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~ PREFACE

This report incorporates the work done in a number of different efforts
to improve the Articulated Total Body (ATB) model's capability to
simulate human body biomechanics in various dynamic environments,

especially aircraft ejection with windblast exposure.

The majority of @odifications to the model fall into six categories:
- * wind force option

+ joint drift correction

cema

* edge effect option
.multi-axis angular displacement vehicle motion

- prescription

. slip join#'option

‘ ’ * hyperellipsoid option
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‘These improvemernts have been combined to form the ATB-IV version on the

Armétrong Aerospace Medical Research Laboratory's (AAMRL)»Concufrent
computer system ét Wright-Patterson Air Force Base. ‘AAMRL, Systems
vReéeafch'Laboragories. Inc. and J&J Technologies Inc. and the National
Highway Traffic;Safety Administration have all contributed to the

“technical work described herein.
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1.0 INTRODUCTION

The Articulated Total Body (ATB) Model is used at the Armstrong
Aerospace Medical Research Laboratory (AAMRL) for predicting gross humen
body response in various dynamic environments, especiaily aircraft
ejection with windblast exposure. Aerodynamic force application and a
harness belt capability were added to the Crash Victim Simulation (CVS)
Program (Ref. 1), by Calspan Corporation in 1975 for AMRL (Ref. 2), and
the resulting program became known as the ATB model. In 1980, Calspan
made a number of modifications to the ATB model combining it with the
then current 3-D Crash Victim Simulation program to form the ATB-II
oo~ ‘model '(Ref. 3). Complete documentation of the program through the

ATB-II version was performed by Calspan Corp. (Ref. 4). A new versionm,

:;?AIB-III. was generated which included the improvements made by J & J

L ‘A number of additional efforts heve been made to improve various aspects

AR - of the ATB~III model, with emphasis on its capability to simulate

| aircraft ejection with windblast exposure as well as complex automcbile

" accidents.

T ' This volume, User's Guide, contains updated information for the ATB user
and a new input description for ATB-IV. Much of this volume is &
reprinting with modifications and updates of Volume 2 of Calspan’s

— e %-

report on the Crash Victim Simulator (Ref 4).

Section 2 of this volume éives a general description of the ATB model
~ and its structure. An overview of the ATB input data is in Section 3,

while a complete input description for ATB-IV.0 is in Section 4.

Section 5 lists the stops within the ATB model. A description of the
. ( logical units used by the model including the time history and RSTART

options is in Section 6, and the appendices contain some example input

. and output from the model.



2.0 GENERAL FORMULATION OF THE ATB MODEL

The Articulated Total Body (ATB) Model is primarily designed to evaluate
rhe three-dimensional dynamic response of a system of rigid bodies when
subjected to a dynamic environment consisting of applied forcec and
interactive contact forces. Although the ATB Model was originally
developed to model the dynamic response of crash dummies and, with later

modifications, the response of the human, the ATB Model is quite general

in nature and can be used to simulate a wide range of physical problems
“that can Be approiimated as a system of connected or free rigid bodies.

~ The ATB Model has been used to model such widely diverse physical

o rhenomena as human body dynamics, the motion of the balls in a billards
gane‘éﬁd_ghe transient response of an MX missle suspended from cables in
;;a‘gindngqqel.v Thie flexibility can cause the application of the ATB

' ih —— «

“program to appear tc be overlj-complex to the uninitiated user. The

- purpose of this discussion is to present some of those program features

that should be mastered to utilize the ATB program. Throughout this

. discussion a number of input varizbles will be mentioned. A complete

description of these and other input variables is presented in

Section 4,

To avoid confusion between the overall body or object to be modeled and

- the .individual rigid bodies that make up the overall body, throughcut

"~ this report the terr "segment™ will henceforth be used to refer to the

individual rigid bodies and the term "body" will refer to the overall

body or object to be modeled. The approach used in the ATB Model to

= model the human or manikin body (the "body" in the ATB Model simulation)

is to consider the body as being segmented into individuval rigid bodies
(the "segments" in the ATB Model) each having the mass of the body

between body joints or, in the case of single-jointed segments, such as

4the foot, distal to the joint. An example would be the left upper arm

segment, which represents the mass of the body between the shoulder
joint and the elbow joint. Segments are assigned mass and
moments—-of-inertia and joined at locations representing the physical

joints of the human body, such as the shoulder joint or the knee joinr.

3



2.1 CHAIN STRUCTURE OF THE ATB MODEL

The system to be simulated by the ATB Model can be made up of one or
more segments which may be connected or free. The system‘can be made up
of & number of free segments, a number of segments coupled together at
joints or a combination of both. A body made up of coupled segments'
should form an open chain or & tree structure. While this is not an
absolute requirement, closed chains may encounter computational
problems. One must also be careful not to exceed the maximum number of
segments specified by the dimension statements of the progrem variables.

Cﬁrrently this maximum is 30,

All body models are composed of a Number of body SEGments, NSBEG, (NSEG
and similar terms refer to variable names in the ATB Model computer code
and are defined in the ATB Input Description, presented in Section 4.0),
end a Number of JoiNTs, NJNT, that are input parameters for a particular
simulation. Figure 1 depicts the 15 segment model with 14 joints that
is commonly used in éar crash and aircraft ejection simulations. The
number of segments can be readily varied in the input without any code
modifications for up to 30 segments. In some cases a different number
of segments may be desired, for example, if an automobile impacting a
pedestrian is to be simulated, it is recommended that two more segments
and joints (for the hands and connecting wrists) be added to accommodate
the initial contacts of the hands with the hood of the impacting
vehicle. Ancother common variation of the 15 segment body is to break
the upper torso into two segments, jginted at the sternum to better

accommodate motion of the shoulder complex.

Whatever the specific body model, the procedure to construct the body
remains thevsame. The body is assembled as a chain of individual
segments. For more cdmplex bodies, as for the 15 segment body, the body
can take on & tree-like structure, with several chains (here
representing the arms and the legs) branching out from several connected
éegments. The principal limitation to this approach as implemented in

the ATB Model is that no closed loop for interconnected segments should
4
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Joint j connects segment JNT(j) with segment i+l

f 9 10 3 [2 3

INT(j)= | I 6 7
5 6 7 8 9 10 11 12 13

2 3
(j)= 1 2 3

Figure 1 Fifteen Segment Body Configuration
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be allowed. An example of a closed loop would be if the two segments .
representing the right and left lower arms were to be connected by a

joint. This would result in a closed loop composed (in the 15 segment

body) of the upper torso, left upper arm, left lower arm, right lower

arm and right upper arm.

The body segments and joints are assigned identification numbers, i =1
to NSEG for the segments and j = 1 to NJNT for the joints. The
assignment of the identification numbers is somewhat but not completely
arbitrary. They are used along with the one-dimensional array, JNT(j)
for j =1 io NJNT, to define the connectivity of the segments by the
jeints. First, a base or reference segment is chosen as segﬁent number
1. Although the reference segment may be any of the segments, it has
been found that for the 15 segment body model the lower torso (LT) is
the best qhoice_for the reference segment. When the ATB Model was first
deveioped,'thé head (H) was chosen as the reference segment. However,
it was found that the erratic accelerations of the head caused numerical
problems with the program integrator and that it was more beneficial to

use a more stable, nonextremity segment, hence the choice cf the lower

torso as the reference segment. A generalization of this result is the
recommendation that, regardless of the body model, the reference segment
be chosen to be one that undergoes the least accelerations of any of the

segments and/or is the heaviest segment.

Once the lower torso is selected as the reference segment and designated
as segment number 1 the first joint must then be selected and numbered
as joint no. 1. There are three segments, the center torso (CT), the
left upper leg (LUL) and the right upper leg (RUL), that must be
connected to the lower torso for the 15 segment body. Any one of the
three joints that connect the above segments to the center segments can
be assigned as joint number 1. Normelly the joint éonnecting lower and
center torsos is chosen as joint number 1. The requirement for
sequential numbering of the segments results in the center torso being
designated as segment number 2. The general logic behind this‘numbering
scheme is the relationship JNT(j) = i, where "j" is the joint number,
"i" is the segment number that is to be joined together with segment

6
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number j + 1. JNT(j) is an arrey within the ATB program that stores the
segment number of the proximal segment for the jth joint. In the
context of the ATR Model, a proximal segment is the segment at e joint
that is nearest to the reference segment whereas a distal segment is the

segment further from the reference segment.

Successive segment and joint identification numbers are assigned with
the provision that each new segment assigned be connected to a
prevxously assigned segment (the corresponding restrlctlon within the

program is that the value-of JNT(j) must be less than or equal to J)

~ Continuving this process produces the identification and connectivity

- agsignments of Tazble 1 as one poseible arrangement. It is obvious that

this arrangement is not unique.

e

“"f"““'”*"‘iThe“loglc -of connect1ng segment j + 1 to segment JNT(j) = i prevenés the

?-“constructzon of closed chains via the joints. The restriction, _

JINT(3)= j, allows for the possibility of specifying JNT(j)} = 0. The
ATB program utilizes this concept to signify that joint No. j w111 be a
‘null jeint and that segment No. j+1 will be the refererce or base -
segment of another body. This permits the specification of multlple

bodles thdt remain disconnected or free.




TABLE 1:- Segment-and -Jeint Assignments-and Connectivity

th.

0 N OV o W

L = T e ™ T ST
W LN O

Segment Name Symbol ] Joint Neme Symbol JNT(j) Eennects
Lower Torso LT 1 Pelvis P 1 LT CT
Center Torso cT 2 Waist 2 CT - UT
Upper Torso UT 3 Neck Pivot NP 3 uT N
Neck N 4 Head Pivét HP 4 N K
Head H 5 Right Hip RH 1 LT RUL
Right Upper Leg RUL 6 Right Knee " RK 6 RUL RLL
Right Lower Leg RLL 7 Right Ankle RA 7 RLL - RF
Right Foot RF 8 Left Hip LH 1 LT - LuL

" Left Upper Leg LUL 9 Left Knee LK 9 LUL LLL
Left Lower Leg LLL 10 Left Ankle LA 10 LLL - LF
Left Foot LF 11 Right Shoulder RS 3 UT - RUA
Right Upper Arm RUA 12 Right Elbow RE 12 RUA RLA
Right Lower Arm RLA 13 Left Shoulder LS 3 uT LuA
Left Upper Arm LUA 14 Left Elbow LE 14 LUA LLA
Left Lower Arm LLA




2.2 REFERENCE COORDINATE SYSTEMS

The ATB model utilizes many reference coordinate systems with respect to
which poiﬂts in space and directions are caslculated within the program.
Considerable flexibility in the choice of coordinate systems and their
specification for both input and output are available. The primary
coordinate systems used in the model are the inertial, vehicle, local

body segment, principal, joint and contact ellipsoid reference

- coordinate systems. The specification of each reference coordinate

system requires an origin and a direction cosine matrix (usually
initially specified by three rotation angles, yaw, pitch and roll) which
relates one reference coordinate system with respect to another. All

coordinate systems discussed in this section are orthonormal.

2.2.1 Inertial Reference- Coordinate System

The ATB model assumes that the coordinates of the origin of the inertial
reference coordinate are zero and all other coordinate systems are
specified with respect to this system. The user may equate the origin
of the inertial reference coordinate system to any convenient point from
which his data are referenced. The frame of reference is arbitrary and
is partially specified by defining which way is down by the values
supplied for the components of the graviti vector. It has been
customary to supply (zero, zero, g) as the.components of the gravity
vector to specify that the positive Z axis is pointing downward. Hence,
in terms of a standing man, the force of gravity would be pointing in
the-direction from his head to his feet. The forward direcﬁion
(pointing from the back of the standing man to his chest) is taken as
the positive X axis and (by the right hand rule) the positive Y axis is
in the lateral direction (pointing from the standing man's left side to
his right side). However, the user may specify any frame of reference
that suits his application, one with which he is more familiar, or in

which his input data has been measured.

It is sometimes necessary that contact surfaces (planes or ellipsoids)

be located with respect to the inertial reference coordinate system,

9



e.g., the ground for pedestrian simulations. Since the program assumes .
that contact surfaces are associated with segments, & special segment
identification number (NGRND) is used within the program for this
purpose. NRGND is the largest segment number used by the program and is
assigned the value NGRND = NSEG + Number of air BAGs (NBAG) + number of
vehicles + 1 and essentially corresponds to the inertial coordinate
system. The linear position and velocity for this artificial segment
are set to zero and its direction cosine matrix to the identity matrix
throughout the duration of the program. This permits the use of segment

NGRND for the attachment of contact surfaces.

. 2.2.2 Vebicle- Reference- Coordinate Systems

Up to six vehicles with specified motion can be defined. The primary
vehicle is the last vehicle defined and is different from the other
vehicles in that it serves as the default reference coordinate system
for several types of input and output. Most of the contact panels are
usually defined with respect to this system and much of the output

(printer plots and tabular time histories) can be produced with respect ‘
to this system to correspond with photographs and drawings with respect
to the vehicle. The origin of each of the vehicle coordinate systems is
arbitrary, and any convenient reference point may be chosen for which
input and output data would be most meaningful. The locations of the
vehicle origins with respect to the inertial reference coordinate system
origin are specified by XO. Again, the frames of reference (the
directions of the positive X, Y and Z axes) are arbitrary and should be
chosen to accommodate svailable input data. The initial velocities and’
direction cosiné matrices are determined frqm the options available to

specify vehicle motion.

_ A speciel segment identification number is assigned for each of the

vehicles where NVEH1 = NSEG + 1, NVEH2 = NSEG + 2, etc. so that each

vehicle may be treated like other segments for segment assignments for

contact surface specifications. However, no matter how large the

computed contact forces and torques are on these vehicle segments, the

prescribed motion of the vehicle segment will not change. .
10



2.2.3 Body Segment Lecel: Reference Coordinate Systems

Each body segment has a local reference coordinate system which is
sometimes referred to as the segment geometric coordinate system. Each
body segment has a mass and principal moments of inertia. The local
reference coordinate system has its origin at the segment mass center,
the priﬂ;ipal moments of inertia are with respect to this origin and the
principal axes for the principal moments are specified with respect to
the lécal reference system. The (byper)ellipsoidal contact surface
origin and orientation is also specified with respect to the local
reference system. There is no direct association within the ATB model .
of the segment inertial properties and the (hyper)ellipsoidal contact
surface that can be associated with the segment. Unlike the vehicle e
segments, a body segment can have up to six degrees—of—freedém aﬁ&”itsﬁi“_ 
kinematics are computed based on the dynamic interactions the body o

segment experiences during a simulation. A body segment can be glven an -

1n1t1a1 position, orientation, and l1near and angular veloczty and 1Ls

mot1on is then computed for the rema1nder of the s1mulat10n sub;ect to-

et

PR T e

any 1mposed constraints (e.g. number and type of Jo1nt) and applled

forces. The motion of the body segments cam not be spe01f1ed unless the~v‘

body segment is also defined as a vehicle. . 73:5_21

To provide a means for the body segments to interact with the .-JT jfﬁ;”flﬂ o '%¥f
environment, one or more éontact (hypgr)ellipsoids can be attached to
each body segment. These contact (hyper)ellipsoids are what the use£'”““7  ”i o
sees in the various graphiCS of the ATB model and generally correspond -
closely to the physical dimensions of the actual object that is to be _
modeled by the body segment. The contact (hyper)ellipsoids have no mass
or moments of inertia, they are solely for thé purpose of providing the
body segments with a means of interacting with surrounding enviromment.
Contact planes can also be attached to the body segments to provide
another way for the body segmént to interact with the enviromment.
While the orientation of the segment local reference coordinate systems
can be arbitrarily defined, the standard convention has been to choose
the axis so that when the body is in an upright standing position with
11



arms at the side, the Z axis is dowmward, the X axis to the front and .
the Y axis is to the body's right.

2.2.4 Body- Segment- Principal- €oordinate-Systems

The dynamic equations in the ATB model are solved in terms of principal
axes. All three-dimensional bodies have an inertia temsor. Six of the
nine inertia tensor elements are independent, therefore it is a second

- order, symmetric tensor. Any body has three principal directions for
which there are three moments of imertia, corresponding to the diagonal
elements of an inertia tensor when all the off-diagonal terms are equal
to zero. The segment principal coordinate system axes correspond to the
three principal directions, therefore only the three principal moments

of inertia must be specified.

The principal axes are fixed with respect to the segment local reference
axis and their orientation must be specified only once. All other model

~input and output referr1ng to the segments is in terms of the body -

segment local reference coordinate system. After input, the ATB model

converts all data p01nts expressed in the local segment reference,

R T

coordlnate system to pr1nc1pal coordinates and, prior to output, be;ﬁ'to
the local segment reference coordinate system in a manner that is
transparent to the uset; Therefore, when the input description (Section
4.0) refers to local body segment reference, the local and not the
principal moment of inertia reference coordinate system is implied.

Note that for scme cases where the principal axes are aligned with the -

local reference axes the two are coincident.

2.2.5 Joint Reference- Coordinate Systems

Because of the mathematical formulestions used by the joint force and
torque computation subroutines within the program, it is necessary to
define two coordinate systems for each joint, one rigidly attached to
each of the body segments thet are connected by the joint. As described
above, these two body segments are identified as segments Nos. JNT(j)

and j+1 for joint No. j. SR, the origin of each joint reference
12




coordirate system (or the lccation of the joint) is siecified in the
body segment local reference coordinate systems for both segment Nos.
JNT(3) and j+i; The orientations of the joint axis systems are

specified by rotation angles (yaw, pitch and roll) from the local fram

of reference for bvoth oq these segments as YPR1 and YFPRZ.

Joint forces and torques are computed by the ATB program as a function
of the relative crientation of the two coordinate systems at the joint.
The jouint coordineste system associated with the JNT(j) segment is used
as the base reference system for detecmining the joint parameters. - For
pin joints the Y-axis is the axis of rotation. TFor ball and socket
joints, free joints and joints using the joint fumction, flexure or
theta is the angle between the two Z—axes while azimutb or phi is the
angle between the base ¥-axis and the progectlon of the i+l Z—aXIb into .
the X~Y base plane, and twist is rotation about the base Z-sxis. For"
Euler joints precession, nutation and spin are defined as the rotatioms..... .

from the base joint coordinate system to the j+1 joint coordlnate .

‘system. For slip joints, the linear motion is along the base’ Z-aXIEa

Further descrlptlcna cf the joint types and their axzes systems Can be .

found in Volume l-of:Reference 4, fection 2 of Reference ‘and Sec :or;é"}

of Voluge 1 of this repcrt.

2.2.6  Coutact (Hyper)Ellipsoid Reference Coordinate Systems -- . ... e

The ATB model has an option to attach contact (hyper)ellipsoids to the.
body segments, vehicle segments or to the ground (inertial} segment.
These contact (hyper)ellipsoids'are.fcr contact putpdses only. They
have no mass or moments of inertia and hence no dynamic response. They
are rigidly attached to a segment at a point and with an oriertusticn
specified with respect to the segment's local reference coordinate
syster. The contact (hyper)ellipsoid coordinate system is formed by the
three orthogonal semi-axes of the (hyper)ellipsoid, with the ccordinate

system’s crigin at the geometric center of the (hyper)ellipsoid.

The contact (hyper)ellipsoid is attached to a segment by specifying an

offset vector which originates at the origin of the seguent's lccal
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reference coordinate system and ends at the point in the local . .
ccordinate system where the center of the contact (hyper)ellipsoid is to

ée attached. The orientation of the contact (hyper)ellipsoid is

specified by rotation angles with respect to the local reference system.

If no rotation angles are specified for the contact (hyper)ellipsoid,

the X, Y and Z semi-axes of the contact (hyper)ellipsoid are assumed to

coincide with the X, Y and Z axes of the local reference system of the

segment to which the contact (hyper)ellipsoid is attached.

Contact hyperellipsoids can be used for hyperellipsoid/hyperellipsoid

contacts and hyperellipsoid/plane contacts, but only simple ellipsoids

can be used for belt/ellipsoid contacts, harness belt/ellipscid centacte

or'air bag/ellipsoid contacte (where the air bag is a special type of

contact ellipsoid). More that one contact (byper)ellipsoid can be

attached to one local (body, vehicle or ground) segment. The ccntact

ellipsoids originally defined with the segments are those deﬁicted by

the VIEW program. Additional contact (hyper)ellipsoids spec{fieﬁ laper,~{’(w~

in the ifiput can not be drawn by the current version of the VI - - ‘
‘ graphics program (Ref. 6). ' ‘

The only input data specified in terms of the contact (hyper)ellipsoid

coordinate system, besides the (hyper)ellipsoid semi-axes, are those for

the simple belt and harness belt algorithms. The belt points that

contact the surface'of a contact ellipsoid are specified in terms of the

contact ellipsoid coordinate system. This is a physically realistic

situation since one would expect both the simple and harness belts to

lie on the surface of a body segment, which is podeled as 2 confact

ellipsoid.

2.2.7 Appliéﬁ_}orce and Torque Coordinate Systems

The ATB model has the capability to apply time-dependent fcrces and

torques to body segments. A force/torque coordinate system is defiuned

such that a positive force is applied in the positive X directiun cf the

force/torque coordinate systém and a positive torque is applied azbout . .

the positive X axis of the force/torque ccordinate system using the

14



right hand rule. The origin and orientation (rotatien)} of the
force/tlorque coordinate systems are specified with respect to the local
reference coordinate system of the segment to which the force/torque ic

to be applied.
2.3 DIMENSIONAL UNITS AND GRAVITY

Before any body or vehicle date can be considered for input to model,
the user must decide which units of measurement are to be used for the
simulatiop and in which direction, relative to the inertial system, the

gravity field is to point.

2.3.1 Selecting Dimensional Units

The units of measurement for the input data (i.e. pounds/inches/secbnds .
or rewtons/meters/seconds) wust be chosen. The choice is arbztrary and T L0 .o
there’is no default, but once the selectmon is made. all 1nput data must'

3
be inlthe same units. Choosing the units of measurement for the 1n;ut '

data also automatically spec1f1es the units for the output data.. The . -.;ﬂ',,

un1tb of measurement are selected by supplylng the alphanumerlc names 04'“

the abbreviations for the units of force (UNITM), distance (UNITL) and-t»:,'"’

aemmomy
A :

time (UNITT). These input parameters are used to annotate the ATB model
output, including the listing of the input on the primary cutput file
(FORTRAN logical unit 6). ) :

The units of measurement used in the ATB Input Description for e
illustrative purposes are pounds, inches and seconds. These unite were . .
selected at the time of the initisl development of the model when most
available. data were in these units. These particular units were
selected on the basis of convenience only &rnd should not be considered
as the standard units. Although there are no of ficial unite, the format
(field width and number of digits following the decimal) for various
output items were established on the basis of the expected magnitude of

output for a simple car crashk type simulation, assuming the pound, inch
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and second measurement system. Hence it is possible that a different
choice of units may result in output that, while numerically correct,

- may not bhave the desired output format.

Note that mass units are not required for input and output purposes,
although they are assumed internally by the program. This is
accomplished by supplying the weight of the body segments using the
force units. The ATB program converts these inpﬁt values to mass units
by dividing these force units by the value of the acceleration due to
gravity which must be provided as input. Unfortunately, an
inconsistency was introduced during the early develo?ment of the program
for the input units required for the principal moments of inertia (PH1).
In retrospect, the units for the principal moments of inertia should
have been weight (force) multiplied by disfance squared, and the input
values converted by the program 5y dividing by the acceleration due to
gravity, as is done for the segment weights. As the input is now
established, the required units for these prinéipal moments of inertia
are weight (force) multiplied by distance multiplied by time éqpé?ed,‘
which is equivalent to mass multiplied by distance squared. Thig;
inconsistency has never been removed because its removal would

T AT @R AT S AL et L Tamage o

analldaté many already estab11shed 1nput files.

2.3.2 BSpecifying Gravity

Once the units of measurement have been selected, the user must next
define what is meant by the inertial coordinate system. As discussed .
earlier the inertial coordinate system is the c00rdinatevsystem to which
all other coordinate systems are referred and it is within this system |
that Newton's laws hold. The inertial coordinate system of the model is
assumed to be at rest, but is designated as a segment called the ground
segment with its segment number given by NGRND. Defining the inertial
coordinate system means specifying which direction, with respect to the
inertial coordinate systém. is considered to be "up" and which direction

is considered to be "down'.
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Most whole body simulations have had "down", meaning the direction an
object would travel if subjected to gravity alone, aligned with the
positive Z axis. This would be specified in a simulation as defining
the gravity vector GRAVTY, as (0, O, g) where g corresponds to the

standard coefficient of gravity at the surface of the earth.

The gravity field defined by GRAVIY is assumed to be constant throughout

space and time in the ATB model and is applied to all segments that are

given a nonzero weight. The magnitude of the vector GRAVTY is used to

compute the masses of the segments from their supplied weights. If the

user wants to simulate the motion of an object in a zero gravity field,

such as a spacecraft in deep space, the gravity vector would be supplied

as GRAVTY (0, 0, 0). The magnitude of this vector is obviously zero so ‘
computation of the masses of the segments from their weights would not - > _
be possible using the maghitude of GRAVTY. To circumvent this problem, "~~~ =~ <"
the user has the option of supplying G. G represents a factor by which

the weights of the segments will be divided to yield a mass. If G ié‘ -

supplied as nonzero, the ATB program will use the value of G rather: than 23;}7A

the magn1tude of GRAVTY to compute the masses of the segments. G aust .

be nonzero when GRAVTY (0,0, 0) is used .For the case when the magnltude

- g e -

of GRAVTY is nonzero and G is also nonzero. ‘the progrem w111 apply the‘
vector GRAVTY to all segments with a nonzero mass but the weights of" the T St

segments will be converted to mass by dividing by G.
2.4 INITIAL POSITIONING OF THE ATB SEGMENTS

In addition to the specification of the inertial properties and coufling
scheme of the segments, the initial position and velocity of the body -
segments must be provided. The ATB program requires the initial
position of the c.g. of the base or reference segments in the inertial
reference coordinate system and the initial orientation of each local
body segment to be specified. For the total body free in space thie
process can be relatively straight forward, however, when body
interactions with the surrounding enviromment (for example, seat and
floorboard contracts) have to be taken into account the process can
become fairly involved. The reason for this is that the body must
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initially be in static equilibrium and this equilibrium depends on the .
balancing of gravitational forces by contact forces. The latter are

highly position dependent ahd must be properly chosen to avoid large

initial segment accelerations. Two general methods can be used to

achieve initiel equilibrium. The first is an iterative adjustment

process and the second uses an internal equilibrium routine.

2.4.1 Iterative Positioning Method

.

The iterative method requires initial prescription of the initial

position and then the execution of a simulation to zero time. This cap
‘be done by setting NSTEPS to zero, and by supplying a nomzero value for
NPRT(3). A tabular printout of all of the external forces and torques

and resulting linear and angular positions and accelerations is produced
for time zero. Then the user adjusfs the positions based on the initial
angular and linear accelerations and the contact forces. This procedufe,_
usually réquires several iterations to insure that the body is in sigtic, )
equilib53§m with its enviromment which is determined by the'ébsence of .

large accelerations for any of the body segments. Perfect equilibrium _ - .

is generally not attainable for the seated or standing position,

vhowever. small initial accelerat1ons are tolerable. espec1ally if they
are much smaller than the accelerations induced by the dynamic

environmental conditions under study.

