬁggiigpgggrginate Constant x Lever Arm = [(N¢y,)2 + (D¢11)2]32;il
4 sine1 - uglAe“
5 = Nyyy
5 - Dyy,
3 %2 usr (Vuruyy = Varuly) + L(V3) = VEy)cosw,
+ 2\'31"“151“\#1]”{1 - V31V41CO551
31 + 3 (R¢11)2 + (D¢11)2
(zero for all other n) (2.7.18)
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R : 348,
Generalized Coordinate - 211/ i1
Subscript = n Constant x Lever Arm = [1 (Aeij) ] 13;;——
4 Vk;u'ﬁ - V31l.l;1-
5 —“ - (uusinei + Nnu:'ﬁ + “21&111)
6 Vllu;1 + VZIU;i - u21sinei
31+ 1 Vglu'“- - Vulu;i
3i+2 U31C088, + V31U£i + ‘J“u;i
(zero for all other n) (2.7.16)
Generalized Loordinate Constant x Lever Arm = [{N¢. )2 + (Dy )zjaAwil
Subscript = n i1 i1 Zn
4 «-cosei(u31cosei * Vaugg + Veup )
5 sin@lsinzei - [Vyic0syy - (sine; +‘2Vq1cosw1)sin2wi
+ {2V, 5inyy - Vlg)sinwicowi]ccszei
+-(H21caswi - wllsinwi)sineicose?
& - {D¢il)(Aail)
3+ ] cosei(u31cosei +Vauy + Vqlu;i)
31 + 2 Vulcaswi - V3ls€mpi

(zero for all other n)

(2.7.17)

Equations (2.7.13 - 2.7.17) are usad to form the contributions to the generalized

force vector, GF’ due to the joint structures using the formulas set forth in

Section 2.4 of this report.
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3.0 EXPERIMENTAL VERIFICATION OF THE MODEL

In this part of the report comparisons are made between the predictions
of the model and experiments invelving anthropometric dummies which have been
carried out on the HSRI impact s?éd. Beginning with a section outlining the
criteria on which the validation is based, the report continues with a des-
cription of the sled tests and concludes with sections describing the degree

to which the models describe the real test situation.

3.1 CHOICE OF CRITERIA FOR VERIFICATION

The choice of a criterion of verification of the mathematical model
describing human body impact is based on three premises: (a) whether or‘not
the mathematical analysis and computer program are correct; (b) the extraction
of appropriate experimental data on which the validation procedures can be
based; and (c) the observation that the mathematical model consists of
parameters describing the occupant, the force field consisting of belts and
contact surfaces which acts on the occupant, and the externally applied
deceleration forcing function.

The use of a Lagrangian formulation of Newtonian mechanics as a basis for
the model is based on a long history of successful applications to problems
in impact, and hence,offers no cause for concern. Thus, sources of problems
can arise only in writing down the particular equations and computer programs
which apply to the present analyses. All equations and computer programs
have been derived independently by two or more persons leading to a very low

incidence of ervors in the final programs.
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The second premise, which is concerned with the extraction of appropriate
experimental data on which the validation can be based, has been the basis for
a major research effort. The acquisition of the necessary transducer and
photometric data is straightforward and requires only the proper useage of
the appropriate high speed cameras, data tape recorders, and 1ight beam
osciilcgraphs. The processing of the transducer data is also relatively
simple. For example, the determination of the magnitude of the linear
acceleration of the head of the dummy requires computation of the simple
vector sum of the three linear acceleration components.

The processing of the photometric data is much more complex. Although
orocedures for plotting the trajectory of a point in space, using various
automatic or operator-controlled photometric analyzers, are widely appiied
in the field of motion analysis, they were not developed for determining
the angular orientation of a body in space. Thus, it was necessary to develop
techniques for determining the pitch, roll, and yaw angles of the body of
the test subject before proceeding to a comparison of experimental and theo-
retical resuits.

Analysis and graphing of the test data is only part of the problem
because preparation of a well-founded set of input data is necessary for the
succassfu) operation of any computar analysis. Therefore, a dascription
of the mass, geometric, and inertial properties of the test subject is
required. This must be supplemented by a geometrical profile of the vehicle
components with which the test subject is expected to interact. Finally,
the force-deformation characteristics of the interactions between the test
subject and the vehicle components must be measured in order o specify the

aroper balance between subject motions and loadings.
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In order to define the test subject, eight basic body elements (head,
two arm elements, two leg elements, and three torso elements) were weighed
and moments of inertia were either measured using a trifilar pendulum or
predicted using formulas similar to those of Hanavan25 and Patten.?® This
data was combined to describe the three mass elements of the current model.
After geometry of the test sled and the initial pesition of the dummy subject
were carefully measured, it was then necessary to develop test procedures
defining the force-motion relationships between the test subject and vehicle
elements. This was carried out for the seat and for a belt restraint system
using a combination of photometric and transducer data described in Reference 27.

The third premise serves to define the mathematical models as a system
of parameters describing the occupant, the force field consisting of belts
and contact surfaces which acts on the occupant, and the externally appiied
decaleration forcing function. All these basic parameters must be inciuded
in any test validation..

To properly study the field of forces acting on the subject it is nec-
essary to simulate both contact surfaces (such as a seat cushion and seat
back) and belts { such as a lap belt and single diagonal shoulder harness).
The use of an occupant unrestrained by belts would not provide a test of
<h1s section of the analysis. Both frontal and side impacts were carried
out to verify the model. In the frontal impact comparisons also can be made
with the predictions of a purely planar model such as the HSRI Two-Dimensional
Mathematical Crash Victim Simulator.2 Use of a frontal impact test does not
provide a complete test of the operation of the three-dimensional model.
Therefore, a lateral impact, which can be carried out on the impact sled,
was selected as the most appropriate tool for validating the non-planar

properties of the three-dimensional model.
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Based on these three premises, two impact sled tests were selected for
the validation procedure. Both tests used a 50th percentile male anthropometric
dummy and were carried out at speeds of approximately 30 mph. In each case
the dummy was restrained by a lap belt and a single diagonal shoulder harmess.
The first test represented &_fcrward-facing impact and the second a direct side
impact. Thus, these two tests repfesented a complete and economical test of
the basic parameters described in the Model - the occupant, the restraint

and interior contact forces, and the vehicle deceleration.

3.2 THE EXPERIMENTS

The two validation experiments were carried out on the HSRI impact sled
(Figure 17), which is of the acceleration-deceleration type. It is acceler-
ated over a 12-foot distance up to a top speed to 40 mph using a compressed
air-actuated puller arm. The deceleration stroke has a maximum length of
three feet and a maximum potential of 88 G's. For the purposes of high
speed photography a total of 50 kw. of lighting is available. Real time and
high speed movies were taken as well as still photos before and after each
test.

Triaxial accelerometer packs were located in the head and chest of the
50th percentile Sierra dummy. The accelerometers were Kistler Piezotron 818's.
A Statham strain-gage accelerometer was used to record the sled deceleration
pulse. Four Lebow seat-belt load transducers were mounted on the seat belt
and shoulder harmess.

The data was recorded simultaneously on a Honeywell 7600 tape recorder
and a Honewell 1612 Visicorder. No filtering was used during the initial
recording_other than the limitation of the light-beam galvanometers to

frequencies under 1000 cps. The following transducer data was recorded:
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(a) lower right shoulder belt force; (b) left lap belt force; (c) upper left
shoulder belt force; (d) right lap belt force; (e) sled deceleration; (f) head
anterior-posterior G-loading; {g) chest anterior-posterior G-loading; (h) head
superior-inferior G-loading; (i) chest superior-inferior G-loading; (j) head
left-right G-loading; (k) chest left-right G-loading; (1) impact velocity;
and, (m) timing signals. .

The setup for the frontal impact test is shown in Figure 18. The bucket
seat is bolted securely to a framework which is attached to the sled. This
framework serves as a mount for attaching belts and other types of restraint
systems, and can be rotated to simulate lateral or obiique impact. This has
been done for the lateral impact test as is shown in Figure 19. In this setup
a series of belts are shown which maintain the initial position of the dummy
during the initial acceleration of the sled. These are released before im-
pact and do not interfere with the motions of the dummy.

The test data presented in Figures 20 through 39 were cbtained as a re-
sult of either detailed analysis of the high speed films using a Vanguard
Film Analyzer or by measuring points on the oscillographic recordings. All
acceleration and belt transducer data were determined from the oscillographic
records and appropriate sums and resultant values computed.

For the front impact test, the excursion and forward motion of the head
were determined directiy by measurements of the motion of a target placed on
the head of the dummy. Likewise the angle of head pitch and the upper leg
were obtained by direct measurement {and the subsequent scaling and tabulation
by means. of specially developed computer programs). The motion of the H-peint
was very difficult to determine as no direct measurements were possible. How-
ever, its location was determinable by trigonometry using data from a thigh
target, a lower back target, and the angle of the upper leg with the horizon-

tal. These data, determined on the Vanguard Analyzer, were then processed on
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FIGURE 18. FRONTAL IMPACT TEST SETUP
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the HSRI 1130 digital computer using the appropriate trigonometric data hand-
Ting subroutines.

In the lateral impact test, lateral motion of the three primary body
elements was measured directly from the film. However, the pitch, roll and
yaw of the head required use of;;pecial computer programs capable of proces-
sing Vanguard Analyzer data from two films simultanecusly. This was necessary
in that the views from two cameras are required to define the location of the

three angles in space.

3.3 PREPARATION QF DATA SETS FOR THE COMPUTER SIMULATION

The preparation of data sets for the validation exercises of the model
involved determination of the mass and inertial properties of the HSRI 50th
percentile male Sierra dummy as well as the force-deformation interactions
between the dummy and his seat and restraint system. Various cther quantities
such as the initial impact velocity, the sled deceleration profile, and the
positioning of the dummy at the beginning of the deceleration event were de-
termined directly from the test movies or transducer data.

The center of gravity of the various body parts was found by suspending
the piece by wires and observing the location of intersecting Tines of action.
Moments of inertia for eight body parts were found by suspending each piece
en a trifilar pendulum. The weights were measured on & precision scale. This
data is tabulated in Table 2 and Figure 40. This information is felt to be
accurate within 1% as repeated measurements were taken on the various quantities.
A correction to the moments of inertia was made based on the weight and dis-
tribution of the body skin element.

In determining the moments of inertia for the three-dimensional model,
the masses given in Table 2 were combined to describe a three-mass model
consisting of head, torso, and Jower extremities. The weights of the_arms
were combined with the torso and the weights of the Jower legs with the lower
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extremities. _The head was simulated by an eilipsoid and the torso and lower

sxtremities by elliptical cylinders. Front and side views of the resulting
composite are shown in Figure 41. The dimensions shown in this figure result
from a series of anthropometric measurements taken on the dummy including
seated height, seated cervical height, head length, head breadth, chest
breadth, maximum chest thicihess, buttock-knee length, seated hip breadth,
seated knee breadth, and thigh-thickness. A tabulation of the resulting
moments of inertia is shown in Table 3. It should be noted that the compo-
site moments of inertia about the y-axis, when computed by this technique,
agreed with the values measured and listed in Table 2 with 1%.

Because no data in a form suitable for use as input data to the computer
program is available on the load-deformation properties of seats, two static
tests were carried out. The test configurations are shown in Figure 42 and
the results in Figures 43 and 44. In determining the curve for load-deflection
under the buttocks, the deflection was measured by taking height readings "h"
at points on the pelvis as shown, as weight was added. For determining the
Toad-deflection curve at the front of the seat, the dummy was hung as shown
with the legs up, knees locked, and the buttocks just touching the cushion.
The hip joint was loose. The legs were lowered gradually, and load scale
readings were taken at progressive points until the scale read zers. At this
Lise the seal front is supporting the legs. weights were then added until the
seat front bottomed out of the seat frame. This test has the disadvantages of
being static and only applying the load over part of the seat. However, it
does have the advantage of determining a curve which includes deformation
properties of both the seat and dummy used in the test.

Another quantity leading to difficulties in measurement was the seat belt
load-deflection characteristic. In this case, deformation properties of the
belt, buckles, vehicle attachment points, and of the dummy jtself must be re-
flected in the modulus which is used in £he model.
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\
TABLE 3. MOMENTS OF INERTIA FOR THREE-DIMENSIONAL MODEL

SEGMENT
BODY SEGMENT  WEIGHT-LBS. Ix-in.1b.sec2  Iy-in.lb.sec? Iz-in.1b.sec?
head 15.781 .3672 442 221
torso 90.46 ' J2.78 11.5 3.65
Toer ities 50.33 3.54 2.59 1.572
/ 56.57/

| Thus, the load-deformation characteristics of the seat belts were
measured by making use of data gathered during the test itself. Force trans-
ducers were used to record the loads in the belts and the high speed movies
recarded a view of the action of the belts. It was thus possible, using the
known location of the H-point, the belt angle, and the Tocation of the
belt attachment point in the vehicle, to construct a table of the seat-belt
length as a function of time. This, when combined with the data from the
Toad cells, was used to construct Figure 45. The deformation characteristics
for the shoulder harness elements were determined in a simi1af manner by
measuring the deformation from the high speed movies and loads from the force

transducers.

3.4 COMPARISONS OF THE PREDICTIONS OF THE HSRI MATHEMATICAL MODELS FOR
A FRONT IMPACT TEST

Figures 20-28 show the predictions of both the two- and three-dimensional
mathematical models and the results of a frontal impact simulation involving
a 50th percentile male dummy restrained by tap belt and single diagonal shoulder
harness. Compared are loading forces and accelerations éppIied to the dummy

and the resulting motions.
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Figure 21 shows the resultant chest linear accelerations in G's. Agree-
ment between all three curves is remarkably good both in respect to phase and
peak G-values. In addition, all three curves show interaction with the seéﬁ )
back during rebound. The predictions of the two-dimensional model are Timited
+o a resultant computed in the forward and vertical plane. However, this
does not affect the performance of the model to any great extent as all
nonplanar torso accelerations are either measured or predicted by the three-
dimensional model to be less than 10 G's.

The agreement between test and analysis as shown in Figure 22 is not as
good for resultant head accelerations. Both the two- and three-dimensional
models predict an acceleration spike as the head pitches forward to interact
with the angular stop located at the neck joint. The three-dimensional model
predicts the highest value. In addition, this peak leads the one predicted
by the two-dimensional model and the value measured in the test in phase,
reflecting the increasing stiffness of the dynamic system as the number of
masses are reduced.

Figures 23 and 24 show the comparative seat belt and shoulder harness
loads. There is general agreement among the three curves on each grapn
both in phase and in magnitude. The predicticns of both the two- and three-
dimancinnal modelc are witnin approximately 15% of the peak values measured
in the test.

The forward motion of the H-point and of the head center of gravity is

shown in Figures 25 and 26, respectively. Both graphs have similar properties.

In each case, rebound from the belts is slowest in the test and fastest in the
three-dimensional model. In addition to this, the largest degree of forward
motion is observed in the test, whereas the smallest amount of motion occurs

for the three-dimensional model. This again reflects the increasing stiffness
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of models possessing decreasing nuqbers of mass elements and is to be expected.
The percentage difference between predicted motions and those observed during
the tests is approximately 10% with the exception of head forward motion pre-
dicted by the three-dimensional model. The error in this case is approximately
36%, indicating again that ﬁead motion is 1imited by the lack of flexibility

of the model. This could be a2 problem in simulations where it is desired to
sense contact with vehicle interior elements. However, it is rather easy

to compensate for this by sufficiently increasing the size of the head contact-
sensing e]Tipsoidrfo cancel the error.

The pitch angle of the head is plotted in Figure 27. Both the two- and
three-dimensional models predict a peak value which differs from the test
value by approximately 32%. It is felt at this time that the greater flexi-
bility of the dummy neck leads to this error in both cases. This phenomenon
can be compensated for by increasing the joint stop angles from the values
measured in the test, thus providing greater "flexibility."

The final quantity which has been studied is the pitch angle of the upper
leg which is shown in Figure 28. A substantial error in magnitude exists
between the curve based on the three-dimensional model and the other two
curves. A primary reason for the increase of this pitch angle is the force
applied at the knee due to the interaction of the foot with the vehicle toe-
board. The error in the prediction of the three-dimensional model exists
because a contact ellipsoid was not attached to the lower extremity mass to
represent the effect of the lower leg. Adding this contact will correct the

probienm.

3.5 COMPARISON OF THE PREDICTIONS OF THE THREE-DIMENSIONAL MODEL WITH A SIDE
IMPACT SLED TEST

Figures 29-39 show predictions of the three-dimensional model and compare

them with a side impact sled test involving a 50th percentile male dummy
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restrained by a lap belt and single diagonal shoulder harness. Compared are

the force, acceleration and motions which are experienced by the dummy. —

The seat is modeled by two contact surfaces corresponding to the seat
pan and seat back. The corners of these surfaces are specified on the basis
of measurements taken of the-froné*two_cornerS‘of the seat cushion, the ends
of the junction between seat cushion and seat back, and the upper two corners
of the seat back. The two surfaces extend beyond their junction - the seat
back below the seat cushion and the seat cushionm behind the seat back. fhis
is done because the belts tend to pull the occupant into the region of this
surface junction. It is not desired to have one of the contact sensing ellip=-
soids slip off the end of the contact surfaces describing the seat. The force-
deformation characteristics are assumed to be the same as those used in the
front impact simulation.

The belts are defined in terms of two sets of attachment points. Four
belt elements are used representing upper and Tower shoulder harnesses and
Teft as well as right lap belt segménts. The four attachment points on the
sled are located easily by direct measurement. The four attachment points
on the body are assumed to be those points on the occupant where the belt
element first makes contact. They were measured when the dummy was sitting
on tne sled in the pre-test configuration.

During. the test it was observed that the dummy initially slid to the side
under the belts about four inches before slack was absorbed. On this basis
the model was exercised twice to simulate this test. For the first 40 ms, the
durmy was allowed to slide freely to the side on the seat surface until belt
slippage was absorbed. At 40 ms, the model was restarted with no slack in the

belt elements. This effectively modeled a sftuation inveiving slipping belts
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although it is a rather:awkward and time-consuming procedure. The force- ;;
deformation characteristics of the belts (initially assumed to be the same as |
for the front sled test on the basis that the belts interact with the same
structufes in the dummy in both tests) were modified to reflect the change in
length of the .varicus belt segments. For example, as the dummy slides to the
left on the cushion, the rigft element of the lap belt becomes longer. During
the load-carrying phase of the simulation, the left element is stiffer than

the right element.

In order to represent body contacts with the seat cushion and seat back,

a series of contact sensing spheres were attached to the torsc element at
strategic locations. After several trials it was found that the key locations
were left shoulder, right shoulder, left buttock, and right buttock. This
combination has been used successfully in many additional seat and restraint
system studies.

The displacement to the side of the three basic elements-head, torso, and
Tower extremities - is shown in Figures 30-32. In all cases the agreement
between theory and test is quite good (less than 10%). The peak values for
dispiacement are in phase in the two cases.

In order to determine the ability of the model to predict orientation in
space it was necessary to devise techniques for measuring these gquantities
pnotometrically. This was accompiished for the head of the dummy and the
results are given in Figures 33-35. Agreement between the predicted and
measured values of these guantities s not nearly as good as for the linear
motions. However, the reasons for this are fairly clear.

The first possible reason involves a comparison between the mathematical
model and human anatomy. In this model! and all others which have been developed

up to the present time, the mass of the head and neck are assumed to be dis-

tributed symmetrically about a line passing through the head-neck join%t and

105




i

the center of gravity of the head. In reality, this mass is not symmetric

about the 1ine of rotation. Although this assumption leads to a major

simplification in the equations of motions, it appears to lead to a significant

arror in the ability of the model to predict head vaw. Whether the performance

of the model can be improved by a proper selection of the initial positioning

of the occupant and the location.of the motion stops is not known at this time.
In all three rotational motions, the predicted values are higher than the

measured values. The best agreement is. for roll motion (30%). The second

possible reason for disagreement involves the selection of Joi s. In

anthropometric studies involving human subjects and dummies the 1imits of
voluntary motion (or location of motion-limiting stops) are made on the basis
of a single required pitch, roll, or yaw movement. The joint stop locations

used in the present exercises of the model used these values. However, it

is unknown where stops are lgcated when a combination of the three possible

motions are allowed. For example, it is expected in a side impact test that
the predominant rotational motion would be roll. The expected roll does occur

and agreement between prediction and experiment is fairly good. When the roll

stop is on, it can be shown that the 1imit stops for pitch and yaw are decreased.

Thus, the values used in the computer simulation are probably too large and
admit the excessive predicted values. Because no known data has been gathered
for combinations of rotations, this seemed to be the only lTogical course.

There are twg methods for correcting this problem. The first is 2
“quick-fix“ and involves choosing smaller values for yaw and pitch stops to
decrease the predicted motions. The second (and preferred) solution involves
a determination of the actual range of motion for the neck joint structure
based on a research study of all possible moticn combinations. The results
of that study would be a recommendation for improving the input data to be

used with the model or for possibly altering the mathematical formulation.
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The head and chest lateral accelerations are shown in Figures 36 and 37.
In the case of the head acceleration, the first peak observed in the prediction
of the model occurs at the same time as the motion to the side is arrested
and corresponds within 5% of the peak value measured during the test. [t
should be noted that this value lags the physical event by nearly 20 milli-
seconds, approximately the same phase shift which was caused by the initial
Toadings to the torso produced by the belts. The second peak on both traces
occurs when the head interacts with the seat back. . For the torso, the test
value is observed to be 25% higher than the predicted value.

The final two comparisons between theory and test are the belt Toadings
shown in Figures 38and 39. The predicted seat belt peak loop lcading is low
by 10% and the predicted shouider harness peak loop loading is high by

approximately the same amount providing good agreement between theory and test.
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4.0 USER'S GUIDE TO THE HSRI THREE-DIMENSIONAL
CRASH YICTIM SIMULATOR

The user's guide commences with a detailed description of the input data for
the model. This is followed by discussion of normal program output, optional pro-
gram output, and program error messages.

Methods for running the model from a teletype and obtaining information from
the model through that device are treated before the integration techniques em-
ployed in the model are presentad.

Part 4 concludes with sections describing the physical layout of the program
both from a functional and from a procedural point of view.

4.1 DESCRIPTION OF PROGRAM INPUT DATA

Input to the HSRI Three-Dimensional Crash Victim Simulator consists of series

of eighty character lines which will be called cards. Almest all of the input

cards have a common format which is shown in Table &«

TABLE 4. THE STANDARD INPUT CARD FORMAT
Field Cg?:ins Description
1D 1 A letter, A through Z, which acts to identify the
information being specified on this card.

1 2 - 10 Numeric data in floating point format. The decimal
point must be explicitly included except for right-
adjusted integers. "D-format" is permissible but
must be right-adjusted. Normally left-adjusted "F-
format" is used for convenience.

2 11 - 20 Numeric data

3 21 - 30 Numeric data

4 31 - 40 Numeric data
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(Table 4. Continued)

Field Cg?:;ns Description
5 41 - 50 Numeric data
6 51 ~ 60 Numeric data
7 61 - 70 Numeric data
8 71 - 80 Numeric data

-

Seven of the stanﬁard input cards trigger special reading sequences for

special information which would not easily fit the standard format. These

special reading sequences are summarized in Table 5 and presented in detail

in Table 7.

TABLE 5,

SPECIAL READING SEQUENCES

Standard
Card Which
Triggers
This
Sequence

length of Sequence

Termination
of Sequence

Description of
Information Contained

B

Fixed length.

Card count of one.

Alpha-numeric title
for ellipsoid.

Yariabie length con-
sisting of one card

‘plus one card for

each time point.

Card count of {(J~
card, field two)
plus one.

Alpha-numeric title
for contact plus cor-
ner positions.

Switch controlled
initiation of se-
uence. Only if
?L-card, field 8)

is non-zero.

Card count of one,

Saturation maximum
force and unloading
siope.

Variable length.

Continues to read

until a negative
time on special card
is encountered.

Table of debug code
words versus effec-
tive times.

Fixed length.

Card count of one.

Integration weights.

{Continued on next page)
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(Table 5. Continued)

Standard
Trigaers. | Lengtn of sequence | [THIMEN | oo TR e
Sequence
v Fixed length. Card count of one. Alpha-numeric run
title.
Y Fixed length. ~{ Card count of one. ﬁ;zg:-numeric event

Table 6 contains a typical complete data set for the modei. The numbers at
the Teft are 1ine numbers. In line one, the letter “A* represents the position '
of column one and so on. Note the special reading sequences beginning at lines
5, 7, 9, 11, 13, 15, 26, 29, 32, 35, 38, 41, 45, 47, 49, 77, 83, 87, and 87.6.
Note also the omission of the special sequence after line 50. Table 7 contains
a detailed explanation of each card type together with all the special reading
sequences. The reader is urged to use Table 7 to decode the run specification
contained in the data set presented in Table § and then check his impressions
against Table 9 in Section 4.2 which contains the program's. printed summary
of what it understood from this same data set. Table 8 summarizes Table 7
in a more usable form.