2.4.2 The Equilibrium Routine

- An equilibrium option has been incorporated into the ATB program to’
assist the user in achieving this initial equilibrium of the body
segments. It has been designed in a general manner to sclve any
equilibrium problem, but can be exceedingly complex to use. The input
description (Section 4.0) describes a procedure designed at Calspan that
produces equilibrium (zero accelerations on &all body segments) for a
typical seated occupant configﬁration. It utilizes an automatic
nultiple iteration procedure that simulates the adjustments a body makes
to comfortably seat itself inside an automobile seat configuratioﬁ. it

is suspected that the resulting configuration is unique for the set of .
18



specified contact forces desired. To adapt this procedure to other
configurations, it is necessary that the body segments not be over or
under constrained as determined by the contacts allowed, locked joints
and the imposition of rolling and sliding constraints. Supplying the
proper input for the general case is not a simple matter, but following
the instructions described in the input description should greatly
assist the initial positioning of a seated occupant in a standard
automobile or ejection seat configuration.

1

2,5 TIME AND OGUTPUT CONTRCL OF THE ATB PROGRAMS

Time control parameters must be specified for each simulation. These
paraheters control the length (simulation time) of the runm, the amount
and format of the output, the tabular time histories, and operation. of
the;program integrator. Although the program places no restrictions on’

~ these input parameters, a judicious choice of the parameters can improve

e i s T

calculational efficiency and numerical stability.

- .

Thefprimary control of time is performed by the Main Program of the‘ATBff

proéram. Here, after all input éndAinitialization is P?ffgrQQd-;f?E ”;g
advénced in steﬁs of DT seconds by calling the prOgrémvintegragb;if
After each DT time step, control ié returned to the mairn progréﬁTQHQré ‘.;A”,u
the print indicators NFRT(1) thru NPRT(7) are tested to perform optiohai.gwﬂti
outputs. This is done for time zero and at each integral (one thru."”r,.ptm
NSTEPS) multiple of DT seconds of simulation time. The total simulation -
time is therefore NSTEPS*DT seconds where NSTEPS and DT are input

parémeters. The values of NSTEPS and DT should therefore be chosen so

as Eo provide the desired length of the simulation and amount and

frequency of output data.

A secondary control of time is performed by the program integratof.
subroutine DINT. This is controlled by the supplied values for HO, HMIN
and HMAX. The integrator advances time in substeps of H seconds
starting with HO and varying between HMIN and HMAX. H is halved when
convergence of the integrator parameters is not achieved, but H is not

permitted to become less than HMIN. 1If convergence is not attained with
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a HMIN time -step the simulation stops. If the comnvergence criteria are " .
satisfied for several integration steps, H is increased by 2. This can

continue until the integratien stép reaches HMAX. Although not

absolutely required, it is best that DT be chosen an integer multiple of

HMAX so that the DT time step will be executed in equal HMAX substeps

during periods of stable activity. Also, since the value of H is

permitted to double during these stabie periods or be halved during

unstable periods, the integrator will execute more efficiently if HMAX

is a power of two multiple of HMIN and HO.

It has been observed that suitable values for HMAX lie between one and
five msec for most occupant and pedestrian simulations. Generally,
values for DT of 0.002, 0.004, 0.010 or 0.020; HMAX of 0.601 or 0.002;
and HMIN and HO of 0.000125 or 0.000250 seconds work satisfactorily. It
is possible to execute the integrator in a "fixed step mode" by settiry
HMAX = HMIN = HO, but this is not recommended.

One other input parametef is worth mentioning here, namely NDINT. The ’ .
integrator basically performs NDINT iterations of functional eﬁéluations
at both the midpoint (TIME + H/2) and endpoint (TIME + H) of ‘the_current
time substep with convergence being tested after each endpoint B -
evaluation. Although some writers have suggested that only one is
necessary for the value of NDINT, it has been observed that an even
number works better (because of the behavior of the integrator) and that
extra evaluations, in an attempt to achieve convergence, are less costly
than permitting the integrator to halve the time step. Therefore, a

value of 4 or 6 for NDINT is recommended.
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3.0 ORGANIZATION OF ATB INPUT LATA

The input for the ATB program is contained in a single primary input

file (FORTRAN Unit No S5). It is a formatted file, structured in a fixed

80 column card format of alphanumeric data input. Each reéord of the

file therefore corresponds to the contents of an input card that has a

unique identification (e.g. input Card A.l.a). This produces a modular

form for the contents of an input file for the AIB program. For

éxample, the A input cards contain the general run parameters, the B =~ 7 °
input cards contain the inertial and geometric parameters that define

the segments and joints of the body, the C cards contain the parameters

that define the vehicle motion, etc. Since most computer systems permit -
the concatenation of files, the input file for the ATB program could

possibly consist of several previously constructed files that are .
concatenated in the proper sequence at execution time. The modularity

of the input makes it possible for complete sets to be replaced by

' existing sets that have been previously used. e T LT

Fur example, the crash victim body consists of a varzab1e~number_ofﬂ”mfiv
segments and joints specified by NSEG and NJNT supplied on input Card
B.1 that, in turn, control the number of B cards to follew. “Thereforé,
the structure of ény ATB prograﬁ input file or deck is variabie and is
completely specified by previously supplied parameters. Some input
cards are always required, others are needed only for previously
specified parameters, é;d. in most cases, the number of cards within any
given set is determined by a previously defined parameter, Because of
this variable structure for the input deck, a fixed format for the
program input that is common for many computer programs was not used.

In fact, ATB program input decks may be as small as 15 or 20 cards and

as large as 700 or 800 cards.

During the input portion of the ATB program, considerable program
initislization is performed that, in some cases, changes the actual
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supplied input (e.g., degrees are converted to radiané) and & completely
annotated listing of the program input is produced on the primary output
unit (FORTRAN unit No. 6). It is suggested that, as one firét attempts
to read the input description for the ATB program (Section 4.0), they
have one of the primary output listings available to assist in the
initial understanding of the many program features that are available

and the manner by which they are controlled within the program.

Followiﬁg is a summary of all of the input cards. A complete
Hescription. giving the format for each card, the cenditions that
specify its neceesity, the input parameters to be svpplied cn each card
and a definition of each of these parameters, is presented in Sectioun
4,0,

‘A, Run control parameters

A.l,a—~¢ Date, restart contrdl.‘run descripfion *ﬁ7%v4’f;f;
A.2 Variable changes for restart proéedure i
,;f - A3 Dimensional units, components of gg§yi;yv. ;;»H;
N Ah o Integrétor parameférs | R
A.5 NPRT array for output control

B. Physical characteristics of the body

B.1 Body title, No. of segments end joints
B.2.a-b Physical characteristics of body segments

B.3s8~-b  Physicwsl characteristics of joints

B.4 Joint spring function coefficients
B.5 Joint viscous function coefficients
B.6 Integrator convergence tests for body segments

B.7.a~b Controls for flexible elements

C. Prescribed segment (vebicle) motion

C.1 Vehicle motion title

C.2.a~b Prescribed motion control parameters
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M.

F.

C.3
C.4 .
C.S

Unidirectional deceleration tables
Six degree of freedom deceleration tables

Spline fit tables

Contact surface and other environment definiticns

D.1
D-Z. a_d

. Do3o a—-c

D. 40 a_h
D.5

D.6
D.7
D.8
D.9

Function definitions

E.1
F.2

E.3
E.4.a-b
E.5
E.6.a-d
E.7.a~d

£llowed

F.l.a-b
F.2.ab
F.3.a-b
F. 4.a-b
F.5.2a

Function identification number‘andjtitle” '

Number of contact panels, belts, airbags, etc.
Plane description and input dets

Simple belt description and input data

Airbag description and input data

Additional (hyper)ellipsoid contact surface
input data

Constraint and tension element input data. .
Body segment symmetry options

Spring damper input data

Applied force/torque function input data

Function definition control farameters
5th degree polynomial coefficients
Tabular function definition

(No longer required by program)b

Wind force functions input data

Joint force functions input date’

contacts and associated functicre

Menu for plane-segment contact functions

Menu for belt-segment contect functions

Menu for segment-segment contact functions
Specifications for globalgraphic joint~functions
Specifications for joint forces option
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F‘b
Fo 7 . a-b
Fo 8. a-d

Allowed wirbag-segment contact definitions .
Wind force functions specifications

Harness-belt systems input data

Initiel positioning input

G.1.a-b
G.2

G.3. a‘b
G.4
G.5

G.6

Printer plots control parameters

Initial position and velocity for reference
segments

Initisl segment angular orientaticn end velocity
input data ‘

Equilibrium control parameters

Equilibrium control assignments

Equilibrium counstreint assignments

Tabular time history oufpur centrol parameters

Ho l.a-b

H.z! a-b

H.3.a-b

H.4
H.5

H.6

H.7

H.8

H.9
H.10.a-b
R.11

Linear accelerations of selected points on 77 : .

segments

Linear velccities of selected points on segméﬁts
Linear pogitions of selected pdinté‘on ééémZ:?;” o
Angular accelerations of selected segments -

Angular velocities of selected segments

Angular orientations of selected cegments

Joint parameters for selected jointy

Wind forces on selected zegments

Joint forces and torques for selected joints
Propertiee of selected sets of segments

Parameters for HIC, HSI and CSI computaticry

Specifications for Celcomp plots

1.1
1.2
1.3
I.4

No. of plots and Y variables per plot
X and Y variables to be plotted
Parameters for borizontal (X) sxis

Parameters for vertical (Y) axis
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1.5 X axis label

I.6 Y axis label

1.7 First line cf plet lstel

7.8 Second line of plot label
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4.0 INPUT DESCRIPTION FOR THE
AAMRL ARTICULATED TOTAL BODY MODEL
ATB-1V.0
JULY 1988

The following is an input description for the Articulated Total !
Body (ATB) Model. Both the input description and ATB Model are |
available from the Modeling & Analysis Branch, Biodynamics & !
Bioengineering Division, Armstrong Aerospace Medical Research i
Laboratory, Wright-Patterson Air Force Basze, Dayton, Ohio |
45433-6573, [(313) 235-3665]. The ATB Model is the Air Force !
sponsored enhanced version of the Crash Victim Simulator (CV3) !
Model developed by Calspan for the Department of !
Transportation. All revisions and enhancements to previous |
versions of the ATB Model are denoted by the symbols below. t

1.1 Symbol Key: _” f

A line with any of the symbols °‘!°, "@°, "X" or "8° to the . . .-
right of it indicates that a change has been made to the input .
description since the version described in Calspan Report No.
28-5881-V-3, °‘Validation of the Crash Victim Simulator®, Volume. t
3, User's Manual, February 1982. P T KT
The symbol "1° indicates that change has been made to the .
input description to correct, clarify or update the text of the
input description or to make the input description more u;~<" T3 jfy
consistent with the ATB code. It does not indicate a ch;ngo ko i
the actual input to the ATB Model. g T fx:f_

The symbol “@° indicates that a change has been made to the !

input description for an already existing card in such a manner- !

that previous input decks are still acceptable asz proper input 1 R
for the current version of the program if no modification is 1 TR 5 s e
made to the previous input deck. The symbol ‘6" essentially | N ‘
indicates a new feature or option of the ATB program that is )

not affected by previous input decks unless the input necessary |

to activate these features is included in the input deck. )

The symbol ‘%" indicates that a card has been added to the ATB )
Model input in such a manner that previous input decks are i
still acceptable as proper input for the current version of the |
program, provided that a blank card is 1nlort0d uhoro the new !
card is required. !

i-1 Rev IV.0
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The symbol ‘#$° indicates that changes in format or content are
required to previous input decks to be acceptable as proper
input for the current version of the program.

The following additional special symbols are used throughout
the raport:

‘8° is used to indicate “not equal”.

*¢" is used to indicate "less than".

)" i3 used to indicate °greater than’.
‘1" is used to indicate ‘absolute value’.

i.2 Revisions and Updates

This version of the ATR Input Description has been reformatted
to permit individual pages to be updated without requiring that
the entire input description be reprinted. Therefore, future
updates will include only those pages affected and a complete
new input description will not be printed. Any change symbol
on pages with revision number 1V.0 denote changes to the input
description from the Calspan report mentioned above. Future
updates will be designated with a revision number on the
specific page of the change. The first page of the input
description will also be updated for each revision to show the
current version number of the input description.

1.3 Description of FORTRAN FORMAT Statements Used

At the beginning of the description of each card appears the
FORTRAN FORMAT statement that specifies the structure of the
input image for that card. The only format codes used by the
ATB program are: :

nFw.d (F to describe real data fields)

niw . (I to describe integer data fields)
niAw (A to describe alphanumeric data fields)
. wk (X to indicate a field to be skipped)

where: n, w and d are unsigned integer constants

n - is optional and is a repeat count used to denote the
number of times the format code is to be used. If n
is omitted, a value of one is assumed and the code is
used only once.

w - specifies the field width (number of columns on the

card) .

i-2 Rev IV.0
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d - normally gspecifies the number of decimal places to
the right of the decimal point, i.e., the fractional
part of the number. However, a decimal point supplied
within the field will override the d specification.

/ - is used to indicate the end of a card image and that
the remaining fields are to be auppllod on a
succeeding card.

All variable names used follow the standard FORTRAN naming
convention, i.e., those variables where the first letter of
their name is A-H or 0-Z are real (actually double precision on
IBM, UNIVAC, Data General and P-E computers and single
precision on CDC computers) and those with I-N as their first
lettar are integer.

All real data have a Fw.0 format code which requires the use of
a decimal point within the specified field to override the d=0
specification. On most computers F, D and E format codes are
completely interchangeable for input which permits one to
supply an exponential (power of ten) multiplier; e.g., 0.000001
may be supplied as 1.0D-8, provided that the exponential term
is right adjusted within the field width. In all other cases,

real data using the Fw.0 format code may appear anywhere within )

the field width. All blanks are assumed to be a zero and.

PO

therefore ignored. A blank field will therefore input a valuci_;'-*"hff

of zaro.

All integer data use a Iw format code and must be right
adjusted, i.e., must appear in the rightmost columns of the”
field.

Several names, titles and other descriptive items are :
alphanumeric data and use the Aw format code. Here blanks are
spaces and the actual characters desired may appear anywhere

. within the field.

The use of the symbol ** for any format such as: FORMAT (20A4
/20A4) %% indicates that columns 73 - 80 of that card are used
for input and should not be used for identification purposes.

i-3 ’ Rev IV.0
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Carda

Cards
Cards
Cards

Cards

Cards

Cards |

Cards |

Cards

OUTLINE OF INPUT TO THE PROGRAM
Date and run description, units of input and output,
control of restart, integrator and optional output.
Physical characteristics of the segments and joints
Description of tho vehicle lotion.
Contact planes, boltn air bagc. contact !
(hyper)ellipsoids, constraints, symmetry options, I
spring dampers, and prescribed forces and torquos [
Functions defining force-deflections, inortlcl
apike, energy absorption factor, and friction

cootticiont:.

Allowed contacts among segments, planes, belts, S
airbags, contact (hyper)ellipsoids and harnesses.. N

Initial orientations and velocities of the segments.

Control of output of time history of selected . . .
segment motions, joint parameters, wind forces,: - 1.7 .
joint forces and torques, total body properties, and 1 .-

injury criteria.

Control information for plotter output. E Co ;&1?3?*7}?G<;“4i'

i-4 Rev IV.0
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. A. Main Program Input

Card A.1.a  FORMAT (3A4, 2I4, F8.0)
DATE(I) ,I=1,3 Date of the run (12 charactersz).
IRSIN Restart input unit ¥o. If blank or zero,

all input to be supplied on cards A.3 to
CARDS H.10. 1If nonzero (suggested value 1
* 4) input will be supplied from a

: previous restart tape and Cards A.1.b, ¢
and A.2.

IRSOUT Restart output unit No. If nonzero

. ' (suggested value =3), records will be
written on this output unit for future
restart runs. An initial record
containing all input and initialization :
data will be written plus a tims point- -
record at every time interval as
specified by DT on Card A.4.

0. Should be nonzero and an integer =~ - T Ui
multiple of DT on Card A.4. Program will -~~~ =~ -~ ..
read records from the previous restart = e

tape up to and including this time, make = ... .
changes per card A.2, and continuo TR
operation from there. . - L

. BSTIME Restart time (sec.) required if IRSIN S . = ...

St

Cards A.1.b - A.l.c FORMAT (20A4 / 20A4) »¢ R
COMENT Description of the run (160 characters on .
’ two cards). . ,
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Cards A.2 are required only if IRSIN > 0, in which case all
other input az specified on Cards A.3 to H.10 are bypassed.

- Two sets of A.2 (each terminated with a blank card) are
required. The first set is processed after the initial input
record ia read from input unit IRSIN and, if IRSOUT ¢ 0, before
the input record is written on output unit IRSOUT. The second
set is processed after the time point record for TIME = RSTIME
has been read and, if IRSOUT & 0, after the same record is
written on output unit IRSOUT, but before the program resumes

operation.

Cards A.2

AVAR

INDEX(I) ,I=1,3

ITYPE

RR, II or AA

RROLD, IIOLD
or AAOLD

FORMAT (A8, 414, 2(FB.0, 18, A8) )

Alphanumeric name (left adjusted in
field) of variable to be redefined for
restart. Program is capable of changing
most variables in the labeled common
blocks as used after all initialization
has been performed. The user should

-ascertain that changing this variable is

valid for the program.

The array indices, if any, of the
variable. Must agree in number and the
values must be less than or equal to the
dimensions of the variable. Blank or
zero for no dimension. ’

Supply 1, 2 or 3 to indicate that the new

value is to be real(RR), integer(II) or
alphanumeric(AA) . Must agree with the
type of the variable within the program.

New value of the variable AVAR to be
supplied in the appropriate field
determined by the value of ITYPE.

The previous value of the variable AVAR
in the appropriate field according to the
ITYPE value. Integer or alphanumeric

"data will be tested exactly, real data to

5 significant digits. If the current
value is different, the program will

terminate with an error message. 1If zero:

or blank is supplied, no check is
performed.

These A.2 Cards will be processed until a blank value for AVAR

is encountered.

No further input is required.

A-2 Rev IV.0
32



Card A.3 FORMAT (344, 4F12.0)

UNITL ~ Label for unit of length (4 characters).
UNITH Label for unit of force (4 characters).
UNITT Label for unit of time (4 characters).

Note: UNITL, UNITM and UNITT can be any set of consistent
units, however, throughout this description, inches, pounds and
sesconds (in,lbs,sec) are used as sample units. If other units
are used, the field widths of some output format statements may
have to be changed.

GRAVTY(I),Is1,3 The x, y and z components (in/sec#%2) of
the gravity vector in the inertial
coordinate system. Typically, the vector
(0,0,8) is used. This defines gravity to
be applied along the positive inertial =
axis. Any vector may be used, including
(0,0,0) for a weightless environment.

a The value of the constant (in/sec#x2),
which the input segment weightz will be
divided by to obtain their mass. If .

blank or zero, the magnitude of the - -

gravity vector will be used. G must be -
nonzero if GRAVTY = (0,0,0). S

- e e L v e e T

B N,
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Card A.4

NDINT

NSTEPS

DT

HO

- -

FORMAT (214, 4F8.0)

Eumber of iterations for the final
convergence tegst of the integrator
Subroutine DINT (minimum value = 2,
suggested value = 4).

Number of output time points. May be
zoro to obtain 1nitisl conditions.

A ALWELL

Main program time intorval for 1ntogrator
routine output (sec).” The total time of
the run will be WSTEPS#DT sgeconds.
Program output can be obtained every DT
seconds or integer multiples of DT.

Note: The value of DT can affect
simulation results {since the integrator
is forced to provide output at every
integer multiple of DT}, in addition to
regulating the frequency of output data.

Initial integrator step eize (sec).

Maximum integrator step size (sec). For
best efficiency DT should be an integral
multiple of HMAX and HMAX a power of two
multiple of uo. (Susgoltod value = 0.001}
sec.) ' :

Minimum integrator step size (sec). If a

fixed step size is desired, set HMIN
greater than HMAX, and step sgize will
double from HO until HMAX is achieved.
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34

Y T



. Card A.5 FORMAT (3612)

_NPRT(I), I=]1, 38 An array of indicators that control
various optional output and program
control features of the prograa.
Generally, for the output parameters, a
blank or zero value indicatesz no output
for that item and a value of one will
produce output each time the routine is
executed. The printed output, produced
by elements 8-17 and 20-25 is intended
for diagnostic or ‘check out’ purposzes
only, can produce large amounts of
partially labeled output and should not
be used for long or production runs. One
should consult the lizting of the
subroutine for a description of the
diagnostic items that are printed.

: The WPRT array (# - see notes below) e e
Element No. Subroutine Output produced - 5
:1 {1w) MAIN OQutput unit No. 1 -
: 2 (1w) MAIN Subroutine ELTIME table '

23 (1n) MAIN Subroutine PRINT output - -

4 (2W) ‘ OUTPUT ,POSTPR Output unit No. 8, plots

5 (1n) PRIPLT Y-Z view printer plots -

<8 (1™ ' PRIPLT X-Z view printer plots

7 (1x) PRIPLT X-Y view printer plots celve eple R
-8 (3w) DAUX I1JK, RES and C arrays - - . .I.
.9 - DAUX Subroutine PRINT output ™

10 IMPULS Diagnostic output

11 SETUP1 U2,V] arrays

12 VISPR Diagnoatic output

13 PRIPLY CJOINT array

14 WINDY Wind forces

15 BELTG Diagnostic output

16 HBELT Harness-belt forces

17 EDEPTH Diagnoatic output .

18 (4+) OQUTPUT,POSTPR Limit tabular time histories @

19 not used

20 CHAIN SEGLP,SEGLV

21 AlRBAG Diagnostic output

22 AIRBAl Diagnostic output

23 BINPUT HT and HB arrays 1

24 UPDATE Roll-zlide teszt output

25 DINT Convergence test data

26 (58} . DINT,POSTPR Tabular time history output

27 EQUILB Intermediate reszults
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Card A.5

28 (0w)

29
30 (T%)
31 (8w)

36 (9%)

{(continued)

HPTURB
not used
POSTPR
POSTER
not used
not used
not used
not used
DRIF?T

Harness belt forces

Plot and HIC data frequency
Type of plot output device

Controls drift of joints

Notes concerning elements of the NPRT array

1%

For elements 1, 2, 3, 5, 6 and 7, the value indicates the

frequency of output.

Zero will produce no output (for

element No. 2, the ELTIMK table will be printed once at the
end of the run) and a non-zero positive value (N) will
produce output every N*DT ({rom Card A.4) seconds.

A-6
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Card A.5 ({continued}
2% The value of NPRT(4) is used (after version 18A) to control:

(1) Write the tabular time histories (specified by Cards H
and the allowed contacts on Cards F) on either :
(a) the multiple output units (Mo. 21 and up} by
Subroutine OUTPUT, or :
(b) the primary output unit (lo. 8) by Subroutino HEDIHG
. (2) Store the time history data on output umit Ho. 8 by
Subroutine OUTPUT to be later used by Subroutine POSTPR.

(3) Generate plots of the time blstory.data {(specified on
Cards I) by Subroutine POSTPR.

Permiasible values of NPRT(4) range from -3 to +4 asa follows:

Supplied value for NPRT(4)
. +4 +3 +2 +«1 0. -1 -2 -3
1 Control Cards .
Multiple output units yes no no0 yes yegs no no no
Qutput unit No. 8 yes yes yes yes . no yes yes Yyes

2 Card Input

Cards B.1-H.10  yes yes yes yes yes no no- ho~,>:f'A

Card H.1ll no yes yes yes no yes yes yes - |-
Cards 1 no yes no yes no yes no yes .

3 Main Program Operation . - ST

Integrate and/or restart yes yes yes yes yes no no. no -
Call Subroutine POSTPR no yes yes yes no yes yes yes

4 Print time histories
Multiple output units yes no nNo yes yes no no no
Primary output unit no yes yes no no no yes yes

S Output unit No. 8
Write (Sub OUTPUT) yes yes yes yes no no no no
Read (Sub POSTPR) no yes yes yes no yes yes yes
6 Generate plots (Cards I) no yes N0 yes NO yes no yes

Note: 1If NPRT(4) is nogativo, input Cards B.1-H.10 should not H
be supplied.
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Card A.5 (continued)

3% A value of NPRT(8) = 2 will print the designated arrays
before and after the first call to Subroutine FSMSOL only.

4* The value of NPRT(18) controls the printing of the tabular
time histories not gpecified by the H Cards. A value of
NPRT(18) = O will result in the printing of all the tabular
time historiez, as in previous versions of the model. JNone
of the tabular time histories listed below will be printed
for a value of NPRT(18) = 16. The table below lists which
time histories that will be printed for the other values of -
NPRT(18). The types of time histories are labeled with 'y’
for yes, indicating this tabular time history will be
printed and 'n’ for no, indicating it will not be printed.

Nl

of NPRT(18)
10 11 12
n

lu

<

K
-
<D H A

CIOICECCS O

o

bt

- - - AN 2
b
E

T e
I EEEEEE:

Plane/seg
Belt/seg
Harness-belt
Spring-daprs
Seg/seg
Airbag i

s

8'¢‘<'¢"<% 03.

9
y
n
n
n
y
n

- w
Ce e g

. <
A - B I

0
n
Y
y
-y
n
y

CECCERE O
CCCCC S -
CReCW HC W
€ P <

I R R
R RNy,

R R EEER

) ry .
R

990000 0e®
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. Card A.5 (continued)

5% NPRT(20) controls the frequency of the tabular time history
output. Values of -9 through 6 are permissible. |

(a) If the tabular time histories are printed on the
multiple output units 21 and up (WPRT(4) = 0,1 or 4), I
the value of NPRT(26) controls the !roquoncy of the |
output as follows: R

<0 - print one line every !NPBT(38)#*DT! seconds; e

0 - print one line every DT (from Card A.4) seconds; [ ~
1 - print at the end of each successful integration step;| T
2 - print at every intermediate time point of each step. !

3 - print one line every DT (f{rom Card A.4) seconds; o )
4 - no lines are printed; o .
S - print at the end of each successful integration step;@

6 -~ no lines are printed. [ ]

(b) If output unit No. 8 is generated (NPET(4) > 0), ' ]
- records are written to output unit No. 8 as follows: R

-~ every |NPRT(26)#DT! seconds; .
- at the end of each successful 1ntogration ltop,-;Avf
- at the end of each successful integration step; -
- at each intermediate time point of each step;
every DT (from Card A.4) seconds; L .
- at the end of each successful integration stop, A
- no records are written (output unit No. 8 not usod).
- no records are written (output unit No. 8 not used).