Order of cards is irrelevant except that the Z-card must always be last and
special reading sequences must be togethér and in proper order. When the program
finishes. operation using a first data deck, it will look for a second. If it
fimds more data, it will continue; otherwise, it will sign off. On a second data
deck, generally only those cards which contain changes from the first data deck
need be specified. Part or all of acceleration tables previously used may be re-
moved by use of the O-card and new N-cards can be read after the O-card to make
additions. Calculation of inertial initial conditions is not repeated uniess
specifically requested {see card T, field 5) but the estabiished initial condi-
tions will persist. The Z-card must be present. The program will continue to

look for data sets until it encounters the end of all data.
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Al. 234 12.78 11.5 35.65 §.375 11.5
AZ. . 0408 L3672 L442 .221 a. 6.
A3, 13 1.572 3.59 3.53 7.5 11.75
B1. 1. 0. 0. 7.1 4.6 8.5
CHEST
B5. 1. a. 5.3 3. 4.5 3.5
. RIGHT SIDE
6. 1. 8. -5.3 a. 4.8 3.5
LEFT SIDE
BZ. 1. 0. 9. 7.1 4.6 8.5
HiP
B3, 3. 0. 9. . 5. 7.
XNEE
B4. 2. 0. 0. 3, 4.15 3.
HEAD
c1. 600, 110000. 60. 500. 110000. 54.
¢z, 800, 110000 & 45. 300, 110006. 30.
Dl. 600. 156000, 70. 150000. 70. z.
D2. 400, 150000 4s. 150000. 35, 2.
£19.4 d. 9. 0 18. B 5.
F20. 0. 0. a. 8. 8. -15
Go. 0. a. 0. 7. 0. 0.
HO. 536.1 2. 0. Q. 8
10. 0. 0. 2 0. 3
J1. 1. -1, 17,21 5.31 1.57 1
BACK SEAT 455
2, 11, 1. 1e. 11. -11. 19, 22.1 11,
J2, i. 1. 250, 5.31 1.57 L.
SEAT CUSHION .485
0. 8.4 11 32,3 8.4 -11. 32,3 36. 11
J3. 1. -1, .1 q. t. 1
LEFT PAN EDGE 375
a. 36. -11. 26, 8.4 -11. 32.3  38.3 -11.
Ja. 1, -1, 154, R 0. 1.
RIGHT PAN EDGE .37%
a. 36. 1. 26, 8.4 11. 32.3 38,3 11,
J5. 1, -1, .1 8. g. L.
LEFT BACK EDG .46
0. 1. -11. 1 22.1 -11. 39.0 1.7 -11
J6. 1. -1, 250. 8. 9. 1.
RIGHT BACK EDGE .46
a. 11, . 1a. 22.1 1. 39.9 1.7 1.
K1. 2. 1. 3. 5.
L1, g, -9.3 0. o, .1, .
1400, 150 1.5 11.
L. 1d.3 1. 36. 0. .
s00. 350. 5.3 1.7
) 14.5 -11. 35, a. .7,
1500, 317.5 7.1 7.2
L4, 14,5 11 6. a. }
ML, 350, 9 6. 1. i T
M2, 350 9. 0. i. K]
M3. 312.5 9. 9. 1. 0
M4, 312.% g 0. i s
N1. g, 3
N1. ,9025 -30.021
Kl. . 008 -10.
N1, 01 -20.114
1. L0153 -10.
NL. .62 .
Ni. L 025 -12.94
N1. Le7 -14.959
N1. .08 -22.381
NI. 1 2,
N1, 5 3.
5 a 0.
2. 5 0.
N3. a. 0.
N3. 2. 0.
Na. 0. 0.
N4 . 2. a.
NS. 0. a.
N5. 2. 9.
N6. 0. 0.
NG. 2. 0.
s}
0. 000600000
2 00000000
3.0005 .a05 1. 1. . 000 . .
;s.ous . -000001 10. 10. oco001 o i
. .1, 100.  160.  100. 100. 104,  100. 100, . )
T.2 32,2 0. 0. 1. 1. 100. 100
uli. 2. 0. 0. 0. . 0.
v .
2-D VS. 3-D COMPARISON, TEST NO. A-045, SATUNATING TEST
.39 172 .346
FRONT COLLISION RIGHT FRONT PASSENGER SHOULDER § LAP BELT USE

TABLE VI
TYPICAL INPUT DATA SET
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4.2 DESCRIPTION OF NORMAL PROGRAM OUTPUT

The printed output of the HSRI Three-Dimensional Crash Victim Simulator is
divided into three general categories. The first category is normal output, that
which emerges from a successful run when no special information is required. The
second category is auxillary or-déﬁugging‘output. which is extensive information
on the inner workings of the program under control of input data. The third
category is messages. which appear only when certain error conditions arise. This
section deals with the first category. Section 4.3 will present the other two
categories.

Normal output is divided into three parts. The first part is one or more
pages at the beginning, is labeled “Input Data," and presents the problem speci-
fied by the input data deck in a somewhat readable form.. The second part is the
bulk of the normal output, is called "Output Data," and records the simulated
model parameters cver the time interval of interest. The last four pages com-
prise the "Injury Data" which contains some estimators for the bodily damage
inflected on the victim by the crash.

Each page of normal output begins with.a three line heading. The first
line identifies the model, the part of normal output in which this page is in-
cluded, the date of the run, and the pagefﬁumberu The middle 1ine is the de-
seriptive run iLitle supplied by the user. The third line is the statement of
policy on units. Thus, velocities are expressed in inches per second or degrees
per second.

Tab1e 9 contains the program’'s presentation of the input data set com-

prising Table 6. The coordinate positions and Euler angles are the same described

in Section 2.3 and {llustrated in Figure 6. The initial conditions printed are
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THREE DIMENSIONAL CRASH VICTIM SIMULATOR INPUT DATA
2-D VS. 3-D COMPARISON. TEST NO. A-045, SATURATICN TEST
UNITS ARE INCHES, DEGREES, POUNDS, AND SECONDS UNLESS NOTED.

INITIAL CONDITIONS

K%

VEHICLE TORSQ HEAL LEGS
DISPLACEMENT VELOCITY  DISPLACEMENT VELOCITY  DISPLACEMENT VELOCITY DISPLACEMENT VELOCITY

Py X a.a 536. 19.40 536. 17.02 536, 13,93 536,
Y 0.0 0. 0.0 0. -0.0 -4, 0.0 -0.
! z G.0 0. 18.00 0. 1.40 Q. 24.44 -0.
YAA 2.0 Q. 0.0 [+28 0.0 a4, ¢.0 a.
PITCH 6.0 . 20.00 . -15.00 g. 7.00 a.
? PULL 8.0 0. g.0" o. 0.0 g. 8.0 a.
Fa . B0DY PROPERTIES
Bl MOMENTS OF INERTIA DISTANCE FROM:
ot MASS WEIGHT ABOUT [ ABOUT J ABOUT K C.G. TO LOWER JOINT C.G. 7O UPPER JOINT
- TORSO 3.2340 90.4 12.7800 11.5000 3.6500 8.37 11.50
HEAD 0.0408 15.8 8.3672 0.4420 g.2210 §.00 %.400
o LEGS 0.1300 50.2 1.5720 2.5500 1.5400 7.25 11.7%
BODY CONTACT ELLIPSOIDS
ELLIPSCID FLLIPSOID BODY CENTER RELATIVE TO SEGMENT C.G. SEMIAXIS LENGTHS ALDNG SEGMENT SYS.
. NUMBER DESCRIPTICON SEGMENT X Y z 1 J £
;-;j 1 CHEST TORSO 0.6 2.0 -7.10 4,60 8.50 468
St 4 HIP TORSD 2.9 g.¢ T.18 4,50 B.50 4,60
3 KNEE LEGS 0.9 2.0 0.9 I.60 7 .00 3.00
4 HEAD HEAD 0.0 2.0 g.0 4,25 3.09 4.400
= 5 RIGHT SIDE TORSO 0.9 5.30 0.0 4.50 31.50 10.86
2 5 LEFT SIDE TORSO 0.8 ~5,30 0.0 4.50 3.50 18.80
iw
JOINTS g
3 ELASTIC CONSTANTS STOP CONSTANTS DAMPING CONSTANTS EFFECTIVE ANGLE
:;?}_ YAW PITCH ROLL YAW LOw PITCH UP ROLL YAW PITCH ROLL YAW LO PYTCH ROLL
=; NECK 500. 4 600. 110060, 150000. 150004, 110000, 2. 2. 2, &0. -70. 7O. 56,
HIP 300.  800. B00.  110000. 150000. 150000. 1ll8006. 2. 2. 2. 45, -35. 4%, 30.
VEHICLE INTERIOR INTERACTIVE COMPONENTS
BELTS
ANCHOR ATTACHMENT SPRING DAMPING MAXIMUM UNLOADING
SLACK. POINT POINT CONSTANT  CONSTANT FORCE = SLOPE
X Y z X Y z 1 z 3
LEFT SHOULDER  0.§ a.8 -9.50 6.0 0.0 -2.50 -11.80 356,06 0.0 0.0 1.00 1400.0 358.0
RIGHT SHOULDER 0.5 14,50 11.00 3e.0¢ 0.0 5.30 1.70 350,06 9.0 0.0 1.00 500.006 350.0
CONTACTS
CONTACT CONTACT
NUMBER DESCRIPTION ELASTIC coresmm-s DAMPING PENETRATION EDGE MAXIMUM UNLOADING DIRECTION
1 3 CONSTANT LIMIT CONSTANT FORCE SLOPE
1 SEAT BACK 37.21 5.31 1.57 1.80 15.00 0,455 4.0 0.0 BEHIND
2 SEAT CUSHION 250.400 5.31 1.57 1.40 15.00 0.455% 8.0 8.0 FRONT
3 LEFT PAN EDGE 0.10 6.0 0.0 1.0 25.00 0,375 8.0 0.0  BEHIND
g} 4 RIGHT PAN EDGE 250.00 5.0 0.0 1.00 1.00 0,375 8.0 0.0 BEMIND
d 5 LEFT BACK EBGE 0.10 2.0 0.0 1.00 25.00 0.460 9.0 Q.0  BEHIND
2&3 [} RIGHT BACX EDGE 250.00 4.0 g.0 1.00 1.00 9.460 6.0 ¢.0 BEHIND
CONTACT POSITIONS
CONTACT
NIMBER  TIME CORNER ADJACENT CORNER QOTHER ADJACENT CORNER
X Y z b4 Y z X Y z
: 1 8.0 11.00 11.08 19.00 11.00 -11.00 10,00 22.10 11.00 39,90
- 2 ¢.0 §.40¢ 11.488 32.30 .40 =-11.00 32.38 36.00 11.00 36.00
3 0.0 36,00 -11.00 26.00 B.40 -11.00 32.30 38.30 -il.00 35,70
4 0.0 36.400 11.00 26.00 5.40 11.00 32.30  38.30 11.00 35,70
= 5 0.0 11.00  -11.00 106.00 22.10  -11.08 39,50 1.70  -11.00 13.8¢
; 6 0.0 1i.00 11.00 10.00 22.10 11.00 39.96 1.70 11.00 13.84

TABLE IX
NORMAL OUTPUT OF INPUT DATA
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PROGRAM CONTROLS

L&

MAXIMUM TIME STOP = 4.00050, FINAL TIME= 0.2000, PRINT TIME STEP= 0.0050, INTEGRATION STARTING= MOU=
RI, PRED,-COR.= MILNE-HAMMING

INTEGRATION WEIGHTS= 0.001 ¢.061 9.081 0,111 o0.113 @.111 ¢.111 90.I111 0.111 0.ill ¢.111 0.11
VELOCITY CHANGE LIMIT+ 0.5000D o1, EXTRAPOLATION CHANGE LIMIT+ 0.1000D 01, ACCELERATION MINIMUM

MAGNITUDE= 0.1000D-06
VELOCITY CONVERGENCE PARAMFIER= 0.35000D-02, MAXIMUM TIME SUBDIVISIONS= 10, TIME EPSILON= 0.4883D-07

SUMMARY INHIBITION= OF¥, RECORDING CONTROL= NONE, GRAVITY (O-UNITS)= 1.00, INITIAL POSITIONAL
TRANSEORMATION= ON ENERGY PRINT= ON, PROFILE MODIFIERS= 1.000 0.0 0.9 g.¢ 0.0 0.0
LOCAL EXECUTION TIME LIMIT» 10.040000

TOLERANCES

GADD INDEX = 1.080.0 PITCH CONCUSSION= 2000.0 HEAD G-LOADINGw 44.0 CHEST G-LOADING=45.0
CHEST FRACTURE= 1800.0

KNEE FORCE= 1500.0 BELTS» 1800.0 5000.¢0 -9.0 -0.0
NECX ANGLES -70.00 30.00 -60.00 80.00 -40.00 40.00
HIP ANGLES -30.00 30.08 -9¢, 00 30.00 a.0 g.0
DESIGNATIONS
T
SEAT TOP» 1 SEAT BOTTOM= 2 CHEST= ! KNEE» 3 FORWARD CONTACIS= 3
VEHICLE ACCELERATION PROFILES
TIME FORWARD(G-UNTTS) TIME RIGHT(G-UNITS) TIME DOWN TIME YAW TIME PITCH TIME ROLL

0.0 0.0 0.0 0.0 0.0 0.9 0.0 0. 0.0 4. 0.0 0.
0.0025 -30.02 0.5000 0.0 1.0006 0.0 2.0000 0. 2.0000 0. 2Z.0000 0.
0.0450 ~10.00

- 0.0060 ~40.11
0.0000 -1¢.00
G.0150 8.0
0.0200 -12.94
0,0258 -14.86
0.0700 -22.98

{ 0.0800 .0
0.16048
0.5800

TABLE IX

NORMAL. OUTPUT OF INPUT DATA (CONT.)
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b

always relative to the inertial frame whether they were specified to the program
é; relative to the vehicle or the inertial frame. For brevity, "Lower Extremities"

is shortened to "Legs" throughout the printout output. Initial coordinates and

velocities of Head and Legs Centers of Gravity are printed along with the speci-
fied values for campletenessf
Weight is printed along side of mass for each body segment for convenience.

The Moments of Inertia are printed whether they are calculated by the program or

put in by the user.
(A _ In the section discussing body contact ellipsoids, there is one line for

each of the ten possible ellipsoids. The (X, Y, Z) of the printout is (xem’

v zem) of Section 2.5 and I, J, K columns are s bm’ Cn of the same section.

< en
Under "Joints" the units of the "Elastic Constants” and “Stop Constants®

are in.lb./rad. and not degrees as is implied. The unsymmetric pitch values

together with the symmetric yaw and roll values are given under “Stop Constants"

and "Effective Angle."

One line for each specified belt segment is printed. It should be recalled
that the "Anchor Point" is relative to the vehicle whereas the “Attachment Point"
is reTative to the Torso Body Segment System (see Figure 14).

-
'y

The information about contacts is summarized in two paragraphs on the printed
output. {ne first paragraph contains one line for each of the contacts used in

this rum of which there may be up to 25. The "1", "2", and "3" under “Elastic

VRUES I

Constants” refer to the subscripts in Equation (2.4.108). All other quantities
are as explained in Section 2.5. The second paragraph contains one line for
each of the times points up to 300 used in this run. The time points are organ-
ized first on the number of the contact to which they apply and then on the time

at which they become effective. The first time point for each contact must be
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time zero which will hold until another time value is given and so on {see Section
2.5). the corner points are points one, two, and three respettiveTy and are given
in vehicle coordinates.

“Program Controls,” "Tolerances," and "Designations” are self-explanatory

when referred to Sections 4.7 and 4.5.

if

§

K|

The six vehicle acceleration profiles are presented in columns under the title,
"Yehicle Acceleration Profiles." A1l the time points actually supplied are shown
multiplied by the respective profile modifier so the profile shown here is the
actual one which will be used.

The "Qutput Data" begins with two pages of "Vehicle Kinematics." Values on
these pages are relative to the inertial system (see Section 2.3 and Figure-S);
The acceleration values are interpolated from the profiles supplied by the user
and the velocities and displacements are integrated from these same profiles.
Linear acceierations are in g-units. Table 10 contains these two pages from the
run produced by the daﬁa set in Table 6.

Immediately following these two pages are six pages of similar results for
the three body segments. The two pages for the torso values from this same run
comprise Table 11and are typical of any of the body segment outputs. Linear
accelerations are inertial and ih g—ﬁnits. Linear displacements are relative
to the vehicle system and are in inches. A1l other quantities are inertial and
in the units implied by the policy on units.

The next two pages deal with belt*outputﬁand make up Table 12. The belt
angles reported are the direction angles of each belt segment with respect to

the inertial system. For instance, "X" under "RIGHT SHOULDER" is the angle

between the vector T of the inertial system and the right shoulder belt segment

(see Figure 14).
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THRCE DIMENSIONAL CRASH VICTIM SIMULATOR OUTBUT DATA FEE 23, 1971 PAGE 3
2-D VS. 3-h COMPARISON. TEST NO. A~D4S5, SATURATION TRST
UNITS ARE INCHES, DEGREES, POUNDS, AND SECONDS UNLESS NOTED.

VEHICLE KINEMATICS

- TIME X«DISP. X-VEL. X-ACCEL. Y-DISP., Y<VEL, Y«ACCEL. Z~DISP. Z-VEL. 2-ACCEL.
[ A TP -
boa 0.0 g.0 536.10 6.0 0.0 4.0 6.0 0.0 0.0 6.0
) g.0n50 2.60 502.27 -0.1000E 02 0.0 8.0 0.0 0.0 6.0 0.0
#4.0100 5.02 453,386 +0.4011E-02 0.0 0.0 0.0 0.9 0.6 0.0
. n.n1s0 7.14 405,45 -0, 1000E 02 0.0 0.0 0.0 0.0 2.0 0.0
R . 0.0200 9.74 395,79 -9,2589E-13 6.0 0.0 0.0 6.0 8.0 0.0
ii 0.0250 11.10 383.29 «0.1294% 02 0.0 G.0 .9 0.0 0.4 0.0
o 0.0200 12.93 358.07 -0.1316E n2 0.0 8.0 0.0 a.0 9.0 8.9
- . n.n350 14.66 332.42 -0.1339E 02 8.0 0.0 0.0 0.0 8.0 9.0
T #.0400 16.27 306,34 -0.1361E 02 0.0 6.0 0.0 0.0 8.0 0.5
s 0.0450 17.74 279.82 -0,1384E 02 8.0 0.0 0.0 a.0 0.9 a.0
&l 0.0500 19.07 252.87 -0.1405E 92 8.0 0.0 2.0 0.0 8.0 0.9
n,0550 20.27 225.49 -0.1429E 02 9.0 0.0 0.0 0.0 0.0 0.0
n.0600 21.32 197,67 -0.1451E a2 8.0 4.0 8.0 0.0 0.0 e.0
= ‘ 0.0650 22.24 169.42 -0.1473E 02 0.0 0.0 0.0 6.0 0.0 0.0
-3 0.0700 23.02 140,74 -0.1498E 02 6.0 9.0 6.0 0.0 8.0 0.0
5 n,0750 23.85 109.90 -0,1636E 02 0.0 0.0 3.9 g.0 9.0 0.0
0.0800 24,11 75,38 -0.1897E 02 0.0 a.0 0.0 0.9 8.0 0.0
f1.08850 24,39 16.560 -0.2098E 02 8.0 6.0 0.0 0.0 6.0 0.0
- 0.0900 24.47 -5.88 -0.2298E 02 8.0 0.0 6.0 9.0 9.0 6.0
A 0.09850 24,15 ~39,16 -0.1149E 02 0.0 8.0 0.0 6.0 0.9 0.0
- 0.1000 24,12 =30.26 -0.2825E-11 a.0 0.0 0.0 0.0 8.0 7.0
0, 1050 23.60 -50.26 0.0 8.0 0.0 6.0 0.0 0.9 2.0
8.1100 23.61 -30,26 0.0 0.0 4.0 n,0 0.0 0.9 9.9
! n.1150 23.38 -50.26 4.0 0.0 0.0 0.0 0.0 2.0 8.0
-4 0.1200 23.11 «50.26 0.0 6.0 8.0 0.0 0.0 0.0 6.0
il 0.1250 22.86 “50.26 0.0 N0 0.0 9.0 0.0 0.0 6.0
4. 1300 22,51 «50.26 0,0 0.0 g.0 0.0 0.9 9.0 0.0
14,1350 22.36 ~50,26 0.0 8.0 0.0 a.n 0.0 0.0 8.0
i a., 1400 22.10 -50.26 0,0 0.0 0.0 5.0 0.0 8.0 0.0
i 8.1450 21.85 =50.26 0.0 Q.0 8.0 a.0 6.0 0.0 0.0
: a.1500 21.60 ~50.26 0.0 9.0 6.0 0.0 0.0 0.0 0.0
. 4.1550 21.35 -50.26 0.0 9.0 0.0 G.0 0.9 8.9 0.0
- 0.1600 21.10 ~50.26 0.0 0.0 8.4 0.0 2.0 0.0 6.0
B 90,1650 20.85 -50.26 0.0 0.0 2.9 n.0 a.0 8.0 0.9
fj n. 1700 20.560 -50,26 0.0 Q.0 0.0 0.0 0.0 8.4 .0
o 3.1750 20.35% -50.26 0.0 e.0 6.0 .0 9.0 8.4 0.0
T . 1800 20,09 «50.26 0.0 0.0 0.9 0.0 6.0 0.0 8.0
— 0.1850 19,84 -50.26 0.0 8.0 8.0 0.0 0.0 0.0 0.0
s 0.1900 19,59 «50.26 0.0 8.0 0.0 8.0 6.0 0.0 0.0
P 0.1950 19,34 -56.26 0.0 8.0 0.0 g8.90 0.0 0.0 2.0
e 0.2000 19,09 «50.26 0.0 0.0 0.0 0.0 8.0 8.0 0.0
3
;j TABLE 0. HOMWAL QUTPUT OF YLIICLE VALUES
T
t
3
i.:;
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A HREE DIMENSINNAL CRASH VICOCTIM SIMULATOR QUTRUT DATA FEB 23, 1871

B 2-D V8. 3-D COMPARISON, TEST NO. A«045, SATUNATION TEST Page 7
UNITS ARE INCHES, DEGREES, POUNDS, AND SECONDS UNLESS NOTED.

v I BODY EINEMATICS

ol PNREN

TIME X-DISP. X-VEL. X~ACCEL. - Y-DISP, Y<VEL. Y<ACQCEL. %-DISP. Z.VEL. Z-ACCEL.

a 0.0 19.40 5316.10 -0.21542 0o 2.0 0.0 =0.3771E-03 18.00 6.0 G.5063E 00
0.0650 19.48 535.685 =-0.2794E 00 -0.00 «0.00 -0,3763E-02 18,00 1.04 0.6243%E 00
3.0100 19.74 534,92 =-0.5235E 06 =-9.00 -0.00 -0.3779E-03 18.01 2.63 ¢.11108 01
- 0.0150 20.28 532,88 -4.2218E 01 -0.06 ~0.20 -0.43742 00 18.03 3.34 0.7T698E 01

el T
‘ ‘yi s :

0.0200 20.9%4 525,48 ~0.5453E 01 -0.00 «1.93 -0,1322E 0% 18.07 8.92 0.1T96E 01
0.0250 271.58 S12.01 =-0.3408E 01 -0,02 -4.88 «-0.1640E 01 18,12 12.99 0.247T9E O
0.0300 22.24 492,484 -0.11522 02 =-8.05 «8.17 -0.1740E 01 18.20 19.36 0.2908E 01
17,0350 22.91 467.32 -0.1489%E 02 -0.10 »~11.54 ~-0.1736E 61 18,30 23.69 0.2576E 01
d.n40n 231,58 435,17 -0.1813E8 02 -0.17 14,83 -0.1665E 91 18,43 28.13 0.1958E 01
0.0450 24,19 337.533 «0.2096E 02 ~-0.25 +17.97 «0.1579E 01 18.58 31.02 0.1013E oY
» 6.0500 24.75 354.99 -0.2273B 02 ~-0.35 -21,00 -0.1486E 01 182,74 3t .82 =0.8515g~-01
o3 9.0550 25.21 310.46 =-0.2334E 02 -0.46 =23.54 -0.1150E 01 18.3%0 31.07 ~0.8708E 00
0.0600 25.68 268,36 ~0.1831E 02 -0.58 »25.17 «0.6034E 00 19.0% 32.99 0.38551¢ 01
8.0650 25.96 244,62 -+0.1437E 02 ~-0.71 «26.44 «0,10248 01 19.28 58.41 0.2421 01
Eh: 8.0700 26.31 200.42 -0.2618E 02 -0.85 =27.55 ~0.18378 00 14 .58 5% .42 -8.52122 o1
éﬂi 0.0750 26.35 148.38 «0.2766E 02 -0.99 -27.57 0.182¢0E o0 19.82 41.80 «0.8143E 01
125 3.0800 26.59% 33.81 -0.2875E 02 -t1.12 +26.80 0.1214E 00 19.99 24 .62 «0.44628 01
8.0850 26.74 17.468 -0.2924g 02 =-1,25 -25.18  0.1942E 0Y 20.07 5.886 ~0.4818 01
0.08%00 26.71 -18.69 «0.2896E 02 -1,37 =22.90 GQO01293E 0% 20.0% ~12.88 ~0.44542 O1
.¢? 0.0950 26.60 «73.88 «0.27398 02 ~1.48 -20.23 0.1458E 01 19,94 -30.08 «3.8197E 01
C 9.1000 26.34 -123.46 ~0.24182 02 -1,38 =17.24 0.1645E 01 19,75 -43.91 =0.5967E 0%
Lo a,1050 125.86 ~165.90 ~0.1961E 02 -1.63 =13,99 0.18N6E 01 19.51 +52.69 =-0.3041E 01

8.1100 25.20 -159.,02 -0.1468E 062 -1. 7M1 -16.38° 0.1789E 01 19.24 +55.57 0.2157E-01
0.1150 24,39 -221.58 -0.5270E 01 ~1.76 -6.76 0.2823F 01 18.36 -51.39 0.8816E 01
0.1200 23,51 -222.7% ~-0.2292E 00 -1.78% «1,98 0,14712 01 18,77 «26.1% 0.8728E 01
Q.1350 22.85 «228.T77 -0.2677E 01 -1.7% =0.33 0.36B3IE 00 18.66 -22.48 -0.2930E 00
0.1300 21.75 -231.22 «0.4916E 00 -1.78 -3.1% @,3056E-01 18.54° -25.20 -0.16202 o1
8.135¢ 20.85 -231%1,3R 0.2453 00 -1.79 ~0.46 -0.2847E 00 18.40 28.88 -~0.2164E 01
0.1400 19,84 -230.77 0.7352E 00 ~1.79 ~1.16 =0.4422E 00 18.55 -32.)1 ~3.1618E 0%
3.1456 19.05 ~227.30 0.2568E 01 -1.80 =2,11 -0,53708 00 18,08 -36.17 -0,22188 M1
0.1500 18.18 -221.75 0.32558 o1 -t.81 =3.22 +0.59271E 00 17.89 -40.47 -3.2424E 01
0.%350 17,34 214,42 0.42792 01 -1.83 4,34 -0.5546E 00 17,57 -45.83 ~¢.3025E 0%
0.1600 16,54 +205.62 0.4931E 01 -1.85 5,33 «0.45678 00 17.43 .52.01 -1.33708 M
G.1650 15,79 -195.08 0.6052E 01 1,88 6,06 ~0.2899E 00 17,15 -58.90 -0.3788E 01

fq 2.1700 15,09 -182.22 0.7244E 071 1.1 -6.07 0.3560E 00 16.84 -65.90 -0.3300E 91
ot G.1750 14.47 -167,28 0.BT98E 01 -1.94 -4.617 0.11972 Q1 16.49 -71.44 «0,2286E 01
= 0,1800 13,93 -150.79 0.87B3E 01 1,36 -1.07 0.2505B 01 16.13 -73.51 0.1263E 00
' 0.185¢ 13,47 -133.43 0.91538 0% «1.95 4.73 0.3293E 0% 15.76 =71,50 0.1693E 00
ey 0.71300 12.09 ~115.66 0.4176E 01 ~1,91 11.50 0.3665E 01 15,42 -87.19% 0.2719E 01
N 0.1950° 12,81 =-58,22 0.8813E a7 ~-1.33 18.74 0.3792E 01 135,10 ~-61.06 0.3826E 01
R 0.2000 12.61 «B1.79 0.81628 01 -1.72 26,02 0.3701F 0t 14,31 53,21 0.44828 M
- ) TABLE 11. NORMAL OUTPUT OF TORSO VALUES
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R

i S

TIME

0.0

0.0050
0.4100
0.0150
0,0200
0.0250
8.0300
0.0350

A onann

TeuT Uy

0.0450
0.0500
0.0550
0.0600
0.0650
0.07¢0
0.0750
¢.o800
g.0850
0.0900
0.0950
0. 1000
0.1080
2.1100
0.1150
0.1200
0.1250
0.,1300
0.125%0
80.7400
6.1450
0.1500
0.1550
0.t600
0.1650
¢.1700
0.175¢
0.1su0
G.1850
g.1300
0.1850
0.2000

THREE DIMENSIONAL CRASH VICTIM SIMULATCR OUTDOYT DATA FEB.
2-D VS. 3<D COMPARISON. TEST WO. A-045, SATURATION TEST
UNITS ARE INCHES, DEGREES, POUNDS, AND SECONDS UNLESS NOTED.

BODY KINEMATICS

TORSO
Yaw PITCH
ISP, VEL. ACCEL. DISP. VEL. ACCEL. DISP.
0.0 0.0 g.¢ 20.00 0.0 0.8638E 02 0,0
=0.00 0.00 +«0.1855E-01 20.00 .08 ~3.1986E 03 0.00

«0.00 -0.00 =-0.7021E-01 15.99 «3.24 -3.1324E 04 0,00
=3.00 =3.90 -G.3249E 04 19.96 =12,30 =0.8619€ 03 -0.00
=0.09 =36.28 -0.9262E 04 19,30 =7.10 0.2903E 54 -0.06
~0.39 -79.79 -0.6878E 04 19.91 t31.80 0.50988 04 -0.27
-3.85 -99.51 -Q0.5584E 03 20.05 43,46 0.6861E 04 -0.61
-1.32 -33.75 0.6B85FE 04 20.36 81.75 0.83128 04 -1.04
=1.563 =32.5% 0.1316E 85 24.88 124.682 G.8699E 04 -1.44
-1.61 40.82 0.1550E 05 21.61 166,16 0.75492 04 -1.7%
-1.22 109.45 0.1172E 05 22.52 196,58 0.378SE 04 -1.88
~0.55 157.91  0.7229E 04 23.52 199,99 «0.2380E 04 -1.85
0.37 191.52 0.2S513F 04 24.45 140,38 ~0.3990E 05 -1.66
1.22 173.61 «Q.7263E 04 24.50 -123.54 ~8.4588E 05 -1.41
1.9%4 106.37 «Q0.1753E 05 23.81 ~196.00 =0.3143E 04 -1.32
2.24 13.99 «0.1828F 05 22.61 -201.54 0.1106E 04 -1,30
.10 =65.98 -0.1282E 0S5 21.64 -184.59 0.5618E ¢4 -1.37
1.65 -108.26 -0.3782E 04 20.80 «146,.82 0.3377E 04 -1.49
1.09 -105.28 0.4724E 04 20.19 53,73 @.T132E 05 ~-1.60
0.86 -61.80 0.1251E 03 19.87 -39,02 0.3987E 04 -1.63
0.54 17.10 0.1857E 0S8 19.78 3.85 0.5549E 04 -1.75%
0.87 115.39 0.1375E 0S 13.83 13.83 «0,4534E 03 -1.77
1.68 208,16 0.1S31E 05 19.87 -2.78 ~0,59218 04 =1.74
2.86 267.74 O0.672BE 04 19.76 +58,82 -0.3131E 05 -1.69
4.20 267.17 -0.42488 04 18.93 -278.20 «~0.3697E 05 ~1.55
5.45 228,32 -0.9416E 04 17.29 ~352.41 ~3.8065E 04 -1,47
6.49 188,55 -0,635%E 04 15.43 -391,03 «0,6813F 04 -1.48
7.38 163,08 -0.3489E 04 13.41 -417.81 ~0,3974E 04 ~1.56
g.13 144.78 ~0.5101E 04 11.27 «435.30 ~0.2167E 04 -1.70
8.72 73.98 -0.22B1E 05 9.09 -434.861 0.1862E 04 ~1.938
8.78 =49.34 +0.223%E 0S5 6.95 -418.98 0.4755E 04 -2.38
8.29 «141.41 -0,.1676E 08 4.93 -384.77 0.8761E 04 -2,.92
7.37 -227.03 -0.1722E 05 3.13 -332.%0 0.1215E 05 -3,52
6.02 <-310.46 «0.1576% 0% 1.63 264,238 0.1496E 05 -4.15
4.29 =379.11 -0,1112E 05 0.51 -182,97 0.1758%E 05 -4.79
2,28 -417.43 -0.3H03E 04 -0.18 +88.79 0.2013C € -5.42
Q.18 416,68 0.4228E 04 «0.36 19.09 0.2297E 05 -5.97
«1.81 -374.02 0.1289E 0§ .03 124.56 0.2497E 0% -6.36
~3.49 -289.28 0.2072E 05 1.85 266,54 0.2567E 05 -6.53
-4.65 -170.71 0.2626E 05 2.70 3%2.1 0.2441E 05 ~6,44
-5.16 =31.13 O0.2915E 05 4.95 507.19 0.2120E 05 =~-6,02

L I BN I B

TABLE 11. NORMAL CUTPUT OF TORSO VALUES (page 2)

23, 19N
PAGE 8

ROLL

g.0
0.0
0.0
«2.61
-24,51
«56,79
-79.97
-86.20
~73.62
~45.09
«10,36
23.25
49.13
37.90
11.39
«5.88
-20.33
~26.20
-28,.19
-15.08
-8.99
0.42
2.05
15.70
27.22
6.63
-9.09
-21.86
-~18.38
-67.12
98,59
114,90
123.54
128,29
128.62
120.36
-97.23
-57.38
-8.97
49.05
12%1.28%

RCCEL,

0.12108
0.11978
a.11708B
-0.21848
«0.6341E
-3.58578
«8.3011E
0.6149E
0.4325E
0.6922%
0.63845E
0.6330E
0,3554E
=J.1186E
«0.2735E
«3.3590E
-0.1911E
0.2889%
G.1029E
0.1018%
0.15518
3.2077E
0.9812E
0.8642E
-0.5609E
«0,.3501E
-0.2613E
«0.2550E
=0,41368
-~0.6929E
-0.4815E
-0.,2258E
«0,1249E
-0,7728E
0.8365E
0.,2588E
0.6594E
0.8862E
0.1052E
0.1287e
0.1614E

01
01
01
N4
o4
04
04
a1
04
04
04

04

04
05
04
04
04
a3
04
04
04
04
03
04
04
04
04
04
04
04
o4
04
04
03
03
04
o4
04
05
as5
05

¥
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THREE DIMENSIONAL CRASE VICTIM SIMULATION CUTPUT DATA PEB 23, 1971
240 VS, 3-D COMPARISOM. TESYT NO. A~-045, SATURATION TEST PAGE 11
UNITS ARE INCHES, DEGREES, POUNDS, AND SECONDS UNLESS NOTED.

BELT LOADS
| LEPT RIGHT LEPT RIGHT SUM O SUM QF
Bw TIME SHOULDER SHOULDER SEAT BELY SEAT RELT SHOULDER RESTRAINTS SEAT BELTS
i
a.a 8.0 6.0 - 0.0 a.0 0.0 8.0
0.0050 0.0 0.0 12.5 12.5 6.0 25.0
- 6.0100 9.0 0.0 80.6 60.86 0.0 121.2
0.6156 126.2 6.0 172.9 173.6 120.2 346.5
¢.0200 385.6 0.0 301.9 316.1 385.6 617.3
- 0.0250 568.8 79.2 470.7 459.9 672.0 B70.6
(’g 0.0300 788.2 146.8 516.6 6§99.3 375.0 1125.%
L) 0.0150 977.8 n1,9 632.0 764.2 1279.7 1396.2
%.0400 1153.1 409.7 758.8 313.0 1562.8 1671.7
0.0450 11387.1 488.3 85,5 1045.3 1795, 4. 1940.8
. 8.0500 1400.0 500.0 1035.1 1155.7 1900.0 2100.8
%.xj 0.0550 1400.0 S00.0 1165.5 1242.0 15040.0 2408.5
J 0.0660 1400.0 500.0 1273.8 1292.5 1200.0 2572.3
6.0650 1400.0 488.3 13867.5 1287.3 1898.3 2594.8
9.0760 1400.9 485.5 1362.3 1264.5 1885.5 2566.8
8.0750 1400.0 476.2 1269.1% 1249.6 1876.2 2518.7
0.0800 1470.0 479.8 12154 1243, 1879.6 2458.4
4.0850 1430.0 © o 485.3 1156.1 1244, 1 1896.3 2400.1
9.0908 1395.2 500.0 1107.4 1251.2 1895.2 2158.5
$.0950 1349.2 506.0 1066. 4 1247.4 1849.2 . 2313.8
, 0.1000 1287.7 493.2 1006. 4 1195.6 1735.9 2202.1
e 90,1050 1030.4 466, 1 919.0 1083.3 1516.9 2002.1
i 0.1100 807.5 398.7 816.9 923.9 - 1206.3 1734.8
8.1150 533.0 196.1 678.7 730.3 839.1% 1409.1
¢.1200 265.2 186.0 484.5 . 484.2 476.1 968. 7
= 0.1250 20.5 53.6 270.5 247.2 150.2 517.7
‘;? 48,1300 8.0 0.0 111.5 100.6. 0.0 212.2
J 90,1350 0.0 8.0 0.0 0.0 0.0 v 0.0
0.1400 8.0 0.0 0.0 6.0 6.0 0.9
— 0,1450 3.0 0.0 6.0 0.0 0.0 0.0
, 0.1500 0.0 0.0 0.0 0.0 8.0 0.0
i 0.1550 6.0 9.0 6.0 8.0 9.0 0.0
i 0.1600 8.0 6.0 0.0 6.0 6.0 0.0
0.1650 8.0 0.9 0.0 0.0 0.0 0.9
. 8.1700 8.0 119.9 0.0 0.0 119.9 0.0
~ 0.1750 8.0 282.2 6.0 10.8 282.2 10.8
= 2.1800 8.0 446.7 9.0 167.1 446.7 167.1
(. G.185%0 6.0 500.0 0.0 310.3 500.0 310.3
8.1908 0.0 500.0 0.0 419.5 500.0 419.5
4.19%0 0.0 500.0 0.0 485.3 500.0 495.3
fom 0.2000 0.0 $00.90 0.0 548.9 500.0 548.%
f.r-g
o _ TABLE 12. NORMAL OUTPUT OF HELYT VALUES
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TIME

2.0

0.00590
6.0100
0.4150
0.0200
3.0250
0.0300
0.0350
0.0400
0.0450
0.0500
2.0550
0.0600
¢.0650
0.0700
G.0750
0.0800
0.0850
Q2.09%00
0.0950
0.1000
0.1050
0.1100
0.7150
g.1200
¢.1250
0.1300
0.1350
0.1400
0.1450
0.1500
0.1550
0.1600
¢,7650
0.1700
0.1750
.1800
0.1850
2.19¢00
0,1850
0.2000

UNITS ARE INCHES,

THREE DIMENSIONAL CRASH VICTIM SIMULATOR OUTBUT DATA
3= COMPARISON. TEST NO. A~-045, SATURATION TEST

2-0 Vs,

LEFT SHOULDER

X

1l.s6
13.5
33.0
32.2
31.2
4.5
26.8
28.8
2B.4
28.86
27.7
27.6
27.8
27.2
26.8
26.6
26.3
26.0
25.8
25.5
25.4
25.1
25.1
25.4
25.5
25.6
25.7
25.9
25.9
25.9
25.9
26.0
26.0
25.9
25.8
5.7
25.6
25.6
25.9
26.5
7.6

b4

68.1
68.2
68,4
§3.0
69.7
70.3
71.1
71.8
72.5
73.3
74.0
T4.6
75.2
75.8
76.6
77,9
77.6
77.9
78.1
78,3
78.4
78.4
78.8
T8.2
77.9
77.7
77.5
77.2
76.8
74.5
76.3
76.1
76.9
75.8
75.7
75.6
78.4
74.9
74.0
72.8
T70.7

Z

65.9
66.0
6.3
§6.8
67.4
67.8
68.1
68.2
68.3
68,2
68.0
67.8
£§7.5
87.3
67.2
67.2
67.2
7.3
67.4
67.6
67.8
67.9
67.9
67.9
67.9
67.9
€7.9
88.0
68.2
§8.3
68.4
68.6
68.7
8.8
69,0
8.2
9.5
69.8
70.2
0.8
71.2

TABLE

X

72.5
72.3
7.5
69,8
7.8
66.0
64.1
62.1
60.3
58.6
37.2
56.0
55.0
54.1
53.1
52.3
31.9
51.7
1.9
52.3
53.2
54.8
56.9
59.5
62.23
65.1
68.1
7.2
74.4
77.8
B0.6
23.3
85.7
27.7
89.4
90.7

91.7

92.4
92.9
33.2

DEGREES, POUNDS, AND SECONDS UNLESS NOTED.

BELT ANGLES
RIGHT SHOULDER
e z
108.2  154.3
108.2  154.1
108.1  133.§
108.0  152.4
107.4  151.0
107.5  149.6
107.4  148.0
107.3  146.3
107.2  146.7
107.2  143.2
107.3  1a1.8
107.5  140.6
107.8 1395
108.1  138.4
108.5  137.2
109.8  136.7
109.4 1355
109.7  135.1
110.0  135.1
110.3  135.3
110.6  136.0
110.9  137,3
11,1 139.1
111.7 141.2
112.1  143.3
112,0  145.3
113,14 147.3
113.4  149.2
113.7  151.1
113.8  152,7
113.9  154.1
1137 135.2
113.5  156.1
13,1 156,7
112,7  157.3
112.9  157.7
111.8  158.1
111.4 158,35
110.9 158,93
110.4  159.3
116.0  159.7

33.5

12.

LEFT SEAT BELY

X

58.2
58.90
§7.1
§5.2
$3.1
51.1
49.0
46.8
44.6
42.5
40.5
ig.?
17.3
5.8
34.8
1.2
312.5
32.2
32.3

32.8
2.7

351
7.0
39.2
41.5
44.0
46.95
50.2
54.0
58.2
6%.0
68,2
73.7
74.2
84.4
8%.0
92.8
95.4
87.2
97.8
97.4

b4

73.8
73.9
74.0
74.3
T4.7
75.0
75.4
75.8
75,2
76.8
77.2
77.9
78.5
79.1
78.5
79.8
80.2
80.6
as.9
81.2
81.5
g1.6
81.5
1.3
80.9
80.4
79.9
79.3
78.8
78.2
77.8
77.4
77.2
7.0
77.0
771
77.2
77.2
77.3
77.5
7.7

Z

143.4
1432
14274
t40.9
139,90
137.2
135.3
133.3
131.3
129.4
127.7
126.1
124.9
123.6
122.2
121.2
120.6
120.5
120,7
127.3
122.3
123.8
125.7
127.8
110.0
132.4
135.1
138.2
141,7
145.6
149.9
1545
159.0
163,0
165.8
167.1
166.8
166.0
165.4
165,2
165.5

NORMAL OUTPUT OF BELT VALUES {page 2)
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Page 12

RIGHT SEAT BELT

X

s8.2
58,0
57.1
55.2
§3.1
51.0
48.9
46.8
44.8
43.0
41.5
40.3
3%.3
8.2
37.3
36.6
35.2
36,1
36.3
36.9
7.9
19.5
41.8
44.7
47.8
51.8
55.3
59.7
64.6
69.8
74.9
79.8
83,7
87.1
89.7
91.5
92.5
83.0
23.1
82.8
$2.1

Y

106.2
106.1

106,06
105.7
108,313
104.9%
104.5
104,01

103.8
162.6
103.5
103.4
103.7
104.0
104.4
104.9
105.4
105,.8
106.2
106.6
107.0
107.5
108.0
108.6
109.35
110.5
111.35
112.8
113.5
114,2
114.6
114..5
114,1

113.5
112.7
111.8
110.9
110.2
109.5
10%.0
108.6

b4

143.4
143.2
14203
140.9
139.0
137.2
135,3
133.4
131.5
129.8
128,3
127.1
126.0
124.8
123.5
122,58
121.8
121.5
121,5
121.8
122.7
124.2
126.,2
128.8
131.4
114,13
137.4
140.7
144.2
147.6
150.6
153,1
154,95
156.3
157.3
158,2
158.9
1596
160.2
160.8
161.2



The next two pages are concerned with joint values. The first page is the
torques actually produced in each of the joints against motio; in the relative
Euler angles (see Section 2.7). The second page lists the values of the relative
angles together with the position of the hip with respect to the vehicle system.
Table 13 shows the output fo; Joints.

Then there usually follow several pages of contact output. Up to forty
elTipsoid-contact interactions which actually produca force are reported over
the time span of interest, four interactions per page. If more than forty inter-
actions occur, only the first forty uninhibited for printing are reported although
any additional are comnuted and their effects on the metion taken into account.

If this occurs and the information on the additionm interactions is necessary, it
can be obtained by repeating the run after adding W-cards to inhibig the printing
of some or all of the interactions reported in the current run (see Table 7,
W-card).. Table 14 i{s a typical pagé- on contact output showing four interactions.
The force is given rounded to the closest pound so forces less than a half pound
are reported as zero. Deflection Value and Rate is the point of maximum impringe~
ment. Impact X and Y is the modified contacf surface coordinates of the paint of
maximum impringement as explained in Section 2.5 and are inm inches.

The optional kinetic energy printout and the "Injury Dataf part of the ocutput
are self-explanatory and are included as Table 15, The reader who wises to learn
more of the injury prediction features of this simulator is directed to reference
28. |

If the Print Time Step is such that more than forty-one time pofnts occur
during the interval of interest, the complete normal output aoccurs for the first
forty-one time points and then complete normal output is printed for the second
forty-one time points where that last time point of the first printing becomes
the first point of the second forty-one for sake of continuity.
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THREE DIMENSIONAL CRASH VICTIM SIMULATOR QUTPUT DATA FEB 23, 1971 PAGE 23
2-D V8., 3-D COMPARISON., TEST NO. A-045, SATURATION TEST
e UNITS ARE INCIES, DEGREES, POUNDS, and SECONDS UNLESS HOTED.

JOINT FORCES

MOMENTS DUE TO JOINT ELASTICITY MOMENTS DUE TO JOINT STOP
T
R NECK nip NECK HIP
~_2 TIME YAW PITCH  ROLL AW PITCH  ROLL YAW PITCH ROLL YAW PITCH ROLL
0.9 5.8 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0050 -0.0 7,1 0.0 0.0 -0.7 0.0 0.0 0.0 0.0 0.0 0.8 0.0
0.0100 0.0 0.4 .0 0.0 -3.0  -0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0150 -0.0 8.3 0.0 -0.0 -7.6  +0.0 0.0 0.0 0.0 0.0 6.8 9.0
0.0200 -0.7 1.3 -1.3 -1.1 -14.6  -0.4 0.0 0.0 0.0 0.0 8.0 0.2
0.0250 -2.8 1.6 “5.6 -4.8 =225  -1,%3 0.0 9.0 6.0 0.0 0.0 0.0
0.0300 5.7 22.6 -13.7  -16.6  ~30.4  -4.5 0.0 0.0 0.0 0.0 0.0 0.0
0.0350 -7.7 4.2 -25.1 -16.9 -37.4  -7.9 0.0 0.6 0.0 6.0 0.0  0.J
0.0400 6.8 98,0  ~39.1 -21.4  +42.4  ~11.5 0.0 0.6 0.8 0.0 0.0 0.0
0.0450 «1.6  146.6 =~54.2  =22.7  -44.6 +14.8 0.0 0.0 0.6 0.0 0.9 0.0
0.0500 6.2  219.5 -68.2  -20.2  -43.3 ~17.3 0.0 0.0 0.0 0.0 0.0 0.0
9.0550 10,4 297.8 ~74.1 -15,0  -19,1  «18.8 0.0 0.0 0.0 0.0 0.0 0.0
, 0.0600 -7.9  418.1  -67.8 -8.7  -34.,0 -19,0 0.0 9180.8 0,0 0,0 0.0 0.0
' 0.0650  112.6  415.7 -162.5 -2.7  -45.6 -18.7 0.0 12251.1 0.0 0.0 0.0 0.0
0.0700  325.6  376.9 -351.9 1.8 -74.5 -19.4 0.0 5.0 0.0 0.0 0.0 0.0
0.0750  344.1  215.1 -349.6 -0.9  -93.3 -18.3 0.0 0.0 0.0 9.0 0.0 0.0
0.0800  233.7  171.6 =290.7 -8.7  -116.1 =17.2 0.0 6.0 0.0 0.0 0.0 0.0
0.0850  157.8  168.9 -209.8  -19.9 «122.4 -15.1 0.0 6.0 0.0 0.0 0.0 0.0
- 0.0%00 64.7  171.2 91,7 -31.0 -117.1 12,2 0.0 0.0 0.0 0.0 0.0 0.0
0.0950  -90.3  189.5 41.7  -38.6 -100.3 -11.3 0.0 0.0 9.0 0.0 0.0 0.0
0.1000 -235.6  211.0° 176.3  -39.6  -=74.3 -11.4 0.0 0. 0.0 9.0 0.0 0.0
0.1050  -332.2  242.9 287.9  +31.5  -42.8 -13.9 0.0 0.0 0.0 0.0 0.0 0.0
0.1100  -343.4  302.1  332.3  -14,0  +11.2  -19.2 0.0 0.0 0.0 0.0 0.0 0.0
0.1150 -165.3  392.1 291.6 11.4 15.6 -26.9 0.0 6417.5 0.0 0.0 0.0 0.0
9.1200 69.1 397.2 4.9 39.3 22.6 -33.9 0,0 7653.8 6.0 0.0 0.0 0.0
0.7250 147.5  320.5 -34.3 65.0 8.3 -39.8 0.0 0.0 0.0 0.0 0.0 0.0
a.1300  146.1  233.2 2.4 §8.3  -12.6 -43.8 0.0 8.0 0.0 0.0 0.0 9.0
. 0.1350 121,2 158,31  56.3  107.8  -38.3 -45.9 0.0 8.0 6.0 0.0 0.9 0.0
e 0.1400 95.9 58.7  109.5 125,2  -67.4 -46.3 0.0 9.0 0,0 0.0 0.0 0.0
; 0.1450 75.3  -44.0  137.2  139.7 98,5 -45.8 0.0 6.0 0.0 6.0 0.0 0.0
0.1500 56.0 -145.2  156.6 146.9  -129.4  -45.0 0.9 0.0 0.0 0.0 0.0 0.0
0.1550 36.8 -244.2 163.4  146.6 -157.3 -44.5 0.0 0.0 0.0 0.0 0.0 0.0
0.1600 15.0  -377.0 159.9 140.3  -181.7 -44.6 0.0 8.6 f.0 0.0 0.0 0.0
0.1630 -7.8  -428.0 148.5 130.2  -198.9  -45.5 0.0 0.0 6.0 0.0 0.0 0.0
0.1700  -31.5  -498.7  131.3  115.5  -207.7 -47.3 0.0 4.0 0.0 3.0 0.0 0.0
0.1750  -53.7  ~550.6 1714.0 98.8  -207.3  45.7 0.0 0.0 0.0 0.0 0.0 0.0
g.1enn e, 29,6 19%.4 22, -197.8  -51.6 0.3 0.0 4.0 0.0 0.0 0.0
n.1850  -76.1 -628.7  97.8 70.2  ~178.5 -51,5 0.0 6.0 0.0 0.0 0.0 0.0
0.1900  -66.3 -646.4  110.5 63.8 -152.9 -48.2 0.0 6.0 0.0 0.0 0.0 0.0
0.1950  -40.6 -647.3 139.4 65.7 -118.6 -41.3 0.0 6.0 0.0 0.0 0.0 0.0
0.2000 1.2 -629.4 181.¢ 77.2  -77.0 +31.0 0.0 ¢.0 0.0 0.0 0.0 0.0

TABLE 13. NORMAL OUTPUT OF JOINT VALU
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THREE DIHMENSIONAL CRASH VICTIM SIMULATOR OUTPUT DATA FEB 23, 197! PAGE 14
2-D VvS. 3-D COMPARISON. TEST NO. A~-045, SATURATION TESYT
UNITS ARE INCHES, DEGREES, PODNDS, AND SECONDS UNLESS NOTED.

RELATIVE EULER ANGLES RELATIVE UIP POSITION
READ LEGS
TIME YAW PITCH ROLL YAW PITCH ROLL X ¥ z

9.0 6.0 -35.0 ¢.0 0.0 -13.0 8.0 22.26 0.0 25.87
0.0050 0.0 =35.0 =0.0- -0.0 «13.0 0.0 22.34 -3.00 25,87
0.0100 ¢.0 «35.0 «0.0 ~0.0 -12.8 g.0 22.60 -3.00 25.88
- 4.0150 ¢.0 «35.0 ¢.0 0.6 =12.5 9.0 23.14 «3.00 25.90
0.0200 0.t =35.1 G.1 0.1 «12.0 0.0 23.79 «0.00 25.94
0.0250 0.3 -35.7 3.5 0.3 =11.4 0.1 24.43 =0.00 26.00
- 0.0300 8.5 ~37.2 1.3 g.8 ~10.8 0.3 25.11 «0.01 26.07
0.0350 2.7 ~39.7 2.4 1.2 «10.1 0.6 25.83 «0.02 26.16
n.0400 0.6 ~43.6 3.7 1.5 =10.90 0.8 26.36 ~3.04 26,26
0.0450 0.2 «4%.0 5.2 1.6 3.8 1.1 27.28 -0.08 26.1317
0.0500 “0.6 -56.0 6.6 1.4 9.9 1.2 27.96 -6.14 26.47
0.0550 -1.8 -64.3 7.1 1.1 -10.3 1.3 2B.936 =0.22 26.57
ﬁ? 0.0600 0.6 «78.5 6.0 0.6 -10.6 1.4 29.00 -0.32 26.67
S 0.06540 -10.7 =74.7 15.5 0.2 -9.7 1.3 29.43 =0.43 26,30
é% 0.4700 -31.1 «63.7 33.6 0.1 7.7 1.4 29.65 «0.54 27.25
01,0750 -32.9 =55.5 3.3 a.1 5.9 1.3 19,76 -0.87 27,55
92.0800 -28.0 «57.4 27.8 9.6 -4.7 1.2 29.77 =0.81 27.77
9.0859 ~16.9 -50.4 19.5 1.4 -4.2 1.1 292,71 «0.938 27.8%
0.0%00 -5.2 -51.3 8.8 2.2 -4.5 0.9 29.50 ~1.08 27.9%9
0.0950 8.0 -50,1 =4,0 2.8 «5.8 0.8 29.44 «1.20 27.81
0.1000 2.5 -56.2 -17.8 2.8 -7.7 9.8 29,17 -1.29 27.63
0.1050 1.7 «~58.2 -27.3 2.2 ~9.9 1.0 28.790 -1.35 27.38
g G.1100 32.8 «66.8 -31.7 1.0 «12.2 1.4 28.04 -1.38 27.31
fi{ﬁ 0.1150 16.1 -72.4 -19.2 -3.8 -14.1 1.9 27.21 -1.37 26.84
i 0.1200 6.6 -72.9 -0.5 =2.8 14,6 2.4 26.22 =1.,35 26.693
0.1250 ~14.1 -65.6 3.3 4.7 -13.6 2.8 25.11 -1.33 26.45
0.1300 ~14.0 -57.8 -0.2 «6.3 ~12.1 3.1 23.94 «1.32 26.561
- 0.1350 -11.6 -49.4 5.4 7.7 -10.3 3.3 22.74 -1,31 26.35
L 0.7460 «9.2 -49.3 -3.9 -9.0 8.2 3.3 27.53 ~1.39 26.48
id 0.1450 -7.2 -30.8 -~113.1 «10.90 «5.9 3.3 20.31 «1.31 26.34.
- 0.1540 ~5.4 -21.1 -15.0 «310.5 «3.7 1.2 19.12 -1.31 26.19
. 0.1559 -31.4 «11.7 =15.6 =10.5 «1.7 3.2 17.99 «1.30 26.00
¥ 0.1600 -1.4 -2.8 -15.3 =10.1 2.0 3.2 16.52 »1.29 25.77
: 0.1650 3.7 6.1 «14.2 -5.3 1.2 3.3 15.96 -1.26 25.50
0.170%0 3.0 12,0 -12.68 -8.3 1.9 3.4 15.11 -1.21 25,18
0.1750 5.1 17.6 -10.9 =71 1.8 1.6 14.41 1,15 24.83
-y 0.1800 6.7 22.0 -3.6 -5.9 1.2 3.7 13.87 -1.09 24.46
A 0.1850 7.3 5.1 =3.3 5.0 0.1 1.7 13.50 -1.02 24,09
;g 0.1960 6.4 26.7 -10.6 4.6 «2.0 3.4 13.30 -0.97 23.74
0.1950 3.9 26.8 =13.3 -4.7 4.5 3.0 13.28 -0.33 23.41
0.2000 -0.1 25.1 -17.3 -5.5 =7.5 2.2 13.41 -0.%1 23.11

53 TABLE 13, NORMAL OQUTPUT OF JOINT VALUES {page 2)
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THREE DIMENSICNAL CRASH VICTINM SIMULATOR QUTPUT DATA FEB 23, 1971 PAGE 19
2+D V5. 3-D COMPARISON. TEST NO. A«045, SATURATION TEST
UNITS ARE INCHES, DEGREES, POUNDS, and SECONDS UNLESS NOTED.