'
DA UN~O0O0
]

(e) If the tabular time histories are printed from output L
unit No. 8 (NPRT(4) = +2,+3,-2 or -3), a value of =~ .
NPRT(26) equal to: - o

- print one line every !NPBT(26)#DT! seconds; [

- print one line every DT (from Card A.4) seconds; .
- print at the end of each successful integration step;

- print at every intermediate time point of each step;
print one line every DT (from Card A.4) seconds;

- no lines are printed;

- no lines are printed;

- no lines are printed.

DAL= OO
]
L B N N
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Card A.5 (continue)

Note:

(1]

Ts

Hote: NPRT(30) must be .GE. WPRT(26) if plots are tc be made.

The rational for using the above options is as follows:
Previous input decks will produce the same output, i.e.
NPRT(28) = 0,1,2 responds as before. To reduce the size
of .the scratch file (output unit No. 8) use NPRT(26) = 3
or (0. Use NPRT(28) = 4 to create a TAPE 8 file that is
to be saved and used for a postprocessing run where the
tabular time histories and/or plots will be made during
the postprocessing run. NPRT(268) = 5 & 6 are primarily
for debugging purposes. Note that if NPBT(268) = 3 or <0
and NPRT(4) = +1,+3,-1, or -3, (plots to be computed)
the data written to TAPE 8.will be .GE. DT#!NPRT(26):,
hence the frequency of the plots, NPRT(30), must be .GE.
INPRT(26) 1.

NPRT(28) controls the frequency and amount of harness belt
force output produced. Values of 0, 1, 2 and 3 are allowed
as follows: (each value includes output for all lower
valuesg)

(0)

(1

(2)

(3)

- Produces a table of the final harness bdelt forces at
each point in play at the same time points as output
is produced by Subroutine PBIIT as specified dy
NPRT(3).

- Prints a table of the final harness belt forcos at
each point in play at each time point of Subroutine
HPTURB. STt C .

- Prints a table of the harness belt ldrcis at each
point in play !or every iteration step of Subroutine
HPTURB.

- Prints the RHS,IJK and C arrays before the call to
FSMSOL at eacbhb iteration step at each time polnt of -
HPTURB.

NPRT(30) controls the frequency of the data points for

plotting, as specified by the I Cards, and for use in the
computation of the HIC, CSI and HSI numbers, as specified
by Card H.11. A value of NPRT(30) equal to:

0 - plot variable for every successful integration step;
>0 - plot variadble every NPRT(30)#DT seconds.
Refer to the note for NPRT(26) for further information.
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Card A.5 (continue)

8x»

o=

NPRT(31) controls whether the plots generated by the I
cards will have a page advance. The use of the page
advance will depend on the the type of device the plota are
to be drawn on. For NPRT(31) equal to:

0 - pages will be advanced. Required for drum plotters.
1 - pages will not be advanced. Required for terminals
and single-sheet plotters. : "

A nonzero value for NPRT(36) triggers Subroutine DRIFT to
recompute the direction cosine matrices and angular
velocity of adjacent segments connected by constrained
joints so as to prevent drift of the constrained joint
axes. No diagnostic output is produced.

A-11 Rev V.0
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Subroutine BINPUT

Card B.1

NSEd

NJNT -
BDYTTL

FORMAT (216, 8X, 5A4)

The number of segments. The maximum
value for the sum of NSEG, number of
airbags (NBAG on card D.l), number of
vehicles defined on the C cards and one
for the ground iz 30. A minimum of 1
segment iy required.

The number of joints (maximum = 30). -

Description of the crash victim (20
characters). -

B-1 Rev 1V.0
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. Cards B.2.a FORMAT (A4, 1X, Al, 10F8.0, I4)
{RSEG cards)

Each card (I} for I = 1, NSEG will contain input data for the
Ith segment. The segment identifying numbers (I) will be
referred to on later input cards.

SEG(I) An abbreviation of the nomenclature of
the Ith segment (4 ch.ractorl)
€as(I1) The plot symbol of the log-ont center-of-
mass (1 character). !
W(I) The weight of the segment (lbs).
PRI(J,1),J=1,3 The principal moments of inertfa of tha

segment about the x, y, and 2z axes of the
segnent (lbs-seck#2-in). There are no
restrictions for the values of W(I) or

PHI(J,I), they may be negative or zero. o
If any component is zero, it is assumed S
that the system iz suitably constrained

go that the systo- l.trix is nonsingular.

2 - PR

B@ﬂJ.I).J:l,S The x, y, and z semiaxes of the lognont L - 7;‘w'ﬂif
. 8 contact ellipsoid (in). : LTS RE e LD
‘ BD(J,1),J=4,8 The location of the contor of the segment B BT

contact ellipsoid, with respect to the .. . ... . °
i center-of-mass of the segment, in the - . . 7~ 7T
- local body segment reference(in). These - - ... .
primary contact ellipsoids are given the "~ °-
same identifying number as the segment.
They may be redefined with an arbitrary
orientation on Cards D.S5.

LPMI (1) An integer which, if non-zero, indicates
that the principal axes for segment ¥o. I
are rotated from the local refererence {
axes. If LPMI(I) # 0, a B.2.b card must i
immediately follow this Card B.2.a. 1If t
LPMI(I) is zero or blank, Card B.2.b is !
not regquired.
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Note: To handle situations where the principle axes are not
aligned with the local axes, get LPMI = 1. This indicates that
the principal axes are rotated from the local reference axes
for segment Ho. 1 and that an additional input Card B.2.b must
inmediately follow to specify the rotation.  Since it is
desirable that input defining points on a segment be supplied
with respect to the local reference axes and, also, not to
invalidate previous input decks, the program (Subroutine
ROTATE) will transform all data that has been defined with
respect to the local reference axes to the principal axes in a
nanner that is transparent to the user. Also, all standard
output, where applicable, will be transformed back to the local
reference axes.

Carda B.2.b FORMAT (12X, 3F8.0)

YPRPMI(J,I), J=1,3 The yaw, pitch and roll angles in degrees
* of the principal axes with respect to the
local reference axes of segment No. I.
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. If{ NJNT ig zero on Card B.l1, Carda B.3 - B.5 are not required.
. Cardg B.3.a. FORMAT (A4, 1X, Al, 214, 6F6.0, I4, 2F6.0) @

(NJNT sets of cards are required, 2 cards per get. The firat 1
card (B.3.a) of each set iz described below and the second f
card'g (B.3.b) deascription follows.) ]

Each card (J) for J = 1, NINT will contain input data for the
Jth joint. The joint identifying numbers (J) will be referred
to by later input cards.

JOINT(J) An abbreviation of the noinnolsturo of the Jth
joint (4 characters).

JS(J) Plot aymbol of the joint location (1 character).

JNT(J)} Magnitude indicates the number of the segment that !
is connected to segment J+1 by joint J. (JNT(J)! H
must be ¢( J+*1. Segmant ]} iz always the reference |
segment for the first body of segments. If more !
than one body is used, segment J+l iz defined as {
its reference segment by setting JNT(J)=0. This {
defines joint J as a null joint which does not l

§

link any segments. ; .'% e
. If JNT(J)<0, joint J is associated with a flexible | s

element (See B.7 carde) '
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Carda B.3.a (continued)

there are to be no constraints on joint J.
joint J is a pin joint, with the pin as the

y axis of the joint coordinate systems.

joint J is a ball and socket joint.
joint J is a globalgraphic joint.
joint J is an Euler joint.

joint is either an Euler joint or a slip

joint depending on the input value of ISLIP

IPIN{J) 0 -
+1,-1 -
+2,-2 ~
+3,-3 -
+4,.-4 -
+5,-5,¢+6,
-8,+7,~7 -
as shown below.
-8,-9,-10 - Euler joint.

A 3lip joint allows linear motion between the
joint’s segments along the z axiszs of the JNT(J)

joint coordinate system.

Its angular {reedom iz

gpecif{ied by a combination of IPIN and ISLIP as

follows:
IPIN ISLIP
-8 0
+5,-8 ¢+, -1
-8 0
+6,-6 +1,-1
-7 0
+7,-7 +1,-1

.coordinate system.

Euler joint.

alip joint with complete
angular {reedom. Angular
motion is the same as {or IPIN
= 2, about the J¢l joint

Euler joint.

slip joint with pin as y axis
of J+1 joint coordinate system.
Angular motion same as for IPIN
s 1. Flexural spring
characteristics will be used.

Euler joint.

81ip joint with pin as the 2z °
axiz of the joint coordinate
systems. Torsional spring
characteristics will be used.

Non-zero values for IPIN may be supplied asz
positive or negative to indicate that the initial
condition of the joint is unlocked (positive) or

locked (negative) for angular motion.

An Euler

Joint may use the globalgraphic option by
specifying IGLOB = 1 on Card F.4.a.

B-5
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. Cards B.3.a (continued)

“An Euler joint can have any of its rotation axes !
locked or unlocked. This initial state is defined !
by IPIN and the program sets the value of IEULER §
based on the input value if IPIN as follows: {

IPIN IEULER - state
4 8 free :
- 4 7 all axes locked
-5 6 spin " {ree, others locked
(-] 5 nutation free, others locked -~
-7 4 precession free, others locked
-8 3 spin locked, others free
-9 2 nutation locked, others free
~10 1 precession locked, others free -
where precession, nutation and spin are the 1
rotations from the JNT(J) joint coordinate system, ! -~ ..
to the J+1 joint coordinate system about the z~ B B
axis, resultant x axis and resultant z axis !
, respectively. , !
SB(I,2#J-1),I=1,3 Coordinates of location of joint J (in.).
in the local reference system of segment -
. JNT(J). ‘

SR(1,28J),1=1,3 Coordinates of location of'joint”J (in.)
: 'in’ the local reference system of segment '
J’ l . ) ' oL . _ . ‘..:;...‘--._-' .

ISLIP(J) } - 8lip joint with unlocked linear motion.
0 - non-slip joint.
-1 - 8lip joint initially locked for linear
motion. '

Note: A slip joint may be locked or unlocked for
angular motion (depending on the sign of IPIN)
regardless of the sign of ISLIP.

Cci(J) The maximum force (lbs.) {(a negative value)
allowed for a linearly locked joint in tension.
If exceeded the joint will unlock.

c2(J) The maximum force (lbs.) (a positive value)

allowed for a linearly locked joint in
compression. If exceeded the joint will unlock.
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Cards B.3.0b

FORMAT (14X, 9F6.0, 612} «=

{One of these cards must follow each B.3.a card described

above.}

YPRI(I,J),I=1,3

YPR2(I,J},1=1,3

YPR3(1,J),I1-1,3

The rotation angles (degrees) about the
z, y and x axexz, respectively, of the
local reference axes of segment ¥o.
JET(J) to specify the axes of joint J.
The sequence in which these rotations are
sade is specified by IDYPR below. The z
axis defines the axis of linear slip for
slip joints.

The rotation angles (degrees) about the
2z, y and x axes, respectively, of the
local reference axes of segment No. J+l

" to specify the axes of joint J. The

sequence in which these rotations are
made is specified by IDYPR below. The z
axis is the reference axis to define
flexure. The y axis is used as the pin
axis except for the special Euler joints.
The x-y plane is used for globalgraphic
joints with x as the reference axis.

The center of symmetry (degrees) for
Euler joints (used only if !IPIN(J): = 4}
supplied in the order precession,
nutation and apin. Joint torques for
Euler joints are a function of the
deviation of the Euler angles from these
angles. Previous versions (before 18a)
of the program assumed values of zero.
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. Cards B.3.b {(continued)

IDYPR(I,J) ,1=1,3

IDYPR(I,J) ,1=4,6

The sequence in which the YPRI rotations
are made. Valuez of 1, 2 and 3
correspond to rotation angles about the
x axis (YPR1(3,J)}, y axis (YPR1(2,J)]
and z axis [YPR1(1,J)) respectively.
Zero or blank values will default to the
order 3, 2 and 1 to specify the normal
yaw, pitch and roll sequence, i.e.,

yaw about original 2z :axis using YPR1(1,J),
pitch about resultant y axis using YPRi(2,J),
roll about resultant x axis using YPR1(3,J).

Two rotations about the same axis cannot
be specified consecutively. However, the
third rotation may be about the same axis
as the first, provided it iz supplied as
a negative number, in which case the
unused value of YPR] will be used about
the indicated axis, e.g., values of 3, 1"
and -3 will specify the normal Euler
rotations where YPR1 is supplied in the
order precession, spin and nutation to
compute: T

precession (YPR1(1,J)) about original = axis,
nutation (YPR1(3,J)) about resultant x axis, =~ -~ = .
and spin (YPR1(2,J)) about resultant z axis... .. or i s b ems

The sequence in which the YPR2 rotation; f”f
|
!

are made. Identical to the description
of IDYPR(I,J), I=1,3. '

B-8 Rev IV.0
49

- . o -




Carda B.4

(MJNT gets of cards, one set for each joint J. If joint J is

FORMAT (2 (4F8.0, F12.0))

not an Euler joint, the set has one card containing the
values for 3#J-2 and 3%J-1. If joint J iz an Euler joint,
the set has two cards with the second card containing the

valuea for 3xJ.)}

SPRING(I,3%#J-2),
I=1,5

SPRING(I,3#J-1),
I1=1,5

SPRING(I,3%J},
1=1,5

I=}

1=5

ANG(I ,J) ,I=1,3

The flexural spring characteristics for
joint J. If J is an Euler joint, the

_ spring characteristics about the

precession axis. If JOINTF(J) # 0 (on
Card F.5), these values are not used and
should be zero.

The torsional spring characteristica for
joint J. If J is an Euler joint, the
spring characteristics about the nutation
axis.

The spring characteristics about the spin
axis. This second card of each set is

-required only if J is an Euler joint.

Linear spring coefficient (in-lbs/deg).

Quadratic spring coefficient
(in-1bs/deg#s2).

Cubic gpring coefficient (in-lbs/deg¥*3)..

Energy dissipation coefficient

{dimensionless variable between 0 and 1)._

A value of 1. specifies no loss,
A value of 0. specifies maximum los=.

Joint stop location with respect to the
center of synmetry (deg). For a value of
zero the routine will use only the linear
spring coefficient and will apply the
snergy dissipation coefficient.

The approximate initial rotation angles,
in the order precession, nutation and
spin, (degrees) for joint J which is an
Euler joint. These are used as the
initial angles for the memory mode used
by Subroutine EULRAD and need not be
exact. The values are absolute and not
relative to the center of symmetry.
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. Cards B.S FORMAT (5F6.0, 18X, 2F6.0) ' y

{NJNT sets of cards, one set for each joint J. If joint J is !
‘not an Euler joint, the set has one card containing the 1
values for 3#J-2., If J is an Euler joint, the set haz three !
cards with the values for 3#J-1 on the second card and for !
3%J on the third.) 1

VISC(I,3xJ-2), The viscous characteristics for joint J.
I=1,7 1f J {2 an Euler joint, the viscous
characteristics about the precession axis.

+ -

VISC(I,3xJ-1), The second card of each set is required
1=1,7 only if J is_an Euler joint. The viscous
characteristics about the nutation axis.

VISC(I,3xJ) The third card of each set is required - = - ...
I1=1,7 only i{f J is an Euler joint. The vigcous - ... . .~ .. ... .
characteristics about the spin axis. ' '
I=} Viscous coefficient (in-lb-sec/deg).
. 1s2_  Coulomb friction coefficient (im-lb). . ~ . ~ . 1 707 -
1=3 Relative angular velocity of the joiht ét | ' i

which full coulomb friction iz applied .‘~-_""
(deg/sec). Must be greater than 0. - B

1=4 T1: The maximum torque (in-lbs) allowed - .- % - - -
for a locked joint (or locked Euler o
axisu. I{f exceeded, the joint will T
unlock. If T1 = 0, the test will not be !
performed and a locked joint will remain )
locked. Note: 1If joint J is locked and ~ |
T1=0, when the equilibrium option is !
used, VISC(4,3#*J-2) will be set by the |
program (See equilibrium option !
description under Cards G.6). |

I=5 T2: The minimum torque (in-1lbs) allowed
for joint J to remain unlocked. If T2 =
0, the test will not be performed.

1=8 T3: The minimum angular velocity
(rad/sec) necessary for joint J to remain
unlocked. If T3 = 0, the test will not
be performed.
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Cards B.5 (continued)

1=7

E: Where E=(1+U)/2 and U is the classical
coefficient of restitution to be used for
the impulse option if the joint hits the
joint stop (OCE(] OR -1<U<+1). A value
of E = 0 means that the impulse option
will not be exercised for this joint.
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Cards B.8 FORMAT (12F8.0) S
(NSEG cards)

The following cardz are required for the convergence tests !
which are perforped in Subroutine DINT on the resultant of the !
derivative vectors. The linear velocities and accelerations

are computed only for reference segments (i.e. segment No. 1

and those segments 1 where JNT(I-1) = 0), therefore any test
numbers supplied for linear velocities and accelerations of

other segments will be ignored. The tests for convergence are
performed in the following ordor' S

1} If the magnitude value isz zoro. no tolting is done lor 1
that variablo '

2) If the nagnitudo of the regultant vector iz less than the L.
specified magnitude value, the routine has passed the b
convergence test for that variable. ‘

3) If the absolute error value is greater than zero, and the S
magnitude of the absolute error (difference between the
predicted and computed vector) is less than the absolute
error value, the routine has passed the convorgonco tolt LI
for that variable. a

4) If the relative error value is greater than zero and the |
magnitude of the absolute error divided by the magnitude - -
of the computed vector is less than the relative error B P
value, the routine has passod tho convorgonco tost tor : |
that variablo. . Rt |

SGTEST(1,1,I) Magnitude value for the angular velocity— 1 7

test of segment No. I (rad/sec). 1
SGTEST(2,1,1) Absolute error value for the angular .. I
velocity test of segment No. I (rad/sec). !
SGTEST(3,1,1) Relative error value for the angular 1
velocity test of segment No. I I
(dimensionless). , P
SGTEST(J,2,1), Same az above, but for the linear
J=1,3 velocity of segment No. I (in/sec).
SGTEST(J,3,1}, Same as above, but for the angular
J=1,3 acceleration of soglnnt ¥No. I
L (rad/sec##2) .
SGTEST(J,4,1), Same as above but for the linear
J=1,3 acceleration of segment No. I
(in/secax?) . -
B-12 Rev IV.0

53



If JUT(J)<O0 on any of the B.3 cards, Cards B.7 are required.
Card B.7.a FORMAT (18I4)

Each flexible element must contain at least three connected
segments. The first segment is the reference segment, followed
by one or more interior segments and a terminating segment.
Each joint in the flexible element must have a negative value
for JNT, _ S

NFX . The total iulbor of iﬁtorior“cogltntc f8$'
' all the flexible elements.

KNT(K) ,K=1,¥FX The interior segment tdontitication
numbers in the order specified on the B. 3
cards. If the values of NFX and KNT are
not consistent with the negative values
of JNT on Cards B.3, the program will
terminate with an appropriate error
nessage.

Cards B.7.b " FORMAT (12F8.0)

(Four B.7.b cards for each iaterier segment (4%NFX) are -

required, in the order as they are defined in the KNT ~v--~mg -

voctor ) . ca

(HF(I,J,K) ,J=1,12) The coefficients of the quadratic form
131,4 function used to define the orientation
of interior segment KNT(K) with respect
to the reference segment of the element.

HF contains three 4X4 matrices; HF(I,J,K), HF(I,J+4,K) and

. HF(I,J+8,K), where I=1,4 and J=1,4. These matrices are used
to define the orientation of segment KNT(K) with respect to
its reference segment as folloms:

yaw of segment KNT(K) = 1/2 V.MF(I,J ,XK)V;
pitch of segment KNT(K) = 1/3 V.AF(I,J+4,X)V;
roll of segment KNT(K) = 1/3 V.HF(I,J+8,K)V;
: (I,J=]1,4).

¥here V iz a column vector with four components y, p, r and
1, and y, p, r are the yaw, pitch and roll angles in radians
of the terminating segment relative to the reference segment.
V.HFV represents the dot product between vectors V and HFV.
Note: The pitch is always > -90 degrees and ( 80 degrees.
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. C. Subroutine VINPUT

The C cards are used to prescribe the motion of specified
segnents. A set of C cards is required for each prescribed
motion. At least one set of C cards is required and a
maximum of gix sets is allowed. If a set of C cards does not
prescribe the motion of one of the segments defined in the

B cards, then an independent vehicle segment iz automatically
defined. The last set of C cards always defines the primary
vehicle. This vehicle is used as a default for a number of
outputs. The other vehicles are designated as secondary
vehicles. -

‘e Ve Em dem v e e e rev

Several options are available for each prescribed motfon.
The required inputs for each option are as follows:

Option 1: Half sine wave deceleration impulse (NATAB = ()

-Required inputs - Card C.]: all variables, Ce
Card C.2.a: ANGLE(1l), ANGLE(2), VIPS, I
VIIME, X0, NATAB=(Q, MSEQG. P

‘ Option 2: Tabular unidirectional deceleration (NATAB > 0)_-_

‘Bequired inputs - Card C.1: all variables, : , b e
' Card C.2.a: ANGLE(1), ANGLE(2), VIPS, U oL
X0, NATAB)O, ATO, ADT, MSEG, = . 77 I~

Cards C.3: all variables. et

P v ow

Option 3: Six degree of freedom deceleration (!ATAB.( Oand TETrwIconl
LTYPE = 0) . . e

Required inputs -~ Card C.1i: all variables,
Card C.2.a: ANGLE(1), ANGLE(2),
ANGLE(3), VIPS, X0, NATABCO, ATO,
ADT, MSEG,
Card C.2.b: LTYPE=0, VMEG,
Cards C.4: all variables.

Option 4: Spline fit position, velocity or acceleration data
(NATAB <0 and LTYPE > 0)

Required inputs - Card C.1: all variables, _
Card C.2.a: NATABC(O, ATO, ADT, MSEG,
Card C.2.b; LTYPEX>O, LFIT, NPTS,
Cards C.5: all variables.

. c-1 Rev 1IV.0
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C Cards (continued)

These options and their required inputs bhave been established
in such a manner that any previous input decks are still
acceptable as input, except that Card C.2.b was added for
option 3 for Version 18 of the ATB program. For Version 19,
Card C.2.b was modified and option 4 (Cards C.5 and thc
multiple prolcribod motion) were added.

Card C.1 FORMAT (20A4) =»

VPSTTL Description of the crash vehicle
deceleration (80 characters).

c-2 Rev 1V.0
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Card C.2.a

ANGLE(D) ,1=1,3

VIPS

VTIME
X0(I),1=1,3

NATAB

FORMAT (8F6.0, I8, 2F8.0, 16)

Options 1 and 2: ANGLE(1) and ABGLE(2)
(deg) are the arimuth and elevation
angles of the deceleration impulse
vector, from the inertial coordinate
system. The initial orientation of the
vehicle is assumed to be aligned with the
inertial coordinate system.

Option 3: The three initial rotation
angles, yaw, pitch and roll (deg), of the
prescribed motion segment.

Options 1, 2 and 3: The initial velocity
{in/sec) of the prescribed motion
segment. For option 1, a negfative value
may be supplied to indicate that the

‘vehicle will accelerate irom an initial

velocity of zero to VIPS, the final
velocity.

Option 1: The time duration (sec) of the
half sine wave deceleration impulse. It
must not be zero or blank for option 1.

Options 1, 2 and 3: The x, y and z
coordinates (in) of the vehicle reference
origin in inertial reference. '

Number of time points of vehicle
deceleration data to be supplied or
generated by the program. The algebraic
sign of NATAB determines the option of
prescribed motion as follows:

If NATAB = 0 (option 1), the prescribed
motion is an analytical half zine wave
function that decelerates the vehicle
from an initial velocity of VIPS to ZERO
if VIPS>0. 1t VIPS<0, the vehicle is
accelerated from an initial velocity of
zero to VIPS final velocity in VIIME sec.

Cc-3 ‘Bev IV.0
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Card C.2.a (cont.)

ATO,ATD

MSEG *

If NATAB > 0 (option 2), the vehicle
motion is unidirectional and NATAB values
of linear deceleration are to be suppliaed
on Cards C.3. NATAB should be odd,
maximpum value is 900.

If NATAB ¢ 0 (options 3 and 4), the
prescribed motion is specified on either
Cards C.4 or C.5. Here MATAB = ~NATAB is
the number of time points of acceleration
data to be supplied on Card C.4 or
computed from the spline fit data on
Cards C.5, maximum value of MATAB is 8501.

The first time point and fixed time

.interval (sec) for the table of

acceleration data that is supplied on
Cards C.3 for option 2, on Cards C.4 for
option 3 or for option 4, is to be
computed from the spline fit data to be
supplied on Cards C.5. The programs
initially calculates the vehicle
acceleration time histories from the
provided tabular data and integrates
these accelerations to specify the
vehicle motion during the simulation.

The segment number associated with this
prescribed deceleration time history. 1If
MSEG is less than or equal to NSEG (Card
B.1), the motion of segment No. MSEG as
defined on Cards B.2 will be prescribed
{note: extreme caution must be exercised
in using this option.) If MSEG > MSEG,
the sets must be supplied in the order
MSEG=NSEG+]1l, NSEG+2, etc., to prescribe
the motion of secondary vehicle segments.
The program assigns the segment number
MSEG to the corresponding secondary
vehicle. The last set of C cards must
contain the prescribed motion for the
primary vehicle and MSEG must be zero.
(This signals the end of the C card
input.) The program assigns the segment
number NSEG + the number of secondary
vehicles + 1 to the primary vehicle. The
primary vehicle segment number can not be
greater than 29.
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l Card C.2.0b

FORMAT (3168, 22X, 3F10.0)

This card is required only if NATAB < 0 (options 3 and 4).

Bote:

This card was added for Version 18 of the ATB program’

to supply the initial angular velocity and was reviged for

VYersion 19.

A blank card should be inserted here for any

previous input data decks that utilized the zix degree of
{resdoa option on Cards C.4.

LTYPE

Lip

LFIT

 Option 3: A value of zero or blank

specifies the zix degree of freedom
option with required input on Cards C.4.

Option 4: The V§1uo of iTYPE specifies
the type of data contained in the C.5
cards. -

It LTYPEs]l, the C.5 input table i=s
position data.

If LTYPE=2, the firat C.5 card is the

initial position data, which is followed

by the input table of velocity data.

If LTYPE=3, the first C.5 card iz the

initial position data, the second card‘ia;

the initial velocity data, which is -
followed by the input table of
acceleration data.

Option 4: The degree of the polynomials |
to be spline fitted through the time- - - ~

point data on Cards D.6. A value of 0,

1, 2 or 3 may be used but the degree .. _

should be sufficient to produce
continuity for the computed velocity
values. Therefore:

For LTYPE = 1, supply LFIT= 2 or 3.

" For LTYPE = 2, supply LFIT= 1, 2 or 3.

For LTYPE = 3, supply LFIT= 0, 1, 2 or 3.

Note if LFIT = 0, a constant value is
assumed from the current time value to
the next time value but round off errors
in time computations may not produce the
time desired.
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Card C.2.b (continued)

NPTS

VMEG(I),I=1,3

The number of actual time point data to
be supplied on Cards C.5, saximum value
is 101. Note: The number of C.% cards
nust de equal to (LTYPE -1) + NPTS, where
the (LTYPE -1) cards are the initial
position and/or initial velocity data.