BODY XINETIC ENERGY

TRANSLATIONAL ROTATIONAL TOTAL
- TIME  TORSO HEAD  LEGS ALL TORSO HEAD LEGS  ALL TORSG  HEAD  LEGS ALL
o 5.0 33526. 5863. 18681. 53170. o. 5. 0. 0. 33626. 5863. 18681. 58170.
0.005¢ 33570. SB864. 18615. §8049. 0. 0. 0. 0. 33570. 5864. 18616. 58049.
0.0100 33479. 5866. 18492, 57837. 0. 9. 1. 1. 33479. 5366. 18491, 57837,
0.0150 33226, 5862. 18208, 57246. 0. 0. 2. 2. 33226, 5862. 18210. 57299,
E: 0.0200 32317. 5804. 17582, 55813. 1. 0. 4. 6. 32318, 5804. 17657, 55819,
L . 0.0250 30635, 3684. 16922. 53300. 5, 3. 7. 4. 36700, 5686. 16928, 53314,
Sy 0.0300 23466. 3507. 15874. 49840. 12. 3. 9. 31 28478. 8816. 15Q83. 43877,
uCQ 0.0350 25633. 5271. 14537, 45441, 22, 22, 12. %6, 25655. 5293, 14549, 45497.
. 0.0400 22296. 4373, 12923. 40192. 36. 45. 13, 54, 22331. 5018. 12937. 40286.
S : 0.0450 18640, 4511. 11083. 34335, 56.  79. 13. 148. 18696. 4690. 11096. 344832,
3 0.0500 14916, 4189. 9107, 28212. 1. 123, 11, 214, 14993, 4312. 9318, 284231,
: 0.0550 11455, 3731. 7105, 22281. 83. 170. 3. 261. 11537. 3901, 7114. 32553,
D.0600  9628. 2894. 5115, 16637. 49, 140, 3. 198, 8678. 3034. 5123, 16835,
0.0650 7482,  934. 3013, 11434. 44. 149. 26, 219, 7526. 1083.  3043. 11653,
?ﬂ 0.0700 514B.  $05. 1753.  740S. 7%. 187, 19, 282, 5323, §92. 1172, 7888,
4 3.0750 2869,  277. 92%. 4071, 72, 74, a. 153, 2941, 351, 933. 4225,
o 6.0800 1185.  144. 408, 1736. 81,  43. 3. 107, 1246. 187, 411, 1344,
0.0850 244. 75. 158, 477, 43, 64, 9. 116. 287. 118, 167. 5913,
w@ 0.0900 122, 45, 148. 11s. 2. 104.  26. 151, 142. 150, 174, ag6.
o 0.0950 784. 46. 175. 1205, 4. 125, 49, 179, 788, 172, 424, 1384,
& 0.1000  2044. 37T. 846. 2977. 1. 109. Ti. 180, 2044.  196. 317,  3157.
0.1050 3568, 183. 1541, 5292. 18, 96. 81, 182, 3§77, 273, 1624. 5474,
0.1100  S008.  334. 2386, 7728. 28. 129, 81, 238. $036. 463, 2467. 79§66,
. 0.1150 6059. 516, 3295, 9863. S1., 206, &4, 320. 6109,  722. 3353, 1g134.
i 0.1200 5887. 135, 4437, 11610. 182.  73. 22. 2717 §070. 1388. 4459, 11315,
- 0.1250 6182, 1637. 5052, 12871, 256, 106, 13. 375. 6438. 1743. 5065. 13246,
0.1300 6329, 1701. 5373, 13404. 297. 117.  10. 423. §627. 1818.  5383. 13327,
0.1350 6361. 1739. 55864. 13664. 331, 132, 7. 470, 6692. 1871. 5571, 14134,
- 0.1400 6340. 1752, 5631. 13791, 156, 143. 6. 505. 6705. 1895. S$687. 14296,
i 0.1450 6798, 1741.  5§10. 13549, 348, 147. - 6. s01. 6546. 1888, 5616. 14450,
L 0.1500 5947. 1708. 5352. 13006. 323, 144, 7. 474. 6270. 1852. 5358. 13480.
0.1550 5627. 1658.  4921. 12208, 284, 135, 8. 426. 5911, 1792.  4930. 12634,
- 0.1600  S5266. 1596. 4354, 1121§. 235. 119, 10, 3&4, 5501, 1715,  4364. 11580.
- 0.1656 4863, 1528.  3879. 10071. 190. 100. 14. 304, 5053. 1629.  3693. 10374,
:i 3.1700 4397, 1458, 2938, 8793, 150.  82. 20. 258. 4553, 1540, 2957.  ag51.
1o 0.1750  3g7z. 1382, 2197, 7451, 133. 65, 27. 225. 4004. 1447, 2224, 1876,
3.1800 3293, 12%3.  1521. 6107. 121.  s0. 32. 203. 3413, 1343, 1553.  g310.
0.1850 2684. 1188, 957, 4829, 134,  37. 35. 208, 2818. 1225, 992. 5034,
- 4.1960 2109, 1066, 543. 3717, 192, 2B.  36. 256, 2301. 1094, 579, 1973,
i 0.19506  1606. 927. 287,  2830. 308. 26. 36. 370, 1914, 963, 3123, 3201,
3 n.2000 1193.  gos. 172, 2171, 482, 30. 36. 548, 1673.  a3s, 209.  271s.

TABLE 15. OPTIONAL. NORMAL. OUfpOT
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9.

THREE DIMENSIONAL CRASH VICTIM SIMULATOR INJURY DATA FEBR 23, 1971 PAGE 20
2D V8. 3-D COMPARISON. TEST NO. A-045, SATURATION TEST
UNITS ARE INCHES, DEGREES, POUNDS, AND SECONDS UNLESS NOTED.

SUMMARY OF TOLEZRANCE DATA USED IN INJURY CRITERIA

HAXIMUM WEIGHTING
QUANTITY ACCEPTABLE VALUE HATURE OF INJURY OR DATA CODE
SEVERITY INDEX 1. 10006 1. INTERNAL HEAD INJURY. DANGEROUS TO 1. 22/26
LIFE.

HEAD PITCH ACCELER- 2. 2000 RAD/SEC/SEC 2, 50% CHANCE OF CEREBRAL CONCUSSION. 2, 12/28
ATION

HEAD LATERAL G-LEVEL 3. 46 G PCAK 3. HUMAN VOLUNTEER SUBJECT EXPERIENCED 3. 1/26
HEADACHE AND SORE NECK FOR 3 DAYS.
CHEST LOAD 4. 1500 LD 4, RIB FRACTURE OF CADAVER. ‘ 4. 13/26
SHOULDER BELT LOAD 5. 1800 LB COMBINED 5. PREDICTED TOLERANCE LEVEL WITHOUT 5. 1/26
INJURY,
PELVIC RBELT LOAD 6. 5000 LB 6. MAXIMUM VOLUNTARY LOAD. 6. 1/26
KNEE LOAD (EACH) 7. 1500 L3 7. COMMINUTED PATELLA PRACTURE. 7. 12726
CHEST A~P G~LOAD 8. 45 G PCAK 8. VOLUNTEER DATA WITH NO INJURY. 8. 4/26
(DURATION= .09 SEC, RISE TIME = 500
G/SEC) HIGHER RISE TIMES OR LONGER
DURATIONS CAN DECREASE THIS VALUE
SIGNIFICANTLY.
CHEST S-1 G-LORD 2. 25 a PEAK 9. VOLUNTCER DATA. PRACTURED VERTEBRAE 3. 16/26

OBSERVED AT THIS LEVEL.
LIST OF RCFERENCES

GADD, C.W., *‘*USE OF A WEIGHTED«IMPULSE CRITLRION FOR ESTIMATING INJURY HAZARD''®, PROC. 10TH.
STAPP CAR CRASH CONF,, NOV, 1966, DP. 95-100,

OMMAYA, A.K. ET AL, *‘COMPARATIVE TOLERANCES FOR CEREDRAL CONCUSSION BY HEAD IMPACT AND WHIP-
LASH INSURY IN PRIMATES**, 1970 INTERNATIONAL AUTOMCOBILE SAFETY CONFERENCE COMPENDIUM, SAE PUBD.
NO. p-30, P. 808-817,

ZABOROWSKI, A.B., **HUMAN TOLERANCE TO LATERAL IMPACT WITH LAP BELT ONLY'', PROC. B8TH. STAPP
CAR CRASH CONF., OCT. 1964, P. 34~71,

GADD, C.W. AND PATRICK, L.M,, **SYSTEM VERSUS LARORATORY IMPACT TESTS FOR ESTIMATING INJSURY
AAZARD®*, SAE PAFBR HO. 680053, JAN. 1968.

-, ESTIMATED PROBABLE THRESHOLD OF INJURY BY BIOMECHANICS TASK FORCE OF SAE OCCUPANT RESTRAINT
SYSTEMS SUBCOMMITTEE.

STAPP, J.P. AND ENFIELD, D.L., *‘EVALUATION OF THE LAP-TYPE AUTOMOBILE SAPLTY BELT WITH REFER-
ENCE TO HUMAN TOLERANCE®®, SAE PAPER NO. 62ZA, 19S58.

SNYDER, R,.G,,**HUMAN IMPACT TOLERANCE®’, 1970 INTENATICNAL AUTCMOBILE SAFETY CONFERENCE COM-~
PENDIUM, SAE PUB. WO. P-30, P. 712-782.

IBID.

IBID.

NOTE: THE WEIGNTING CODE IS BASED ON VAN KIRK, D.J. AND LANGE, W.A., **A DETAILED INJURY SCALE FOR

ACCIDEUT INVESTICATION®®, PROC. OF THE 12TH. STAPP CAR CRASH CONFERENCE, OCT. 1968, P. 240~
259, MINOR INJURY = 1-4/26, !HODERATE INJURY = B-14/26, MCDERATELY SEVERE INJURY = 12-14/28,
SEVERE INJURY = 16-18/26, CRITICAL INJURY = 20-22/26, FATAL INJURY = 24-26/26.
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4.3 DESCRIPTION OF AUXILLARY PROGRAM QUTPUT.

Auxillary or debugging printout for this program is organized in terms of

sixteen four-level switches. Each switch corresponds to a particular section

of the program. The levels of a particular switch control the depth of detail

of the debugging printout from the section of the program which the switch covers.

Higher levels of a switch include ail the printout from lower levels from the

switch.
The four levels are represented by intergers zero through three. Zero rep-
resents no debugging printout, and high levels are represented by larger integers

as described in Table 16.

TABLE 16. DEBUG SWITCH DEFINITION

0 = summary output only
1 = primary debugging information such as forces
2 = secondary debugging information such as the contributions
to the generalized force vector of each force component.
3 = tertiary debugging information to allow a detailed inspection

of the inner workings of the program.

To avoid needless volume of printing, each of the sixteen switches is al-

lowed to vary its level as a fumction of simulated time during a rum of the

. program. In order to avoid inputing sixteen separate tables of debug level

versus effective time, advantage is taken of the binary characteristics of the
IBM 360/67 computer. The four levels of a debugging switch can be represented
by two binary bits. The possibilities for all sixteen switches can then be
represented by thirty-twe bits. Eight héxadecima! digits also represent thirty-

two bits. Hence debugging control is achieved by use of a table of eight hexa-

decimal digit control words versus effective time. When any or all of the switches

152
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change levels, a new control word in the table is needed. The switches corres-
pond to groups of two bits from the Teft of the word, i.e., switch one is con-
trolled by the left-most two bits, switch two by the next two, and so on. The
switch will take on the specified level at the first time step in simulated time
beyond the effective time spécified.

As an example setup of the hexadecimal debugging contrel word, consider the
case where printout of the quantity "QJ," the joint generalized force vector, is
desired. This is specified under debug switch 4, debug Tevel 2. As each digit
of-the«hexadecimAI word covers two debug switches, this printout will be covered
by the second two bits of the second digit. Because no special printout is de-
sired from debug switch 3, the first two bits describing the second hexadecimal
digit must be "00." Because the desired debug level is 2, the last two bits of
the second digit must be "10." Therefore the second digit takes on the value
“0010% or “2." Thus, the hexadecimal word will be "02000000" at the effective
time.

The table of effective times and control words is specified to the program
by mean§ of the P-card described in Table 7. The total span of simulated time
for the run should be covered by effective times of control words if the P-card
is used at all. Removals from control wor& tables can be made by use of the O-
card with 2 table number of seven and new additions by the P-card again.

The user is warned that the volume of printout is startlingly huge and hence

utmost discretion must be exercised in the use of this feature.

Table 17 contains a detailed 1ist of the sixteen debug switches and the
quantities which will be printed for each debug level of each switch. Table 17
should be used in conjunction with the Symbol Dictionary (see Section 4.8),

Tabie 26, and {in some cases) a listing of the program. Each line in
Table 17 corresponds to one line in the printed output so this table can be used

to identify individual quantities. In some cases, it has been necessary because
153
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of space to enter more than one line for a single printed line in the output.

~ Such “continuation” lines are marked with a *.

Under the column entitled "Quantity" there appears a facsimile of each
output 1ine including the Tine indentification and showing the Fortram name
of each printed quantity. The name of the subroutine from which this print-
out is made is given in the column labelled "Subroutine.™

These printouts are organized on debug switch and debug level and not
on the order in which they appear.

Table 18 contains a summary of the material presented in Table 17 for
the convenience of the user. A shorﬁ description of each set of quantities
is given instead of the explicit format.

Error messages produced by this simulator are shown in Table 19
which is self-explanatory.

4.4 INTEGRATION TECHNIQUES AND PROGRAM CONTROLS

The equations of motion arising in the simulation of the three-dimensionail
crash victim are, in form, a system of twelve simultaneous, nonlinear, second-
order, ordinary differential equations in twelve unknowns. In this system the
second derivatives of the twelve unknowns appear only linearly, so that it is
possible to solve for them in terms of the first derivatives, the unknowns, and
various constants.

Hence this system of equations is integrated by employing predictor-corrector
techniques for an initial value problem, together with a starting method for
initializing the required history of established values. Two separate predictor-
corrector methods are available in the HSRI Three-Dimensional Crash Victim Simu-
lator. The one most commonly used is the classical Milne method as modified by

Hamming for faster convergence. With the Milne-Hamming method, and much of the
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Yogic which surrounds its use, we have followed the approach taken in the
SSP subroutines, HPCG and DHPCG2Z? The ﬁi?ne—Hannﬁng method can be summarized

by Equation (4.4.1).

. o 4At e T . -
Pt = fkpm3 TR 0 m Ty T2 L)

) 8t :
Py = Liay TR o - L Ly Y2 )

x
#
0
1
—
—
(%]
J

k.o = S,0)

) 112
o = Peoy - TaTP%0 = kol

—
=
.
4
.
-

L

. _ 1 - v e - .-

Ck,l - g{gzk,ﬂ b Zk,-z * 3At(Hk.1 +‘sz.o - Zk,-1)]
1 .

Ck,l N ﬁ{gzk,o B Zk,-z * 3At(tk,1 * 2zk,o - Zk,-l)]

. o1
Z, = -m—mztk’1 + 9Pk,1)

1
o, = Tariineg v 9P )

where
Zk,j is the value of the k-th generalized coordinate in the recorded
nistory of established values which corresponds to time t - jat where t is
the last recorded established time and at is the current integration time
step. Note: where k appears as a subscript in a formula, that formula is
evaluated for values of k from cne to twelve before anything else is done.
Zk,j’ik,j are rg;pectiveiy first and second derivatives of the corres-

ponding generalized coordinates.

169



m«ﬂ

e

P are the results of the Milne predictor for the corresponding

WP
KoJ? Kad
generalized coordinates and velocities.

-

Hk l,Hk , are the predictions for the corresponding generalized coordi-

nates and velocities used including the Hamming modification.

ﬂk‘l
and.Hk , as generalized coordinates and velocities.

are computed by evaluation of Equation (2.2.3) using the values
Hk,1

Ck j’tk 3 are the results of the Milne corrector for the generalized
coordinates and velocities. Note: the k implies that Hl,l’HZ,l""’le,l
are all being referred to here.

Zk,l’zk,l are the corrected values of the generalized coordinates and
velacities after the Hamming modification has been applied. These are the
values tested for convergence. If convergence fails with the single correc-
tion, the integration time step is halved immediately.

The alternate predictor-corrector is the classical Adams-Moulton method
wnicn exhibits much greater stability. When this option is. employed, up to

ten corrections are permitted to obtain convergence before the time step is.

halved. The Adams-Moulton method is used both in four-point and five-point

forms based on how many estabiished prints are available in the time histary.

The two forms are presented in Equation (4.4.2).

rour-peint, for k = 1,12:

Pk,i = Zk’a + At(CEZk’O + ngk._l + CIOZk’_Z - Cllzk’_a)

Pear “ &0 * At(clng’l *‘Czozk,g * c212k',1 + °222k,-z + Czazk’_a) (4.4.2)

e R
]

k,1 Zk,o * At(c49pk,1 * C2°zk,o * CZIZk,-L * szzk,vz +'C23Zk,-3)

(Continued on next page)
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Lo

Gt = Zjo +otlensly )+ Caody o +eanly | ¥ Caaly L, * Casly )

¥

(4.4.2
Five-point, for k = 1,12: . continued)

Pk,x = Zk,o + At(Czszk,G + C;ezk,,l + Cx7zk’_2 + Cxazk’-a + Clszk’_“)

P ®Zee * At(czuﬁk,l + cészk,n + °252k,-1 + c27ik,-z + czsik'”a + ngik’_h)
tk,l = ik,o + 5t(c24§k,1 + ngik’a +'c252k.-1 + 52722,-2 *‘ngik’_s + c29ik,—u)
Coi = Lo * atleanly |+ casZy o+ casly | * €l L, * Caaly 5 * C20ly )
where

Pk,z’bk,l’Ck,l’tk,l’zk,j’zk,j"and‘ik,j,have corresponding definitions

as in Equation (4.4.1).
ﬁk , are computed by evaluation of Equation (2.2.3) using the values
p

1 and P as coordinates and velocities.

K, Kyl

c; are the constants presented in Table 20.

Actual experience with the computer program indicates that the Milne-
Hamming method failed only once to achieve good results. A corresponding
run using the Adams-Moulton method did produce good results but at consider-
able expense. On straightforward runs, the twoc methods are approximately
equivalent in efficiency with a slight advantage to the Milne-Hamming. On
runs of moderate difficulty, the Milne-Hamming method {s much better.

Three starting methods are available. The normal method is a Runge-
Kutta procedure as specially modified by Ralstor®to gain maximum convergence.
This methed is highly unstable, but with a partial second iterationifor im-
provement of results, it has never failed in our actual experience. The sec-

ond integration starting method offered is a classical Runge-Kutta method
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TABLE 20. INTEGRATION RULE COEFFICIENTS

—de

4 Ralston Version

— )
-
D L U9

.9166666666666667
- 1.3333333333333333
0.41666666666666667
0.66666666666666667
- 0.083333333333333333
2.2916666666666667
- 2.4583333333333333
1.5416666666666667
0.375
0.79166666666666667

- 0.20833333333333333 Independent
0.041666666666656567 it et

2.6402777777777778
- 3.8527777777777778 methed.
7 3. 6333333333333333

- 1.7694444444444444
0.3486111111111111
0.8972222222222222

- 0. 3666666666666667
0.1472222222222222

- 0.02638383883888889
0.3465277777777778"
0. 9076333888888889
0.3875

0. 1680555555555556

~ 0. 36805555555555556
0.0020833333333333333

el il i ol ] s -
DO W —O W ~NO U WM~

0.5 0.4

0.5 0.45573725421878943
0.0 0.29697760924775360
0.5 0.15875964497103583
1.0 1.0
0.0

Q.0

1.0

0.1

|
€ 0 G G Lo B RS RO 1O 59 10 19 PO DN Y =t = —
RO oSN PN O WK
)

0.21810038822592047
- 3.0509651486929308
3.8328647604670103
0.17476028226265037

iad
i

. 16666666666666667

=

0.33333333333333333

- 0.55748066287873294

Pof fu P G L0 D
N-—»Smmq-

0.33333333333333333 1.20585355993965235
0. 16666666666666667 §.171184781215851803
| Caz + C33
43 Ci0€31
44 Cis + Cag + C37
e 45 C10C3s + 332C37 These are: Computed
46 CaxCan | after the appropriate
3337 values are assigned
47 €3g * C3g + Cyug + Cy C3g through cy;.
48 C30€33 * €32Cu0 * C35Cu1
49 €33Cug * C35Cu1

f@
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with greater stability and less accuracy. Equation (4.4.3) presents a gen-

eral four-point Runge—Kutta method for second-order equations. Specific

By B

Runge-Kutta methods are obtained by an appropriate set of constants Cig

N

Ly through ¢y, and the computed constants cCy2 through c5;. The constants needed
7 for the normal Runge-Kutta are presented in Table 20 in the left column and
= ¥ those needed for the Ralston modification are in the right column.

b ¢

Ej For k = 1,12:

ﬁ tl =

3

j Kk,l = Zk,o

“ Koo © zk,o

L t; = t + C3gAt

- Kk,z = Zk,o +‘C30&t2k,a

K2 ™ zk,o * C3°Kk,1ﬁt

~r
a
]

t + ¢34t
(4.4.3)

ras
]

| | ) ’
Zk,s + ngAtZk’O + Cu3{at) Kk,1

Kk 3 = Zk,O +‘C3zﬁth’l +'C33Ath,2

I
&+
il

t + Caat

Kk’“ = Zk,o - Atc““zk,o + CHS(At)Zkk’i + CQG(At)zKR’Z

Zk’O + Athsz’l + C35¢txk’2 + c37Ath,3

i~
#

K,1 Zk’o + Atc“72k,0 + (At)z(CQBKk’l + CQgKk’z + cngk‘a)

~
~
t

a1 Zk,ﬁ + At(CgaKk’1 + C39Kk,2 + C“OKk,B + C“lkk'q)
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where

Zk 0,Zk aots At,cm Zk 1, and Zk , are as def1ned with Equations (4.4.7)
and {4.4.2), and K K , and K are‘a11 computad by evaluations of

kyl? k 527 K,3 Ky

Equation (2.2.3) using the corresponding tm’Kk m,Kk m given above as coordin-
ates and velocities. T

The third starting method uses the Euler method to establish the second
point, the trapezoidal rule to establish the third point, and Simpson’s rule
to establish the fourth point. This third option uses a regular predictor-
corrector type iteration to establish convergence at each of the leveis.

Equation (4.4.4) shows the formulas used.

Modified Euler Method (one point)

P = ik,o +Atik,a

Pt = HLo +'c2At(ik’0 * bk,l)
G = 2o * 8P+ T )
St T T Czﬁt(tk,l * 2k,o)

Modified Trapezoidal Rule (two points)

bk,l = zk,a * At(cl k,0 Czik,-l) (4.4.4)
pk,l = Zk,e +‘At(cz?k,1 * cezk,u +'c7ik,~l)
Ck,l = Zk,a +'At(csﬁk,1 + Csik,o +'°7ik,-1)
Ceor =& * at{egC kit céik,u + c72k'-1)

Modified Simpson's Rule (three points)

Pk,l = & +‘At(cazk,o + Cuzk,-i *ely -2}

Pk,1 = Zk,e + z:ﬁ:(c“i’k’l + c‘:lzzk.,D 132k - clazk'_z)

174

[ B o

Iurs

[ thh

ST

-l o N

[ 1)



Eead b d

7

boad

O

i
eed

.. '

ki = Lot At(cllpk,l Yeho t €13k -1 +"1uzk,-z)

z

e
i

(4.4.4
} Concluded)

[u}
[

'Zk,c +‘At(czxtk.1 Y. K0 ¥ Clszk,-x * cxuik,-z
where aefinitions are similar to those in Equation (4.4.2).
Oeterminationof convergence is uniform among all the various methods em-
ployed. The absolute error of the weighted averages of first derivatives ob-
tained by two seperate calculations of the solution to the system of equations
at a particuiar time is required to have less magnitude than a specified value.

The convergence test can be expressed by the following inequality.

~

N Ej E;!tif} - 2&2;‘)! <, (4.4.5)

k
where ﬁ is a method scaling constant.

ﬁk are the absolute integration weights. These are the relative inte-
gration weights read in the S-card sequence after they have been normalized

to add to one

Zﬁnz are defined as the current trial values of generalized

velocities at the new time

2&“;1) are defined as the previous trial values of generaiized

velocities at the new time

If the Miine-Hamming method is being employed, N=1, 2£n3 =%, , and

Zinzl) = Hk . (see Equation (4.4.1)). If the test fails, the integration

time step is immediately halved.
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i

/

the time step is halved, the Zﬁt;l are set to therlinz, and the new»Zk 1

Wi

If either Runge-Kutta method is being employed, N = Ts" 2(“) ?ik,1
determined at the original time step and zﬁf{ = Zk,1 determined by two
applications of the rule at half the original time step. If the test fails,

(n)
are determined by two applications of the rule at half the current time step.
This iteration is continued until convergence is attained or until the allowed
number of halvings is exceeded. Once convergence has been achieved, three
points of the required four points in the time history have-beeh'established.
The fourth point is calculated by one more application of the rule at the
half integration step. A single iteration is then taken to improve the four
established values by using four-point interpoiation formuias for the dis-
placements and velocities and a revaluation of the accelerations for the
second, third, and fourth points of the history, each in turn. If the current
time is considered to be that of the last of the four established points,
and At is the half time step, then the equations used in order of application

in the iteration are those presented in Equation (4.4.6).