The three components of the injtial
angular velocity (deg/sec) about the
local x, v and ¢ axes of the vehicle.

Not required if the spline fit (option 4)

is to be used.
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Cards C.3 FORMAT (12F6.0)

These cards are required only if NATAB > 0 (option 2).

DEC(I),I=],NATAB The values of deceleration (G's) of the
vehicle for the NATAB equally spaced time
points as T(I), where:

T(I) = ATO + (I-1)}#ADT for I~]1,NATAB.

‘Supply 12 values per card, use as many
cards as necessary. Since a Simpson's
integration is used to compute velocity
and position, the value of NATAB must be
odd. The program will integrate beyond
the last time point assuming a constant
deceleration equal to the value of the
last given point,

Cards C.4 FOBRMAT (10X, 6F10.0)

These cards are required if NATABCO and LTYPE=Q0 (option 3).

MATAB C.4 cards are required where MATAB . -NATAB. Each card 735'

(I) will contain data for equally spaced time points T(I),
where: v : o . IRt

T(I) = ATO + (I-l)*QDT for I=1,MATAB.

ATAB(J,I},J=1,3 = The x, ¥ and z conponontlA(g'l)féfﬁthiﬂf1fv'
linear deceleration of the vehicle origin

at time T(I).

ATAB(J,I),J=4.,6 The angular accelerations (deg/sec#x2)
about the local x, y and z axes of the
vehicle at T(I). : :

Note: The program will integrate for velocity and position
beyond the last time point, assuming a constant acceleration
equal to the value of the last given point. The program will
print at input time a complete table of the integrated
velocity and position from the supplied acceleration data.
This integration procedure is not identical to the progran
integrator. -
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Cards C.5 FORMAT (7F10.0) !
These cards are required if NATAB(O and LTYPE>O (option 4).

(LTYPE-1) cards are required first to set initial conditions
followed by NPTS cards containing time point data.

If LTYPE=1, the input tablo is position data for NPTS time
points. .

If LTYPE=2, the first card is the initial position data,
which is followed by the input table of velocity data for
NPTS time points. .

It LTYPE=3, the first card is the initial position data, the
second card is the initial velocity .data, which is followed
by the input table of acceleration data for NPTS time points.

T The time (sec) for the data on this card.
It this card is for initial condition
data, T(1) should be zero or blank. The
times should be in ascending order bdut do
not have to be equally spaced.

wz{J,I1).,J=1,3 If position data, the x, y and 2
coordinates (in) of the vehicle origin tn -
the inertial reference coordinate systenm
“for time T(I). If velocity data, the x,

y and z components (in/szsec) of velocity

of the vehicle origin in the inertial :
reference for time T(I). If acceleration
data, the x, y and z components (G's) of !
the deceleration of the vehicle origin in
inertial reference for time T(I).

XYZ(J,1),J=4,8 If position data, the yaw, pitch and roll -
(deg) -of the vehicle coordinate reference
axes with respect to the inertial
reference. I1f velocity data, the

g components of angular velocity (deg/sec)
about the local x, y, £ axes. If
acceleration data, the components of
"angular acceleration (deg/secx#3) about
the local x, y and z axes.

N
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Cards C.5 (continued)

Note: When LTYPE = 2 or 3, the program will spline fit the

NPTS data points for each of the six components independently.

For LTYPE = 1, the angular displacements are transformed to
guaternions and the four quaternion components and the three
linear coxponents are spline fit independently. The
quaternions are then transformed back to yaw, pitch, and roll
angles. The spline fit produces a piece-wise set of
polynomials of degree LFIT. These polynomials are then
evaluated to produce a set of acceleration tables at MATAB
equally spaced time points equivalent to the six degree of
freedom (option 3) data of Cards C.4. The program will then
print at input time a complete table of the integrated
velocities and positions from these generated acceleration
data. The integration procedure used is not identical to the
program integrator. The ‘spline fit algorithm used in the
progran can be used to calculate angular accelerations from
simultaneous multi-axis angular displacesents.
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D.

Subroutine SINPUT
Card D.1

NPL
NBLT

NBAG

NELP

N

NSD

NHRNSS

NWINDF

NJNTF

NFORCE

FOBRMAT (1018)

The number of planes describing contact
panels (30 maximum).

The number of belts used to restrain the
crash victim (8 maximum).

The number of airbags used to restrain
the crash victim on Cards D.4 (max = 5,
but NSEG + the number of vehicles + NBAG
must be ¢ 30).

The number of contact ellipsoids or
hyperellipsoids to be supplied on Cards
D.5 (40 maximum).

The number of constraints to be supplied
on Cards D.6. Each constraint, with
KQTYPE(J) = 5 on Cards D.6, will be
considered as two constraints requiring
two sets of cards. (Note: The program
will later increment NQ by 1 for each
HF(1) = 0 on Cards F.l.b and F.3.b.
Final maximum on NQ is 12).

The number of spring dampers to be
supplied on Cards D.8 (20 maximum).

Number of harness-belt systems to be
supplied on Cards F.8, may be zero or
blank. Maximum value = 5.

The number of wind force and drag
coefficient functions to be supplied on
Cards E.C, may be zero or blank. The
maximum = 50 if no other force functions
are supplied.

The number of joint restoring force
functions to be supplied on Cards E.7,
may be blank or zero. The maximum = 50

if no other force functions are supplied.

The number of force and/or torque
functions to be supplied on Cards D.9
(maximum = 5).
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I{ NPL is nonzero on Card D.1, NPL sets of Cards D.2 are

required.

Card D.2.a

J

PLTIL

Cards D.2.b - D.2.d

PI(I),I=1,3

P2(I},I=1,3

pP3(1),I=1,3

Where P1, P2 and P3 are three of the corners of a ptrailologvanﬂ;~5**t::f;:r*1

FORMAT (I4, 4X, S5A4)

The plane identification number, must be
supplied as consecutive integers from }
to NPL.

A 20 character description of the Jth
panel.

- FORMAT (3F12.0)

The x, y and £ coordinates of point Pl in
vehicle (or segment to which the plane is
attached) reference (in). :

The x, y and z coordinates of point P2 in
vehicle (or segment to which the pltno is -
attached) reference (in). :

The x, y and z coordinates of point P3 in

vehicle (or segment to which the plano ia"f

attached) reference (in).

such that the edge PIP2 is less than 180 degrees clockwisze (asz
viewed from the external surface) from the edge P1P3. DNote:
Any previousg input deck in which the vector P1P2 is not
perpendicular to the vector P1P3 will now produce different

results.

Note: The positive side of the plane is defined by crossing
the edge vector, P1P2, into the edge vector, PI1P3. Contact
with a plane must occur with the positive side.
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If ¥BLT is nonzcrobon Card D.1, NBLT sets of Cards D.J are
required. ’

Card D.3.a FORMAT (5A4)
BLTTTL A 20 character description of the Jth
belt.
Card D.3.b FORMAT (6F12.0)
BELT(I1,J),1=1,3 The x, y, and £ coordinates, in vehicle

(or segment to which belt is anchored)
reference, of anchor point A for the Jth
belt (in). '

BELT(I,J) ,1=4,6 The %, y, and z coordinates, in vehicle
{or segment to which belt i= anchored)
reference, of anchor point B for the Jth
belt (in). '

Hote: The program must pass a plane through the three points:
The anchor point A, the anchor point B and a fixed point on the
- contacted body segment. If anchor points A and B coincide,
they must be separated slightly such that the desired belt
plane will be defined. Also, the anchor points must be located
such that they are not allowed to penetrate the contact
ellipsoid to which the belt is attached. = -:

D-3 S Rev IV.0
66



Card D.3.c

BELT(I,J),I=7,9

BELT(10,J)

BELT(11,J)

13

FORMAT (5F12.0)

The x, y, and £ coordinates, in the
contact ellipsoid reference {(not the
local reference system of the segment),
of the fixed contact point on the body
segment for the Jth belt (in).

Currently not used by the progranm.

Belt slack (in). If BELT(11,J) is zero
or positive, the initial belt:length with
slack is defined by adding the belt slack
to the initial geometric length,
calculated from the placement of the belt
points. If BELT(11,J) is negative.and
its magnitude is less than the initial
geometric length, the geometric length is
defined as the initial belt length with
no slack. If BELT(11,J) is negative and
its magnitude iz greater than the

geometric length, the value supplied will

be defined as the initial belt lenth with
slack. KNote that the belts do not allow
pretensioning.
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If NBAG ig nonzero on Card D.1, NBAG sets of Cardas D.4 are .
required by Subroutine AIRBGl. Note: All references to the !

vehicle refer to the primary vehicle, segment No. NVER (NSEG + !

the number of vehicles supplied in the C cards.

Card D.4.a FORMAT (5A4, I4)
BAGTTL A 20 character description of the Jth air
bag.
NPANEL (J) Number of vehicle contact panels that are

allowed to interact with the Jth air bag
(paximum = 4). .

Card D.4.Db FORMAT (8F12.0)
AB(I1,J),I=1,3 The x, vy and z semfaxes of the Jth air
bag when fully inflated and undeformed
(in) .
BFA(I,J),1=1,3 The x, y and z coordinates of the center
of the air bag contact ellipsoid with
respect to the air bag center-of-mass R
(in) .
Card D.4.c FORMAT (6F12.0)
YB,PB,RB The initial orientation (yaw, pitch, and

roll) of the Jth air bag in the vehicle
reference (deg).

ZDEP(1,J),1-1,3 The x, y, and z coordinates of the
deployment point of the Jth air bag in
the local reference of the lst panel on
Cards D.4.g and h (in). |
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' Card D.4.4d

XBM(J)
CYTD(J)

CYPA(J)
CYSP(J)
CYTO(J)

CIVO (J)

Card D.4.e

CYCD (J)

CYK(J)

. cTR()

CYAT (J)

CYPV(J)

CYCDO (J)

FORMAT (6F12.0)

Weight of air bag membrane and contents

(ibs) .

Gas supply actuator firing time after the

start of vehicle daceleration (sec).
Atmospheric pressure (psia)

Initial gas lu;;ly prossuro (psig).
Initial gas lupply to.porature (deg R).

Gas supply rcservoir volume (1naa3)

FORMAT (6?12.6)

Sonic throat discharge coefficient
(dimensionless).

Ratio of specific heats of supply gas
(dimensionless). .

Specific gas constant (in/deg R).

Sonic throat .ri. (in!§2)

.Vent Prossuro of the exhaust oritico LT

(psig).

Exhaust orifice dIScharge cootficiont
(dimensionless) . '
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" Card D.A.f
CYAO (J)
SPRK(J)

¥SCs(J)

CK(J)

CMASS (J)

NPANEL (J) sets of the
define the ellipsoids
for the Jth air bag.

Carﬁ D.4.g

B(I,K,J),1=1,3

BFB(I,.X,J},I=1,3

Card D.4.1h

Z2k(I1,X,J),1=1,3

YP,PP,RP

FORMAT (5F12.0)
Exbhaust orifice area (in##2},

Spring constant of a linear spring used
t0 simulate attachment of the bag at the
deployment point in the vehicle (1b/in).

Coefficiant of sliding friction of the
air bag (dimensionless).

Parameter used to stabilize air bag
numerical integration (sec##-1).
Suggested value = 250.

Multiplier to increase or decrease the
mass of the air bag to artificially
dampen the integrated air bag motion.

following two cards are required to
used to approximate the contact panels
The first panel iz the reaction panel.

FORMAT (6F12.0)

The x, y, and z semiaxes for the Kth
panel for the Jth air bag (in).

The location of the center of the panel'»
ellipaoid with respect to its center-of-
nagg (in).

FORMAT (6F12.0)

The x, y, and z coordinates in vehicle
reference of the centar-of-mass of the
Kth panel of the Jth air bag (in).

Angular orientation; yaw, pitch and roll
(deg.), of the Kth panel with respect to
the vehicle.
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11 NELP is nonzero on Card D.1, NELP D.5 Cards are required.

Note: NELP iz the number of contact ellipsoids and
hyperellipsoida to be supplied here, not the total number of
contact ellipsoids in the program. The first NSEG ellipaoids
were supplied on Cards B.2. They may be replaced here and
additional (hyper)ellipsoids may be added.

Cards D.5 FORMAT (I8, 9?6.0.3?4.0)
(NELP Cards)

M- Contact (hyper)ellipsoid number, maximum
is 40, It M ( NSEG + 1, data will
replace input supplied on Cards B.2. 1If
M is equal to a vehicle or the ground
segment number, it is associated with
that segment. Otherwise, M must be
greater than NSEG + the number of
vehicles + NBAG + 1. .

P1(1),1=1,3 The x, y,>and z demiaxes of the contact
(hyper)ellipsoid {in).

P2(1}),I=1,3 The x, y, and z coordinates of the
(hypcr)ollipxoid offset from the sog-.nt
center-of-mass. N

P3(1),1=1,3 The yaw, pitch and roll (degrees) of the
contact (hyper)ellipsoid from the local
reference axis of the soglcnt :

P4(1),1=1,3 The powers of the (hypor)cllipcoid. I.o.
the values of Ni in the (hyper)ellipsoid
functional; (x/a)s#Nl + (y/b)%%N2 + = -
(z/c)%2l3, Values must be even integers.
If all P4 are less than or equal to 2 the
surface will be treated as .an ellipsoid.
If P4(1)>0 and P4(2) or P4(3) are zero,
the zero value(s) will be set to P4(1),
i.e. only P4(1l) needs to be entered for
all equal powers.

Note: Hyperellipsoids may not be used
with the belt, airbag, harness belt or
wind routines, or with the roll-slide
options for plane-segment or segment-
segment contact. Also different powers
can only be used for plane-segment
contacts without the edge-effect option.
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If NQ is nonzero on Card D.1, NQ D.6 Cards are required.

Cards D.6
(NQ Cards)

KQTYPE(J)

KQl (J)

XQz (o)

BRK1(1,J),1=1,3

RK2(I1,J),1=1,3

FORMAT (316, 6F6.0) {

Type No. of the Jth constraint

1: Point specified by RKl on segment KQl
will be constrained to be the same as
the point apecified by RK2 on segment -
KQ2.

2: Point specified by BK1l on segment KQ1
will be constrained to remain at an
equal distance, D, (where D > 0) from !
the point specified by RK2 on segment
KQ2.

5: Tension element constraint connecting

point BRK1l on segment KQl to point RK2

on segment KQ2 (requires two cards !
with the same KQTYPE, KQl and KQ2 on !
both). I

Segment identification number of the lat
specified point. '

Segment identification number of the 2nd
specified point. N

Coordinates of specified point in the

local coordinate system of segment KQl 1
(in). If KQTYPE = 5, the second card

will contain the effective magsses MA, MB

‘and MAB  (1lb.sec#%2/in} in place of RKI.

Coordinates of specified point in the

local coordinate system of gsegment KQ2 !
{(in). If KQTYPE = 8, the second card

will contain the spring constant X

{(1b/in}, the viscous damping constant D

{1b sec/in) and the reference length L

- (fn) in place of RK2.

Note: 1If KQTYPE = ] and KQ2 is the
number for the vehicle, then Subroutine
EQUILB will modify these values of RK2
such that they will be equivalent to RK1
in inertial reference for time zero (see
degcription under Cards G.6.).
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Card D.7 is always required. Supply blank card for norn|1>30

motion.
Card D.7

NSYM(J) ,J=1,MSEG

NSYM(J) = 0 :

NSYM(J) = J :

. -

NSYM(J) = X :

NSTM(J) = -K :

Note: In the above symmetry options, the user must take R

FORMAT (1814) If NSEGQ>18, use 2 cards.

Controls symmetry option of body segments

as follows :

Normal thrco-dilonsional motion for body
segment J. .

Motion of body segment J will be
restricted to a x~z plane parallel to the
inertial x~z plane with no lateral
motion, hence it will be two-dimensional.

Body segments J and K are to remain
symmetrical with no lateral motion. The
motion of each will be replaced with .
their average and restricted to a x-z

plane parallel to the inertial x-z plane. -

NSYM(K) must equal J.

Body segments J and K are to remain
mirror symmetrical with respect to a x-z

plane parallel to the inertial x-z plane.-

Equal but opposite lateral motion is
permitted. NSYM(K) must equal -J.

extreme care that all input will allow the symmetry to exist.
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It NSD is nonzero on Card D.1, NSD D.8 Cards are required.

Cards D.8 FORMAT (213, 11F6.0)
(NSD cards) ’
MSDM(J) Segment identification numbers (M and N)
MSDN(J) to which the Jth spring damper is
attached.

APSDM(I,J) ,I=1,3 Coordinates of attachment points in local
APSDN(I,J),I=1,3 segment reference on segments M and l for
the Jth spring dulpor {in.).

ASD(1,J),1=1,5 Coefficients of qusdrttic functions.
I=1 : DO (in) o : .
I=2 : Al (1b/in) or integer
I=3 : A2 (1b/in%s2)

I=4 : Bl (ib sec/in) or integer
125 : B2 (1b sec#u2/in#s2)

The quadratic functions used to compute the spring force (FS)
and the viscous force (FD) for the Jth spring du-por aro
defined by the following relations:

FS= (D-DO)®(1A)I + A28{D-DO!)
FD= DVs( Bl + B3#iDVi)

where D and DV are the distance and its tlln derivative botu.on.
the points APSDM and APSDN. - . . N . :

The following options are available:

(1) If Al<O, this will act strictly as a tension element and
the program will set FS=0 and FD=0 for (D-DO)(O.

(2) If DOCO and A220 or (D-1DO})<O

a. It 51-0 program will set FS=0,
If A1%0, Al will be a function number (a politlv. real
integer) to indicate that FD will be evaluated as a
function of (D-iDO0!) using function No. Al defined on
Cards E.

b. If Bl=0, program will set FD=0,
If Bi#0, FD will be computed as FS above by function
No. Bl.
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If NFORCE iz nonzero on Card D.1, WFORCE D.9 Cards are

required.

Cards D.9
(NFORCE cards)

NFVSEG(J)

WFYNT (J)

X,Y,2

T.P.B

FORMAT (216, 6F10.0)

The identification number of the gegment
to which the Jth force function is to be
applied. If NFVSEG(J) is negative, a
time-dependent torque will be applied to
the segment instead of a force.

The identification number of the function
on Cards B that defines the force (1lbs)
or torque (1n-1bs) as a function of time
(sec). ,

The coordinates (in) of the point in the
local reference of segment NFVSEG at
which the force or torque is to be
applied.

The yaw, pitch and roll (degrees) of the
force coordinate system with respect to
the local reference of segment NFVSIEG.

The force is applied in the direction of

the positive x axis of this force
reference system. The force coordinate
system is initially aligned with the

segment local reference system. If a 77

torque is to be applied, it will-be
applied about the x axis of the force
coordinate system, where a positive
torque is in a counterclock-wise -
direction looking down the politivo
axis towards the origin.
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Polynomial - DO Dl .GT.
Tabular Polynomial DO pl .LT.
Polynomial Tabular DO Dl .GT.

Polynomial Polynomial DO Dl .GT.

Subroutine CINPUT (functions input)

The functions defined by the E.] through E.4 cards are
referred to by number in the NF arrays required on Cards
F.l.b, F.2.b, F.3.b, F.4.b, F.8.c and F.8.d1, and by other
variables on Cards D.8 and D.8. They are used to define
the force deflection, inertial spike, R (energy absorption)
factor, G (permanent deflection) factor, friction
coefficient, rate dopondent stross/ntrain and other
functions.

Each function may be subdivided, if dosirod into two
loparato parts, Fl and F2, where

F1(D) is defined for 0 .LE. DO LR D .LS {D1}

F2(D) ia defined for I(D1! .LE. D .LE. iD2i.

In addition, each part of a function may be defined by
either of three functional forms: constant value, tabular
data or a fifth degree polynomial. The existence and fora
of each part is determined by the supplied values of DO, D1
and D2 as follows:

Fl F2 DO D1 D2

Constant - v : 0 0 D2« Bl
Tabular - Do Dt .LT. O 0

D2 .GT. 0

D2 .LT. 0

o © © o

D2 .GT. 0

The routines assume:

It D.GT.iD2! then F(D) = F(iD2!) for D2.NE.O.

It D.GT.iID1! then F(D) = F(iD1l!) for D2 = 0.

It D.LT.DO then F(D) = F(DO).

The case of both F1 and F2 being tabular is unnecessary.
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A maximum of 50 functions may be supplied to the program.
These functions may be of the types described on Cards E.1-
E.4, Cards E.8 or Cards E.7.

Card E.1

1

KTITLE

FORMAT (14, 4X, 5A4)

The function identifying number. These
numbers need not be supplied in numeric
order. If the-same number is used more
than once, a warning will be printed and
the last one supplied will be used. The
end of the function input is indicated by
supplying a single card with I > 50.

A 20 character alphanumeric title
describing the function.
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Card E.2
Do

D1

" D2

D3

FORMAT (5F12.0)

The lower abscissa value of the first part
(F1) of the function. Units are dependent
on usage of the function, i.e., in. for
deflection, in./in. for stress-strain,
in/sec for rate dependent functions.
Normally a value of zero is used for force
deflection functions. A negative value
may be supplied for rate dependent
functions. S .

The magnitude of D1 iz the upper absciszsza
value.of Fl and the lower absciszsa value
of F2, if any. D1 ¢ 0 indicates Fl is
tadbular, D1 > 0 indicates Fl iz a
polynomial, and D1 = 0 indicates Fl = D2,
a constant.

If D! = 0, D2 is the constant value of Fl.
Otherwise, the magnitude of D2 iz the
upper abscissa value of F2. 1f D2 = 0, F2
is not defined; if D2 is negative, F2 is
tabular; and if D2 is positive, F2 is a
polynomial.

It the function is to be used for an
inertial spike, DJ represents the abscizsza
value for which the inertial spike is to
be ignored if unloading occurs after
deflection exceeds D3.

If the function is to be used for a
coefficient of friction, a value of D3 = 0
means that the impulse option will not be
used for those contacts using this
function. 1If the impulse option iz used,
D3 = (1+U)/2 and U is the classical
coefficient of restitution for the impulse
option (0CD3<1 or -1{U(+1).

— - e e M ey —

It the function iz to be used for a
coefficient of friction for a
globalgraphic joint, the value of D3 is
used to specify the impulse. (See Card
B.5.)

—— e amy e
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Cerd E.2 (continued)

D4

It the function is to be used as a force
deflection function for plane-segment
contact D4, is a scalar that determines
the point of contact force application.
The point of application can be anywhere
along a line between the point of maximum

penetration and the center of the

intersection area. Supply zero for the
point of maximum penetration and one for
the center of the intersection area
{0<D4<1).

1{ used as the friction function for a
roll-slide constraint, D4 is the
coefficient of static friction to be used
for the roll constraint.
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If F1 is a polynomial, an E.3 card is required. 1If Fl is
tabular data, a set of E.4 cards is required. If F2 exiasts, an
E.3 card, for a polynomial F2, or a set of E.4 cards, for a
tabular F2, follows the cards defining Fl.
‘Card £.3 FORMAT (6F12.0)

AO,Al A2,A3,A4,A5 Coefficients of a fifth-degree polynoﬁiai

P = A0 + AL¥X + A2¢Xen3 + A3¥Xwa3
+ A‘.x’!‘ + As*x!ls

{(Units are dependent on use of the

function)
Card E.4.a : FORMAT (18)
‘NP1 . The number of data pointsz to be supplied

to identify the function if it is defined
in tabular form.

Cards E.4.Db FORMAT (6F12.0)

(X(I),Y(I),1=1,NPI) The abscissa and ordinate values of the
: data points used to define the tabular

form of the function. The program will
linearly interpolate to determine .
intermediate values. Supply 3I pointsz per
card; use as many cards as required.
Note: Abscissa valuez must be supplied
in ascending order, starting with the
lower abscizsa value, DO or D1, and
ending with the upper abscissa value, DI
or D2.

{(Units are dependent on use of the
function.)

Note: Always supply a Card E.1 with a function number ) B0
after all functions are defined to signal the end of the
function inputs.
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Subroutine KINPUT (wind force and joint restoring force

functions)

If NWINDF=0 on Card D.1, Cards E.6 are not required.
Otherwise, NWINDF sets of Cards E.G.a - E.06.d are required.

Hote: There are now two types of wind force functions. The
first is the time dependent wind force function that was in
previous versions. The coordinate system that the

components of the wind force pressure vector are specified

in can now be selected for this option (it was previously
the ground). The recently added second type of wind force
function computes the wind force as a function of the
relative velocity of a segment. It is based on inviscid,
subsonic compressible flow theory for a fluid in which the
segments are completely immersed. Also, there is now the
option of using a time dependent drag coefficient of the
form: F = CD*P where P is the wind force pressure computed
either by the time dependent wind force option or by the
relative velocity wind force option, CD is the time
dependent drag coefficient and F is the wind force on a
segment . T ‘

Card E.G.a FORMAT (14, 4X, 35a4)

I,KTITLE Same as Card E.1. Each function number

{I) must be less than 351 and must be

distinct from those supplied on Cards .. ...

g.'l.» C
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Note: Previous versions required a blank Card E.6.b. If the
time dependent wind force or drag coefficient option is
selected a blank Card E.8.b ig required unless the orientation
of the wind forcea, FX, FY and FZ supplied on Cards E.8.d, are
with respect to a segment other than the ground. In thig case
the reference segment identification number (D4) must be
supplied, with all other Card E.6.b parameters not required.
If the velocity dependent wind force option is selected, the
following parameters must be supplied. ) '

Card E.6.b  FORMAT (3F12.0,2112)

Do Ratio of specific heats of the compressible fluid
in which the segments are immersed. Required when
the wind force is calculated as a function of
velocity. For time dependent wind force functions
and drag coefficient functions mugt be zaro or
blank. (Dimensionless)

1)) S Speed of sound of the compresaible fluid in which
the segments are immersed (in./mec.). Required
when the wind force iz calculated ams a function of
velocity. Not uased by time dependent wind force
or drag coefficient functions.

D2 Absolute pressure of the fluid in which the _
segments are immersed (lbs./in.#x2), Note that it
iz assumed constant, i.e. the change in altitude
of the segment iz asgumed to be small. Required
when the wind force is calculated as a function of
velocity. ¥Not used by time dependent wind force
or drag coefficient functiona.

D3 Identification number of the segment whose
velocity relative to reference gsegment D4 is used
to compute the velocity dependent wind force.
Required when the wind force isg calculated az a
function of velocity. Not used by time dependent
wind force or drag coefficient {unctions.

D4 Referance segment identification number for the
coordinate system that D3’'s velocity will be
relative to if a velocity dependent wind force is
delected. For time dependent wind force
functiong, it iz the reference segment number
whoge coordinate system the components of the wind
force, FX, FY, and FZ (from Cards E.6.d-n) are
with respect to. If zero or blank, default will
bae the ground. Not used by drag coefficient
functions.
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Not required for velocity dependent wind force functions (DO ¢
0 on Card E.6.b).
Card E.B.c FORMAT (16)

NTMPTS The number of time points or cards

required to define the time dependent
wind force function on Cards E.6.d.

Not required for velocity dependent wind force functions (D0 #
0 on Card E.6.D).

Cards E.0.d FORMAT (4F12.0)
(NTMPTS carda) v .

T Time (sec.) associated with the time
dependent wind force function pressure
vector or time dependent drag coefficient
given below. Values should be in
ascending order with first value equal to
zero.

FX,FY,F2
. the x, y and z components of pressure
- {force per unit area (lbs./in.%#2)] due
B to the wind blast at time T. The
components of the pressure vector are
with respect to the local coordinate .

system of segment D& specified on Card .-

E.6.b. The program will use linear
interpolation on T. 1f the last value of
T is exceeded, the corresponding last -
values of FX, FY and FZ will be used for
the remainder of the run.

If a time dependent drag coefficient
function, FX is the drag coefficient
(dimensionless) at time T, while FY and

FZ are not wused. The same interpolation -

scheme and approach for time greater than
the last T used for the time dependent
wind force option also applies for the
drag coefficient function.
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If NJNTF=0 on Card D.1, Cards E.7 are not required. Otherwise,
NJNTF (from Card D.1) sets of Cards E.7.a - E.7.d are required.
The E.7 cards can be used to provide joint flexural spring
characteristics that are dependent on two joint angles,
flexure, THETA and azimuth, PHI, This joint spring
characteristic can be defined as a two dimensional matrix of
joint torque values, at evenly spaced values of THETA and PHI,
or as a set of polynomials dependent on PEI, for evenly spaced
values of THETA.

Card E.7.a FORMAT (14, 4X, SA4)

I,KTITLE Same as Card E.l1 except that each
function number (I) must be less than 51
and must be distinct from those supplied
on Cards E.l1 or Cards E.6.a.

Card E.7.b A blank card is required.
Card E.7.c FORMAT (21I6)
NTHETA Magnitude indicates the number of columns

in the two dimensional input data matrix
to be supplied on Cards E.7.d. The
minimum value is 2. If positive, the
¥THETA entries in each row will be
tabular data for equally spaced values of
the joint flexure angle (THETA) between 0
and 180 degrees. If negative, the
entries will represent the coefficients
of a (!NTHETA!-]) order polynomial in
{THETA-THETAO) .

NPHI The number of rows of the matrix of data
to be supplied on Cards E.7.d-E.7.n.
Each row represents equally spaced values
of the joint azimuth angle (PHI) between
-180 and +180 degrees, but does not
include the last row since the program
assumes data for PHI(NPHI+1)=180 are the
same as for PHI(1)=-180, Minimum = ],
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I : Cards E.7.d FORMAT (S5F12.0)

(NPH! sets of cards. Use extra cards per set if (NTHETA! > 5.)

THETAO The value of the “dead band’ zone for
this value of PHI (DEGREES). If the
flexure angle (THETA) is less than
THETAQ, the joint restoring torque will
be zero. , |

F(J),J=2,NTHETA For NTHETA positive, tabular values of
the joint restoring torque (in-lbs) for
{lexure angles: _ H

THETA(J) = (J-1)#180/(NTHETA-1) degrees

Values of zero should be iuppliod for
THETA ¢ THETAO.

For NTHETA negative, the coefficients of |
a polynomial for the joint restoring i
torque (in-1bs) in (THETA-THETAO) of |
order one less than the magnitude of {
HTHETA. F(J) is the coefficient of |
(THETA-THETAO) ##(J-1) where (THETA- {

{

. . THETAO) is expressed in radians.
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F. Subroutine FINPUT (allowed contacts)

On many of the F Cards, a segment number to which a plane or
ellipsoid is attached is required. These segment numbers refer
to the index I for the segments defined on the B.2 cards, the
vehicle segment number from the C cards or the ground segment
number. The inertial or ground segment is assigned a segment
number NGRND. Where NGRND is equal to the sum of NSEG (Card
B.1), the number of vehicles (Cards C), WBAG (Card D.1) and

one.

It WPL is nonzero on Card D.1, Cards F.l are required.

Card F.l.a

MNPL(J) ,J=1,NPL

FORMAT (18I4) 1If NPL)18, use 2 cards.

For plane J, the number of segments for
which segment-plane contact is allowed.
NPL is the number of planes from Card
D.1. The value of any MWPL for plane J
may be zero and the maximum value is 8.
However, if it is required to have more
than 8 segments contact the same plane,
set up two or more identical planes and
permit a maximum of 5 segmenisg to contact
each plane. The maximum total number of
plane-segment contacts is 70.

For each plane J, MNPL(J) cards of the following must be

gupplied.
Cards F.1.b

| B

NS (1)

NS (2)

- FORMAT (1014)

The plane number for which contact is
allowed. W must correspond to J above.
There must be MWPL(J) cards with this
same NJ. If MWPL(J) = 0, no WJ = J
should be present.

The segment number to which plane J is
attached. .

The segment number (determined by the
card number I under Card B.2.a) for which
contact with the NJth plane is allowed.
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Cards F.1.b (continued)

N8 (3)

NF(1)

NF(2)

NF(3)

The number of the contact
(byper)ellipsoid associated with the
segment NS(2). If negative, the contact
location printed in the tabular time
history for this contact will be in the
local reference coordinate system of
segment NS(2), if positive, it will be
for segment NS(1).

The function ¥o. from Card E.1 to define
the force deflection function for this . L
contact.

If NF(1)=0, a roll-slide constraint will

be exercised by the program {or this

contact which does not require NF(2),

NF(3) or NF(4) but does require a

friction coefficient function to be - - . ... ... . -~
defined by NF(8). Also, the initial - - o oo
positions on Cards G.2 must be such that - - - o
there is no contact at time = 0. Note: o -

The roll-slide option cannot be utod with ¢ "~
byperellipsoids. : R e e
If positive, the function No. from Card - | -— .. T . “:o.,
E.l to define the inertial spike function ' S
for this contact. If zero or nogattvo. T

no inertial lpiko exists. T

If negative, the magnitude tpoct!io. tho
function No. for F2 of the rate dopondont :
functions described below, I L AT e e e

It positive, the function No. from Card - |
E.1 to define the R (energy absorption)
factor function. A value of B=l

indicates that all energy is recovered

(no loss) and R=0 indicates that no

energy is recovered. If NF(3)=0, R=1 is . |
assumed (default). ] )

If negative, the magnitude specifies the
function No. for F3 of the rate dependent
functions described below.
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Carda F.1.b (continued)

NF (4) If positive, the function No. from Card
E.1l to define the G (permanent
deflection) factor function. If NF(4)=0,
G=0 is assumed (default).

If negative, the magnitude specifies the
function No. for F4 of the rate dependent
functions described below.

NF(5) The function No. from Card E.1 to define
the friction coefficient function. 1If a
roll-slide constraint is used for this
contact (NF(1)=0), the value of D3 on
Card E.2 for this function should be 0.5.

Note: By defining NF(2), NF(3) and NF(4) az all negative, the
contact force is defined by deflection and rate dependent
functions, instead of the inertial spike, B factor and G factor
functions. The combined deflection and rate dependent function
is defined by:

When D)0, F(D,D') = F1(D) + F2(D)#F3(D’) + F4(D')
When D{0, F(D,D’) = 0.

Where D and D' are the deflection and rate of deflection and
F1, F2, F3 and F4 are functions specified by NF(1), NF(2),
¥F(3) and NF(4), respectively. If NF(2), NF(3) or NF(4) is
zero, the corresponding function (F2, F3 or F4) is zero.

Note: There can not be a mix of positive and negative values
for NF(2), NF(3) and NF(4), i.e. they must all be either zero
or positive, or they must all be zero or negative.

Care must be taken in defining F1(D), F2(D), F3(D') and F4(D'),
so that F(D,D’) is not negative for any possible values of D
and D'. '
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Cards F.1.b (continued)

Indicator for the plane-segment edge
effeot option and infinite plane options:

=0 -

mo -

NX=-1 -

nX=-3 -

nx¢-2 -

F-4

standard finite plane test. No
force is applied unless the
center of the intersecting
ellipse is within the plane
boundaries. JNo {orce is applied
for complete penetration of the
(hyper)ellipsoid.

edge effect test. When only part
of the intersecting ellipse is
within the plane boundaries, the
deflection and corresponding
force are calculated at the
centroid of the area of the

ellipse that is within the plane -

boundaries. MNo force is applied
for complete penetration of the
(hyper)ellipsoid. This option
cannot be used with a :
hyperellipsoid that has unequal
powers. :

the plane is assumed infinite.

Therefore no boundary test is = .
made. No force is applied for ..

P apa

‘complete penetration of the 771

(hyper)ellipsoid.

‘the plane is assumed infinite.

Therefore no boundary test is

sade. A force is applied for .

complete penetration of the
(hyper}ellipsoid.

standard finite plane test. No
force is applied unless the
center of the intersecting
ellipse is within the plane
boundaries. A force is applied
for complete penetration of the
(hyper)ellipsoid.
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If NBLT is nonzero on Card D.1, Cards F.2 are required.

Card F.2.a

MNBLT (J} ,J=1,NBLT

FORMAT (8I4)

For belt J, the number of segments for
which segment-belt interaction is
allowed. NBLT is the number of belts
{from Card D.1. Each MNBLT may have a
value of only 0 or 1.

For each belt J, MNBLT(J) cards F.3.b must be supplied.

Cards F.2.b
| 0]

NS(1)

NS(2)

NS (3)

NF(1)

NF(I),I=2,4

NF(5)

FORMAT (914)

The belt number to be contacted, must
correspond to J above. There must be
MNBLT(J) cards with the same NJ. If
MEBLT(J) = 0, no NJ = J should be '
present. .

The segment number to which belt NJ is
attached.

The segment number (determined by the
card number I under Card B.2.a) for
which interaction with the NJth belt is
allowed.

The number of the contact ellipsoid
associated with the segment NS{2). Note: €
Hyperellipsoids can not be used with this @
option. ; o

The function number from Card E.1 to
define the force-deflection function for
this contact. The abscissa for this
function should be strain (in/in).

Same definition as on Card F.1.b above.

If non-zero, full belt friction is
agssumed, i.e., forces are computed for
each half of the belt separately. 1If
gero, zero belt friction is assumed,
i.e., belt tension is the same at both
belt anchor points.

Note: The use of rate dopond;nt functions ag defined under
cards F.1.b is not permitted for belt-segment contacts.
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Card F.3.a is always required. It may be blank to specify that
no segment-segment forces are to be computed by the program.

Card F.3.a

MNSEG(J) ,J=1,NSEG

FORMAT (18I4) If NSEG>18, use two cards.

For segment J, the number of segments for
which segmant-segment contact is allowed.
NSEG is the number of segments from Card
B.1. Each segment contact, A versus B,
may be inputted either way except where
an interior contact is desired (see
NS(3)).

Any or all values of MISEG may be zero.
The maximum value for each MNSEG is §.
The maximum total number of segment-
segment contacts is 40.

For each segment J, MHSEG(J) cards F.3.b must be supplied.

cgrds F.3.b

W

P

TEs(D

N8(2)

-H8(3)

NF(I1),I=1,5

FORMAT (9I4)

The segment number to be contacted, it
must correspond to J above.: There must

be MWSEG(J) cards with this same NJ. - If ..

M¥SEG(J) = 0, no W = J should be

_ present. H

The number of the contact -

(hyper)ellipsoid associated with cogmuni‘ﬁ:.:"
0

NJ. A hyperellipsoid must have equal
powers.

The segment number (determined by the

card number ! under Card B.2.a) for which

coqtact with the NJth segment is allowed.

The number of the contact
(hyper)ellipsoid associated with the
segment NS(2). A hyperellipsoid must
have equal powers. If negative, an
interior contact will be assumed with
ellipsoid NS(1) inside NS(3).
Hyperellipsoids can not be used for
interior contacts.

Same definitions as on Card F.1.b abovo;

Note: The use of rate dependent functions, as defined under
Cards F.1.b, is permitted for segment-segment contacts.
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If WNT is nonzero on Card B.1, Card F.4.a is required. Supply
IGLOB=1 for globalgraphic option, otherwise supply 0 or

blank.

Card F.4.a

FORMAT (1814) If WJNTO18, use two cards.

For each joint J, supply 1 tor IGLOB(J)
if IPIN(J) is +3 or -3 on Cards B.3.a -
B.3.j; otherwise supply zero or blank.
One card F.4.5 must be supplied below for
each J for which IGLOB(J) =1},
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Cards F.4.b

- N

Ns(1),1=1,3

WF (1)

NF(2)

NF(I),1=3,5

- FORMAT (014)

The 1dontification number for a .
globalgraphic joint, must correspond to J
above and cards must be cupplicd in
asconding ordcr on IJ.

e L=

currontly not utod by progran.“

- * The fumction nulbor from Card E.1 to
- - define the torque-deflection for this
"~ globalgraphic joint. The ordinate for
" this funoction should be torque (in.-1b.)

and the abscissa is the angular

< deflection (radians) into the stop.

The function number from Card E.l1 to
define the Herron formulas for T (joint
stop angle in radians) and its derivative-
TP with respect to PHI both as functions
of PHI (the joint angle from the '
reference axis in radians). JNormally

» thoy will be coaputcd by‘

a4 A

- T?= Pl + SP!PZ ’
TP = Pl' + CPsP2 + SP!P2’

where P1, P2 are the 5th degree
polynomial evaluations of OOS(PRI)
“using the two polynomials Fl and F2
obtained by setting both D1, D2 > O
‘on card E 2; :

Pl'. P2’ are their dcrivat!vot with
rolpect to PKI.

and cr SP are COS(PRI) and SI!(PHI).
ll Dl D2 are not both positivo, T and TP

will be evaluated as functions of PHI in
radians (0 ¢ PHI ¢ 2#PI) as specified on

_ cardl 8 l - E.4 for function NF(2).

: 3.-. doiinitionc as on card F.1.b above

except that the use of rate dependent

functions is not pornﬁttod.
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If NJNT>O0 (Card B.1l) and NRJNTF)O (Card D.1), Card F.5.a is
required.

I1f NJNT)0 and NJNTF=0, the program will set the JOINTF array to
zero and Card F.5.a is not roquirod.

Card F.S.a . . FORMAT (1814) uso two cardl if NJBT Y 18.

JOINTF (J) ,J=1 ,NJNT For oacb joint (J). tho tunction
- ~-identification number as supplied on
" Cards E.7.a to be used by Subroutine
VISPR to compute the joint restoring
. force by Function FRTERP. If zero, the
- values of SPRING(1,3%J-2) as supplied on
" Cards B.4.a will be used using Function
EJOINT. oo

1f NBAG ® 0, NBAG cards of the following must be supplied.
Since the air bag routines do not use the force-deflection
functions, this input hag difforont formats than for the above

allowed contacts. - .
Cards F.6 - . - FORMAT (214, 2012) (R ' ' .

K~ - . - The air bag number corresponding to the
: - index J under Cards D.4 above. K must be
in numeric order X = 1 to NBAG, where
NBAG is the number of air bags dofinod on
Card D.1. .

X The nunbor of soglontl allowed to contact
the Kth air bag. The maximum value is
10. If NK = 0, tbo remainder of the card
is blank. . :

MBAG(2,I,X), . The segment numbers (determined by the
MBAG(2,I,K),I=1,RK card number I under Card B.2.a) each
followed by the number of the associated
contact ellipsoid for which contact
forces with the Xth air bag will be - '
‘computed. Note: Hyperellipsoids can not € -
be used with the airbag routines. N I
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* 1f NWINDF=0 on Card D.1, Cards F.7 are not required and the
program will set the MWSEG array to zorol Otherwise, Cards

F.7 are roquirod.

Card F.7.a

ol

FORMAT (1814)'u-. e-o'c.rda’af'nsse > 18.

llBBG(l Jy,J=1, ISBG For each segment J, - cupply zero if no

Supply a Card F.7. b for oach loglnnt (J) uhoro MWSEG(1, J) s 1.

card F.7.b
JJ

MWSEG(2,J)

MWSEQ(3,J)

"wind force calculationsz are to be
performed. Otherwisze, supply a value of .

"~ one to indicate wind !orcoc are to be .
'fcotputod Te e e

" -
Pewn T ML

FOB!A? (714 2212/28!.812)

The segment identification number from
Cards B.2.a for which wind force -
calculations are to be performed. Must
correspond to J from Card F.7.a and be

- supplied in ascending order.
-1t negative the wind force will be

calculated uszing an overlaying grid,

‘allowing for blocking by other segments.

{Note: Thiz option may significantly
increase run<tiln.)

The number of the contact ellipszoid to be -

associated with segment number JJ.
Byperellipsoids can not be used with this

~ option.

The segment identification nusber (MSEG+}
for the vehicle associated with plane
number MWSEG (4,J).
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Card F.7.0 (continuod)

MWSEG(4,J)

MWSEG(5,J)

MWSEG(6,J)

MWSEG(7,J)

. (MOWSEG(2K-1,J) ,
MOWSEG(2K,J)),
X=1,MWSEG(7,J)

The plane 1dont111cation nunbor from Card
D.2.a through which if segment J paases,
wind force c.lculationl will be
performed. -

The function number {rom Card E.8.a for

. tho wind forco function to be ulod.

RN Tt o

‘*f Tho function nu-bor from c.rd E. 0 a for

the drag coefficient function to be used.
If zero or blank, 1.0 will bo used for
the drag cootticiont

Number ot segments th.t may block segment
JJ from the wind torco. Only used if JJ
is negative. e ,

The segment identification number and

"contact ellipsoid number of the possible

segments blooking segment JJ from the

.wind force. Used only if JJ is negative.

It MWSEG(7,J) >1]1, use a second card,
leaving the first field of 28 columns
blank. If MWSEG(7,J) = 11, a second

. card, co-plotoly bl.nk lhould follow this
s> c.rd. -
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F.8 Subroutine HINPUT - Card input for harness-belt systems.
If NHRNSS ¢ 0 on Card D.1, Cards F.8 must be supplied.
Card F.8.a2 FORMAT (814)

NBLTPH(I), " Number of 1nd1viduallboltl for each harness
“I=] NERNSS No. I. May be zero or blank., Maximum valuo _
: of tho sun ot sll NBLTPH is 20._'_L L

- .-
L AR P TEAE

Card F.8.a is followed by unnnss lotl ot cardl r.e b - F 8. d.
Card F.8.Db _FORIAT(IBI&) use tuo cardl if lBLTPH(I))la.

NPTSPB(J), The number of reference pointl lncludlng
J=1,NBLTEP(I) anchor points for belt No. J of harness No. I.
May be zero or blank. The maximum value of
the sum of all NPTSPB for all harness-beit
systems is 100. The maximum value of the sum
of all NPTSPB for any one harness belt system -
~ is 50. The maximum valuo of any tndlvldual
'lPTSPB 1: 25.

Each Card F.8.b ia tollound by nnnrra(x) lotl of Cardc F 8.¢c -
F.8.d. _ 5 e , 2

. ~x % L= o me
.

Card F.B.c ' FORIAT (514 Pl2 0)

WF(L) ,L=1,5 = The function nunborl fron Cards 8 1 to define
the stress-strain of "belt Mo. J.  The
definition of these functions are identical to
those of NF(1) to NF(S) on Cards F.2.b, except
that the use of rate dependent functions is .
permitted. NF(S) is currently not used by the
progran, : : JEE

XLONG(J)} The initial slack (in) of belt No.-J. & -
negative value can be specified to indicate a
pre-tightened belt. The program will add this
to the initial geometric length to obtain the
initial belt length and distribute the slack
proportionately between the points.
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Each Card F.8.c is followed by NPTSPB(J) pairs of F.8. dl and
F.8.d2 cards to lpoclty tho reference pointl (K} for bolt (J)
of harnonn (1). ) .

Card F.B.dl FORMAT (914, 3F12.0)

KS " . .. The segment associated with reference point
_.(K). It a tie-point is being used, KS is the .
sum of this segment number and 100#KTP, where
‘KTP is a tie-point identification number. All
- points (K) of harness (I) that have the same
non~zero value for KTP (there should be only
one for each belt (J)) will be connected and
. . .should have identical valuoc for all othor
1nput.

KE Tho 1dontiticltion nunbor of tho contqct
"ellipsoid associated with reference point No.
- K. If no ellipsoid is specified (KE=0), the
program will assume a unit sphere. R
Hyperellipsoids can not be ucod with tho
. .harness belt option. e

NPD vlndicator tor the preferred direction option.
If a non~zerc integer is given, a non-gero
vector must be specified for BAR(L,K}, L= 10,
12 on Card F.8.d2. The reference point will
be allowed to move along the surface in a

~direction which is perpendicular both to this
vector and to the normal of the surface
subject to the constraint imposed by D2 of
function NF(5) below.. If NPD=0, the nominal
belt line is used in place of this vector.
NPD must be nonzero if point No. K ik a tie-
point. Note: Specifying a preferred

. direction (NPD & O0) requires that the
reference point be allowed to move (NDR ¢ 0).
If the belt is permitted to slip (NDR = 0),
there nult be no proiorrod direction option
(NPD = 0). .

NDR Indicator for the delta R option. If NDR = 0,
" belt (J) will be allowed to slip at reference
point (K). If NDR ¢ 0, belt (J) will not slip
but reference point (X) will be moved along
the nominal belt line. In both cases the
slippage or motion is subject to the
constraint izposed by the coefficient of .
friction given by D4 of function NF(3) below.
NDR must be non-zero for end reference (tio or
: anchor) points of the belt.

F-13 - . Rev IV.0
98 |

-

—— pa v cmm R e v

L N B ]
. : H



Card F.8.d1 (continuod)

NF(L),L=1,4

Tho function numbers fron Carda E.1 to define
the force deflection function between belt (J)
and reference point (K). 1If NF(1) = 0, the
surface is treated as rigid and no
perturbation of the reference point normal to

" the surface is allowed. The use of rate

. F 1 b 1. p.r.itt.do ) I o, A -

NF (5)

dependent functions, as defined undor Cards

-

The !unction nulbor fron Card 8 1 to dofino '
the friction coefficients for belt (J) at

reference point (K). Two constant values are

"to be defined on Card E.2 of this function by

- setting DD.= D1 = D3 = 0. D2 is the

coefficient of friction perpendicular to the

- nominal belt line along the surface and D4 is

BAR(L,K) ,L=1,3

the coefficient of friction along the nominal
belt line. If NF(5) = 0, infinite {riction is
assumed. It should be noted that the anchor
point is treated as any other point.
Therefore, if the anchor point is to be
rigidly attached, NF(5) = 0 must be supplied.
Even with the anchor point rigidly attached,
it can still move along the normal to the
ellipsoid (K & 0) or to the unit sphere (K =
0) because of penetration. If the anchor
point is not to move at all, NF(1) = 0 should
also be supplied.

The x, y and 2z coordinates (in) of reference
point (K) of belt (J). If a contact ellipsoid
is specified (K # 0 ), the vector is assumed
to be orientated with respect to the local
coordinate system KS, but translated such that
its linear dimensions are with respect to the
center of the contact ellipsoid KE. The
supplied values will be adjusted by the
program to lie on the ellipsoid surface. If
no contact ellipsoid is specified (K = 0}, a
nonzero vector, specified in the local
coordinate system of KS, must be supplied.
This vector specifies the direction of the
norsal in the perturbation coordinate system
used to resolve the belt segment forces. The
progranm will assume that belt (J) will run
through the points in the specified order.
However, if the forces are such as to pull the
belt amay from the surface, this point will be
ignored if it is not a tie or anchor point.

F-14 .  Rev 1V.0
| 99 |

N A S Sme GESE JD e S My MEm MM lem M vl tem mm e e



Card F.8.d2

BAR(L,K),
L=7,9

BAR(L,K),
L=10,12

FORMAT (6F12.0)

If XE = 0, i.e. no contact ellipsoid, the x, y
- and 2 coordinates (in) of the offset in the
- local coordinate system of segment KS. This

vector is added to the reference vector
defined above (L=1,3) to determine the

- location of .the reference point (K) relative
to the center-of-mass of segment KS.. If KE ¢

0, i.e. there is a contact ellipsoid, any
supplied value is ignored and the eliipsoid
offset value P2(I) Jpoclfiod on Card D 5 is

-usod 1nstcad e e R

The x, ¥y and z coordtnatol of a voctor in the
local coordinate system of segment KS. This
vector is used for the preferred direction
(see NPD above).. This vector must not be

- parallel to the normal conputod from BAR(L,X),
~. {for L=1,3 abovo.' _ :
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" @. Subroutine INITAL - |
COfd G.l.a . FORMAT (3F10.0, SI4)
ZPLT(I),1=1,3 " The x, y, and z printer plot coordinates

(for Subroutine PRIPLT) of the origin of
' the primary vehicle reference system.

- . "‘j" . ‘._ ox( .(‘xn.‘.( Lo‘_-
. L Tex Y 6l
*07¢z ¢ 121
11 777" A value of 15 is required to call

Subroutine EQUILB and process Cards G.4,
- 6.5 and G 8. y y

RS R PP ea
T gy g e tiEAS

Jl ,ﬁ;d,;;_ . I non-zero, Card G. 1.b is required to
Lo define scaling 1ntorlntion for the
"prtntor plots. ‘

.~ - 12,92 ; Cur:ontly not used by the program.. '
13 "7 1fzero, segment linear and angular

"velocities are not supplied on the
following cards but are set equal to the
initial primary vehicle velocity. 1f
I3 ¢ 0, SEGLV and WMGDEG must be supplied
on cards G.2 and a.3.
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If J]l is zero or blank on Card G.1.a, the following Card G.1.
should not be supplied and default values of 10.0, 6 0 and 1.

b
0

will be used for tho SPLT array.

Card G.1.b

SPLT(1)

SPLT(2)

SPLT (3}

FOB‘AT (3F10.0)

' The number of horizontal print positions

per unit length for the output unit that
will print the printer plots produced by
Subroutine PRIPLT (normal value is 10.0

for 10 spaces or columns per inch).

- The number of vertical print lines per

unit length (normal values are 6.0 or 8.0
for 6 or 8 lines per inch). The program

ulos only the ratio of SPLT(1) to SPLT(2).

Scale factor that represents the distance

(inches or length unit on Card A.3)
between vertical print lines for the

. printer plots. Note: The printer plot
. was originally designed for 120X60 units

(inches) along the z and x or y
directions which may not be satisfactory
for certain lituationl (e.g., metric
units).
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.One G.2 card must be supplied for each reference segment (i.e.;
gegment No. 1 and for each segment J where JNT(J-1) = 0 on {
Cards B.3) in ascending segment number sequencs. ’

. Cards 0.2~ ~ .- H.ronuar (6F10.0)
SEGLP(I J) I l 3 The 1nxtial X Y, and z coordxnates of
o . reference segment J -in.the .inertial !
) gﬁ#fﬂ"~>“““ : reforonco (in). ¥ ‘Zif o

SEGLV(I,J),I=1,3  The initial x,'y, and z components of

"velocity of reference segment J in the ' R

"'+« inertial reference (in/sec). These
- - fields may be left blank if I3 = 0 on
So0we oo Card @.1 in which case the initial
: - - yelocity of tho prinary vchxclo will ba !
“cused. . :

..
R G
- e

NSEG sats ot cards G 3 a-G 3 b are roquirod

3 e

Cards G 3 a ‘* 'f~ FOBKAT (BFIO 0 413)

YPR(I, J) I-l 3 : Tho 1n1tial rotation anglea (degreeg) of
. the Jth segment about the local z, y and
“"xvaxes of the -gsegment given by ID(4,J}) in
.+, the order spocified by ID(I,J), le 3.