For k = 1,12,

e = Ly AR +19 Tyoop =5 By * )

I = L3 v 20 (92, _yr19 -5 L)

ber = Loyt (ik,-a AT L YT )

L1 = Zyes +'%E'(Zk,-3 et v )

Loo = Lo sZat (4, v 3L L, * 3T T

Zeo * Liost at (L v38 ,*3 Y ) (4.4.6)
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where ik ., are recomputed after the first two equat{ons and the new values
are throughout the rest of the equations. ik ., are recomputed after the
fourth equation, and ik g are recomputed after the sixth equation.
If any of the methods set forth in Equations (4.4.2) and (4.4.4) is
: q = (n=1) _ (n) . ‘
being employed, N = 1, 2k’1 ﬁk,l’ and 2k,1 = ék’l . If the test fails,

k,: ? ﬁk,l
equations are used again. This iteration is tried ten times to obtain con-

the P are set to the Ck’L, tk,; , and the corresponding corrector
vergence before the time step is halved.

In all cases, when convergence fails and the time step interval is
halved, the missing points in the time history are supplied by use of sixth-
order Bessel central difference interpolation formulasiiand a single itera-
tion. The number of halvings is incremented and checked against the limit.

Then the following iteration is employed.

. st
AL = >
for k = 1,12,
; = : |
Zk,-% = s (sc'}izk,G + 1352,(,_1 + 4ozk,,2 +-2k,_3)
2ot (2 + 62 -7, )
TZ-S“ k,"'z k,‘l kgc
. 1
Zk,""‘i’ = 7%5 (8()2](,0 + 13521(,“1 * 4ozkg‘2 M zkg'3)
15 . :
*1zm ot (B * 80 - I ) (4.4.7)
Z, 3. 1
k,'"z - "2‘5—6' (}zzk’o + 1352k’_1+ 3082‘(,_2 + Zk,"&l)

3 . L2 [Ty
+ T"é‘é' At (gzk’ - 182k,"1 - Zk’o)

-2

(Continued on Next Page)
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time
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time

sten

Z,-3 * . (tz, .+ 1387, + mszg'_z +7, )
+ g ot (9, , -8 - )

ik,-u = ik,«—z _

zk,-u = zk,-z )

SRR

ik,-z : ik,-l

Ly = L

Zk,~2 = Zk,»l

T = ik’-% , etc.

Zk,-a = ik’”g » etc.

75.k,o ”'ck,o = Q%T'(zk,o - Zk.Pa) - 1%%-at (ik,a +'3ik,-1 * 32k,-z * ik,—a)

Peao ™ Yo =Vg%% (Zy o = Zg,ms) - l%%'ﬁt (ik,o * 32&,—1 * 3ik,-z *I,)
(4.4.7
Concluded)

If convergence succeeds by a factor of fifty better than required, the
step is doubled if other conditions are met. These conditions are
the current integration time step size is smaller than Atmax’ that the
history contains at least seven good points, and that the new larger

will not jump over the next increment of at 1f these conditions

prnt’

are all met, the following reshuffling and calculation takes place.
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At = 24t

for k = 1,12,

Ty = Igyes

Lo = 4,2 .

LA R S

Loy = Ly oy » BEC (4.4.8)

Lo oy = Ly ., » BtC

ik}_“ = zk,-s ,» etc.

Peo “ bk T & (Zy o0 = Ly o) - o (T o * 32y, f‘3ik,-2 £ 2,
262 121 ,

Pk,o - Ck,o <77 (Zk,o - I, —3) - 3¢ Aot (Zk,o * 3zk,-1 +'32k,-2 * Zk,-s

»

Experience dictates that convergence by itself is not sufficient to
guarantee good results in all impact situations. Since imitial value pro-
cedures seldom ére-capabie of regaining any lost accuracy, it is of utmost
importance to prevent the solution from deviating from the true solution.
During a time interval in which impact occurs, the solution is smooth both
before and during the impact, but changes shape abruptly shortly after the
mement of impact. {Lalculation of a good solution often requires decreasing
the integration time step before the convergence test is violated. This
situation is recognized by extrapolating the value of second derivatives at
a particuiar time, based on the time history of their established values, and
comparing these:against their predicted values. If the disagreement is too

great, the time step is halved. This test is formalized in Equation (4.4.9).
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Fork = 1,12,

e, = 4Tk, - 8lk,m Y Ak T Tk,
. (ne1)| L 5
- e = kz “klszkz | € My
(t or failing that
b .. (n-1) A
s lz IM and 7 3 My
or g =0 and g < Ai]. (4.4.9)
E z l m
k1E™k
k=1 o1
where iinzl) is defined as it was for Equation (4.4.5) except this test is
usad only when the Milne-Hamming method or the Adams-Moulton method is being
employed and Ai1im, is the extrapolation change limit.
Further, it has been noted that occasionally the level of activity can
T became too great for computation of good results at a particular time step
et without convergence failing. A test has been incorporated to 1imit the value
~;;z of the weighted average of the second derivatives multiplied by the integration
step. This weighted average velocity change has been taken as a measure of
the "activity load" during the time step. If the activity load is too great,
the time step is halved.
12 — |z(n=1)|
st kil by Zk,1 | s Nyp (4.4.10)
where Avl'm is the velocity change limit
TR Z&n 1)15 defined here as in Equation (4.4.9)
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Both these tests are applied only after prediction in the two pre~
dictor-corrector methods and must be passed before correction is begun.
Either of these tests will be skipped if the corresponding limit is speci-
fied as zero. )

The least important feature of the integration scheme used in the com-
suter solutiom is intended mainly to keep out the introduction of small errors

in the solutions and normal printout. The computed values of the second

derivatives are scanned and set at zero if they are smaller in magnitude

{% than a specified value. If this option is not desired, the acceleration

- minimum magnitude parameter is set at zero. This option helps the accuracy
f; s in some extreme cases, but mostly it acts to remove irrelevant detail from

B the regular printout.

- The basic integration control parameter is the maximum integration time
- step. Under certain conditions, which already have been discussed in this
:'_ : section, the program will cut down the size of the integration time step by
: halving it up to a specified number of times. Regular printout occurs at
= multiples of the print time step parameter which itself must be an integral
- muitiple of the maximum time step.
1? The time epsilon parameter is the absolute difference between two com-
fi puted times which must be exceeded for them to be treated as distinct by the
;g srogram. When the execution time limit parameter is non-zero, it causes the
*?{; program to keep track of how much central processing unit (C.P.U:) time it
Eéé has used and sign off when this 1imit is exceeded.
)
5
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This program has built-in tests against body injury tolerances which
lead to supplementary pages of printed output describing the violations of
these tolerances and the probable injuries resulting. The reader who is
interested in more detaiTs.beyond the X-card in Table 7 and the self-
explanatory output shown in Table 15 is directed to Reference 28. An
excellient overall treatment of the topics considered in this section will

be found. in Reference 32.
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4.5 USE OF THE PROGRAM' IN THE MICHIGAN TERMINAL SYSTEM

This program is designed to be used normally in batch mode., It is also
possible to exercise this model from terminals with the use of a companion
program, TALK3. The bulk ofﬁyhis section constitutes a user‘é guide for
TALX3. Pictorial output can be provided by use of another companion program
0P which is discussed in Part 5.

Normal batch mode execution of the program has input coming in on SCARDS,
normal output coming out on SPRINT, and debugging output coming out on logical
unit number six. By use of the Q-card in the data, the input stream can be-
changed to any of the logical unit numbers zero through nine wherever in the
data deck that course of action might be useful. This option is thought to
aid in the organization of data, but has never been used in the Michigan
Terminal System (MTS).

Two other optional outputs are available to provide "conversation”
between the program and the two companion programs. These two options are
controlled by a switch in the R-card, sixth field. The special output for
the pictorial program comes out on Jogical unit number one and that for TALK3
an logical unit number two.

The full run statement for the program in MTS is

$RUN SP78:THREED SCARDS=DATA 1=PICTORIAL Z=SUMMARY 6=DEBUG SPRINT=PRINTOUT

where
DATA is a file containing the input data deck
PICTORIAL is an empty file to hold the special output for 3DP
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SUMMARY is an empty file to hold the special binary output for
TALK3

DEBUG is anm empty file to hold the auxillary output

PRINTOUT is an empty file to hold the normal output

Normal batch operation calls for the run statement:
SRUN SP78:THREED SCARDS=DATA

Here both 6 and SPRINT default to »SINK» (the normal print stream) and 1
and 2 are unused by an appropriate value in the controlling switch. Running

the program over a terminal usually requires a run statement:

SRUN SP78:THREED SCARDS=DATA 2=SUMMARY SPRINT=+DUMMY (or a file)

with T and 6 unused.

4.5.7 GENERAL DESCRIPTION OF TALK3. The program. TALK3 presents a
way of extracting pieces of the normal printout information. It isfdesigned
to be used in conversational mode, with the user being prompted for
instructions. However, once the user is familiar with the program it would
be easier to put the instructions in a file which would decrease printing
and time spent on the terminal.

TALK3 is called using:

$RUN SP78:TALK3  1=SUMMARY

where SUMMARY is tﬁe file containing the special output from the 3-D model.
The program begins with the statement |

'ENTER 6 IF CONVERSATIONAL, 7 IF NOT'
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For normal usage the user will type 6. If the uyser wants to bypass con-

versation with the program, a 7 should be entered. In this case the $RUN

statement should be:
$RUN SP78:TALK3 T1=SUMMARY 4=INSTS 7=*DUMMY*
where INSTS is the file containing the instructions which would otherwise

be given by the user from terminal. These instructions must conform to the
required format. Consequenﬁly, in the following sections, whenever instruc-

tions must be entered, the format will be given.

‘ENTER 1 IF GENERAL, 2 IF CONTACT, 3 IF COMPLEX, 4 IF LIST, 5 IF DONE'
Format: (I1)

Enter 1, 2, 3 or 4, depending on the type of information desired (see
Sections 4.5.2, 4.5.3, 4.5.4, or 4.5.5, respectively), or a 5 if you are
through using the program.

4.5.2 THE GENERAL TYPE QF INFORMATION REQUEST. Thé-resu1ts of 115
different variables are stored by the 3-D model. (See Tables 21 aﬁd 22 for
Tistings of these variables.) This type of information request will iist
from one to five variabies against time in a specified time period. The
“conversation” is as follows:

'"HOW MANY VARIABLES'
Format: (I1)

Enter a number from 1 to 5 indicating the number of variables to be listed.
'ENTER VARIABLE NUMBERS'

“( ) | ) ) ( ) A )’
Format: (5(IX, 13, IX))

Enter the specified number of variable numbers (see Table 21) so that they

appear under but within the sets of parenthesis.
"ENTER TIME INTERVAL'
‘FROM ( ) to ( )
Format: (5%, F7.5, 4X, F7.5)

Enter the time interval in the appropriate places.
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At this point the specified information will be printed and the program

will return to the information type question,

4.5.3 THE CONTACT TYPE OF INFORMATION REQUEST. There is a maximum of
40 contact interactions for wnich information is stored. This type of
information request enables the ;ser‘to ask about any or all of this data.

The communications are:

"ENTER CONTACT NUMBER'
Format: {(I2)

'ENTER ELLIPSOID NUMBER'
Format: (12}

The numbers entered here correaspond to the numbers used in the 3—3
model, with one exception. If a zero is entered for either the contéct
number or the ellipsoid number, then all possible combinations are investi~
gated. For example, if ellipsoid 1 is the head, and O and 1 are entered,
then the results of any contact with the head would be printed. Note: Both

the contact number and the ellipsoid number cannot be 0 at the same time.

'"ENTER TIME INTERVAL'
'FROM  ( ) to ) - ( ) = MAX. NO OF LINES TO BE PRINTED'

Format: (5X, F7.5, 4X, F7.5, 5X, I3)

In the first two spaces enter the time interval. Since any line con-
taining all zeros will not be printed, for any time interval there is an
uncertain number of lines to be printed. The third entry enables the user
to 1imit this printing. For example, if the user is interested only in when

contact first occurs, he would only want to print two or three time steps.
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If the specified contact did not occur during the giﬁen time interval
nothing will be printed and the program will prompt an information type.
If the user does not possess the required knowledge of the contact and ellip-
soid numbers used in the crash victim simulator run, he is referred to

Section 4.5.5. -

4,5.4 THE COMPLEX TYPE OF INFORMATION REQUEST. This type of informa-
tion request answers such questions as what was the head's roll when it hit

the door. The “conversation” is:

'ENTER DECISION VARIABLE'
Format: (I10)

The decision variable will be tested against a- comparison value in order
to determine the time which will be printed. In the example above, the
contact force of the head against the door is the decision variable, and
we become interested in seeing head roll when that force becomes positive.

If the decision variable is one of the 115 variables from Section 4.5.2,
its number is simply entered. If the variable is a CONTACT quantity, a code

should be entered which is made up as follows:

Digit 1: 1 {To indicate a contact)
Digits 2 & 3: Contact Number

Digits 4 & 5: Ellipsoid Number

Digit 6: A number from 1 to 5 representing the quantity of
interest in the contact that was specified
1 = Farce
2 = Deflection Value
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3 = Deflection Rate
4 = X - Impact
5 =Y - Impact

For example: 105043 represents the deflection rate of the contact inter-
action between surface 5 and ellipsoid 4. A zero cannot be entered here for

contacts or ellipsoids.

'ENTER COMPARISON VALUE'
Format: (F15.8)

This is the value with which the decision variable will be compared.
‘ENTER COMPARISON MODE - 1 if GT, 2 if LT'
Format: (I7)
Enter 1 if the period of interest i{s when the decision variable surpasses

the comparison value.

Enter 2 if it is to be surpassed by the comparison value.

'HOW- MANY VARIABLES®
Format: (I1)

Enter the number of variabies that will be printed when the decision variable

reaches its critical value. (Maximum = 4)

'ENTER VARIABLE NUMBERS'
( ) ( ) ( )« )

Fformat: (4(1X, 16, 1X)
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12
13
14
15
16
17
18
19
20
21

22
23
24
25

TABLE 21.

VARIABLES (in numerical order)

Vehicle
Head
Torso
Legs

~ Vehicle
Head
Torso
Legs
Vehicle
Head
Torso
Legs.
Vehicle
Head
Torsc-
Legs
Head
Head
Torso.
Legs
Vehicle
Head
Torso
Legs

Vehicle

189

X=Disp
X-Disp
X-Disp
X-Disp
X-Vel
X-Vel
X-Vel
X~Vel
X-Accel
X-Accel
X-Accel
X-Accel
Y-Disp
Y-Disp
Y-Disp
Y-Disp
Y-Vel
Y-Vel
Y-Vel
Y-Vel
Y-Accel

Y-Accel -

Y-Accel
Y-Acce]l
Z-Disp



TABLE 21. VARIABLES (page 2)

26 Head Z-Disp
27 Torsa Z-Disp.
28 Légs _ Z-Disp
ff?%u 29 Vehicle Z-Vel
hm;34 30 Head Z-Yel
31 Torse Z-Vel
32 Legs Z-Vel
33 Vehicle Z-Accel
34 Head Z-Accel
35 Torso Z-Accel
36 Legs. Z-Accel
- 37 Yehicle Yaw-Disp
38 Head. Yaw=-Disp
39 Torso Yaw=Disp
f{ﬁf 40 Legs Yaw-0isp
& 81 Vehicle Yaw-Vel
42 Head Yaw-Vel
43 Torso Yaw=Vel
44 Legs Yaw-Vel
45 | Vehicle Yaw-Acce]
46 Head Yaw-ﬁtcei
47 Torso Yaw-Accel
e _ 48 Legs Yaw-Accal
: 49 Vehicle Pitch-Disp
50. Head ) Pitch-Disp
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51
52
53
54
53
56
57
58
59
60
61
62
63

64

65
66
67
68
65
70
71

72
73
74

75

TABLE 21.

Head
Legs
Vehicle
Head
Torso
Legs
Vehicle
Head
Torso
Legs
Vehicle
Head
Torso
Legs
Vehicle
Vehicle:
Torsa
Legs
Vehicle
Head
Torso
Legs

Belt Load
Belt Load
Belt Load
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VARIABLES (page 3)

Pitch-Disp
Pitch-Disp
Pitch-Vel
Pitch-Vel
Pitch-Vel
Pitch-Vel
Piteh=-Accel
Pitch-Accel
Pitch-Accel
Pitch-Accel
Ro11-Disp
Rol1-Disp
Rol1-Disp
Rol1-Disp
Roll-Vel
Rol1-Vel
Rol1-Vel
Rol1-Vel
Rall-Accel
Ro11-Acce!l
Roll-Accel
Ro11-Accel
L. Shoulder
R. Shouider
Left Seat



76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93

94

95
96
87
98
99
100

Belt Load

Belt Angles
Joint Elast.
Belt Angles
Joint Elast.
Belt Angles
Joint Elast.
Belt Angles
Joint Elast.
Belt Angles
Joint Elast.
Belt Angles
doint Elast.
Belt Angles
Joint Stop

Belt Angles
Joint Stop

Belt Angles
Joint Stop

Belt Angles
Joint Stop

Belt Angles

Joint Stop

Belt Angles
Joint Stop
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TABLE 21. VARIABLES (page 4)

Right Seat

- L. Shoulder-X

Neck Yaw

L. Shoulder-Y
Neck Pitch

L. Shoulder-Z
Neck Rol1

R. Shoulder-X
Hip Yaw

R. Shoulder-Y -

Hip Pitch

R. Shoulder-Z
Hip Rol]
Left Seat-X
Neck Yaw
Left Seat-Y
Neck Pitch
Left Seat-Z
Neck Rol)
Right Seat-X
Hip Yaw
Right Seat-Y
Hip Pitch
Right Seat-Z
Hip Roll
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TABLE. 21.

Euler Angle
Euler Angle
Euler Angle
Euler Angle
Euler Angle
Euler Angle
Hip Position
Hip Position

Hip Position
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VARIABLES (page 5)

Head Yaw
Head Pitch
Head Roll’
Legs Yaw
Legs Pitch
Legs Rol]
X

Y

Z
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39
91

93

77
79
81
85
97
39
83
85

87

75
73
76
74
102
103
101
105
106
104
58
50
54

TABLE 22.

Belt Angles
Belt Angles
ég1t Angles
Belt Angles
Belt Angles
Belt Angles
Belt Angles
Belt Angles
Belt Angles
Belt Angles
Belt Angles
Belt Angles
Belt Load
Belt Load
Belt Load
Belt Load
Euler Angle
Euler Angle
Euler Angle
EuTer Angle
Euier Angle
Euler Angle
Head

Head

Head
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VARIABLES (in alphabetical order)

Left Seat-X

Left Seat-Y

Left Seat-Z

Left Shoulder-X
Left Shoulder-Y
Left Shoulder-Z
Right Seat-X
Right Seat-Y
Rignt Seat-Z
Right Shoulder-X
Right Shoulder-Y
Right Shoulder-Z
Left Seat

Left Shoulder
Right Seat

Right Shoulder
Head~Pitch
Head-Ro11l
Head-Yaw
Legs-Pitch
Legs~-Ro1l
Legs-Yaw
Pitch-Accel
Pitch-Disp
Pitch-Vel
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3 34
~ 26
- 30
—y
4 107
108
j; 109
1 86
-~ 88
By 84
80
78
98
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TABLE 22. VARIABLES {page 2)

Head
Head

" Head
Head
Head
Head
Head
Head
Head
Head'
Head
Head
Head
Head
Head
Hip Position
Hip Position
Hip Pesition
Jgoint ETasticity
Joint Elasticity
Joint Elasticity
Joint Elasticity
Joint Elasticity
Joint Elasticity
Joint Stop

185

Rol1-Acce]
Rol1-Disp
Rol1-Vel
X-Acgel
X~-Disp
X-Vel
Y-Accel
Y-Disp
Y~Vel
Yaw-Accel
Yaw-Disp
Yaw-Vel
Z-Accel
Z-Gisp
Z-VYel

X

Y .

Z

Hip Pitch
Hip Roll
Hip Yaw
Neck Pitch
Neck Roll
Neck Yaw

Hip Pitch
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100
96

- 92

94
50
60
52
56
72
64
68
12

24
16
20
48
40
44,
36
28
32
59
51

TABLE 22.

Joint Stop
Joint Stop
Joint Stop
Joint Stop
Joint Stop
Legs

Legs

Legs

Legs

Legs

Legs

Legs

Legs

Legs

Legs

Legs.

Legs

Legs

Legs

Legs

Legs

Legs

Legs
Torso

Torso
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YARIABLES {page 3)

Hip Rolil
Hip Yaw
Neck Pitch
Neck Roll
Neck Yaw
Pitch-Accel
Pitch-Disp
Pitch-Vel
Roil-Accel
Rol1-Disp
Roll~Vel
X-Accel
X-Disp
X-Vel
Y-Accel
Y-Oisp
Y-Vel
Yaw-Accel
Yaw-Disp
Yaw-Vel
Z-Accel
Z-Disp
Z-Vel
Pitch-Accel
Pitch-Disp

e

e
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TABLE 22. VARIABLES (page 4)

~j 55 Torse Pitch-Vel
A N Torso Roll-Accel
a 63 —_ Torsao Ro11-Disp
z 67 Torse RoT1-Vel
“ : ‘ 1 Terso X-Accel
& 3 Torso X-Disp
7 7 Torso X-Val
- 23 Torso Y-Accel
m 15 Torso Y-Disp
18 Tersa Y-Vel
=
ed 47 Terso Yaw-Accel
R 39 Torso Yaw-Disp
““" 43 Torsc. Yaw~Vel
*% 35 Torso Z-Accel
27 Torso Z-Disp
-
_ﬁ 31 Torso Z-Vel
3 57 Vehicle Pitch~Accel
& 49 Yehicle Pitch-Disp
_z 53 Vehicle Pitch-Vel
= 63 Vehicle Ro11-Acce]
61 Vehicle Ro11-Disp
- €5 Vehicle Roil-Vel
B des 9 Vehicle X-Accel
& ] Vehicle X-Disp
5 Vehicle X-Vel
|
LA
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13
17
45
37
41

33
25
29

TABLE 22. VARIABLES (page 5)

Vehicle
Vehiclie
-fehicie
Vehicle
Vehicle
Vehicle
Vehicle
Vehicle

Vehicla
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Y-Accel
Y-Disp
Y-Vel
Yaw-Accel
Yaw-Disp
Yaw-Vel
Z-Acce]
Z-Disp
Z-Yel
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Enter the specified number of variable numbers. Again, any or all of these

variables may be coded as mentioned above.

'ENTER TIME INTERVAL'
'FROM ( Y TO ( }!
Format:“gsx, F7.5, 4X, F7.5)

Enter the time interval for which the search should be made.
The output of this section consists of:

1. The time at which the critical value was reached.

2. The value of the decision variable.

3. The values of the variables at that time (in the order that they

were given, if there is more than one).

4.5.5 THE LIST TYPE OF INFORMATION REQUEST. This type of information
request will simply 1ist both all the contact surfaces which were used in
the simulator run together with their numbers and all the ellipsoids used.

Two tables follow which contain listings of the variable numbers with

the variables first in numerical order then in alphabetical order.

4.6 OVERALL PROGRAM ORGANIZATION AND FLOW

The overall functional layout of the program is implied by the inte-
gration techniques employed (see Section 4.4). The program is segmented
$0 that the solution of Equation (2.2.3) for the generalized accelerations
s accomplished by providing subroutine ACCEL with the current time, gen-
eralized coordinates, and generalized velocities. CARTIN is a subroutine
wnich given time produces the vehicle coordinates, velocities, and acceler-

ations. Figure 46 shows the overall flow of the program in terms of calls

to these two subroutines.

L
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YES

NO

READ INPUT
CARDS AND
INITIALIZE

WANT YES
RUNGE - KUTTAN

STARTING

METHOD? 4
S0ES RUNGE-KUTTA
TIME EXCEED STARTING 3
TMAX? PROCEDURE, |
: UP POINT COUNT
0o ek
WE HAVE YES
ENOUGH POINTS
“S\\FOR FULL P-C~
N\CMETHODS”
l' N YES
DO ADAMS-MOULTON
IF ENOUGH POINTS
OR LESSER RULE DO MILNE-HAMMING
QF SAME KIND USING INTEGRATION
CARTIN AND ACCEL USING CARTIN
— _ AND ACCEL
NO DOES YES |
" INTEGRATION
CONVERGE?
_ CONVERGENCE
- ¥ GOOD ENOUGH
UP POINT
COUNT
YES
! “\\_ FROM OTHER
UP REQUIREMENTS
TIME N

Figure 45, Flow Diagram ‘for Three-Dimensional
Victim Simulator
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All variables are first initialized and accelerations are computed at
time zero. A time step is then chosen and new accelerations computed.
Based on this predicted value, a corrected value is obtained using a dif-
ferent mathematical forward prediction rule. This iterative predictor-
corrector method is used until a convergence test is passed. An additional
procedure which is applied is the limiting procedures discussed im Sectiom
4.4. These tests occur in the flow diagram within the boxes which state
that one or the other integrations should be done. After acceptable accel~
erations are determined, the equations are integrated to give final values
for velocities, displacements, and other quantities as required and the in-
formation stored for later output.

4.7 SUBPROGRAM DESCRIPTIONS AND FLOMW

The physical organization of the program consists of a main program,
thirty-twd subprograms, and twenty-one Fartran and MTS utility routines. In
what follows, the main program will be treated as a subprogram which is
named MAIN and is simply called first.

Table 23 contains a short description of each of the thirty-three sub-
programs. tagether with four columns of information about interactions and
communication between them. The Flow Sequence is a series of statements
about parts of a program which indicate the steps that are taken and in
what order and can be considered a flow diagram that has been written out.
A fiow sequence can be as elaborate as the whole program given step by step
in English or as simple as a general description of purpese. In order to
faci1%tate\identification of which parts of the program code which corres-
pand to each of the flow sequence statements, a "Statement Location" column

has been provided. The statement location consists of a range of Fortran
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10.

11.

12.
i3.

4.

15.

16.

17.
18.

20.

21.

ABS
DABS

DARCOS
DARSIN
DATANZ
DCOS
DFLOAT
DMAXT
DMIN]
DMQD

CSIGN

DSIN
DSQRT

ERROR

IDINT
LAND
MAXO

MINQ
SHFTR

SLET

TIME

TABLE 24. LIBRARY FUNCTION DESCRIPTIONS

Integer absolute value of an intager argument.

Double precision absclute value of a double precision argu-
ment.

Double precision arccosine of a double precision argument.
Double precision arcsine of a double precision argument.
Double precision arctangent of two double prectsion arguments.
Double precision cosine of a double precision argument.
Convert integer argument to double precision.

Obtain maximum of two or more double precision arguments.
Obtain minimum of two or more double precision arguments.

Obtain double precision argument one modulo double precision
argument two.

Obtain sign of double precision argument two times the magni-
tude of double precision argument one.

Double precision sine of a double precision argument

Double precision square root of a double precision argument
(which must be positive).

Return control to MIS to. terminate executiom and trigger?&
hexag%cima1 memory dump if that has been permitted by the
user:

Obtain the largest integer {in magnitude) in a double pre-
cision argument.