WMGDEG(I,J) ,I=1,3 * The initial compononts of angular
: " .velocity about the local x, 'y and z axes .
- of the Jth body segment (deg/zec). If I3
= 0 on Card 3.1, the initial angular

v ";below. s l--,.. T eI .~'_ P

" velocity of the primary vehicle will be—~ | -

‘ converted to the aegmont reterence and
used - -
in(zr,Jd),1=1,3 ﬁ‘Indicators uged toc gpecify .the order of
’ ~ . .= . "the axes of the rotations given in YFR
" above. (See complete definition under
“Cards B.3.a2.) Zeros or blanks will
‘default to 1, 2 and 3 to indicate that:
" the standard sequence of yaw, pitch and
- % roll is reversed {as required by versgions
- provious to lBA of the program) P

'Valuoa of 3 2 l indicate that the
" atandard yaw,- pltch and roll sequence
" will be used.
.63 . RevIV.C
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Cards G.3.a (contxnued)

Values of 3. 1, -3 indicate that

precegsgion, nutation and apin for Euler -

joints will be usged.

A'negativc value for ID(1,J) indicates
that projectiona or projection angles of

the local axes of segment J will be used-

-~ . instead of the -initial rotation angles
.and that a Card G.3.j2 will follow this
. card.

ID(4,J) ‘ |  xfhc iigmént numbcr~to uhich the rdtations

given by YPR or -by the angles on Card
@3.3.j2 are with respect to. A value of
zero or blank will default to the ground

(MSEG+NBAG+2) or inertial reference. The

primary vehicle may be apecified by
supplying MSEG+l, where MSEG is either

NSEG or the largest MSEG {rom Cards C.2a.

Otherwige, the number of the segment
must be less than J. A . negative number
(-1JNT(J-1)!, as specified on Card
B.3.al) may be used to define the

rotation angles with rospect to the joint

axes as spocified on Card B.J.a2.

Note: The valuos of YPB and ID are uscd to compube a dxrectlon
cogsine matrix R, The direction cosine matrix D(J) of gegment J

is determined by the vgluc of K = ID(4,J) as followa:

K = 0: D(J) = R(J) R -( K=0 or equal to.NGﬁHD )
K> 0: D(J} = R(J)D(K) : ( K(J or equal to NVEH )
K ¢ 0: D{J) = B'(J)R(J)H(K)D(K) ( K = 'JNT(J )

There are no restrictions on a ball or Eulor joint. An Euler
joint can be set to an initial precession(P), nutation(N) and

apin(S) by specifying YPR = P, N, S and ID = 3, 1,- 3, -{JNT(J-

1)!. To preserve the axes of a pin joint, the relative
‘orientation of segments J and JNT(J-1) must represent a .
rotation about the pin axis only. (The pin axis is alwaya the
y axig of the joint axes as specified on Card B.3.a2.) This
can be asgured by supplying YPR = 0, P, 0 and ID = 0, 0, O,
{JNT(J-1) !, where P is the pitch of segment J with respect to
the center of symmetry (Card B.3.a2) of joint J-1. For the -
case where the y axes of segments J and JNT(J-1) are parallel
to the pin axis, the pin axis can be preserved by supplying
valueg of YPR = 0, P, 0 and ID = 0, 0, 0, {JNT(J-1)! where P
ig the pitch of segment J with respect ot segment JNT(J-1).
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A Card G.3.b must tollow ovory Card G 3.& on uhioh ID(1,J) is

negative,

Cards 6.3.b :

ALLAZ, A3 e

B1,B2,B3

II.

R
PR v ‘.._

FOBUAT (0?10 0, 413)

:»-Spocifios tho projoctlon of tbo primary
-axis given by IK below. 1If II is :

negative, values will be .the x, y and 2z -
components (in) in the projection
reference system of a vector along the

positive IK axis of segment No. J. If II -

is positive, Al, A2 (A3 not used) are the
projection angles (deg) of the positive
IK axis of segment number J in two of the

projection reference planos spocitiod by
ftho value of II.

' Spocifios the projictlon of a secondary

axis given by JK below. The definition

is identical to Al, A2, A3 above but uses
'JJ. and JK 1nstoad of II and IK. '

If 11 ic negative, tho co-pononta of a

~ vector along the positive IK axis will be
"given by Al, A2, A3. If II is positive,

a-value of 1, 2 or 3 is used to indicate

‘that the x, y or z axis is the common
~axis of the two projection reference

planes uged to specify tho two- projoctton
angles as follows:

It II=1, Al in z-x blano,‘Aﬁ in x-y plane.
It II=2, Al in x-y plane, A2 in y-z plane.
It I1=3, Al in y-z'plane, A2 in 2-X plane.

In the x-y plane, the angle is measured
from the x axis, posltivo toward the y
axic. :

In the y-z plane, the angle is measured
from the y axis, pocitivo toward the z

_axic.

In the z-x plane, the angle is measured
from the z axis, positive toward the x
axis.

Restriction: SII(Ax)!COS(Az) connot bo ‘
Zero. '

-5 _ Bev IV.0




Cards G.3.b (continued)

IK

JJ,JK

Avalue of 1, 2 oi 3 té specify that the

X, y.or z axis of segment number J is the :

primary axis to bo projoctod.

Same dofinition as for II IK above but
for a secondary axis of segment number J.
The value of JK mult be diiioront than

that of IK. e e
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Subproutine EQUILB

Cards @.4, G.5 and G.0 are required if Il.= 15 on Card G.1.

Card G.4

| NVAR

. ommT (214)

. No., of 1ndop¢ndont ‘variables luppliod on

""" Cards G.2 and @.3 ‘that are to be adjusted

~ NCON

Cards G.5
(lVAR carda)

R

RI1{J)

NSG(J)

ax(n

. Gards G.6 (mag = 19)

't;i No. of constraintl to béfiﬁpoaod to
compute those constraint forces which

" FORMAT (314, 2F8.0, 8I4)

.,ji}vilui bi»l;i2 or 3 to indicate the Xy
~_.or z coordinate of SEGLP if NTV(J)=l, or
‘yau,vpitch or roll of 'YPR if NIV(J)=2.

" ‘such that contact normal forces are equal

to either Gx supplied on Cards G.5 or -
constraint normal forces controllod by

N _ . . -
LY UL Y e w.

FRe R

will be satisfied by initial contact .

._.forces. '1f zero, the supplied values of . -
"Gx will be used, (max = 5): .

t. . ST SR 4
X SR A TR

. g e
AP SR

-

Ihdicitoa'typdfbthih.indoﬁondont variable
1 - SEGLP from Cards G.2
2.- YPR f{rom Cards G.3

" The segment number (as gpecified by index
.. I of Carda B.2) tor tho Jth independent
‘,‘variablo.v L

) The magnitude of the contact normal force
for the Jth independent variable (lbs.).

If this contact iz to be controlled by a
constraint on Cards G.6 (i.e.,
J=INDGX(1)), the supplied value of Gx
will be the initial value for the

" iteration of the contact normal force to

equal the constraint normal force:
otherwise, the Jth independent variable
will be adjusted such that the contact
normal force will be equal to Gx.
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Cards 3.5 (continued)

XDEV(J)

',.jngo performed.

JPL(J)

The maximum allowable deviation from the
initial positions specified on Cards G.2
and @.3 during the iteration of the Jth
independent variable for the contact
normal force to equal Gx. If exceeded,
the program will terminate with an error
message. If XDEV = 0 tho tests will not

The plani‘numbof'céféoiﬁéﬁding to MJ on
Cards F.1.b -~ F.l.n for the contact whose

" normal force is to be controllod by the

JS&(J)

NAV(J)

KSaG(I,J),I=1,NAV

Jth variablo. T
The cognont 1dontification ‘number (as
specified by index I of Cards B.2)
involved in the contact with plane XNo.
JPL(J). MNote: A contact between this
plane and segment must have been set up
on Cards F.1.b - F.1l.n.

No. of variables associated with the Jth
independent variable. (Max= §, may be

. zero.)

The segment numbers (definition same as

. for NSG(J)) for the NAV(J) variables

asgociated with the Jth independent

‘variable. Any change made to the Jth

independent variable to achieve initial
equilibrium will also be made to the
corresponding variables for these

"segments guch that the initial relative

orientation will be maintained as -

:8pocitiod on Cards G.2 and 6,3.
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Cards G.6 FORMAT (414)
(NCON cards) -

IPL(I),ISG(I) The plane and segment numbers (definition
same as for JPL(J) and JSG(J) above) for
the Ith constraint to be imposed for
initial equilibrium during the contact

- normal force to constraint normal force
iteration.

LTYPE(I) " Indicates the typo f the Tth constfalnt:
- . 3 - Roll constraint, :
4 - Slido constraint.

INDGX(I) The indox J (fron 1 to lVAB) frol Card
3.5 tor which the contact normal force
will be iterated to be equal to the Ith
constraint normal force. May be zero,

- but if INDGX(I) = J, then IPL(I) and
ISG(I) must be equal to JPL(J) and
JsadJ).

Note: Subroutine EQUILB will adjust the initial position
parameters supplied on Cards 3.2 and G.3. If_ the constraints
temporarily imposed by Cards 3.6 properly constrain all of the
segments, zero accelerations will be obtained while the
constraints are on. The iteration will produce normal and
tangential contact forces that will result in small (< 0.02 Q)
initial linear accelerations for all of the body segments. For
the seated “"standard’ fifteen segment occupant, this can be
achieved as follows:

&. Lock joint P, W,*NP, HP, RA and LA by setting IPIN = -2 on
Cards B.3. If the maximum torque for a locked joint (T1 for
VISC(4,3%J-2) on Cards B.5) is zero, then Subroutine EQUILB
will set Tl for these locked joints to 1.5 times the llsnitudo
of the joint 6orquo finally produced at time zero.

B. Constrain the aras by oithor lotting up tixed potnt :
constraints (type = 1) for the RLA and LLA with the vehicle on
Cards D.6, or lock the joints RS, RE, LS and LE as in step A
above. If the constraints are imposed on Cards D.6, Subroutine
EQUILB will adjust the point on the vehicle (RX2 on Cards D.8)
for any type 1 constraint involving the vehicle s0 that it will
coincide with the specified point on the body segment (RK1l on
Cards D.6) as adjustments are made to the initial position ,
paran.tor:
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C. Set up allowed contacts and associated force deflection
functionz on Cards F.l1 for the seat cushion plane with the LT,
RUL and LUL segments, the seat back plane with the LT, CT and
UT segments, and the floorboard plano with the RF and LF
sogmonts.

D. Sot up initial position paran.tors on Ctrdl 3.2 and 4.3
that are just “short of" or close to the final penetration
diltancen for the acgmonts with the coneact planon.

E. Sot HVAB = 5 and KCO” = 4 on Ctrd G 4

F. Supply the following 1nput paralntorn on Cardn a.5:

J  NTV NI} HSG GX XDEV : JPL J8@ NAV KSG
-1 1 3‘“(LT) 80.0 (sott cuthion) (LT) 0.
2 1 1 (LT) 5.0 *(soat back) (LT) o0 -
.32 0 2(uUuD) 10.0 0 - (seat back) () 4 (LT,
S ' o : T,
n,
(H)

4 2 2 (RUL) 25.0 10.0 (seat cushion) (RUL) 1 (LUL)
§ 2. 2. (RLL) 10.0 10.0 (floorboard) (BF) 1 (LLL)

a.. Supply the !ollowing input para-ntort on Cards G 6

Ceme- = -

1 L 1S6 LTYPE Ianax AT
1 (seat cushion) (LT) 3'1, l R ;
2 . (seat back) (OT) 4 = 3':

3 (floorboard) (RF) 3™ 8=

4 (floorboard) (LF) 3 0

Using the above input parameters, Subroutino EQUILB will adjult
the x and 2 coordinates of the LT, the pitch angles - N
(naintaining the initial relative orientation) of the UT, LT,
CT, N and H segments, the RUL and LUL segments, and the RLL and
LLL segments, and the initial normal contact forces (Gx) of the
geat cushion with the LT, the seat back with the UT and the
floorboard with the RF. It is believed that the resulting

initial positions are unique and are functions of the values of -

the contact normal forces (Gx) supplied for the seat back with
the LT ‘and the seat cushion with the RUL contacts. s

e
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H. Subroutine OUTPUT

This subroutine provides input to control the desired time
history output of selected total and angular accelerations,
velocities, displacements, joint parameters, joint forces
and torques, wind force data and .total body properties.

H.1 (K=1) Linear acceleration time history output.
Card H.1l.a FORMAT (I8, 213, 3F12.6)
NSG(X) The number of selected points on the

various body segments for which time -
histories are desired. The maximum value
for NSG(X) is 20. If NSG(K) is 0, insert
2 blank cards. If NSG(K) is 1, a single
blank card should follow card H.1.K.

KRBREF(1,K) The reference segment number the first
point total accelerations are to be given
in. If zero or blank, the default will
be the MSG segment number the point is
attached to, i.e. the local reference
system. Note that all previous input
decks can be used without modification
and will default to the local reference
system of segment MS@. If MSG is
negative, XREF is the initial
accelerometer setting. In this case KREF
must be 0 or 1. If KREF»(0, there is no
gravity vector offset; if KREF=1, the
initial accelerometer value = 1G along
the gravity vector specified by Card A.3.
However this offset remains in the local
MSG coordinate system. The accelerations
will be in the local coordinate sygtem
when MSG is negative.

MSG(1,X) The segment number of the first point as

- determined by the index I on Cards B.2.
A vehicle or airbag may be specified by
their segment number. If MSG is
negative, the accelerations will
correspond to the output of an
-accelerometer attached to MSG at the XSG
point.
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CArd H.l.a (continued)

XSG(I.I.K).I=1.3 vTho X, ¥y, and 2z coofdinatel in the
segnent reference of the firat point
(1nchel) ’

Followed by NSG(K)-1 Cards H.1.b (For J=2, iSG(K)) One H.1.b
- card is always required. v , : !

CARDS H.1.b " FORMAT (I9, I3, 3F12.6) . '3

KBEF (J,K)  Same as above but for the Jth point. @ -
MSG(J,K) . o Same asg ab§y9‘but for the Jth point.

XSG(I,J,K),1=1,3  Same as above but for the Jth point.

H-2 Rev IV.0
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. |

B2 (K2) Belative velocity bine hueory output. e

Cards H.2.a FOBI‘T (IO 213 - 3R12. 6) . “
NSG(K) _ . Same ducription as for H.1. [
KREF(1,K) " The reference segment number the point ®-

relative velocity is to be given in. If  O.

. zero or blank, the default will be the '

..vehicle. Note that all previous input

decks can be used without modification ..

and will default to the prilnry vehicle
rof.ronco lyctol. s

e

MSG(1,K) " The segment nulbor of tho first point as |
- determined by the index I on Cards B.2. |

A vehicle or-airbag may be cpocitiod by |

- their Uogl.nt nunbor. !

Xsa@(1,J,K),I=1,3 SII. dolcrlption as for H l.a , ’ |

Followed by ISG(K) 1 Cards H.2.b (For J=2, ﬁSG(K)) One H.2.b i
s, card is always roquirod. o R |

CARDS H.2.b  FORMAT (I9, I3, 3F12.6) . Y

KREF (J ,K) Salo as abovo but. for the Jth point. = @x

MSG(J,K) Same as above but for the Jth point. 1

Xsa(1,J,.X),1=1,3 Same as above but for the Jth point. { _,;3
H.3 (K=3) Relative displacement time history output . e

Cards H.3.a ~ H.3.b FORMAT (I§, ‘213 3F12.6/ (18, I3, *3?12 6)) o -

Same description as for Cardc H 2 a -~ K 2 b oxcopt for rolativo
displacements. - : o L §
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H.4 (K*Q)‘ Segment angular acceleration time history output

CARD H.4

NSG(K)

(KREF(J, K).
MSG(J,K)) ,J=1,KSG
_where KSG=NSG(K)

FORMAT (16, 22!3/ (19, 2113) )

The number ot.coloctid c‘émﬁntl for which
time histories are desired (maximum =
20). Supply blank card if none are

»'-docirod.

- KS@ pairc ot nu.borc. 'Thi first number

of a pair (XREF) is the number of the
reference segment the segment angular
accelerations are to be given in. The
second number of a pair (MSG) is the
segment number whose angular acceleration

‘is to be given. If KREF is zero or
" blank, the default will be the segment

number, i.e, .the local reference systen.
Note that all previous decks can be used
without modification and will default to
the local reference system. MSG3 is the
segment number as determined by index I
on Cards B.2. A vehicle or airbag may

be specified by their segment number. If.

NSG(X) > 11, use the second card, leaving
the first field of 6 columns blank. If
NSG(K) = 11, a second card, completely
blank should follow this card.

. Tl

H.5 (K=5) Segaent relative angular volocity tim;vhiatory output

Card H.5
NSG(K)
{KREF (J,X) ,

Msa{(J,X)) ,J=1,Ksa@
where KSG=NSG(K}

FOBMAT. (16, 2213/ (19, 2113) )
Same dolcription as for H.4

KSG pairs of nunborc Tho firsc numbar
of a pair (KREF) is tho reference gsegment
number the segment relative angular
velocities are to be given in.- The

" seoond number of a pair (MSG) is the

number of the segment whose angular

velocities are to be given. 1I1f XREF is'.

zero or blank, the default will be the
vehicle. JNote that all previous input
decks can used without modification and
will default to the primary vehicle
reference system. MSG is same as for
Card H.4.

H-4 Rev 1IV.0
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R.6 (K=6) Segment relative angular displaconnnt time hiltory
output .

Card H.6 .. ' ?ORIA? (16, 2213/ (19, 2113) )

Same description as for Clrd H.5 oxcopt tor rolatlvo angular
dilplaconcntl.

BT (K=T) Joint paran.tcr tiio hilfory Shtput .

KRR SR,

Card .7 - soRuat (1216/ (112 ibie) )

NSG(X) - The number of loloctod jointl for which
time histories are desired. Insert a

blank card if none aro doa!rcd (nnxinu- .

. 20) . R I

MSG(J ,X) ,J=1,XSG The joint nunbcrl aa dctornlncd by index
where KSGs=NSG(X) J.on Cards B.3. If NSG(X) > 11, use a
- . second card leaving the first field of 6
columns blank. If NSG(X) = 11, a second
card, completely blank. lhould follow
vthis card,

e,
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H.8 (K=8) Wind force time hiltory output
(Note: These H.8 Cardz are new as of Version III 2. What
wagz previously the H.8 Card (the card for the HIC, HSI and
CS1 calculations is now Card H.11l). Previous input decks
will require a blank card at this point in the input deck

to be compatible with ATB Version III1.2 input ro(uiromonts.

Card H.8
_NSG(K)

(KREF(J.K), ..
MSG(J,K) ,J=1,KS@
where KSG=HSG(K)

FORHAT (16 2213/ (19 2113))

- e

The nnnbor ot aeloctod aoguonts for which

the wind force tabular time histories are
desired. Insert a.blank card if none are -

dolirod (naxinun = 20)

KSG pairs of nunbor:. The first number
of a pair (KREF) iz the reference segment
number of the coordinate system the wind
forces are to be given in. The second

- number of a pair (MSG) iz the segment
" whose wind forcesz are to be given. If

KBEF is zero or blank, the default will
be ground. MSG is the segment number as
deterained by index I on Cards B.2. If
HSG(K) > 11, use a second card leaving
the first field of 6 columns blank. If
NSG(K) = 11, a second card, completely
blank, should follow this card.
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H.9 (K=9) Joint forces and torques time history output
{Note: These H.9 Cards are new as of Version III.2.” Any
previous input decks will require a blank card at this

~ point in the input deck to be compatible with ATB III.2~
input requirements.) The joint forces are the forces -
required (at the joint location) to keep the joined
segments from separating. The joint torques are the
torques required to meet any angular constraint of the
joint (e.g. for a pin joint only one axis of rotation is

. permitted) plus any torques transferred across the joint.

~ The joint torques applied by the joint functions are a .
function of the relative position and relative velocity of
the two joint coordinate systems. A detajled break out of
the joint function torques is provided by the Cards H.7.
Note: As of ATB III.4 the sign on the torquos is roveraed
to bo of the same sense as tho iorcos. o

R

e

L AN LI

T 28 28 28 28 2€ 3 2€ 3¢ 2€ 3¢ 3¢ 3¢ 3¢ 3¢ 22

C L

-1.~: eert

. ’ ) B C . R }

Card H.9 - FORMAT (16, 2213/ (19, 2113)) R ¥4

NS@( "' The number of selected Soints for which %%

o “‘time histories are desired. Insert a = X

. bllnk card if none are dolirod (maximum = X =

. : (KREF(J ,K), e KSG pain of numbers. fho first number -
: MSG(J,K) ,J=1,KsSa of a pair (KBEF) is the reference segment :

where xseznsc(x) ‘number the joint forces and torques are
: “* 40 be given in. The second number of a .

“ pair (MSG@) is the joint whose forces and
. torques are to be given. If KREF ig zero
or blank the default will be the vehicle.
MSG is the joint number as determined by
index J on Cards B.3. If NSG(K) > 11,
use a second card leaving the first field
of 8 columns blank. If NSG(K) = 11, a
second card, completely blank, should
follow this card.

- _...!

ISl aloge

[
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H, 10 Total body property time history output
(Note: These H.10 Cards are new as of Version III.2. Any
previous input decks will require a blank card at this
point in the input deck to be compatible with ATP I1II.2 -
input requirements.) . o
Card H.10.a , ;Ljf, FORMAT (16)
MG " The nusber of bodies (collection of
. .segments) for which time histories are
. .desired (max = 8). Bach time history
will contain the center of mass, the
. total linear and angular momentum, and
 kinetic energy of the set of specified .
-~ segments. If zero or blank, no Cudl '
_ i H.10.b are required.
Cards H.10.b -~ FORMAT (2413) |
-~ (M@ cards) T RS , ,
ncea(a) .. - The segment number of the segment to
R . which tﬁo center-of-mass is referenced.
MGG 7 the number of segments in the Jth set of

segments (body) for which a tabular time
... . history of body proportios (mlm =
. 22) u opocitiod. ‘

ncasu J), I= .RGB The sogunt nulbon of the MCGH uglonto

e that are to be included 1n the Jth set of
ugunts (body} ’
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H.11 (Subroutine POSTPR) -~ HIC, HSI and CSI caléﬁlationa.

This card is required whenever Subroutine POSTPR is called
as determined by the value of NPRT(4) on Card A.5 (all
values except 0 and 4). This H.1ll card was previously
called the H.8 card. The number of time points that can be
processed to compute the HIC, HSI and CSI values must be
greater than or equal to 25 and less than or equal to 1000.

" It the number of time points iz less than 285, the

calculation(s) will be skipped and a warning message
printed. These calculations can be performed only if
NPRT(30) > 0 and (1/NPRT(30))*DT#NSTEPS ¢ 1000 (it can not

be = 1000 because of time step 0), or NPRT(30) = 0 and the -

the number of successful integration steps is ¢ 1000. 1I1f
NPRT(30) = 0, the data iz written every successful
integration step and the total number of points can not be
determined beforehand. A quick way to determine the number
of succesgsful integration steps for a run iz to look at the
table produced by Subroutine ELTIME at the end of each run.
The number of times Subroutine OUTPUT is called i® equal to
the the number of successful integration steps when
NPRT(26) = 0, 1 or 4 and NPRT(4) ) 0, i.e. output unit No.

- 8 {(Subroutine POSTPR) is used. Recall that NPRT(30) is the

frequency the injury data is to be written to the injury
data array (a multiple of DT). DT is the time step for
which data can be printed out and NSTEPS iz the total
number of integration steps the program iz to make for a
gpecific run.

If the injury functions are to be computed during a
postprocessing run (NPRT(4) = -1 or -3), these calculations
can only be made for data for specific time points that are
on the TAPE 8 file saved from a previous integration run.
This means that there iz no capability to use data at time
points requested by the logic of NSTEPS, WNPRT(30) and DT of
a postprocessing run when data were not written at these
gspecific time points by the previous integration run, i.e.
there is no capability to interpolate between data points
from the integration run. Therefore, care must be taken to
select DT, NSTEPS and NPRT(30) such that only data that are
at the time points that were written on TAPE 8 or some
integer multiple of these time points are used in the
computation of the injury functions.
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Card H.11

JDTPTS(1)

JDTPTS(2)

FOBIAT (1814)

" The index J on Cards H.1 corrolponding to

the head center-of-mass whose resultant
acceleration time history will be used to
compute the head injury criteria {HIC)
and head severity index (HSI).  The

- computations-will not be done it

-

JDTPTS(1) = 0 or blank

The index J on cardl H.1 corrolponding to
the point whose resultant acceleration o
time history will be used to compute the
chest severity index (CSI). The
computations will not be done 1!
JDTPTS(2) = 0.or blank. D
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I. Subroutine POSTPR

If NPRT(4) on cird A.B 1l-an even iniogor. Cards I are not
required. (See note in Subroutine SLPLOT regarding program

changes that may be necessary on plotting iacilitios that do

not use a Calcomp 3raphics library )

These cards oscontially specity all ot tho argu-onts to
Subroutine SLPLOT and the indices of the data in the tabular

time histories to be plotted. The ability exists to plot any

set of variables in the time histories as a function of any
other variable on a fixed (specified by the user input) x-y -
axis. Both axes may be either linear or logarithmic. Any
data falling outaide of the specified range of each axis will
be ignored. The input also specifies the x and y axis labels
and two lines of plot identification that lies bolow the x
axis label. '

The number of time points for any variable that can be -
written to the data array for plotting is limited to 1000.
Therefore, the plotting option can be used only if NPRT(30) >
0 and (1/NPRT(30))«DTaNSTEPS, ¢ 1000 (it can not be = 1000
because of time step 0 ) or NPRT(30) = 0 and the the number
of successful integration steps is ( 1000. If NPRT(30) = 0,
the data is written every successful integration step and the
total number of points can not de determined beforehand. A .
quick way to determine the number of successful integration
steps for a run is to look at the table produced by
Subroutine ELTIME at the end of each run. The number of
times Subroutine OUTPUT is called is equal to the the number
of successful integration steps when NPRT(26) = 0, 1 or 4 and
NPRT(4) > 0, i.e. output unit No. 8 (Subroutine POSTPR) is
used. Recall that NPRT(30) is the frequency the plotting
data are to be written to the plot data arrays (a multiple of
DT). DT is the time step for which data are to be printed
out and NSTEPS is the total number of: 1ntogration steps the
progral is to make for a specific run. e

If the plots are to be made during a postprocessing run
(NPRT(4) = -] or -3), plots can only be made from data for
specific time points that are on the TAPE 8 file saved from a
previous integration run. This means that there is no
capability to plot data at time points requested by the logic
of NSTEPS, NPRT(30) and DT of a postprocessing run when data
were not written at these specific time points by the
previous integration run, i.e. there is no capability to
interpolate between data points from the integration run.
Therefore, care must be taken to select DT, NSTEPS and
NPRT(30) such that data are plotted at the time points that
were written on TAPE 8 or some intogor multiple of these

time points. .
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Card I.1

NPLT

NYP(K) ,K=1 ,NPLT

FORMAT (1814)

The number o!vplots to be generated

»-.4(103-20) (I? BPLT ) l?, use two cards.}

'?ho number of y variablo: to bo plottod

vs. the same x variable for each of the
NPLT plots. NPLT + sum of NYP is limited

.- to 28. HNote: The plotting algorithm

asgsumes each of the NVP(K) y variables

-~ has the same x value. Therefore, unless
--the x axig is the time axisz, where each y

"value doez have the same x value for each
- plotting point, the plots will lolt '

-.@:likoly bo 1ncorroct T e

A set of Cardl I 2 1.8 1: roquirod for oach of tho BPLT plots.

_card I.2 o
ux1(x).uxztx> _'

MY1(J,K) ,MY2(J,K)
" for Jd=1,HYP(K)

-FOB!IT (1814)

JORFPE

e

'urho pago lo. (I!!) nnd coluan lo. (uxz)

from the tabulated tims histories of the.

' x-{horizontal) variable for the Kth plot.
‘These page Nos. start with 21 so MX1 >

20.. MX2 = 0 refers to time. (msec), the -

- leftmost column. MX2 can be supplied as .

a-negative integer to indicate that the y

~value for time zero will be subtracted

fron all y valuos for plotting purposes.

Tho pago lo. (IYI) and colunn lo. (MY2)

for the NYP(K) y (vertical) variables to

.be plotted vs. the x variable specified

by MX1 and MX2 for the Kth plot.

Definition of each MYl, MY2 same asz for .

MX1, MX2 above.
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Card 1.3

- NX(X)

FORMAT (I4, 4X, 4F8.0)

Thi'nulbor'ot_intoréala or piotting

"decremsnts along the x (horizontal) axis
for the Kth plot. There will be NX(K)+)

tic marks and numeric annotations, the
first will be for XO0(K) and the last for

. XN(K). If NX(K) is positive, the scale

" will be linear, and. if negative, the

" scale will be logarithmic.

X0 (X)

XH(K)

XL(X)

X8 (K)

“the Kth plot.

The value of the origin of the x axis for

The value of ths end of the x axis for
the Kth plot. For NX(K) positive, XN(K)
should equal X0(K) + NX(K)»*DX, where DX

is a reasonable plot decrement. If NX(K)

is negative, both X0(K) and XN(K) should
be powers of ten, where:
XN(K) = XO(K)®10%%{NX(X):.

The length (plotting inches) of the x

axis for the Kth plot. XL(K) should be

at least one inch less than XS(K).

. The paper size (plotting inches) in the x
' direction for the Kth plot. The plot

. will be centered within this dimension.

Card 1.4

WY (K) , Y0 (K) , YN(K) ,
YL(K) and YS(K)

. - S Wi

e . - N o ¥
R T e T TR I

FORMAT (I4, 4X, 4F8.0)

Same definitions as for.the corresponding
items on Card 1.3.K but for the y
(vertical) axis for the Kth plot. Note
that each of the NYP(K) variables will be
plotted on the same scale.

I-3 S Rev 1IV.0
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Card I.5

NXLAB (K)

XLAB(K)

Card 1.6 -

NYLAB(K),

YLAB(K)

Card I.7

NPLB1 (K)

'PLB1(K)

Card 1.8 -

NPLB2(K),
PLB2(K) -

FORMAT (I4, 4X, 15A4)
The number of characters in the label of
the x axis for the Kth plot (max=z60, may
bo ;oro). :

The alphanumeric information to be used

‘as the label of the x axis for the Kth

plot. Data should be left adjusted as

"input since program will center the

NXLAB(K) characters beneath the x axis.

FORMAT (I4, 4X, 15A4)

" Same definition as for Card I.5.K but for
';tbo label of the y axis for the Kth plot.

' PORMAT (I4, 4X, 15A4)

The number of characters in the upper of

“two lines of plot identification for the

Kth plot (max = 60, may be zero).

" The alphanumeric information to be used

in the upper line of the plot

“ identification for the Kth plot. Data

should be left adjusted as input since
the program will center the NPLBI(K)
characters beneath the x axis label.

FORMAT (I4, 4X, 15M4)

Same definition az for Card I.7.X but for
the lower line of the plot
identification. '

Hote: The 15A4 term in the format for Cards I.5-1.8 is to be
used on computers where a single precision word is equivalent
to four alphanumeric characters. This term is the format for
Subroutine POSTPR and should be set to 10A8 or 6A10 for those
computers whose single precision word size is equivalent to 6
or 10 characters. This is necessary to insure that a contiguous
string of characters is stored in the computer memory, as
required by Subroutine SYMBOL.

1-4 _ Rev IV.0
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5.0 NUMBERED STOPS WITHIN THE ATB COMFUTER PROGRAM

There are many program stops within the ATB program to signal both input
and run-time errors. Some of the stops have an accompanying message
brinted in the main output file, others do mot. All are numbered and
described below to help the user determine the cause of the program
‘termination. For stops associated with the input'routines. the actual
input error is probably caused by missing or erroneous data of previous .
input records. The usei is advised to check the output produced by the
input routines (on logical unit 6) to determ1ne at what poznt within the

1nput f11e the error may have occurred.

The following is a list of all stops within the ATB-IV Model program,
the subroutine involved, the input card number (where app11cab1e). the

reason for the stop and possible corrective action.

1. Main Programé Indicates the normal program stop. All activity

requested by the user has been completed. .

et . A ~

2. Subroutine RSTART: Indicates an improper variable name, index
or type was supplied when the restart option was selected (IRSIN #0) on
Card A.2. Refer to the message written tvoutput unit 6 that indicates

which A.2 input variable was at fault.

3. Subroutine BINPUT: Indicates an error in definiﬁg a flexible
element on cards B.3. There must be at least two Joznts with a negative
JNT per flexible element, onme connecting the interior segment to the
reference segment and the second commecting ‘the interior segment to the

terminal segment.

4.-. Subroutine BINPUT: Indicates that the value of NFX, the total
number of flexible element interior éegments specified eh card B.7, does
not agree with the value of NFLX, the totel number of interior segments
computed from the number of joints with a negative NJT and connectivity
of the segments, JNT(J), supplied on 1nput cards B.3. Refef to output
unit 6 for the values of NFX ‘and NFLX. ’ I
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S. Subroutine’BINPUT: ‘Indicates that the segment number defired by
KNT(J) on card B.7 to be an interior segment of a flexible element was
not flagged as an interior segment based on the data supplzed by JNT(J)
on input cards B.3. Check the configuration of the body as specified by
the value of JNT(J) and its sign to ensure that segments are to be
connected in the desired manner and the flexzble element(s) are properly
defined. Refer to the message written to ou;put unit 6 for segment at
fault. ‘ v ‘ '

6.; Subrout1ne VINPUT. Indzcates that an 1mproper value has been
supplzed for MSEG on card C.2. Allowable values are: zero or blank (to
represent the primary vehicle); less theﬁ or equal to NSEG (to indicate
pfescribed motion for one of the speeified segments); or a value one
greater than the value of MSEG supplied on a previous C.2 card (to

indicate a new vehicle).

7. Subfoutine VINFUT: In&icates that the number of sets of C cards
is greater than the maximum allowed (currentl& 6) or that the total
number of segments defined by the program (inclqding the eirbags; if
any.ﬁend ;§e giqun@) is greater than the maximum allowed (currently 30).

8. Not used.
9. Not used.

10. Subroutine SINPUT: Indicates that the plane identification
index (j) is in error on card D.2. They must be supplied as consecutive
.integers. Refer to the message written to output unit 6 for the plane
at fault. |

* 1l. Subroutine KINFUT: Indicetes‘thatvthe function number on card
E.6 ie less than 1 or greater. than the maximum allowed (currently 50).
- 12. Subroutine KINPUT: Indicates that the function nunber on card
"E.7 is less than 1 or greater than the maximum allowed (currently 50).
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"13. Subroutine KINPUT: Indicates that an inconsistent value was

supplied for THETAO, on card E.7.

14, Subroutine FINPUT: Indicates that the suppliéd value for NJ
(the fzrst number on the line prznted on unit 6) does not correSpond to

the index j supplied on 1nput cards F.1, F.2. F.3 or F.4.

'1S. Subroutine FDINIT: Indicates that a function number usedbbﬁz

cards F.1, F.2, F.3, F.4 or F.8 has not been defined on input cards E.

16. Subroutine FDINIT. Indxcates that the slze of the generated TAB
array exceeds’ 4500 or the size of the NTAB array exceeds 1250. These
arraye are generated by the functions defined on input cards E and the

functions applied on input cards F.

17.‘ Subroutine FINPUT: Indicates that a function number'qn cards

F.5 has not been defined on input cards E.7.
18. Not used.
19. Not used.

20. Subroutine FINFUT: Indicates that the air bag numbers k on -

cards F.6 have not been aupplzed in numeric order.

21." Subroutine FINPUT: Indicates that the value of JJ on card F.7 b
does not correspond to the 1ndex J of the nonzero elements read in on -

input card F.7.a.

22. Subroutine FLELP: Indicates that the edge-effect optiom is

being used with a hyperellipsoid with unequal powers, on cards F.1l.

23, Subroutine SBGSEG: The segment-aegment contact is being used
with a hypere111paozd with unequal powers. on cards F.3. ’
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24, Subroutine INITAL: Indicates an input error for IYPR(4,J) on
cerds G.3. The supplied value is greater than J apd less than or equal
to NSEG.

25, Subroutxne INITAL' Indicates an 1nput error for IYPR(4 J) on
cards G.3. The supp11ed value is negat1ve and does not cortespond to
NJT(J-1).

- 26. Subtout1ne EQUILB Indxcates a problem w1th 1nput card G. 4. G.5
or G.6. The card number and contents 1n quest1on are prznted on logxcal

unit 6;

27. Subtoutzne EQUILB Ind1cates that the 1terat10n for the listed

vat1able d1d not comverge thhxn the specxfled range, on input cards
05. ’ ‘

28. - Subroutine PLELP: Indicates that the roll-glide constraint is
being used with a hyperellipsoid on cards F.1.

29, - Subroutine SEGSBG: Indicates that the roll—slxde constraxnt is

be1ng used with a hyperellipsoid, on cards F. 3.
30. Not used.

31. Subroutine DINT: Indxcates that a negat1ve squate root has been
detected in Subroutine PDAUX with the time step size of H-HMIN. This is
usually an indication that extreme angular motion occurred. Unless
there are other obvxous errors, causing the extreme angular motxon, it
mlght be remedied by tightening the angular convergance tests speczfled
by input cards B.6 or by decreasing the value for HMIN on 1nput card
A.3.

32. Subroutine AIRBG3: Indicates a logical error in the progrém.

33. Subroutine IMPULS: Indicates that there were improper arguments
to Subroutine IMPULS indicatihg a program logic error.
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34. Subroutine DAUX: Indicates that the value for NJ2 exceeded the
arfay size for RHS and LJK, meaning the size of the system to be solved

is too big for the current array dimensions.

35, Subroutine FSMSOL: Indicates that the maximum dimension of 600
for the C arrey has been exceeded, meaning the size of the system to be
solved is too big for the current array dimensions. e
- 36. Fﬁnction FNTERP: Indicates that improper arguments were passed
to the FNTERF function as indicated by the error code as follows: v

1 - PHI less than - 180 deg =~ - - -
2 - PHI greater than 180 deg ‘

' 3 - THETA less than zero deg
4 - THETA greater than i80 deg

37.  Subroutine OUTPUT: Indicates that NPRT(4) on input card A.5 was

less than or equal to =4 or greater than +4.

38. Subroutine SHGSEG: Indicates that an interior contact is being

attempted with a hyperellipsoid, on cards F.3,

39, Subroutine HYLIM: Indicates a computational error in the

hyperellipsoid routines. R

40, Subroutine HEDING: Indicates that NPRT(4) on input card A.5 was
less than or equal to ~4 or greater than +4.

41, Subroutine DSMSOL: Indicates that the matrix supplied to

‘Subroutine DSMSOL (by Subroutine IMPLS2, SEGSEG. EDEPTH or INTERS) was

singular.

42. Subroutine HBPLAY: Indicates that there was ah‘error in program
logic while determining the points that are in play for harness-belt

Syst il o
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43, Subroutine ROTATE: Indicates that the listed plane number has
been assigned to more than one segment. The error can be eliminated by
defining multiple identical planes on input CardsvD.z and using

different planes assignments on input Cards F.l.

- 44, Subroutine ROTATE: Indicates that the listed hyperellipsoid
nunber has been assigned to more than one segmént'on.input Cards F.1l.
The erro£>¢an be eliminsted by defining multiple identicalv(hypér)v
ellipsoids on input Cards D.5. | A

45, Subroutine ROTATE: Same as SfQP»44 except that the duplicate
assignment was detected on input Cards F.2. Note: Although the |
dpplicate assigmment was detected on the indicated input card, the
original assignment may have been made on input Cards F.1, F.2.‘F.3,
F.6, F.7 or F.8. |

46. Subroutine ROTATE: Same as STOP 44 except that the dupliéate
assignment was detected for a first segment on input Cards F.3. Note:
Although the duplicate assignment was detected on the indicated input

card, the orzgznal assxgnment may. have been made on input Cerds F.1,
F2 F03. Fé F.? OrFS.‘

47. Subroutine ROTATE: Same as STOP 44 except that the duplicate
assignment was deteéted fdr a second segment on input Cards F.3. Note:
Although the duplicate assigmment was detected on the indicated input
card, the original assignment may have been made on input Cards F.l,
F.2, F.3, F.6, F.7 or F.8. . co -

48. Subroutine ROTATE: Same as STOP 44 except that the duplicate
‘assignment was detected on input card F.7. Note: Although the ‘
duplicate assignment was detected on the indicated input card, the
original assignment may have been made on input Cards F.1l, F.2, F.3,

- F.6, F.7 or F.8. | '

49.1 Not used.
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50. Subroutine ROTATE: . Same as STOP 44 except that the duplicate:
assignment was détected on input Cards F.6. Note: Although the '
duplicate assignment was detected on the indicated input card, the
original assignment may have been made on input Cards F.l, F.2, F.3,
F.6, F.7 or F.8.

51.. Subroutine ROTATE: Same as STOP 44 except that the duplicate
assignment was detected on input Cards F.8. Note: Although the
duplicate assignment was detected on the indicated input card, the

originel assignment may have been made on input Cards F.1, F.2, F.3,

F.6, F.7 or F.8.

52. Subroutine POSTPR: Indicates that the number of points to be
plotted or-used to compute the HIC, CSI or HSI number has exceeded the
maximum number of points allowed (currently 1000 including time point
0). |

53. Subroutine POSTPR: The total number of plot axes has exceeded

the maximum (currently 25) and the ébspissa is not time.

S4. Subroutine POSPR: Indicates that the total number of plot axes

has exceeded the meximum (currently 25) and the abscissa is time.

55. Subroutine OUTPUT: Indicates that the reference segment

specified for a tabular time history om the H carde does not exist.

56. Subroutine OUTFUT: Indicates that the number of required

_ tabular time histories exceeded the maximum (currently 65). To reduce

the number of tabular tim histories, select an appropriate value for
NPRT(18) on Card A.5 to eliminate some of the tabular time histories
that are automatically outputted and/or reduce the number of tabular

time histories requested by the H cards.

57. Subroutine CONTACT: Indicates that the number of plane/segment
contacts exceeded the maximum (currently 70). The total number of
plang/segment contacts is equal to the sum of the elements of the

131



MNPL(J) array as specified by Card F.l.a. . This sum represents the total"

number of plane/segment contacts specified for all contact planes.

58. Subront1ne HBELT: Indicates that the total number of belts -
exceeded the maximum (currently 20). The total number of belts consists
of the total number of simple belts, NBLT on Card D.1 (maximum currently
8) plus the total number of harness belts, NBLTPH(I) on Card F.8.a
(max1mum currently 20).

'59. Subroutine CONTACT: Indicates that the number of.

segment—segment contacts on Cards F.3 exceeded the maximum (curren;ly

40). .

60. Subroutine HINPUT: Indicates that a preferred direction was not

supplied for either an anchor point or a tie-point, on cards F.8.

61, Subroutine HINPUT: Indicates that the specified harness point
is either a tie-point or an anchor point but it is allowed to be
‘perturbed along the belt line, i.e. the belt slips instead of the

reference point bexng moved. on Cards F 8,

62. quroutine HINPUT: Indicates that the reference point is to
slide along the belt line and normal to it, but a preferred direction

was supplied, on Cards F.8.

63. Subroutine SINPUT: Indicates that the reference number for the
contact (hyper)ellipsoid supplied by Card D.5 was greater than the

maximum number of contact {(hyper)ellipsoids allowed (currently 40).

64, . Subroutine SINPUT: Indicates that the reference number for the
contact (hyper)ellipsoid supplied by Card D.5 has been assigned to an
airbag. o ‘ \ I

65. Subroutine SINPUT: Indicates that the specified number of
contact planes on Cards D.l1 exceeds the maximum (currently 30).
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66. Subroutiﬁe SINPUT: Indicates that the number of specified belts .

on Card D.1 exceeds the maximum (currently 8).

67. Subroutine SINPUT: Indicates that the number of speC1f1ed air

bags on Card D. 1 exceeds the naximum (currently 5).

© 68. Subroutine SINPUT: Indicates that the number of
(hyper)ellzpsoxds supplled by “Cards D.S exceeded the maximum total
number of contact (hyper)ellxpso1ds (currently 40). Note that this
maxinum is attalnable only if some of the D.5 cards pertaln to the
contact (hyper)elllpso1ds automatically 3351gned ﬁe‘the segments and‘f”
given the seme number as the segment.numher. The total number of
contact (hyper)ellipsoids. consists of the contact eilipsoidsbl
automatically aesigned to eachlsegment on the B.2 cards plus any‘
additional ones specified by the D.5 cards.

69. Subrodtine‘SiNPUT: Indicates that the number of Speéified
constraints on Card D.1 exceeded the maximumb(cutrentlj'IZ). Note that

Type 5 constraints (tens1on elements) are cons1dered as two constra1nts

when computxng the total number of constra1nts.

70. Subroutine SINFUT: Indicates that the number of specified

spring dampers on Card D.1 exceeded the maximum {currently 20).

71. Subroutine SINPUT: Indicates that the number of specified

harnesses on Card D.1 exceeded the maximum (currently 5).

'72." Subroutine SINPUT: Indicates that the number of specified wind
force functions on Card D.1 exceeded the meximum {currently Sd.if no
other force functions are used). If used in conjunctlon with any other
previously defined force function, the total number of force funct1ons

and wind force functions cannot exceed the maximum (currently 50).

73. Subroutine SINPUT: Indicates that the number of specified joint
functions exceeded on Card D.l1 the maximum (currently 50 if no other

force functions are used). If used in conjunction with other preceeding

- 133



force functions, the total number of force functions 1nc1ud1ng the JOlnt

function cannot exceed the max1mum (currently 50).‘

74, Subroutlne SINFUT: Indicates that the number of spec1f1ed

force/torque functions on Card D.1 exceeded the maximum (currently 5).

75;v Subroutine AIRBGI. Indxcetes that the total number of segments

in the program exceeded the maxlmum (currently 30). The total number of"

. segments consxsts of the segments spec1f1ed by the B 2 cards (NSEG). any
vehicle segments (as spec1f1ed by the C Cards), any alrbags (NBAG on
Card D 1) and the ground.

76. Subrodtine AIRBGic Indxcates that ‘more than 4 contact planes

(e111p801d3) were spec1£1ed for an a1rbsg.

'77. Subroutine BINPUT: Indicates that the totsi number of Body:
segments (NSEG) exceeded the maximum on Cerd B.l (currently 28). The
total number of body segments must be at most 2 less than the maximum
for the total number of segments (currently 30) because there must
always be at least 1 vehxcle segment and 1 ground segment. If the
maximum value for NSEG is used. there can be no a1rbags or‘secondary

vehicles.

78. Subroutine BINPUT: Indicates that the total number of joints

exceeded the maximum (currently 30), on Card B.l.

79. Subroutine VINPﬁT: >Indicetes that tne total number of points
for the un1d1rect10nal rnput (optxon 2) exceeded ‘the meximum (currently
'99). on Cards C._

80. Subrout1ne VINPUT. Indlcates thst the total number of po1nts

for the 6 degree-of-freedom deceleratxon 1nput (optlon 3) exceeded the

maximum (currently 501), on Cards C,
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8l. Subroutine VINPUT: Indicates the total number of actual time
points for the spline fit input (opt1on 4) exceeded the maximum

(cutrently 501). on Cards C.

K

82._ Spbreﬁtine VINPUT‘ Ind1cates that ‘type 1 spl1ne 1nput data were
speeified but the otder'of the curve £1t was spec1f1ed to be less than
2, on Cards C.’

83. Subroutine VINPUT: Indxcates that type 2. splxne 1nput date were

specified but the order of the curve fit was spec1£1ed to be less than

1, on Cards C.’

84, Subroutine CUTFUT: Ind1cates that the total number of tabular

time h1stor1es on Card H.1l, B.2 or H.3 has exceeded the maximum

(cutrently 20).

85. Subroutine QUTFUT: Indzcates ‘that the total number of tabular
time histories on Card H.4, H.5, H.6, H.7 or H.8 has exceeded the
mexxmum_(cu:rently 20).

86. Subroutine OUTFUT: Indicates that the number of bodies

specified on Card H.10 for which’ the center—of-mass and related

' quantities are to be output as tabular time histories has exceeded the

maximum (currently 5).

87. Subroutine CUTPUT: Indicates that the number of segments to be
included in a body on Cards H.10 has exceeded the maximum (currently
22). ‘ ' '

88. Subroutxne BELTG. Indxcatea that the locat1on of the A anchor
point of the simple belt (BELT(l 2,3; J). ‘Card D.3. b) was in the interior
of the contact ellipsoid to which the s1mple belt is attached. To avoid
this situation, reposition the A anchor point such that the anticipated
motion of the contact ellipsoid to which the simple belt is attached
will not cause it to come near the locatzon of the A anchor point.

Refer to the message written on output un1t 6 for the belt at fault.
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89. Subroutzne BELIG‘l Ind1cates that the locatxon of the B anchor

point of the sxmple belt (BELT(4,5,6; J). Card D. 3 b) was in the 1nterlot'

of the contact ellipsoid to which the simple belt is attached. To avoid
this situation, reposxtxon the B anchor point such that the anticipated

motxon of the contact e111pso1d to whlch the szmple belt 18 attached :

w111 not cause it to came near the locet1on of the B anchor point. h

Refer to the message written on output unit 6 for the belt at fault.
90. Not used.
91. Subroutine POSTPR: Indicates that the head injury criteria was

requested on Catd H.11 w1th zmproper valuee of NPRT(26) and NPRT(30), on

Card A.S.

92. Subroutine POSTPR: Indicates that the chest severity index was

tequested on Card H.11 w1th improper valuea of NPRT(26) and NPRT(SO). on -

Card A.S.

93. Subroutine MAINA: The value for NPRT(26) on Card A 5 is greater
than 6. Permltted veluee are -6 through 6.

94. Not used.

95. Not used.

96.v‘Subtoutine SINPUT: Ind;cates that 1mproper values were suppl:ed

for eegments a831gned to be aymmetr1c. on Card D.7.

97. Subroutine SINPUT: Indicates that a segment number supp11ed for
aymmetry option on Card D.7 exceeds ‘the numbet of segments.

'93. Not used.

99, Subroutxne BINPUT. Ind1catea that the number of flex1ble

elements exceede the maximum (curtently 8).
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100.

el ement

101.

greater

Subroutine BINPUT:

Indicates that the HF array for a flexible

was improperly prescribed, on card B.7.

Subroutine BINPUT: Indicates that the value for IDYPR is .

than 3, on Card B.3.
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. 6.0 LOGICAL UNITS ASSOCIATED WITH THE ATB MODEL

Execut1on of the ATB program requzres the use of several FORTRAN
'1nput/output f11es. Except for the prlmary 1nput and output files
(EORTRAN unit Nos. 5 and 6). the use of each I/O file is controlled by
input parameters contalned v1th1n the program 1nput £11e. It is
therefore necessary that the Job control stream for a AIB computer run
_contain those control statements requzred by the host computer 8

operatxng system to access those I/O lees that the run may use.

The AmB program. lzke most FORTRAN programs. requzres fxles to provrde
for 1nput and output. However. because of the complex1ty of the ATB
model and the potentxal for buge amounts of output from a single
simulation, the ATB program was written so that not all possible f11es
are written out for each run. This tailoring of the number of files to
be written for each simulation has been somewhat‘confusing because some
aspects-of it are explicit (the user sets a flag for the type aod
vfrequenc& of the desired output) and others are implicit (indirectly
determined by the type and number of force deflectioo interactioos.

etc).

- A logical unit is the device or file from which or teo which'input or .
output from a FORTRAN program is to be sent. The READ and WRITE
statements of FORTRAN are in the form READ (x,y) where x is the logical
unit number and y is the statement number of a FORMAT statement (for
formatted types of I/0). This way of dealing with input and output is
handy because when the program is compiled it is not required to send
output to any specific file, it only sends it to a logical unit. The
tile that is assigned to that unit can be different each time the
program is run, facilitating the use of different input files and
correspondingly different output files. It is the job of the operating
system (either explicitly by job control statements or implicitly with
default file names) to put (create and then assign) files at the
- addresses of the logical units required for a program every time the
program is loaded (taken from disk memory and placed in the computer's
memory) and executed (run).
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The ATB modei'ﬁas an open-ended’mumber-of required logical units which
depends on the amount of output requested by parameters in the input
file. ‘AIi‘computer operating systems. on the other hand, do not bave an
open-ended number of permxtted 10g1ca1 un1ts that can be assoc1ated ‘with
individuel ptograms (and for that matter all programs be1ng run at a
part1cular“t1me) The actual l1m1t to the number of log1cal units a
partxcular%;rogram can have is a functlon of the system spec1f1cat1on -

- where the user is runnlng the ATB model. Factors that can affect this
limit could be the computer type. type of operat:mg system. sysgen
parameters for the particular operat1ng system, amount of system space,
parameters set when the program was 11nked. parameters set when the
program was comp;led. number of Jobs in the system when the ATB job is
running and their log1ca1 unit requzrements. size of the disk dxrectory,
amount of free disk space and others. If the user experlences problems

"with the number of logzcal units and the number of available logical
un1ts cannot be 1ncreased. the user will have to reduce the number of
log1cal units required for the partxcular run, ususlly by chang1ng »

parameters associated w1th the tabular tzme h1stor1es.