Obtain a bitwise logical "and" of two full word arguments
{i.e., the result has,b1ts on only if the corresponding bits.
of both arguments are on)?

Integer maximum of two or more integer arguments.
Integer minimum of two or more integer arguments.

The first full word argument is shifted right by the number
of bits specified by the second integer argument.

Selve the set of simultaneous linear eguations AX-B by
Gaussian elimination (see MTS Vol. 3, page 235)33

Allow the user easy access to the elapsed time, CPU time used,
time of day, and the date in convenient units (see MTS Vol.
3, page 257)33
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TABLE 25. LABELED COMMON DESCRIPTIONS
Common
Number{ Name Subprograms Which Use Description
1 AL RCCEL CONTAC, READAT,STASH | Physical properties of boay
B segments.
2 8C BELT,READAT, S TAGH , SUMRY Physical properties of belts.
3 BUG ACCEL,BELT,CARTIN,CONTAC, | Debug printout control
DEBUG,EXCES,JOINT,LIMIT, | switches.
MAIN,NEWLOF,SPX,SPY,STASH
4 BY BsLT,R DAT,ST SHED Belt. forces and subsidiaries.
5 ¢ CMIL,CORK,PMIL,PR Integration rule constants.
5 CART | ACGEL.BELT,CARTIN,CONTAC, | Vehicle quantities and de-
READAT,STASH rived integration constants.
7 CNT | ACCEL,MAIN,STASH Integration steg counters.
8 CON CONTAC, READAT,STASH,SUMRY | Contact and ellipsoid input
parameters.
S DUM TARTIN, CONTAC,LONTRL, Temporary siorage and profile
JOINT,LIMIT,READAT,RELCLE,| modifiers.
SPX,SPY ,STASH
10 EP ACCEL,CONTRL,LIMIT,MAIN, | Program control input para-
READAT ,RK,STASH meters.
T IC CONTAC, READAT,STASH Contact forces and subsid-
- jaries.

12 JC JOINT,READAT _ J0int input parametaers.

13 MY JOINT,STASH,UPDATE Joint forces and subsidiaries

14 ) NEWLOF , READAT - Force saturation parameters.

15 MC CONTAC,DESCPT,JOINT, Numerical constants

READAT ,STASH
& PERD | CARTIN.DETAB,ENTAB,GETY, | Deceleration table size para-
INTAB, REDTAB meters.

17 PP PAGE® ,READAT , SUMRY Probability printout para-
meters.

18 Qv ACCEL,BELT,GONTAC,J0INT Generalized force contribu-
tions.

E] S5 STASH, SUMRY Storage for one printed page
qf vehicle and body kinemat-
ics.

20 SW STASH, SUMRY One printed page storage for
belts, relative quantities,

_ joints and kinetic energies.

21 SZ STASH, SUMRY One printed page storage for

severity index, contact forces
. and injury parameters.
22 T “ACCEL,BELT,CARTIN,CMIL, Time control parameters.

CONTAC,CONTRL ,CORK, DEBUG,
ENTER, INTAB,JOINT,LIMIT,
MAIN,PMIL,PRED,READAT,RK,

SPX,SPY,STASH
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TABLE 25. LABELED COMMON DESCRIPTIONS
(continued)
Common
Number | Name Subprogram Which Use Description
23 TAB | DETAB.ENTAB,GE1Y,INTAB, Deceleration and debug tables
READAT, REDTAB and subsidiaries.
24 TC ACCEL,CONTAC,MAIN,READAT,| Reoccurring combinations of
STASH, UPDATE body angles and velocities.
25 TG | ACCEL,BELT,CONTAC,JOINT, | Trigonometric combinations
SPX,SPY,STASH presented in Equation (2.3.12
26 TL READAT,STASH, T1ILE Printout page title and print
controls.
27 T0L DESCPT, READAT,STASH,SUMRY| Injury tolerance input para-
meters.
28 U ACCEL,BELT,CMIL,CONTAC, | Current values of generalized
CORK,ENTER,JOINT,LIMIT, coordinates and derivatives.
MAIN,PMIL ,READAT,RK,SPX,
___| SPY,STASH
29 ULP~ | MAIN,NEWLGOF Last established values of
_ load-deflection variables.
30 ULT MAIN ,NEWLOF Current values of load-
deflection variables.
31 ACN CONTAC,SPX,SPY,S1ASH Body segment center of grav-
ity coordinates and deriva-
_ tives.
32 XX CMIL,CORK,ENTER,LIMIT, ‘Time history of established

MAIN,PMIL,PRED,READAT,RK

values of generalized coordint
ates,velocities, and accelera-
tions.
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statement numbers which includes the code which is being talked about. Often
there will be no statement number on the ends of the code to be discussed.
This problem is handled by appending a suffix of "B" or "F" (which means
"hefore" or "after® respectively) to a nearby statement number. "END" desig-
nates the physical last stateme;t of the subprogram (and "ENT" the first).

The "Commons” column 1ists in alphabetical order all the labeled commons
used for communication between this subprogram and others. The "Subprograms
Called" column Tists all the other subprograms in alphabetical arder which
this one uses followed by a 1ist of all the 1ibrary functions used. "Subprograms
Calling" lists all the subprograms which use this one. "Special Output"
lists all the auxillary output which eminates from this subprogram. A prefix
of "DB* indicates the debug switch number found in Tables 17 and 18. A pre-
fix of “E" indicates the number of the error message in the order found in
Table 18.

Table 24 lists each of the library functions used and gives a brief
description of each. Table 25 presents all the labeled commons, the sub-
programs which share each one, and an indication about the type of informa-
tion each contains.

4.8 SYMBOL DICTIONARY

This section consists of three tables which offer an aid to a more de-
tailed examination of the program code and its correspondence to the analysis
behind the code.

Table 26 is the main symbol dictionary which is ordered on the Fortran
name given to each quantity. The "Symbol" column contains the analytical
symbol used in Part 2 and/or 4.1. The third column gives either the label of
the common in which this variable resides or the name of the subprogram in

wnich it is used if it is not shared between subprograms. Columns four and

212
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five are used together to detail quantities which have been stored in arrays
instead of individual variables. If & number appears in column five, it re-
fers to the corresponding value in the first column of Table 28 which defines
the gquantity or type of information for each value of the subscript up to the
number in the “"Dimension" column.

Table 27 is provided to ease getting from the analysis to the program
code and is ordered on symboi. Table 28 specifies the meanings of most of

the subscripts used in arrays.
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TABLE 26. SYMBOL DICTIONARY
8

S a Units or

S 2 Subprogram § Subscript

E;"é Symbol or Comman - | = Reference Definition

K |3 NEWLOF T 1 {1n. Argument, total deflec-
tion, Fiqure 7.

AC - CON 300 32 Storage for corner polint

101 1 coordinates of contact
surfaces.

ACCM Az1im EP 1 |- Extrapolation change lim-
it.

ACN | - XCN g | 2 Accelerations of body
in/sec? segment centers of grav-
ity.

AF AtK, RK 1213 First Runge-Kutta accel-

*t eration evaluation times
the time step.

AKE - SUMRY 1 lin.ib Total 1inear Xinetic en=
aray.

AL - CON 34 4 Eilipsoid information

10 133 storage array.

ALC - ‘| CONTAC. 10 ]33 Eilipsoild intermedlate
result used in contact
lever arms.

{ANG - JC 2 5 Joint refative angle stop
' 3 6 angles.
ARGIOL - TOL 6 / deg Joint reiative angle toi-
2 8 erance limits.

ANJ - JC 2 5 J01nt relative angie uppen

rad pitch stop angle.

ATHA Aai- JUINT bo- Sine of relative pitch

J angie in a joint.
BA - BC 2 9 1n. Belt endpoint coordinates.
3 (10
4 111

3ANG | - 8V 4 1l Belt projected angles.

BASTOL - READAT & 7 Default values of rela-

; ? 2 8 tive angle tolerance lim-

: 2112 its.

BB - CONTAC 12 |- Contact surface intermed-
25 (34 jate results.

3C - BELT 12 jin Belt intermediate results

in rate calculation.
| BC - CON 41 113 Contact surface informa-
i 25 |34 tion array.
PB8EA - SW 41 135 Belt angle printout stor-
: : 12 114 age,
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TABLE 26. SYMBOL DICTIONARY

{Continued)
S

s ™ | Units or

S Subprogram $ | Subscript

5% {Symbol or Common E | Reference Definition

Lo 22 _ [

BEL |- BEL _ 47 |35 Belt force printout stor-

- 4 |1 age.
TBELTOL| - 100 4 115 LCombined beit force tol-
erance limits,

BF stk | RK T2 3 Second Runge-Kutta accel-

Ks2 eration evaluation times
the time step.

BJ0F |~ W 47 135 Joint torque printout

_ 12 116 storage.
"BKE | - SUMRY 1 1in.1b. Total rotational Kinetic
_ energy.
BL zn(t) BELT 4 |11 Beit segment lengths.
BLEK |- 33 47 135 Teg kinematics printout
18 117 storage.

BLZ 2. (0] BELT § |11 Initial belt segment
lengths.

BX - BELT T {in. A-companent of belt
jength.

BXA % i- BELT 2 |9 Inertial X-coordinate of

n’=nt belt endpoints.

Bk | - BELT T 11in/sec Rate of change of belt
length X-component.

3y - BELT 1 |in. Y-component oT beit
Jength.

BYA g F |BELT 2 {9 Inertial Y-coordinate of

n’-n belt endpoints.
BYD - BELT 1 |in/sec Rate of change of belt
- length Y-component.

BZ - BELT T 1in. Y-component of belt
Tength.

BZA 5 -% BELT 2 19 Inertial Z-coordinate of

n’=n belt endpoints.

BZ3 - BElt 1 |in/sec Rate of change of belt

i Tenagth Z-component.

C c; C 29 | - Integration rule coeffi-
cients for predictor-
correctors, Table 20,
lines one through twenty-

_ nine. ‘

C c;+29 |RK 21 |- Integration rule coeffi-
cients for Runge-Kutta
methods, Table 20, Tines
thirty through fifty.
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TABLE 26. SYMBOL DICTIONARY

(Continued)
Units or
e Subprogram _ Subscript
Symbol or Common Reference Definition
o - 16 3 |8 Cosines of generalized

2 4 118 angies.

& CARD | = READAT g - Temporary storage for

% numerical fields of inputy

data cards.
CARTV | - CART g i9 Vehicle kinematics.
20
tC - CONTAC 3 |- Intermediate results from
3 | 21 body segments in contact
surface lever arms.
Ll - CONTAC 6 |- Intermediate results from
3 121 body segments in contact
surface lever arms.
. CE - CONTAC g |- Intermediate results from|
. 3 |21 body segments in contact
_ surface lever arms.
CePT |- ULP 26 | 39 Computed deflection at
10133 which force will go zero
during saturation un-
. loading.
-7 CF Atk |RK T2 |3 Third Runge-Kutta accel-
Ky3 eration evaluation times
. N the time step.
e £A - CONTAC 3 (10 gody segment center of
C e 3 121 gravity coordinates.
™ Cl - READAT,RELCLE 36§22 In1tial conditions which
end up inertial,
; CK - S 41 135 Lontact force printout
5 |23 storage.
40 | 36

CRE™ - SOMRY T | in.1b. Total kinetic energy for
the torso.

LMOTOL; - 1oL i | g-units Tolerance {imit for chest
anterior-pasterior accel-
eration.

CNST | - TAB TOO[ 37 Storage for deceleration

6 |20 table computed slopes and

: - 2 140 intercepts.
FCONTOL - TOL T | rad/sec? |lolerance 1imit for pitch

e ; concussion.
o P CORTOL - TOL 1 | ibs Tolerance 1imit for chest

z _ ' force.
[ CSiToL - TOL 1 | g-units Tolerance limit for chest
, supericr-inferior accel-
eration.
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TABLE 26. SYMBOL DICTICNARY
(Continued)
18

E o Units or

re Subprogram g | Subscript

S22 | Symbol or Common - = Reference Definition

T - iC - 5 |23 Contact output storage
40 | 36 between CONTAC and STASH.
LUR - CART 100] 3/ Storage for deceleration
6 |20 table computed velocities
2 |41 and displacements for
each linear segment.

cuT |- BELT,CONTAC,JOINT | T | - Factor to make damping
forces continuous at zero
deflection {see Fiqure 7).

) - o 4 - Miine integration coeftfi-
cients.

D 5% NEWLOF T |1in. Effective deflection into
a load-defiection curve.

) T, READAT T 11in. Thickness along 1-axis
inputted for moment of
inertia calculation.

DA - Jv 2 5 Joint relative angies.

3 16
DAMPJ | - JC 2 15 Joint relative angle
3 16 damping coefficients.
DAZ - JOINT 2 |5 Initial joint relative
3 |6 angles.

0D - | CONTAC 13 142 Lever arms and deflection
rate for contacts.

oD 5 NEWLOF 1 11in/sec Daeflection rate for ioad-

' deflection curve.

LlC - CONTAC 25§ 34 Yehicie contribution to
contact deflection rate. §

DDS - CONTAC 25 134 Contact surface contribu-
tion to contact deflec-
tion rate.

DEL - LIMIT, MAIN b - Weignted averages of
various test quantities.

DeLB Sn 8V 4 1 Belt alongations.

DELD. 5 BV 4 il Belt elongation rates.

n
DELTAT Atmax T 1 | sec Maximum time step.
OF Atk RK Te | 3 Fourth Runge-Rutta accel-
K, eration evaluation times
the time step.

DFAC | - DUM 6 |20 Factor to change the amp-
litude of a deceleration
table.
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TABLE 26.

SYMBOL DICTIONARY

(Continued)
5

s : > | Units or

‘E g Subprogram @ Subscript

S s Symbo] or Common - | = Referance Definition

ORAT |~ CONTAC "§ | 1 in/sec |Contact surface cormer
coordinate rates.

0K - CONTACT T1 - Part of the contact nor-
malizing factor.

ORE |- SUMRY T in.7b. Total kinetic energy for

_ the head.

DLJ F READAT 31 21 Distance from body seg-
ment center of gravity to
lower joints.

DMAX |- £XCES T1 - Maximum value of variable
above its tolerance levell

P - CONTAC 3| - Intermediate resuits 1n

251 34 computing DDC.

CONTOL| ~ READAT 1 1 deag/sec< [CONTOL 1n degrees,

DPHT [De;; [JOINT T1 - Proportional to cosine of)
relative roll.

DPSI Dwi- JOINT T - Proportional to cosine ¢

J relative yaw.

DR 7/ 180 {MC 1| rad/deg Angular conversion factor
from degrees to radians.

oT - CONTAC 54| = intermediate resuits for

o 3| 2] contacts.

DTMIN €t EP i1 sec inputted time epsilion.

DTPRNT]| at T 1| sec Inputted print time in-

prat terval.

LUJ o5 READAT 3t 21 Distance from body seg-
ment center of gravity to
upper joints.

OUM - DUM 48| - Temporary storage array.

UUR - EXCES 1] sec Duration of tolerance
violation, '

ELDEPS 7 EP 1] - Inputted acceieration
minimum magnitude.

D od - uv 2] 5 Joint elasticity torque.
3 6

LKE - SUMRY 11 in.lb. {otal Kinetic energy for

egs.

ELAS | - P 21 5 Symmetric joint ejastic-

. 316 ity coefficients.
PeM o Im ACCEL ;g g Generalized mass matrix.
i
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TABLE 26. SYMBOL DICTIONARY
{Continued)
S

s @ | Units or

Sy Subprogram @ | Subscript

EE Symbo1 or Common™ = | Reference Definition

BiLEEER AC 3 121 Body segment mass.

ENPAT |Ne, JOINT T 1~ Proportional to sine of

J relative roll.
ENPSI Nwi- JOINT 1 |- Proporticnal to sine of
J relative yaw.
ENRG | - S 41 135 Kinetic energy printout
6§ 120 storage.

EPS € CONTAC 1 |sec Parameter for linearizing
contact surface corner
point velocities.

EPSLN | Q ULF 26 139 Accumulated permanent de-

10 133 formation.

EPZA AV, IEP 1T i Inputted velocity change

1im Timit.

EPZY ey LP R Inputted velocity conver-
gence parameter.

ESG g MC 1 {in/sec< tarth standard gravity
(386.4 in/sec?).

ETA 3 CONTAC. ) in. Deflection of contact
surface by body ellipsoidl

EYE Iin AC 3 110 Body segment principle

3 {21 axis moments of inertia.

F - EXCES. i f- Arqument specifying if
tolerance test is to be
below 1imit, above in
magnitude, or above Timit
by comparing to zero.

F [ FF} NEWLOF 1 1ib. | Argument returning com-
puted force.

FARB Fmax LD 29 143 Inputted maximum force
for saturation.

FB - 8V 4 |1 Belt force,

FOK CONTAC R Intermediate result in
defiection rate and lever
arm calculations.

FED - JOINT T |- Intermediate result in
Joint lever arm for roll
calculation.

FX k CONTAC RE Normalization factor in
contact calculations for
defiection.

FKE - SUMRY T in.1D. Total xinetic energy.

FT - CONTAC i | 1b. Total contact force.
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TABLE 26.

SYMBOL DICTIONARY

(Continued)
g

s @ Units or

S Subprogram g Subseript

55 Symbo1 or Common - |= | Reference Definition

GNETOL| - TOL 1 | 1B. Tolerance 1imit for knee
force.,

GRAV g MC 1 | In/sec? Local gravity constant.

H hn READAT 1 ]1n. Height of body segment
used in calculation of
moments of inertia.

HEK - SS 41 1 35 Head k1nematics printout

_ storage,

HP - STASH 3 110 Relative nip coordinates.

I ] MANY IIRE Genera| index.

IA - CONTAC R Genera} index.

IA - DESCPT 4 - Anguiar toierance print-

2 |- out label storage.

IACLEL) - H R Fatal flag that an angle
has exceeded ten radians,
when non-zero the con-
tents is the index of the

' first offending angle.

IACMAX] - READAT 11~ Total number of points in|
AC, maximum is 300.

IALPH | - READAT 26 | - Input card identification
Tetter storage.

IBLANK] - READAT 1 |- EBCD for blanks used in
making formats.

IBUG |- BUG 16 - Debug output control
switch array.

J{o} - NUPAGE 1 - Argument which 1s set
non-zero if new page was
reguired,

1C - UEBUG 16| - Shift control array in
debug unpacking.

1C - CON 9 |24 Contact surface informa-

25134 tion.

ICF - TOL 6] - Indices of contacts com-
prising frontal structurg
of vehicle interior,

ICHESTH - TOL 1= index of eilipsoid simu-

. lating chest.

ICK ~ READAT T ] - New page switch, non-zero
for new page.

TCOUNT] - CNT 21 ] - Number of time steps at
each of the possible

| halving Jevels.
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TABLE 26.

SYMBOL DICTIONARY

(Continued)

2
S | Symbol

Subprogram
or Common -

Units or
Subscript
Reference

™ Dimension

Definition

iC

25

Storage for indices of
ellipsoids and contacts
interacting to produce
force.

REAUAT

input card identification
letter.

TL

Uate {abel storage.

EXCES

15

LB ]

Tolerance label printout
storaqge.

96

Equivalenced to DUM, used
in READAT to hold English
versions of inputted
switches.

SUMRY

Used to formutiate contact
page headings,

EACES

Injury weighting code
value as argument,

"SUMRY

PRI

Weighting code storage
for injuries.

Inputted energy printout
switch,

READAT

Used to construct the
appropriate format for
the current 1line of
deceleration profile
printout.

IFRMT | -

READAT

127] -

£EBCD format components
needed for IFM.

TFRMTA} =

SUMRY

108] -

Used to construct a for-
mat for the current head-
ing in the contact print-
out pages.

IFRMTB| -

SUMRY

Used to construct a for-
mat for the current nu-
merical Tine of contact
information for the con-
tact printout pages.

IHIB |-

IC

107 33
25{ 34

Inputted inhibitions of
¢ontact interactions.

IHIBRD -

READAT

Inputted switch to inhib-
it printout of inputted
values,

|
;
!
i
!

i
:

IHIBSM;-
1

TL

Inputted switch to inhib-
it parts of normal print-
out from SUMRY.
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TABLE 26.

SYMEOL DICTIONARY

{Continued)

ortran
ame

Symbal

Subprogram
or Common -

Units or
Subscript
Reference

Definition

a!

MANY 3

General index.

11

LIMIT

1™ Dimension

Argument which is switch
when non-zero means to
halve current time step.

INTAB

General index.

S

23

= PO -

tilipsoid and contact in-
dices for each interac-
tion which is to be re-
ported on this "page" of
printout.

oL

—
i

Index of ellipsoid simyu-
lating knea.

CON

Eilipsoid information.

ILIM

CNT

Current time step halving|
level.

M

STASH

Genera| i1ndex.

IMAX

EXCES

- Az
]

Time point index of peak
tolerance violation.

IMAX

GETY, INTAB

o
3

umber of poeints in cur-
rent deceleration profil
table,

IMAX

Si

Number of time points on
current printout page.

IMIN

GETY

Index of deceleration
profile table point which
will serve as the start
of the search for the
current time interval.

IN

TTTE

E3CD of printout part
subtitle Tabels.

tNiLl

READAT

it Lo} Lo

Inputted switch controi-
1ing the conversion of
initial conditions.

INZ

PHMiL,PRED

Switch to recognize the
first time through these
routines after leading to
initialize constants.

I0VER

STASH

Argument which is non-
Zerg causes by-passing o#
the normal print time
test in order to record
data for printing.

PP

Probability event label
storage.
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TABLE 26. SYMBOL DICTIONARY
{Continued)

TN

Units or
Subscript
Reference Definition

Printout page counter.
Inputted predictor-
corrector selection
switch.
IPENG | - TG 101 33 Switch for every inter-
25| 34 action which records if
that interaction produced
force or was approached
5 from behind.
‘ IPERM | ~ ACCEL 241 - Temporary storaged re-
required by SLET.
IQT - EACES T 1 - Argument which is index
of tolerance printout
labal. ‘
IRK - EP 1] - Inputted integration
starting method selection
switch.
. [SA - ACCEL,BELT,JOINT 7 [ - Index of first debug lev-
Lj el switch.

—— ISB - ACLEL,BELT,JOINT R Index of second. debug
- level switch.
:i ISB |- CONTAC T [~ Index of seat back corner
S point furthest from seat
T cushion.
™ ISE - READAT N Lower Timit index for de-
NIWCP 4 celeration profile print-
- out.
_ ISBB | - CONTAC RIRE Index of seat back corner
f? point next furthest from
3 } seat cushion {see ISB).
isC - CONTAC 1 1= index of seat cushion
O corner point furthest
i from seat back.

' ISCC |~ CONTAC i 4- Index of seat cushion
corner point next furthest
from seat back (see ISC).
ISEB |- I T 1= Index of contact surface

simulating the seat back.
T ISET | - It T 1= Index of contact surface
e ‘ simulating the seat
cushion,
IsT - CONTAC 2 |- (1SB,1S8B) ordered by Y-
| value.

Subprogram
Symbal or Common-

- Tt
- EP

b
HgiFortran

DIEIName
m
—4_dDimension

&
FYPH
A

i

i

L

o

i
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TABLE 286.

SYMBOL DICTIONARY
{Continued)

fortran
Name

| Symbol

Subprogram
or Common

Units or
Subs¢ript
Reference

Definition

§
1
T

TOL

~1Dimension

Inputted switch specify-
ing stiff or flexible
torso for purpose of an-
gular tolerance default
limits.

ISWT

aely

Switch which causes table
interpolation to be sus-

pended, invoked only for

debug control word tabie

(number seven).

ISWT

ULP

s

26 |33
10 {33

Switch which records last
status of each interac-
tion of possibilities
shown in Figure 7.

Iv

MAIN

Correction number index
in the Adams-Moulton type
of predictor-corrector.

ITAB

PERU

Number ofT deceleration
profile type of tables
{six).

ITHRU

READAT

Similar to INZ but for
READAT.

ITTiLE -

TL

P

Inputted subtitle storage

1TOL

DESCPY

Temporary storage for
tolerance 1imit values to
be printed as integers.

1TOR

READAT

U P

EBCD of body segment names
and directions used in
printout of inputted val-
ues.

LiST

ULT

26 |39
10 133

iemporary vaiue of ISWT.

i

Equivalenced to double
precision table value to
enable acgess to last 32
bits.

CONTAC

General index.

General index.

General index.

enerai index.

Genera| index.

IR EEREEE A

READAT

efofefriafa

@eneral index.

TAC%

UNT

....a_d....d....A...u._:1_A

Number of times ACCEL nas
been called.
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TABLE 26.

SYMBOL DICTIONARY

(Continued)
[~
<

S W | Units or

= Subprogram % | Subscript

5 E | Symbol or Common - E | Reference Definition

ke 2 S 2

KNTDUB - CNT B 1 I- Number of times conver-
gence has been good
enough to double the time
step but ather require~
ments were not met.

KNTOT § - CNT T 1= Total number of time
steps of all sizes.

XT - ENTER 1 i- General index.

KTA - ENTER 1 - @enera! index.

L 1 MANY 1 |- General 1index.

LA - SUMRY e General index.

LB - SUMRY RIE General index.

C - SUMRY T 1= Genera] index.

LD - SUMRY T - General index.

LIMENTT - PERD REBE Maximum number of entries
allowed per deceleration
table (100).

LIMTABY - PERU 1T 1- Maximum number of input
tables both deceleration
and others (7).

LINE |- READAT T 1= Printout line counter.

LL - RELCLE 1 General index.

LN - READAT e Logical device number to
be read from next.

LS - READAT 1 - Number of lines to skip
before reading.

LSWT |- LD 29 143 Switch which is set non- |
zerp 1f saturation is to
be checked for.

M m MANY 1RE General index.

MASK - DEBUG 16 |- W0 D1t masks for extract
ing each switch value
from the total control
word.

MILL |- MAIN 1 imsec Total CPU time of execy-
tion so far.

MK - SZ T |- Number of contact forces
to be printed.
KN - CONTAC T 1= Genera| index.

ML - SUMRY 1 - Number of contact forces
per page.

L SUN Noax P T i- [nputted maximum number
of halvings which will be
permi tted,
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TABLE 26. SYMBOL DICTIONARY

{Continued)
s
[ -
= 21 Units or
vE Subprogram #! Subscript
£ 2 | Symbol or Common & | Reference Definition
Q0 | - ACCEL 3| - Intermediate resuits used
3| - in centifugal force terms
RFAC 1R CONTAC Tl - Contact surface edge ef-
fect factor.
RHO oy AC B 1 29 Body segment center of
ravity to joint distance
RHOST | - LONTAC 2} n. irected distance from
torso center of gravity
to neck and hip.
=HP - SW 4] 35 Relative angie and hip
9430 position printout storagel
. S - TG 316 Sines of generaiized an-
4118 gles.
SA Ky EWLOF 1] Ib/in. Linear spring constant as
- arqument.
SAVE | - MAIN 12] 3 Temporary storage for
first attempt with Runge~
Kutta.
SB kz NEWLOF HEREYALSS (Quadradtic spring constart
as argument.
SBEL | - SUMRY 411 35 Total belt forces, sum
N 2115 for shoulder belts and
lap helts.
- SC k3 NEWLOF T 1 1b/1n? Cubic spring constant as
~largument.
SU c NEWLOF 1| tb.sec/in.]Damping constant as argu-
ment .
SFAC | S CONTAC 11 - Contact surface edge ef-
fect factor.
Si - SZ. 411 35 severity index storage.
SIDTOL - T0L 1 | g-units Head lateral acceleration
tolerance limit.
SIGMB | - 8L 3146 Belt elastic coefficient.
- 4 1 1N
> SIGLB | - BC 4 | 11 Beit damping coefficients.
| &5 SII - STASH T 1 - Accumulation of severity
3 index.
P SLIUL | - Tk - Severity index tolerance
) limit.
e SJd - Jv 215 Joint stop torque.
e 3 ls
SLAK &, 8C 4 | 1 geit segment slack
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TABLE 26. SYMBOL DICTIONARY
(Continued)
=
= 2
= 2t Units or
Yol Subprogram 2 | Subscript
22 | Symbol or Common™ = | Reference Definition
SLOPE | 0 ) 29| 43 UnToading siaope in case
L of saturation,
ST - IC 310 Seat corner posint coordi~
6 {31 nates.
ST0P |- JC 2 15 Joint stop coefricients,
316 symmetric yaw and roli
__m and lower pitch,
STOR |- TAB 1001 37 Storage for input table
7 144 time points.
2 |-
STP - JC. 215 Upper pitch stop coeffi-
, cients.
T t i 1 | sec Simulated time.
T - EXCES il - Argument containing toi-
arance level,
TA - ik 3 1 (rad/sec)<} Factor in centrifugal
force terms.
T8 - ACCEL 3 | in.1b. Factor in centrifugal
force terms.’
TC - TC 3 | {rad/sec)<|Factor 1n centrifugai
2 force terms.
| TCEP | - LT 26| 49 Temporary value of CEPI.
101 33
D - ACCEL 8 | (rad/sec}<]Factor in centrifugai
3 force terms.
JUCUR | At T 1 | sec Current integration time
step.
TE. - CONTAC 3 | rad/sec Factor in body segment
3 |21 center of gravity veloci-
ties.
TEPS |- oLt 261 39 Temporary vaiue ot EPSLN.
10} 33
TG - STASH 3 | rad/sec< |Factor in body segment
3121 center of gravity accel-
erations.
THO - JOINT 1T 1= ractor in Joint pitecn
lever arms.
TiM - S 41133 1ime printout storage.
Td - JOINT 2 15 Totai jeint torque.
3 16
THAX Tmax T 1 | sec Program run simulated
time duration.
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TABLE 26. SYMBOL DICTIONARY

(Centinued)

=
[ 2
ol 21 Units or
ve Subprogram _ 2! Subscript
22 |Symbol or Common = | Reference Definition

TTMAX | - EXCES T |sec Time of peak vajue of
tolerance viclation.
10K - SS 41 135 Jorso kinematics printout
18 {17 storage.
0L - EXCES 1R rgument for tolerance
- _ Tevel.
TOLF |~ [}y 26 139 Temporary value of OLDF.
10 |33
CTO0LG |- READAT & 117 Belt segment force toler-
ance level.

TPC | - CONTAC T 1= Fraction of next time
segment during which the
contact surface corner
point velocity is to be
Tinearized.

" TPRINT 7 1 |sec (omputed next print time.
1Q - CARTIN,READAT 1 |sec< Factor used in vehicle
integration.

7S - EXCES,LIMIT,READAT |1 | - Temporary storage.

TS - ACCEL 8 |- “lemporary storage.

TS5 - BELT 6 |- Temporary storaqge.

T3A - MANY T - Temporary storage.

1SB - Y RE jemporary storacge.

150 - MANY 1T |- Temporary storage.

150 - CONTAC - Temporary storage.

1Sk - CONTAC S Temporary storage.

skl |~ £ALES 1 }sec Time at which toferance
violation ceases.

TSk - LONTAC 1 1= Temporary storage.

153G - CONTAC 1 (= Temporary storage.

ToH - CONTAC T 1- Jemporary storage,

751 - CONTAC N Temporary storage.

3N - CONTAC e jemporary storage.

TSP - CONTAC - Temporary storage.

730 - CONTAC T 1= emporary storage.

[ TSR - CONTAC T ]- iemporary storage.
758 |- CONTAC T |- Temporary storage.

1SIR | = EXCES 1 |sec Time at which telerancs
violation begins.

TSXZ |- CONTAC 1 {in. Factor in contact calcu-

. lations.

1SYZ |- CONTAC 1 {in. Factor in contact calcu-

lations.
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TABLE 26. SYMBOL OICTIONARY
(Continued)
g
[ e b
e 21 Units or
TE Subprogram 2 i Subscript
22 Symbol or Common - = Reference Definition
152 |- READAT 4| - Temparary storage.
21 -
1522 |- CONTAC T 1 in. Factor in contact calcu-
lations.
T - CARTIN 1] sec Time on current decelera-
tion table seqment.
ks - SUMRY T 1 1h. Current force tolerance
level,
11 - XX 101 38 1ime nistory time storagel
T - READAT 1 | sec Length of current decel-
eration table segment.
u Upnie 1G 4| - Trigonometric combination
4 |18 see Eguation (2.3.12).
UA 7 U 1213 teneralized accelerationsy
K
UBFE |- JOINT 1 { rad/sec Factor in Joint roii vel-
ocity.
ugPs |- JOINT 1 | rad/sec Factor 1n joint yaw vel-
ocity.
Up “ﬁk 118G 4 1 - Trigonometric combination
4 |18 see Equation (2.3.12).
UPTJD | - JOINT 1 | rad/sec  [Trigonometric combination
rate.
UPTiD |- JOINT 1 | rad/sec Trigonometric combination
rate,
UP3dl | - JOINT 1 | rad/sec Trigonometiric combination
rate.
uP3ld | - JOINT T | rad/sec irigonometric combination
rate.
Uy 5 U 1213 Generaiized velocities.
k
U Zk U 1213 Leneraiized coordinates.
g2db |- JUINT 1 [ rad/sec Trigonometric combination
rate.
uzip - JOINT T | rad/sec Trigonometric combination
rate.
U3d0 |- JOINT T | rad/sec | Irigonometric combination
rate.
u3id - JOINT 1 | rad/sec Trigonometric combination
rate.
] mG TG 4 |« rigonometric combination
r see Equation (2.3.12).
VCN - XCN 9 | 2 in/sec |Body segment center of
gravity velocities.
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TABLE 26.

SYMBOL DICTIONARY

(Continued)
=

- 2

bl 2] Units or

Pa Subprogram 2| Subscript

S 2 | Symbol or Commen ~ | 5| Reference Definition

VOFE | - JOINT T | rad/sec Factor in joint roll vel-
ocity.

VOPS | - JOINT 1 | rad/sec Factor in Joint yaw vel-
ocity.

Vek - SS 41] 35 Vehicle kinematics print-
out storage.

VIgh | - JOINT 1 | rad/sec Trigoncmetric combination
rate.

Viio | - JOINT T | rad/sec Trigonometric combination
rate.

V2J0 | - JOINT 1| rad/sec Trigonometric combination
rate.

V2l | - JOINT 1 | rad/sec Trigonometric comination
rate. .

V3Jd0 | - JUINT 1 | rad/sec Trigonometric combination
rate.

v3ib | - JOINT 1 | rad/sec Trigonometric combination
rate.

V4JD | - wQINT 1 | rad/sec Trigonometric comoination
rate.

V4ib | - JOINT i | rad/sec Trigonometric combination
rate.

W Wiy READAT T 1. Width of body segment
used in calculation of
moments of inertia.

W Nmk TG 6 | - Trigonometric combination
see Equation {(2.3.12).

Wai n e? 213 eighting factars.

K

WS X CONTAC T 1- X-coordinate of special
contact surface system,
see Equation (2.5.2).

W1 Y CONTAC T |- Y-coordinate of special
contact surface system,
see Equation (2.,5.2}).

X - ENTAB,GE1Y,INTAB sec Abcissa of 1nput table.

XA - DETAB 1 | sec Lower endpoint of time
range to be deleted.

ART - DETAB 1 {sec iemporary storage for in-
terchanging XA and XB.

XB - VUETAB 1 | sec Upper endpoind of time

_ range to be deleted.
I XCN - XCN 9 |2 Body segment center of
] gravity coordinates.
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TABLE 26. SYMBOL DICTIONARY
(Continued)
=
: y—
ol 2 | Units or
v Subprogram 2 | Subscript]
S 2 (Symbol or Common - & | Reference Definition
XCo0. 1= STASH - 1 1in/secs | Chest anterior-posterior
. acceleration,
ALPP |- SPY 1 [in/sec? Chest anterior-posterior
acceleration as arqument.
XpPP |- SZ 41 135 Chest anterior-posterior
acceleration tolerance
_ testing storage.
XDTH |- JOINT 1 |rad/sec ractor in joint pitch
valocity.
XHAT [~ CONTAC g |1 Contact surface corner
_ point coordinates.,
PP |- SPX,STASH I }in/sect |Head anterior-posterior
acceleration.,
XX GE1Y 1 |sec Abcissa of input table.
XXX XX 10 138 Time history of body
12 13 kinematics.
3 119
y¥i Xq CONTAC T 1in. X-coordinate of actual
contact point.
XZA - CONTAC T 1in. X-coordinate of first
possible c¢ontact point.
XZB - CONTAC T Fin. X-coordinate of second
possible contact point.
Y - DEBUG,ENTAB,GETY, [ 1 |- Ordinate of input table.
INTAB
YCub | - STASH 1 {in/sec< Chest superior-inferior
acceleration.
YCPP | - S 41 138 Chest superior-inferior
_ acceleration.
YHDD ¢ - STASH ) in/sec< dead lataral acceleration
YHPP | - SPY i }in/sec< Head lateral acceleration
as argument.
YHPP | « SL 41 135 Head laterai acceleration
tolerance testing storagel
YZ Ya CONTAC 1 {in. Y-coordinate of actual
contact point.
YZA - CONTAC 1 n. Y-coordinate of first
possible contact point.
YZB - CONTAC 1 mn. Y-coordinate of second
possible contact point.
LlPP - SPY T {in/sec< Chest superior-inferior
acceleration as arqument.
L zZ, CONTAC 1 n. L-coordinate of actual
contact point.
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TABLE 26. SYMBOL DICTIONARY
(Conciuded)
<
= @ | Units or
Sa Subprogram _ g Subscript
§§ Symbo1 or Common = | Reference Definition
ZIA - CONTAC i lin, Z-coordinate of first
possible contact point.
LB - CONTAC T iin. Z-coordinate of second
possible contact point.
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rortran Fortran Fortran Fortran
Symbol Name Symbol Name Symbol Name Symbol Name
Aeij ALHA Kk,uAt ] Thax THAX 6n ueLB
c ) 2 L Umk U g8 ¥
Cy C - 2h(o) BLZ Uﬁk ur ] ub
D SLOPE zn(t) 8L mG v gn CELD
1] OPST m EM, M W W B SLAK
oid DPHI m EVM Nmk " At TDUR
| FF; F,ULLF n N X WS Atmax “DELTAY
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n #1d _ én Azh’m '
i, | EVE Fe 1 | PX Y Wt € EPS, M
1 1 pk,1 PV Yo YL £p DTMIN |
] J 'Q" g &n, BYA £ EPZY
k FK,K > QB < BYA € EDEPS
Qg Y_n,
K SA > Qs z 7L - WGT
1 QC o] uk
Ky SB QG QG 2n BZA T Pl
Xy SC Ea Qd ik UX ]2 PTTWO
W{k,lat AF ET" qQr ik- o #/180 | UR
kk,zat BF R’ RFAC ik UA ¥ RRO, tid, DLd
E; 3At 3 S SFAC. 13 AETA ] o EPSLN
t M
tn U
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27. SYMBOL AND FORTRAN NAME CORRESPONDENCE

235

A i i B A



P

e
')'g

TABLE 28. SUBSCRIPT REFERENCE EXPLANATIONS
b Subscript ,
Reference Subscript
Number Values Subscript Explanation Units Symbol
] T X-coordinate of first corner peing  in. X1
_ of contact surface.
2 Y-coordinate of first corner poin in. ¥1
of contact -surface.
3 Z-coordinate of first corner poiny n. Z1
4 X-coordinate of one adjacent cor- in. X2
ner peint.
5 Y-coordinate of one adjacent cor- in. I
ner point.
[ Z-coordinate of one adjacent cor- in. 3,
ner point. .
7 X=-coordinate of otner adjacent in. X3
corner point.
8 -coerdinate of other adjacent in.. ¥3
_ carner naint.
g Z-coordinate of other adjacent in.. 24
corner point. ‘
i0 Time at which contact surface as- sec t'
sumes this position. If the di-
mension is nine, this one is
omitted.
2 1 [nertial X-coorginate for torso n, X1
center of gravity.
2 inertial Y-coordinate for torso m. Y1
center of gravity.
3 inertiai Z-coordinate for torso in. Z
center of gravity.
4 inertial X-coordinate for head in. X2
center of gravity.
3 inertial Y-coordinate for head n. Y2
center of gravity.
6 Inertial Z-coordinate for head in. 23
center of gravity.
7 Inertial X-coordinate for iegs in. X3
center of gravity.
8 Inertial Y-coordinate for legs n. 'L
center of gravity.
9 Inertial Z-coordinate for legs in. Z3
center of gravity.
3 1 inertial X-coordinate for torso in. or 1b. X1
center of gravity.
2 Inertial Y-coordinate for torse in. or Ib. Y1
center of gravity.
3 Inertial Z-coordinate for torso in. or 1D Z
center of gravity.
4 Inertiai torso yaw angie. rad or In.ib| i
5 Inertial torsc pitch angle. rad or in.ibj 8
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TABLE 28. SUBSCRIPT REFERENCE EXPLANATIONS
(Continued)
Subscript
Reference Subscript
Number Values Subscript Explanation Units Symbol
3 b Inertiai torse roll angle. rad or in.idl ¢
(Cont'd) / Inertial nead yaw angle. rad or In.idf g
8 Inertial head pitch angle. rad or in.ibj 8,
9 Inertial head roll angle. rad or In.lbl ¢,
s 1Q Inertiai legs yaw angle. rad or in.Ibl 3
11 Inertial legs pitch angie. rad or In.ibf 83
12 Inertial legs roil angle. rad or in.Ib{ ¢3
4 1 Square of semimajor axis length in¢ a;,
in i-direction.

2 Square of semimajor axis length 1in< ﬁ%
in j-direction.

3 Square of semimajor axis length in¢ q
in k-direction.

4 Coordinate of ellipsoid center n. X om
relative to body segment center
of gravity in i-direction.

5 Cocrdinate of ellipsoid center in. Yem
relative to body segment center '
of qravity in j-direction,

[} Loordinate of ellipsold center in. Zom
relative to body segment center
of gravity in k-direction.

7 aximum of semimajor axis iengths. n.

8 Inertial x-coordinate of eilip- in.
soid center.

4 lnertial y-coordinate of eiiip- in. -
soid center.

14 inertial z-coordinate of eliip~ n. -
soid center.
11=20 estigial. - -
2i-26 [Loefficients of extreme point n< -
equations.
2/-29 |Coefficients af extreme point in. -
aguations.
; 30-34 iVestigial. - -
5 1 Neck - -
2 Hip - -
& ) Yaw - -
2 Pitch - -
3 Roli - -
/ 1 Neck vaw - -
2 Neck pitch - -
3 Neck roll - -
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TABLE 28, SUBSCRIPT REFERENCE EXPLANATIONS

(Continued)

Subscript
Reference
Numbeyr

Subscript
Values

Subseript Explanation

Units

Symbol

/
{Cont'd)

Hip vaw

Hip pitch -

Hip roil

8

Upper

Lower

9

Attachment point

tbedelefsts

Ancnor point

10

X,i~direction

y,J-direction

Z,k=~d1rection

1

Left shouider beit segment,

Right shoulder belt segment.

Lett lap beit secment.

Right lap Delt segment.

12

SEiFf torss

I DR E R R R R R R AN R A L

Flexible torso

IR ERIERRERER L

RE

First elastic coefficient.

1o/1n.

1
—,
-~

Second eiastic coefficient.

To/in<

M

Third elastic coefficient.

ib/in3

Fa3
W
r.

Loefficients of surface
to vehicle,

refative

in<

k=)

Coetficients of surface
to vehicle.

reiative

1n<

£

Coefficients of surface
to vehicle.

relative

-

Coefficients of surface
to vehicle,

relative

in

Coefficients of surface
to inertial space.

relative

Coefficients of surface
to inertial space.

reiative

o W oo ~d ol od s ] rf ol el cof ol —d Lol rol o o] —f 1ol —4 o] ol

el

Coefficients of surface
to inertial space.

relative

o] o OX

Coefricients of surface
to inertial space.

refative

Direction factor

Input direction factor.

These are intermediate results.

ihese are ijntermediate resuits.

These are intarmediate results.

in?

inese are intermediate resylts.

nd

Surface side lengths.

1in.

Vestiqgiai

Ueptn parameter

n.

EEEEREEERER RN L

238

¥

£3

[ 373

B



i Bl

HID

Ty
s

i
s,

i

TABLE 28.

(Continued)

SUBSCRIPT REFERENCE EXPLANATIONS

Subscript
Reference Subscripy

Number Values Subscript Explanation Units Symbo]l
13 2/ tdge parameter in. Ay
(Cont'd) 28 Damping coefficient. 1b.sec/n. Cy
29 Coefficient rates of surface rei- ins/sec B
. ative to vehicle.
30 Coefficient rates of surface rei- in</sec 4
ative to vehicle.
31 Coerficient rates of surface rel- ns/sec r
ative to venicle.
3 Loefficient rates of surface rel- in:/sec 5
ative to vehicle,
33-38 | Combinations of (8,9,i0) taken in mn? -
pairs. ‘
39 Vestigial - -
40 Square of (41). in? -
4] Normalizing factor. in< -
14 1 Left shoulder belt in x~direction. deq -
2 Latt shouider belt in y-direction deg -
3 Left shouider belt in z-direction. deg -
4 Right shoulder delit in x-direction deq -
5 Right shoulder bDelit in y-directiond deg -
3 Right shouider belt in z-direction deg -
7/ Left lap belt in x-direction. deg -
3 Left lap belit in v-direction, deg -
9 Left lap belt in z-direction. deg -
10 Right l1ap belt in x-direction, deg -
11 Right {ap belt in y-direction. deg -
12 Right jap belt in z-direction. deq -
15 ] Snou lder - -
2 Lap - -
16 1 Neck yaw elastic torque. in.1b -
2 eck pitch elastic torque. in.1b -
3 Neck roll elastic torque. in,ib -
4 Hip yaw elastic torgue. in.ib -
5 Hip pitch elastic torque. in.1h -
5 Hip roll eijastic torgue. in.ib -
7 Neck yaw stop torque. in.1b -
8 Neck pitch stop torque. in.1b -
9 Neck roll stop torgue. in.ib -
10 Hip yaw stop torque. in.ib -
11 Hip pitch stop torque. in.ib -
12 Hip roil stop torgue. in.ib -
17 1 Center of gravity x-coordinate. in. -
2 Lenter of gravity x-velocity. in./sec -
3 Centar of qravity x-acceleration. g-units -
4 {enter of gravity y-coordinate. in. -
5 Lenter of gravity y-velocity. in./sec -
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TABLE 28. SUBSCRIPT REFERENCE EXPLANATIONS
{Continued)
Subscript
Reference |Subscript]
Numbey Values Subscript Explanation Units Symbol
17 6 {enter of gravity y-acceleration. g=-units -
{Cont'd) 7 Center of .gravity z-coordinate. n. -
3 Center gf gravity z-velocity in./sece -
9 (enter of gravity z-acceleration. g-units ~
10 Yaw angle deg Vn
11 Yaw velocity deg/sec %n
i2 Yaw acceleration deg/sec< ¥
13 Pi1tch angle deg 8,
14 Pitch veiocity deg/sec By
15 Pitch acceleration deg/sec< §n
16 Roll angie deg n
17 Rail velocity. deg/sec 5&
18 Roil acceleration  deg/sec< ' gn
18 ] 0TS0 - -
2 Head - -
3 Leqgs - -
4 Vehicle - -
i9 ) Coordinate - -
2 Velocity -/sec -
3 Acceleration -/sece -
20 1 x-gdirection in. -
2 y-direction in. -
3 z-direction 1in. -
4 Yaw rad -
5 Pitch rad -
b Kol rad -
21 | Torso - -
2 Head - -
3 Legs - -
22 i Torsa center of gravity x- in. -
coordinate.,
2 lorso center of gravity x-velocity! in./sec -
3 Torso center of gravity y-coordin in. -
coordinate.,
4 Torso center of gravity y-velocityl in./sec -
3 Torso center of gravity z- in. -
coardinate.
] Torso center of gravity z-velocityl in./sec -
/ TOrso yaw angie. deq -
8 10rso yaw velocity. deg/sec -
9 10rsQ pitch angie. deg -
id Torso pitch velocity. deg/sec -
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TABLE 28.

3
1

\

SUBSCRIPT REFERENCE EXPLANATIONS

(Continued)
Subscript '
Reference {Subscript!
Number Yalues Subscript Explanation Units Symbol
22 11 Torso roil angle. deq e
(Cont‘d)} 12 Torso roll velocity. deg/sec -
13 Head vaw angle. deg -
14 Head yaw velocity. deg/sec -
15 Head pitch angle. deg -
1o rfead pitch velocity. deg/sec -
17 Head roll angle. deg -
18 Head rol! velocity. deg/sec -
i9 Legs yaw angle. deq -
20 Leqs vaw veiocity. deg/sec -
21 Legs pitch angle. deg -
22 Legs pitch velocity, deq/sec -
23 Legs roil angle. deg -
24 legs roil veiocity. deq/sec -
25 Vehicle point "0" x-coordinate. in. -
26 Vehicle point "0" x-velocity. in./sec -
2/ Venicle point "Q" y-coordinate. in. -
28 Vehicle point "0" y-velocity. in./sec -
29 Vehicle point "O" z-coordinate. in. -
30 Venicle point "0" z-velocity. In./sec -
31 Vehicle vaw angie. deq -
32 Venhicie yaw velocity. deg/sec -
33 Venicle pitch angle, aeq -
34 Vehicle pitch velocity. deg/sec -
35 vehicle roll angle. deq -
36 Vehicie roil velocity, deg/sec -
23 1 rorce 1o 1Fa
2 Defiection in. 8
3 Defiection rate in./sec 3
4. rirst location of force on surface, in. -
5 Second focation of force on sur- n. -
face.
24 i Maving contact switch. - -
2 AC starting index. - -
3 AC ending Index, - -
) AC pointer. - -
H-8 EBCD contact subtitie storage. - -
g Use switch. - -
25 1 Lilipsoid index for contact. - -
2 Surface index for contact. - -
26 1 Body segment index. - -
2-3 t8Cl el l1psoid subtitle storage. - -
) 3 Use switch. - -
27 1 Terso yaw direction. - -
2 jlorse pitcn direction. - -
3 iTorso roll direction. ~ -
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TABLE 28.

{Continuad)

SUBSCRIPT REFERENCE EXPLANATIONS

Subscript
Reference
Numbey

Subscript
Values

Subseript Explanation

Units

2/
(Cont'd)

4

Yaw direction for pody segment
across the joint.

Symbol

oy Uy

Pitch direction for body segment
across the joint.

Rol] directien for body segment
across the joint.

28

Accident type.

Qceupant position.

Restraint type.

29

Torso center of gravity to neck.

Head center of gravity to neck.

AR ERERERE

Torsg centar of gravity to hip.

Legs center of gravity to hip.

Legs center of gravity to Kknees.

o us o] Lol o 4 Lol nol —4

Head center of gravity to top oT
skull,

TEREREARR IR KRR L

30

Relative neck yaw angie.

[=%
]
[fa]

Ava:

Relative neck pitch angle.

deg

a891q

relative neck roli angle.

deg

LEL3Y

Relative hip yaw angie.

deg

LYTER

ReTative hip pitch angie.

deg

483

ReTative nip rell angie.

deg

Rejative nip position x~coordinate.

in.

Kefative hip position y-coordinate

in.

Relative hip position z-cogrdinate.

in.

3i

Left back corner.

in.

Left intersection.

in.

Left cushion corner.

in,

Right cushign corner.

in.

Kight intersection.

in.

ad ol s eolpo] —fwofoof~d o of B o] o]

Right back corner.

in.

32

1-300

One for each of the aitferent pos-

sible contact surface corner time

points. This storage is shared by

all contacts moving or not.

(e
tprfautrjoafrjrin i &
w
-

33

1=i0

One for eacnh of the possibie ei-
1ipsgid numbers.

34

i=25

One for each of the possible con-
tact surface numbers.

35

1-4]

One” for each of the possibie time
points per printed page.
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TABLE 28.

(Continued)

SUBSCRIPT REFERENCE EXPLANATIONS

Subscript
Reference
Number

Subscript
Values

Subscript Explanation

36

1-40

One for each of the possible con-

tact interactions producing force

at one time. Any over 40 are used
but unrecorded.

Units

Symbal

37

=100

Une for each of the possibie time
points in each of input tables.

38

=10

One for each of the established.
sets af body kinematics stored
backward in tima.

39

1-25

Une for each of the contacts for
all possible interactions.

26

Special vaiue causes first four
"ellipsoids" to mean four belt seg-
ments according to subscript ref-
erence 11.

40

Siope

in./sec

Intercept

in.

4l

Velocity at beginning of segment.

in./sec

Uispiacement at beginning of seg-
ment.

in.

42

Une for each iever arm.

Deflection rate.

~/sec

43

One for each contact.

26-29

One for each belt segment ordered
as in subscript reference 11.

—
i
o

As in subscript reference 20 for
vehicle accalerations.

in./sec<

Uebug nexadecimal contro! word.

45

Number of points in table.

Change switch.

Scan type switch.

IEEERNE

Last scan pointer.

46

Linear eiastic coefficient.

1p/in.

in

Quadratic elastic coefficient.

1b/in¢

2n

Wl ol —p e —13

Cubic elastic coefficient.

18/1n?

b 3n
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5.0. THREE DIMENSIONAL CRASH YICTIM SIMULATOR
" PICTORIAL OUTPUT PROGRAM

One of the major difficulties in using the Three-0imensional Crash
Victim Simulator is the problem of visualizing the chain of physical events
tabulated in the printed outputfof the simulator. The current pictorial
output of the simulator is & first attempt to fulfill this need. Since the
state-of-the-art in display techniques does not include a caompletely workable
hidden line removal algorithm, a modified stick figure is used for the basic
component of the pictorial output.

The modified stick figure shows the body segment coordinate axes
imbedded in the centeriine of each of the three body segments. The four
belt segments are shown as straight lines from the vehicle anchor pointﬁ to
the body attachment points if the corresponding belt segment is present in
the simulation., The seat back and seat cushion are {llustrated by outlines
of their front and top edges respectively. This modified stick figure does
enable the motion of the body to be visualized adequately.

The pictorial output is the product of a simulated camera taking pictures
of the modified stick figure. The camera's position relative to the
vehicle or relative to the inertial system, the camera's focal length either
finite or infinite, and the point at which the camera is aiming are speci-
fied as parts of the input to the pictorial program.

The pictorial program\élsc allows a choice of four pictorial output
devices which may be used in ény combination on a particular run. The four
devices are a cathode ray tube display, a sixteen mi1¥iﬁeter movie, an offw-
1ine twenty-eight-inch digital incremental plotter, and an on-line ten-inch

digital incremental plotter.
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The next section describes how to use the pictorial cutput program in
conjunction with the HSRI Crash Victim Simulator on the Michigan Terminal
System. This part concludes with technical descriptions of the two major
components of the pictorial output program: the display control section and
the stick figure display sectién. These descriptions are necessary for full

utilization of the pictorial output program.
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5.1. USE OF THE PICTORIAL OUTPUT PROGRAM IN MTS

Due to the~compiexity of usage of the pictorial output program in MTS,

a step by step procedure is presented here with explanation interspersed as

needed.

The pictorial output program is run separately from the crash victim
simulator. Communication from the crash victim simylator to the pictorial
output program is accomplished by means of one of the special output options
of’the-éimu1ator; This optional output is controlled by field six on card R
of the simulator input data and consists of a formated "movie* file output via
Jogical unit number one. The values of field six on card R which will instruct
the simulator to produce this file are one or three (the latter will trigger
another special output option as well). The format of the movie file is
detailed in Table 30. It is possible to synthesize the file for purposes of
displaying empirical or other data.

The first step in the procedure is to run the crash victim simylator to
produce the movie file. The movie file will contain information for exactly
those times which appear in the normal simulator output. It is then necessary
for the user to so set field twa of the card R that all the times he wishes to
display are included in the printed output. This step is accomplished by the
following MTS command (see also Section 4.5):

$RUN SP78:THREED SCARDS=INPUTFILE T=FILENAME
where INPUTFILE is the name of the file which contains the simulator input
cards and FILENAME is the name of the movie file.

The second step is to use the MTS program * PERMIT to make this file be

what is called "read only." This permit status prohibits any changes from
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being made in the movie file by any user of MTS, but allows any user on any

user number to read the contents of that file. Conversely, it is necessary

that once a movie file is finished with, *PERMIT must be used to set the
permit code to NONE before it can be emptied and used to hold another movie

or something else. This step is carried out by issuing the MTS command:

SRUN *PERMIT PAR=FILENAME RO or conversely, SRUN PERMIT PAR=FILENAME NONE

where FILENAME is the name of the file in question.

The following manipulations fall into three classes, those which are

preparatory for the run of the pictorial output program, those which are in

£

response to the prompting of the program itself, and those which involve pro-
cessing of the pictorial output. Manipulations of class one revolve around

the proper setting up of the RUN statement for the pictorial output program.

ad

\

o Since the RUN statement is long and complicated, as a practical matter it is

stored in a file. The file containing the pictorial run statement will be

referred to as the command file. Typical contents of the command file are

L

shown in Table 29. The following steps will discuss changes in the command

file and preparation for those changes in terms of the options of the pictorial

wad

gutput program.

(} Step three concerns 1ine four of the command file as shown in Table

= 29. This particular line states that the file CELL was the last movie file
3 . ox . .
N used from SXXX. This line must be modified to specify the name of the movie

file on SXXX. This is done by carrying out the following MTS commands: Let
U be the name of the command file and FILENAME be the name of the movie file

an SXXX .
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$GET U
4,5=SXXX:FILENAME --
No character line

This procedure will seem less arbitrary if it is explained that a minus
sign terminating a MTS input lime carries the significance of telling MTS to
treat the next input line as a céﬁtinuation of the current input line. Each
line of the command file except the last terminates with a minus sign. Hence,
when the cormand file is given to MTS as input in a later step, MTS will treat

the whole file as shown in Table 29 as a single command line.

TABLE 29.  THE COMMAND FILE LAYOUT

Line
Number Contents
1 SRUN SP78:3DP O=-P 2=-M -
2 E=+DUMMY s —
3 7=4PIBTAPEx =
4 5=SXXX:CELL -
5 3=5XXX:S -
6 4=SXXX:EX -
7 8=PLOTFILE(LAST+1000)

Making changes in the command file requires using MTS to manipulate lines
which will later command MTS, so an extra minus sign is necessary on the
change followed by a no character 1ine. The Tast minus sign will be inter-
preted as a continuation of the line which contains the change. The next-to-

last minus sign will go in as part of the change plus any characters on the

248 -

| ;3]

BR

B



E"!‘Ii"“‘ | F L

iy Ehd Kl

Bl

-3

X
X
wd

next input line. The no character line will cause the minus sign to be the
last character of the changed line in the command file. This manipulation
must be done on a teletype.

Step four concerns whether or not off-line twenty-eight inch CALCOMP
plots are among the choices fo—r: output. Line seven of the command file speci-
fies the name of the file in which the plotter commands will be stored. In
Table 29, this file's name is PLOTFILE. If no plotting is desired, line
seven can specify any file name.

Step five has to do with movie making. If there is to be no movie making
as one of the output options employed in this run, line three as shown in
TabTe 29 should he modified by the MTS commands below.

SGET U

3,75=-T -=
No character line

If movies are desired, Tine three must be left as shown and the follow-
ing MTS commands must be completed before the run begins.

SCRE -P TYPE=SEQ

SRUN «MOUNT PAR=(Rack number of movie tape}

ON 7TP »PIBTAPEsx SIZE=3024, MODE=8CV,
RING=IN ' 1.D. name of movie tape '

Movie generation requires writing a tape which will be ultimately sent
to a SC4020 installation for processing to produce film. The tape must be
capable of recording 800 bytes per inch of seven track informaticon which the
film produc1ng equipment expects.

ATl of the input parameters which cuntroi the pictorial output program
are normally supplied in answer to prompting by the program itself. Certain

of these parameters may become repetitious from run to run, so two special

249

Ctrin iy e Ao e a2 Sl 15 N T ORI



et

files can be optionally read in 1lieu of responding to prompting. The file S
on SXXX specified in line five of the command file as shown in Table 29,

would be expected to contain the point of interest, the vantage point, and
focal length together with a simglated time to be explained shortly if the
pictorial output program is instructed to use the file. The simulated time
comes about from an interest in simulating a moving camera. This is done by
using a particular set of camera parameters until a specific time in the simu-
lated crash, and reading a different set. This process may be carried out
again and again. The simulated time provided in each entry of a set of camera
data is the time in the crash at which the next camera.data entry is to be
read.

Likewise file EX on SXXX of line six in Table 28 1if used would contain
picture boundary information. The formats of both these files is presented in
Section 5.2 (Tables 31 and 32). If either or both of these files are
used, the files themselves and the corresponding 1ines of the command file
need to be set up. This completes the preparation for a run of the pictorial
output program.

Step six invokes the RUN command which has been built up in the command
file by commanding MTS:

$SOURCE U++MSOURCE s

The program is very large and usually takes several minutes to load.
When execution begins, the program-wi11 print:

0 FOR INTERTIAL, 1 FOR RELATIVE

-,
-
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This is asking if the corresponding prompting is to be used in place of
the file specifieq in line five of Table 29, An answer of YES or NQ is
expected. PEEK is the name given in Section 5.3 to the array which brings
the camera data to the stick figure display section and is adopted as a short-
hand for asking this question:_ Note that the PEEK array (Table 32) con-
tains the information from both the PEEK file (Table 31) and the picture
boundary file (Table 32) after conversion to the coordinate system speci-
fied in Section 5.3.

The- program will next inquire:

PICTURE PLACEMENT TO BE ENTERED?

This is the corresponding question about the other file (1ine six of
Table 29) and likewise is answered YES or NO. [f this query has been
refused, the next four promptings do not occur and the corresponding informa-
tion is read from the fiie.

The four optional promptings are as follows:

| KMINDMM= 2
© X-MAXIMUM= 2
LN 2
LA 2

Fach request is met with a single number. The four numbers define the
boundaries of the film in the camera.

This information is used together with the camera data as follows. First,
the stick figure in three-dimensiona@ space is transiated so that the point

of interest is at the origin. Second, the object is rotated first around
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the X-axis and ther around the Y-axis until the vantage point lies on the
positive Z-axis. The figure is then translated in the Z-direction until the
distance from the vantage point to the X-Y plane is the focal length. Per~
spective and a translation are applied to move the point (X-MINIMUM, Y-
MINIMUM) to the origin. The resulting picture in the first quadrant of the
X-Y plane is scaled so that the point (X-MAXIMUM, Y-MAXIMUM) fits inside a
square 9.375 inches on a side. The contents of this square are output to
the varipus pictorial devices. Hence, these four numbers act as a crude speci-
fication of the film size except that the "film" is always a square and the
Targer side of a rectangular film size is scaled to fit one side of this
square.

The program will then prompt:

OMEGA =?

This is the length in inches used as cross bar length (see Section 5.3
of this report). The positive X-axis cross ba}-iength will be twice the other
two in the case of the torso and head, likewise with the neqative Z-axis on

the legs.

IAC =?

This is the output option switch as explained in Section 5.3. The pro-

gram will inquire about the simylated times in the crash victim simulator

output for which pictorial output is desired with the following three guestions.

BEGINNING TIME =?

?

TIME INCREMENT
FINAL TIME =?
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Proper response is three times in seconds, one to each question, which
will be used to start at the BEGINNING TIME and taking every TIME INCREMENT
thereafter until FINAL TIME is exceeded.

1f the ENTER PEEK? question was answered NO, the program will go to work

at this point. Otherwise, the- program will ask:

TIMEB=?

This is the simulated time in seconds at which new camera dataz entry is
to be read that was explained earlier. Next, the following requirement is

made.

The expected reply is three numbers with decimal points and separated by
commas. These numbers represent the coordinates of the point of interest in
inches. If inertial was specified above, these coordinates are taken with
respect to the simulator inertial system. If relative was specified above,
these coordinates are takem with respect to the simulator vehicle system.
Similar response is sought by the next prompting except that the coordinates

of the vantage point are desired.

ENTER VANTAGE POINT

The focal length in inches is regquested by:

ENTER FOCAL LENGTH
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The convention is followed that if focal length is entered as a negative
number, orthographic projection (infinite‘focal length) is assumed. Further
entries of camera data {the Tast four requirements) are asked for as needed.
The program will now proceed to-qroduce the pictorial output. If the CRT
option is employed, the program will come back to the teletype on every frame.
When the user wants to see the next frame. he presses the carriage return key.
1f he wants to start over, he types a one and then the carriage return. Some
of the pictorial device routines which are used by the program will cause some
printing that is merely for the user's information. When the pictorial out-

put is compieted, the program will prompt:
0 TO BEGIN OVER, 1 TO REPEAT RUN

If a zero is specified, the program simply beqins again at the firﬁt
prompting and ali the options are again open with the Tone exception that at
most one movie can be generated on one loading of the program. If one is
specified as the answer, the same run is repeated except that if inertial was
specified, relative is now used. This procedure works only if input was
from files in lines five and six of Table 29. The third response is an end

of file given by the MTS command:

SENDFILE

This causes termﬁnaticn of the program. 1f more than one movie is
desired to be generated, the following procedure is empioyed. The first
movie is made according to the instructions above. The resulting movie tape
{which is known as =PIBTAPE+ to MTS) is copied inte a file, the tape is

rewound, and a second movie is generated by following the instructions already
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given starting at step six. Assuming that steps one through five have been
carried out, that two movies are desired, and the file T is a sequential file

of sufficient capacity, the following MTS commands will illustrate this

procedure.

$SOURCE U+=MSOURCE« -
(Reply to prompting on the teletype.)

SENDFILE (after O TO BEGIN OVER line.)
SCOPY «PIBTAPEx TO T

$COPY »SQURCEw TO »PIBTAPEx@CC

REW.

$ENDFILE

$SOURCE U++MSOURCE»

{Renly to cause the next movie to be generated.)}

SENDFILE

SCOPY +PIBTAPExX 7O T

$COPY #SOQURCEx TO »PIBTAPE+@QCC
REW

SENDFILE

SCOPY T TO «PIBTAPEw

$SCOPY «SOURCE+ TO «PIBTAPEXGCC
WEF

WEF

WEF

WEF

WEF

REW

SENDFILE

The procedure generalizes easily to more movies. It is a considerable
investment in time and money to send away a movie tape for processing on a
SC4020 to produce film or 35mm slides. A facility has been developed on MTS
for simulating a SC4020 using the CALCOMP plotter or the printer as an output
device. For one ar more movies on tape, the following MTS will invoke the
SC4020 simulation to produce a CALCOMP plot from every tenth frame on the

tape (excepting leader).

SRUN «FLIKPLT 7=«PIBTAPEx 9=PLOTFILE PAR=CCPLT=1, NPRT=10
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This will cause the CALCOMP cormands to be written in the file PLOTFILE.
The commands resident in this file or perhaps other CALCOMP files produced by
the CALCOMP section of the pictorial output program itself need to be communi-
cated to the CALCOMP for plots to result, The files must be given a ready
only permit code via «PERMIT the;.the following MTS command will put that file

in the waiting line for CALCOMP processing.
$RUN *CCQUEUE PAR=PLOTFILE

This routine will issue a receipt which can be turned in at the

Computing Center to get the compieted plot after processing.

Fiqure 47 shows a series of eleven slides taken off a CRT display pro-

duced by this program. These slides are presented as an enlarged proof sheet

which has been labelled according to simulated time of occurrence, These
represent a back view of a side collision.

Figure 48 shows a CALCOMP plot of a top view of another, but similar,
side collision. Figure 49 shows the same collision at approximately the same
time as seen from about the right rear wheel. Figure 50 is a CALCOMP recon-

struction of a movie frame.

Figures 50 and 51 contrast a high-resolution CALCOMP plot with a 1ow=
resolution printer plot of this same side collision. Figures 52 and 53

illustrate the effects of varying film boundaries in a front view at about

this same time.
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FIGURE 48. CALCOMP PLOT OF A TOP VIEW QF A SIDE COLLISION
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FIGURE 4G.

CALCOMP RECONSTRUCTION OF A MOVIE FRAME OF A LOWER RIGHT
45 DEGREE BACK QBLIQUE VIEW OF A SIDE COLLISION.
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FIGURE 50. CALCOMP RECONSTRUCTION OF A MOVIE FRAME
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FIGURE 52. CALCOMP PLOT OF A FRONT VIEW OF A SIDE COLLISION
WITH WIDE PICTURE BOUNDARIES
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FIGURE 53. CALCOMP PLOT OF A FRONT VIEW QF A SIDE COLLISION WITH
PICTURE BOUNDARIES SET TOQ SHOW ONLY THE EXTENSION BEYOND THE SEAT EDGE
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§.2. THE DISPLAY CONTROL SECTION

The display control section of the pictorial output program has the
function of handling the communication with the user, the reading of the movie
file from the crash victim simulator, the proper transformations from inertial
or relative simulator coordinates‘into coordinates suitable to the Stick
Fiqure Display Section and the appropriate calls to the three entries of the
Stick Figure Display Section to obtain the desired pictorial output. The
promptings made by this section of the program have been discussed in
Section 5.1.

The movie file written by the crash victim simulator is composed of a
header block and a block for each of the simulated times which appear in the
printed output of the simylator. Once a movie file has been designated for
a computer run on the pictorial output program, it cannot be changed until
the next loading of the program. This file is rewound automatically before
each new pass through the prompting sequence. The contents of this file are
set forth in Table 30. The header block comsists of the first four lines.
Each time block is made up of four lines {numbered in the Table 4M+1, atc.).

The PEEK file and the picture boundary file are shown in Tables 37 and
32, respectively. Each single block of information requires one line in
both these files. If the 0 TO BEGIN OVER question is answered with a "one,”
these two files are rewound. Otherwise, additional lines of the same type will

he needed to meet the program requirements. Failure to provide enough lines

will cause termination of the run.

264

rnm

.



TABLE 3p. THE MOVIE FILE LAYOUT

Line Col- Coordinate
NO. umns Description System Units
1 1 Left Shoulder Belt Switch {O=attached) - -
1 2 Right Shoulder Belt Switch - -
1 3 Right Top Beft Switch - -
1 4 Left Tope Belt Switch - -
] 5-10 Left Shoulder Harness Anchor X Vehicle Inches
1 11-16 Left Shoulder Harness Anchor Y Vehicle Inches
1 17-22 Left Shoulder Harness Anchor Z Vehicle Inches
1 23-28 Left Shoulder Harness Attachment X Torso Inches
1 29-34 Left Shoulder Harness Attachment Y Torso Inches
1 35-40 Left Shoulder Harness Attachment Z Torso Inches
1 41-46 Right Shoulder Harness Attachment X Torso Inches
1 47-52 Right Shoulder Harness Attachment Y Torso inches
1 53-.58 Right Shoulder Harness Attachment Z Torso Inches
1 59-64 Right Shoulder Harness Anchor X Vehicle Inches
1 65-70 Right Shoulder Harness Anchor Y Vehicle Inches
] 71-76 Right Shoulder Harness Anchor Z Venicle Inches
2 1-6 Right Lap Belt Anchor X Vehicle Inches
2 7-12 Right Lap Belt Anchor Y Vehicle inches
2 13-18 Right Lap Belt Anchor Z VYehicle Inches
2 19-24 Right Lap Belt Attachment X Torso Inches
2 25-30 Right Lap Belt Attachment Y Torso Inches
2 31-36 Right Lap Belt Attachment Z Torso Inches
2 37-42 Left Lap Belt Attachment X Torso Inches
2 43-48 Left Lap Belt Attachment Y Torso Inches
2 49-54 Left Lap Belt Attachment Z Torso Inches
2 55-60 Left Lap Belt Anchor X Vehicle Inches
2 61-66 Left Lap Belt Anchor Y Vehicle Inches
2 67-72 Left Lap Belt Anchor Z Vehicle Inches
3 1-6 Laft Top Seat Back Corner X Vehicle Inches
3 7-12 Left Top Seat Back Corner Y Vehicle Inches
3 13-18 teft Top Seat Back Corner I Vehicle Inches
3 19-24 Left Bottom Seat Back Corner X Vehicle Inches
3 25-30 Left Bottom Seat Back Corner Y Vehicle Inches
3 31-36 Left Bottom Seat Back Corner Z Vehicle Inches
3 37-42 Left Front Seat Bottom Corner X Vehicle Inches
3 4348 Left Front Seat Bottom Corner Y Vehicle Inches
3 49-54 Left Front Seat Bottom Corner Z Vehicle Inches
3 55-60 Right Front Seat Bottom Corner X Yehicle Inches
3 61-66 Right Front Seat Bottom Corner Y Vehicle Inches
3 6772 Right Front Seat Bottom Corner Z Vehicle Inches
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TABLE 30. THE MOVIE FILE LAYOUT (page 2)

Line Cal- Coordinate
No umns Description System Units
4 1-6 Right Bottom Seat Back Corner X Vehicle Inches
4 7-12 Right Bottom Seat Back Corner Y Vehicle Inches.
4 13-18 Right Bottom Seat Back Corner 7 Vehicle Inches
) 19-24 Right Top Seat Back Corner X | Vehicle Inches
4 25-30 Right Top Seat Back Corner Y VYehicle Inches
& 31-36 Right Top Seat Back Corner Z Vehicle Inches
4 37-42 Distance from Torso c.g. to Neck Joint Inches
4 43-48 Distance from Neck Joint to Head c¢.4. - Inches
4 49-54 Distance from Torso c.g. to Hip Joint - Inches
4 55-60 Distance from Hip Joint to Legs ¢.g. - Inches
4 61-66 Distance from Legs ¢.g. to Extremity - Inches
4 67-72 Distance from Head c.g. to Top of Head - Inches
M1 1-1¢ Current Simulated Time - sec,
aM+1 11-20 Leg ¢.g. X Inertial Inches
aM+1] 21-30 Leg ¢.g. Y Inertial Inches
4M+1 31-40 Leg c.q. Z Inertial Inches
4M+1 41-50 Torso ¢.g. X Inertial Inches
4M+1 51-60 Torso c.g. Y Inertial Inches
4M+] 61-70 Torso ¢.g. Z Inertial Inches
4M+2 1-10 Head c.g. X Inertial Inches
AM+2 11-20 Head c.g. Y Inertial Inches
- 4M+2 21-30 Head ¢.g. Z Inertial Inches
4M+2 31-40 Vehicle X Inertial Inches
aM+2 41-50 Vehicle Y Inertial Inches
aAM+2 51-60 Vehicle Z Inertial Inches
aM+3 1-10 Leg Yaw Inertial Radians
4M+3 11-20 Leg Roll Inertial Radians
4M+3 21-30 Leg Pitch Inertial Radians
4M+3 31-40 Torso Yaw Inertial Radians
aM+3 41-50 Torso Roll Inertial Radians
4M+3 51-60 Torso Pitch Inertial Radians
4M+4 1-10 Head Yaw Inertial Radians
aM+d i1-20 Head Roil Inertial Radians
AM+4 21-30 Head Pitch [nertial Radians
4M+4 371-40 Vehicle Yaw Inertial Radians
aM+4 41-50 Vehicle Rall Inertial Radians
4M+4 57-60 Vehicle Pitch Inertial Radians
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TABLE 37, THE PEEK FILE LAYOUT

Line Coordinate
No. Columns Description System Units
1 1-6 Time to Read Another PEEK - Secs.
1 7-12 Point of Interest X As Specified Inches
1 13-18 Point of Interest Y As Specified Inches
1 19-24 Point of Interest Z As Specified Inches
1 25-30 Vantage Point X As Specified Inchas
1 31-36 Vantage Point Y As Specified Inches
1 37-42 Vantage Point Z As Specified Inches
1 43-48 Focal Length - Inches
TABLE 32. THE PICTURE BOUNDARY FILE LAYOUT
Line Coordinate
No. Columns Description System Units
] 1-6 Minimum Picture Boundary X Picture Plane Inches *
] 7-12 Maximum Picture Boundary X Picture Plane Inches
1 13-18 Minimum Picture Boundary Y Picture Plane . Inches
1 19-24 Maximum Picture Boundary Y Picture Plane Inches
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5.3. THE STICK FIGURE DISPLAY SECTION

This program displays a stick figure of the three-dimensional crash

victim together with seat backs,.seat cushions, and the four individual belt

segments. The displays

play units.

CALLING SEQUENCES: .
Normal Entry:
Alternate Entry:
Alternate Entry:
Where: PEEK is an

Table 33.

Index

DTN N1, R e

— OO0

take placé on any combination of four types of dis-

STICK (PEEK, GUY, IAC, IER)
STICK1 (GuY, IAC, IER)
STICK2

array of length eleven whose contents are depicted in

TABLE 33. PEEK ARRAY LAYOUT

Description

X Coordinate of Point of Interest

Y Coordinate of Point of Intarest

Z Coordinate of Point of Interest

X Coordinate of Vantage Point

Y Coordinate of Vantage Point

7 Coordinate of Vantage Point

Focal Length or Distance from the Vantage Point
to the Viewing Plane, The viewing plane is always
between the point of interest and the vantage
point and perpendicular to the line joining those
two points. If this quantity is negative, ortho-
graphic projection is used.

Minimum X Coordinate of Image on Viewing Plane
Maximum X Coordinate of Image on Viewing Plane
Minimum Y Coordinate of Image on Viewing Plane
Maximum Y Coordinate of Image on Yiewing Plane
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GUY is a double subscripted array which contains the 3D coordinates for
the thirty points to be plotted to form the stick figure. This array is

dimensioned GUY (30,3). The thirty points are specified in Table 34.

TABLE 34. THE GUY ARRAY LAYQUT

o -
. }:‘::2 ] L=

et

[ vl |

Point No. Description
1 Knee or Foot
2 Top of Leg C.G. Coordinate
3 Bottom of Leg C.G. Coordinate System
4 Right of Leg C.G. Coordinate System
5 Left of Leg C.G. Coordinate System
) Hip
7 Front of Torso C.G. Coordinate System
8 Back of Torso C.G. Coordinate System
9 Right of Torso C.G. Coordinate System
10 Left of Torso C.G. Coordinate System
1B Neck
12 Front of Head C.G. Coordinate System
13 Back of Head C.G. Coordinate System
14 Right of Head C.G. Coordinate System
15 Laft of Head C.G. Coordinate System
16 Top of Head
17 Left Shoulder Harness Anchor
18 Left Shoulder Harness Attachment
19 Right Shoulder Harness Attachment
20 Right Shoulder Harness Anchor
21 Right Lap Belt Anchor
22 Right Lap Belt Attachment
23 Left Lap Belt Attachment
24 Left Lap Belt Anchor
25 Left Top Seat Back Corner
26 Left Bottom Seat Back Corner
27 Left Front Seat Bottom Corner
28 Right Front Seat Bottom Corner
29 Right Bottom Seat Back Corner
30 Right Top Seat Back Corner

These points are connected by lines as i1lustrated in Figure 54 and

shown in Table 35.
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FIG. 54
STICK FIGURE LAYOQUT
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TABLE 35. CONNECTIVITY TABLE

Connects May Be
Point to Points Intensity __Absent
1 6 2 no
2 3 2 no
4 5 2 no
6 1 2 no
7 8 2 no
9 10 2 no
11 16 2 no
12 13 2 no
14 15 2 no
17 18 1 yes
19 20 1 yes
21 22 1 yes.
23 24 1 yes
25 26,30 1 . no
26 27,29 1 no
27 28 H no
28 29 1 no
29 30 1 no

The double intensity lines are written twice. If single intensity lines
coincide, only one is written. The lines that may disappear are absent when
both endpoints are at the arigin.

A11 coordinates are relative to a right-handed set of coordinate axes
whose X coordinate is pointed forward, whose Y coordinate is pointed up, and
Ea ‘ whose Z cgordinate is pointed right. The point at which the line of sight

intersects the viewing plane serves as the origin for the image 1imit X and

Y coordinates.
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IAC is the output option switch. Four output options are available from

this subroutine which will be controlled by using the integer values of IAC

from zers through fifteen. The IAC value is decoded by converting it to a

four bit binary number.

TABLE 36. OQUTPUT OPTION SWITCH BIT POSITIONS

Position Output Requested
1 338 CRT
2 Movie frame
4 28-inch CALCOMP off line
8 10-inch CALCOMP on line

1F IAC is zero, that is, none of the

output is a printout of the thirty points

four options are exercised, the

in CRT coordinates.

1ER is an error code which is zero upon normal return and set to a

designated non-zero value in case of error. In particular if I[ER is set to

one, STICKi was called before STICK.

The following table of legical device numbers is used by this program.
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TABLE 37. LOGICAL DEVICE NUMBER USAGE
L.D.N. USE_
0 Scratch for CALCOMP Routines
1 Unused
2 Scratch for Pictorial
3 PEEK Input for Control Section
4 Picture Boundary File Input for
Control Section
5 Simulator Movie File Input for
Control Section
6 Normal Printed Qutput
7 Movie Qutput Tape
8 Offline CALCOMP COutput
9 CRT Communication
SCARDS Teletype Input {User's Typed
Responses)
SPRINT Teletype Output (Prompting)
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