Table 2 summarizes all of the FORTRAN logical units that may be used by
the ATB program.
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TABLE-2 .
Suvamary- of- ATB- Program-1/0 Files

LOGICAL ' GENERATING CONTROLL ING
UNIT  TYPE# DESCRIPTION ‘ SUBROUTINE PARAMETERS
1 U~  Program VIEW Input " UNIT1 " " NRPT(1) om Card A.5
2 F Printer plots o © PRIPLT .. - NRPT(5,6,7)on Card A.5
3 . U.  Restart output . . RSTART @ IRSOUT on Card A.l.a
4 " U Restart input S ~ “RSTART " IRSIN on Card A.l.a
5- F.. . Primary input ...  several - - always required
6 F. Primary output o ~ several . always required
8 U Time. histories ‘ : OUTRUT NPRT(4) on Card A.5
10 U  CALCOMP plots : - . POSTPR - NPRT(4) on Card A.5
21+ F .

~ Time Histories = ., = OUTPUT - NERT(4) on Card A.5
* Type is F for formatted, U for unformatted file.
6.1 VIEW OUTRUT (Unit 1)

Logical unit No. 1 is an unformatted (binary)} output file .deéig‘h‘éﬁd to“be
used as 1nput to the VIEW program (Ref. 6), the program that creates the
graph:.cs frequently assoc:.ated with the ATB model. It 18 generated by
Subroutine UNIT1 of the AIB program.

The generation of this output file is com:rolled by the value of NPRT(1)
that is supplied on input Card A.5. A blank or zero velue for NPRT(1)
will suppress the generat:.on of output file No. 1, whereas a non-zero
positive value will produce data records on output f11e No. 1 that are -
equally spaced at every m*DT seconds of s:unulat:.on t1me staftlng at 0
time, where m is the integer value of NERT(1) and DT is defined on input
Card A.4. | B |

The first record on output file No. 1 contains fixed initialization data
describing the plane and contact ellipsoids, and succeeding records
‘contain the values of time and the c.g. linear coordinates in inertial
reference and the direction cosine matrix for each of the body segments.
On those computer systems that use double precision computations within
the ATB program. the data output on UNITl are comverted to single
‘precision prior to output. ' |
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6.2 PRINTER PLOT OUTPUT (Unit 2)

Logicei‘ﬁeit No. 2 is a formatted output file to be_printedvas optienal
program output. It contains printer plots generated by Subroutine
PRIFLT depzctlng Y-Z, X-Z and X-Y plane v1ews of the body segments,
JOlntS. belts. harness-belts and alrbags. The1r generat1on is
'tcontrolled by -the values of NPRT(5, 6 and 7) supp11ed on input Card A.5
for the Y-z, X—Z and X-Y plane views, respectlvely. If any value is .
zero or blank. the correspondlng view will not be generated. if nonzero,
the correspondxng view w1ll be generated every m*DT seconds, where mis
the p051t1ve nonzero value of the NPRT indicator and DT is deflned on'
input Card A.&4.

These printer plots have also been called "stickman plots" Each v1ew
gives the location in the primary vehlcle reference coordinate system of

the following points:

;xfl;: The c.g. pos1t10n of each body segment u81ng the plot
symbols defxned by OGS(I) for I =1 to NSEG as supplled on 1nput Cards
B.2. T '

2. Each Joxnt pOSlthﬂ uszng the plot symbols defined by JS(J)
for J = 1 to NINT as supplled on 1nput Cards B.3. '

NOTE:' It has beenvfound to be much easier to visualize ﬁhe'

printef plots By'suﬁplyihgkvaldee for OGS and JS variables
for each of the "standard™ 15 segments as depicted in Tsble 3.
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TABEE-3

Suggested Printer Plot Symbols

‘segment or joint H -HP - N ~NP —UT -~ W -CT ~ P -LT

0GS or J§ 1 -2=-3-4-5-~ 6 -7-~-8~-9
, segment or joint - HRd —RBL—RK -RLL-RA -RF

.0GS or J§ o A - B - C - D = E - F "
segment or joint LH -LUL-LK wLLL-LA -LF

GS or JS I - J -K-L-M-N
segment or joint RS -RDArRB -RLA

0GS or JS P-Q-R~-35
segment or joint LS -LUA-LE -LLA

oGS or JS ' " W-X-Y-Z"

3. - The anchor points, tangent poxnts and fixed point for each belt

us1ng the. plot symbol“

4, Each po{nt in play“for the harness—belt_systeﬁs using the plot
symbol ".", :

5. The center and semiaxes endpoints for each airbag using the
plot symbols "@" for the center, "-" for the endpoints of the Z axis and.

"in for the endpoints of the X and Y exes.

6; The origin of the vehicle teferencé coordinate system using the
plot symbol "*", This origin (in X, Y, and Z plot coordinates) is
specified by the values of ZFLT on input Card G.l.a, all plotted points
are translated with réSpect to this origin, and those plot coordinates
falling outsidé~of the plotting area (1 to 120 for the plot Z axis, and
1 to 60 for the plot X and Y axes) are ignored.

The printed output pages produced from FORTRAN output. No. 2
consist of 60 lines of 120 characters each. In generél. the first or
top line represents the plot Z axis and the first column or the left
side edge, running from top to bottom, represents the plot X axis. If
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the view‘ contains the plot Y axis, it is used in place of the unused X ' ' .
or Z axis. By rotating the printed pages 90 degrees in a ' ‘
counter-clockw:.se d:.rect:.on. the pnnted page becomes more familiarly

orientated, i.e.. negat:we Z up ‘and pos:.t:we X to the right from the

lower left corner. The fzrst character of each line is filled with the

symbol "-" that serves as t1ck. marks along the pos:.t:.ve plot X axis.

The d:Lstance between each of these ‘tick marks ig one length unit (UNITL

" on input Card A.3. ) Distances or lengths in the ‘plot Z direction &are

the seme and are established by the supplied values of SPLT on input

Card G.1.b. to accomodate printers that dxffer from default ‘values of 10

horizontal characters end 6 lines per iach.

6.3 RESTART INPUT AND QUTPUT (Units 3 and 4)

The ATB program has a built-in optional restart ptocedure that is

vergatile and independent of the ccmputer and operating ‘system being

used. This option allows a simulation to be made as a base runm, then IR '
program parameters can be changed and the simulation continued, as& & ' .

restart run.

To use the restart procedure, the f‘oilowing steps must be
followed: ' '

1) Any computer simulation run (including a testart Tun itself)
may be a base run by def:m:mg the restart output unit IRSCUT = 3
on card A.l &,

2) To restart the base runm, def:.ne the restart 1nput unit as
IRSIN =4 and the restart time (RSTIME) on card A.l.A. and

redefine the data and run description on cards A.l. A-A.1.C.

3) Program parameters are modified on cards A.2 which permit the
‘user to change any veriablles in the program labeled common blocks.

No further input is required for the restart run.
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4) For the restart run, the program is loaded into the computer
as normal. However, the user must properly assign the restart

input and output unlts.

To use the restart procedure, the user should be eware of the fOllOWlng
procedures, con61derat10ns and restr:ct1ons.
1) The procedure consists of two subroutines (RSTART and SEARCH
called by the main prégtam) written entirely in FORTRAN IV ‘and is
therefore completely independent of the computer and operating

' system being used. -

2) The restart procedure is complétely optional. Its use is
controlled by three additional input parameters on the first input
card in such a manner that blank or zero values deaétivate the
procedure. This permits its optxonal use without d1sturb1ng the

organization of current input decks.

3) Any computer simulation can be made a base run by setting
IRSOUT = 3 on card A.1.A, This defines the restart output unit as

3 and requires that the logical unit 3 be assigned to a file.

4) - During execution of the base run, an initial record is written
oh the restart output unit containing all the information in the
program labeled common blocke that were defzned by the input and

‘initialization portxons of the program.

5) At equally spaced simulation time intervals (DT as specified
on card A.4), when the integration returns control to the main
program to perform optional output, time point records are written
on the restaft output unit. These records contain all information
in the progrem's labeled comﬁon'blocks that are time dependent
and/or necessary to restart the program. The writing of the
restart unit in no wéy disturbs the normal operation of the

computer simulation.
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. 6) .To restart, the progrem is reloaded 1n the normal manner
(program changes since the base run are perm1ssxb1e if the changes
did not affect the format and contents oﬁ the restart unit.)

Input cards A.1.A, A.1.B and A.1. c are‘required defining a new

_date, run descr1pt1on. the restart input un1t number (IRSIN, a

value of 4 is suggested) and the restart t1me (RSTIME, an 1ntegral .

multiple of DT). IRSOUT may be defzned. if desired, to generate
fenJEdditional restart output unit. Again make sure the proper
control statements are included for units IRSIN and IRSOUT.

ae

f7) The pfogram reads the initiai'inéuf recore £rom the reetagt
~input unit described in step 4, The program.then bypaseee the
remainder of the input and initielization steps. One set of A.2
cards are then processed to modify any of the imput or
1n1t1allzat1on data from the base run that is to apply to the new
run, If the new value of IRSQUT is non-zero, step 4 ic repeated
~ for the new restart output unit with the input modifications, if

any.

18); The program then advanCes the computer 51mu1at1on t1me in DT-
1nerements by reading the restart znput unit records.vxnstead of
call1ng the integrating routine DINT, up to and including the
_restart time RSTIME. After each step, the main program performs
any optional output that is required including writing the time

» point record onto the new restart output unit, if required. In

addition, the restart procedure calls Subroutine OUTPUT at each DT -

time increment to write a line of output on all the time history
output units, thereby producing abbreviated time histories prior

to the resumption of normal operation.

:9)'QImﬁediate;y ereceeding the resumption of hormel operatien at
the restart time RSTIME, the second set of A.2 input cards is read
allowing the user to change any variable in the labeled common
‘blocks to be used by the program during the succeed1ng normal

operat1on of the program..
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.» 10) All variable modifications are made through the use of the

input cards A.2. Two sets (each terminated By a blank card) are

processed, the first after the input record is read from the

restart input;. 'time,‘ and the second just p‘rior‘to resumptioh‘of

- ’ normal operation of the program. Through the use of these cards,
the user has the capability of changing any variable in the
program labeled common bibcks. Tﬁe‘program marely makes the
changes indicated by the user and no attempt is made to check the
val:.d:.ty or cons:Lstency of the mod:.f:x.cat:.ons.‘ Var1ab1es that are ‘

useful to change 1nclude.

1. NSTEPS, DT, to control the length of the Tun.

2. Elements of NPRT array, to control opt:.onal output.

3. HMIN, HMAX.NDINT SGTEST, to control the :mtegrator. A
4. Variables that define the position and characteristics
of the planes and other contact -devices. |

P

. Some variable modifications should not be made including:

1. Modifications that would cause abrupt diécontinuities ir
| ‘the integration procedure. ‘ | ‘ »
2. Geometrical dimensions of the body segments and 3oz.nts
used to compute segment pos1t:|.ons by the CHAIN procedure.
3. Controls of contacts.‘ constraints that are_currently
active. | |
4. Control of force deflection characteristic functions

that are currently loading or reloading.

In general. the user should carefully evaluate the poteatial effects of

restart modifications before prescribing them.
6.4 STANDARD INFUT (Unit 5)

The standard input file for the ATB. program is logical upit No. 5. It
. contains all the required input for a standard ATB s:unulatn.on and is
described in detail in Section 4.0.
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6.5 PRIMARY OUTEUT (Unit 6)

The pr1mary output f11e for the AIB program 1s log1cal unit Ne. 6. It

conta;ns the followxng items:

PR S
-

1. Anlahelledhecho-of thé'AiB péogfam'iﬁpﬁt data,

2. Subrout1ne PRINT produces tables of segment lrnear and angular
pos1t1on information, Joxnt forces and torques. the sum of all external
forces and torques acting on each segment, and constralnt forces data.
These data are generated by the main program at fixed time intervals of
o*DT seconds. where m is the value of NPRT(3) supplled on 1npu* Card A.S
and DT on 1nput Card A.4. and by other subroutznes ‘for dlagnost1c
purposes. In general these tables are not as useful as the tabular
time h1stor1es (to be discussed later), and the1r generatxon may be
completely suppressed by setting NPRT(3) equal to zero on input Card
A.5.

3.‘ Tables of the computer elapsed Ccru tlme used by selected
subroutznes and the number of calls to these subroutlnes are generated
by Subrout1ne ELTIME. They are prlnted at f:xed time intervals as
specified hy DT on input Card A.4 at a frequency spec1f1ed by NERT(2).
When NPRT(z) is zero the table is generated only once at the successful

completion of a run of the AIB program.

4;- Dxagnostxc type output is produced at every ‘call to various
subroutines as controlled by the values supplled for NPRT(S) to (28) on
input Card A.5.. Th;s output is 1ntended for d1agnost1c or checkout
purposes only. and. 1£ used 1ndxscr1m1nately. can produce volumlnous
amounts of output. This output is not always completely annotated and
the user should refer to the listing of the subroutine involved‘for a
description of the variables printed.. v R

-

5S¢ Short descr:.pt:.ons of changes in some of the. condztzons of a - .

ATB run are produced as they oceur, They 1nc1ude.
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a. Failures of the convergence tests for the program.

. integrator that cause the integration step to decrease in
size. The time, step size, segment and test involved, and
the final convergence test parameters are printed. NOTE:
These messages are normal and do not indicate an error in
.the simulation. A stop will occurvif‘the integration step

becomes too small.

-b. Changes in the lock conditions of'joints as detected by.
changes in the values of IPIN or IEULER for the various .
joints. The time, previous and new values of the indicator,
.and the identification number of nomenclature of the joint

involved are printed.
c. Changes in the set 6f»contact points in play for the

v : harness-belt systems are indicated by listing the time, the
. ~set of points and the distance between them at each time a

point is added to or deleted from the set of points.
6. A page containing values of the head iﬁﬁﬁry criterion (HIC),
head and chest severity indices (HSI and CSI) and related information is

produced under the following conditions:

a. The tabular time histories are produced on outbut file
no. 8 (see below) by supplying a nonzero value for NPRT(4)
on input Card A.5. ‘

b. Accelerations for the head and chest are generated on

the tabular time histories as epecified on input Cards H.1l.

c. ~ Either JDTPTS(1) or (2) is nonzero as specified on input

Card H.11.
. 7. The tabular time histories may be generated on tke primary
output file as described in the next section.
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6.6 TABULAR TIME HISTORIES (Units 6 and 8, or 21, 22, 23,...)

The tabular time histories are perhaps the most useful output of the ATB
program. Their generation, contents, frequency of output and the manner
by which they are generated are completely controlled by program input

parameters.

47§,6,6.1}VControl of Types  of Tabular Time-History- Pages

. I
- - .. SR e

The tabular time histories are geherated by Subroutine GUTPUT. The
type and format of data produced is controlled by program input as-

follows: T

6.6.1.1 Optional.Pages Controlled By Ihput Cards H.1 to H.10.
The output of the optional time histories is controlled by Caras H.l to
H.10. ‘ ’

a.. Output of the components and resultant of linear
accelerations for points on segments is specified by input
~Cards H.l. . These tables are printed out with three time
histories per page.

b. . Output of the components and resultant of linear
velocities for points on segments is.specified by input
Cards H.2. These tables are printed out with three time

histories per page.

¢.  Qutput of the components and resultant of linear
positions for points on segments is specified by input Cards
H.3. These tables are printed out with three time histories

- per page.
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d. Output of the components and resultant of angular
acceleration for segments is specified by input Cards H. 4.

These tables are printed out with three time histories per

page.

e. Output of the components and resultant of angular
velocities for ségments'is specified by input Cards H.5.
These tables are printed out with three time histories per.

page.

£. Output of the components (yaw, pitch and roll) and
resultant of angular rotations for segmehts is specified by'
input Cards H.6. These tables are printed out with three-

time histories per page.

g; Output of the lock condition, angles and resistive
torques for joints is specified by input Cards H.7. These

tables are printed out with two time histories per page.

h. Output of the components and resultant of the wind
forces on segments is specified by input Card H.8. These

tables printed out with three time histories per page.

"i. Output of the components of the forces and torques
transferred across the joints is specified by input Card
H.9. These tables are printed out with one time history per

page.

j. Output of the center of gravity location, linear and
angular momentum, and kinetic energy of sets of segments
(bodies) is specified by input Card H.10. These tables are

printed out 'with one time history per page.

6.6.1.2 Results of Forces Generated For Allowed Contacts.
The output of these time histories is controlled by NPRT(18) on input
Catd A.S5.
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a. Output of contact forces data for the allowed contacts
.. between planes and segments is specified by input Cards F.1.
These tables contain two plane - segment contact time

‘histories per page.

;fb. Output of strazn and anchor p01nt forces for each

.allowed contact between belts and segments is spec1£1ed by

input Cards F.2. These tables contain two belt - segment

contact time histories per page.

é. Oufpﬁt of s‘t.rai“h' aﬁd end‘poinvt fo_tce“s -for'uall belt
sectiﬁﬁé of the'harpéss belt systems from the points
'spécified as endpoints is specified by inputHCards F.8.d.
These tables contain two belt section time histories per
page. |
d. Outpdt of the reéﬁlts of spring damper fcrces is
| spééified by input Cards D.8. These tables contain two

'spring damper time histories per page.

_e. Output of contact forces data for the allowed contacts
between segments is specified by input Cards F.3. These
tables contain one segment ~ segment contact time history

-

'_pe; page.

f. Output of the airbag parameters and contact forces for
the allowed contacts between airbags and segments is
specified by input Cards F.6. These tables contain four

- airbag - segment contact time histories per page.
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. 6.6.2 Methods of Generatini the Tabular Time Histories

The ATB program contains two methods that may be used to generate the
tabular time histories. These are controlled by the value supplied for

.  NPRT(4) on input Card A.5.

6.6.2.1 Multiple Secondary Output Files {(Units 21, 22,
23,...). The first method (NPRT(4) = 0, 1 or 4) causes Subroutines
OUTPUT énd HEDING to produce the tﬁbular time histories on muitiple
secondary output'files. cémmencing with logical unit No. 21 and'ﬁsing up
to 65 consecutive unit numbers as rééuired by the progtam input; withf
each new page type (as described in the previous section) assigned to
the next highei 1ogicalAunit number. This method requireé control
statements be included in the ATB program input stream to assign and
print these multiple secondary output filés as required by the hosf
computer system. The maximum number of these multiple secondary files

can be incressed by changing the Stop in subroutine OQUTFUT.

The first page gemerated in the sequence described above will be
essigned to logical unit No. 21 and identified as page 21.01.‘ As new
page types are required, they will be’éssigned to logical unit Nos. 22;
23, etc. with the first printed page on each unit identified as page
22.01, 23.01, etc. The headihg on each‘printed page contains this page
identification in the upper right corner, followed by lines containing
the date (DATE from input Card A.l.a), run description (COMENT from
ipput Cards A.1.D and ci: the-ﬁehicle deceleration (VPSTTL from input
Card C.1), crash viectim identification (BDYTTL from input Card B.1), and
a completely annotated &escription of the tabular columps contained on -

each page.

The first column of each line on eVery file contains the value of TIME
(msec). Each individual page on each file contains 45 lines of tabuler
data. Each page is numbered with a‘unique identificétién of the form
, NT.XX where NT is the logicel unit number and .XX is a decimal number
commencing with .01 and incremented by .01 for subsequent pages 6f each
. file. Each page contains the complete headihg information described in
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the previous paragraph. Therefore, the pages from the different NT ‘
files and with the same .XX identifier, contain the tabular time history o .

data for the same time points.

The freduency cf the printed lines of output on each file or page of the
tabular time histories is controlled by the supplied value of NPRT(26)

on input Card A.S5.

_ C6v6 2.2 Post—Proceseing Time‘Hietor§ Data fileA(Unito‘G and
8). ‘Tﬁe data generated for the tabular time hlstor1es by Subrout1ne
OUTPUT can be transmztted to an unformatted output f1le (log1cal un1t
no. 8) de81gned to serve as an 1nput file for the post—processzng
features avallable in the ATB program. The generat1on of this tine
h1story output file and its use by the post-processxng features is
controlled by the value of HPRT(é) supplzeo cn 1nput Card A5 a8

follows:

a. NPRT(#) = 0 (default): The time history file (logical

unit no. 8) is not created or accessed and the tabular time
h1stor1es are produced on the mu1t1p1e secondary output

"f11es as descrlbed above. _

b.' NPRT(A) 1, .J. .« . 4: Tﬁe time‘history file is
generated as an unformatted output file (logical unit no. 8)
- by Subroutine GUTPUT during the 1ntegrat10n process portlon
 of the ATB program. The frequency of data stored on the
time history file is controlled by the supp11eo value for
‘:NPRT(ZG) on 1nput Card A.S and is 1dent1ca1 to the use of -
NPRT(26) descr1bed above for the multiple secondary output
files. At the end of the run. the main program writes an
.end-of-file on the time history file, rewinds it, and then
-‘calls Subrout1ne POSTPR. which now uses the time hlbtory
bf1le as an input file to perform the requlted
post-process1ng operat1ons. Note that Subroutine POSTER ig

‘lnot called for NPRT(4) = 4, this value operates essent1dlly

~ the same as for NPRT(4) 0 except that a time history file
154 , | |



(loglcal unit no. 8) is generated for p0881ble use by

subsequent ATB runs.

c. NPRT(4) = -1, -2,bor -3: The time h1story file that was
generated dur1ng a prev1ous run is used as an input file for
'the post-processing operatlons (Subroutine POSTPR) of . the
current ATB run. In this cése. the main'pfogram processes
inpﬁt Cards A.1 to A.5, bypasses the other input routines
(input Cards B.1 to H.10) and intégration process, and
trénsfers to the end of'thé maiﬁ ptogrém to call Subroutine
POSTPR to perform the post~processzng operdt1ons. using the

time history file (logical unit no. 8) from a previous run.

d; NPﬁT(#) = plus or minus 2 of 3: The tabular time
hicstories will be produced on the prmary output file
(logical unit no.6) by Subroutines POSTPR and HEDING from
the time history input file (log1cal unit no. 8) during the
pust—processing operations performed at the end of a ATB
run. The tabular time histories produced by this method
will be identical to those described for the multiple
secondary outpuf files above, except for the following
conditions: .
(1) The output will be produced from single precisién‘
words rather than from double precision words except
on those computer (CDC or beer) gystems that do not
require double precision computat1ons for the ATB
program. This means that any exponentizl formats will

print with an E rather than with a D format.
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(2) The individusl pages will be ordered by time and
not by file numbers, i.e., the page number sequencé
here will be 21.01, 22.01, 23.01, ...; 21.02, 22.02,
23.02, ...; 21.03, 22.03, 23.03, ...etc., rather than
the sequence 21.01, 21.02, 21.03 ...; 22.01, 22.02,
22,03, ...; 23.01, 23.02, 23.03, ...etc. that is
produced from the'multiple secondary output files.

e L e

[

(3) The use of NPRT(26) = 2 to control the frequency
of the printed lines will not be- operat1oral unleseg it
was also used to generate the time hlstory file

(10g1ca1 unit no. 8).

e. NPRT(4) = plus or minus 1 or 3: Calcomp plots of data
 from the tabular time histories will be geﬁerated during the

post-proceesing operetions performed by Subroutine POSTPR at
' the end of an ATB run. These sre discussed in more detail

in the following section.
6.7 CALCOMP PLOT OUTBUT (Uit 10)

~ One of the posf¥éréeeESing operations available in the ATB program is
" the capability to generate Calcomp plots from the date contained on the
time history file (logical unit no. 8). The generation of these plofs
is controlled by supplying:an‘odd value {plus or minus 1 or 3) for
NPRT(4) on input cafe A.5; a posiiive value indicates the plots will be
éeneratedvduring the same run that computed the time history date, while
a negative”value indicates the plofs will be’gene&ated from the time
history file of a previous run; a'ﬁaghitude of one indicates that only
the plots will be generated while a magnitude of three indicates that
the printed tabular time histories will also be generated on the primary
output file (logical unit no. 6). Although Table 2 lists logical wnit
no. 10 as the Calcomp plot output file, the actual file assignment, the
control statements required in the ATB program job control strean and
the procedures for the actual geheration of the Calcomp plqts from the
‘Calcomp plot output file are a function of the host computer system. |
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‘The Calcemp plots are completely geheral in nature, with the general
fermat, page and plot size, and the variables to be plctted supplied as
program input. The capab111ty is available to plot, as a function of
any variable, any other variables that are listed in the tabular time
histories from the data stored on the time history f11e (log1ca1 unit
no. 8). The complete spec1f1cat1ons for each plot are supplzed on 1nput
Cards I.1 to 1.8. followzng 1nput Card H.ll. of the ATB program 1nput

file. Seven 1nput cards are requ:red for each plot to specxfy.
1. The~numbef of plots‘to be seﬁerated.
2. The number of dependent (Y) ver1ab1es to be plotted against
the same independent (X) variable on each plot.
3. The page number and column number (from the printed tabular
time histories) for each of the dependent (Y) variables and the

independent (X) variable for each plot.

4, TFor both the horizontal (X) and vertical (Y) axes of each
plot.

a. . the number of intervals or decrements along the axis,
b. . an indicator to specify & linear or logarithmic axis.
c. the values at the origin and end of the axis,

d. the length of the exis and of the paper or page size in

the direction of the axis, and .

e. the number of characters and the alphanumeric

information for the label of each axis.
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5. The number of characters and the alphanumeric information for
each of two lines of a plot label to appear below the X axis
label. ‘

For avcomplefe‘description of the required input parameters for
ithe Calcomp plots. the user should refer to the input description
for 1nput Cards I. 1 to 1.8 conte1ned in Section 4.0." In add1t1on
'to plott;ng any varzables from the tabular t1me histories agginst
time. examples of other types of plots that have been generated
1nclude X-Z plots of the head C.G. p081t10ns and plots of force
vs. deflectzon (or str&1n) that depzct the actual lecading and
‘unloading characterzstxcs that were experienced. Since it is
possible toASPeC1fy the size and scaling for each axis, plots may

be‘geherated for comparison with evailable experimental data.
The frequency of the data points for plotting is comtrolled by

ﬁPRT(BO) on Card A.5. This frequenoy cannot be greater than the
data stored in output Unit 8§ as specified by NPRT(26).
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APPENDIX A
SLED TEST EXAMPLE
b'This eXémple ATB input and output is'from‘a”typical'sled test

» s1mulatzon. It contains a 15. segment body restra1ned wzth 2 harness
belt. A hyperellxpsoxd is used to represent the dash. :
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2 SEPT 1988 0 0 . 0.0 ‘ o CARD AlA
EXAMPLE 1: BASIC SLED TEST SIMULATION =
TWO BELT HARMNESS WITH HYPERELLIPSOID FOR DASH nom ) : '

IN. LB.SEC. 0.0 0.0 386.088 0.0 A CARD A3

4 40 0.002 0.0005 0.001.0000625 ‘ CARD A4
10402000000000000000000 0 000 O 0 0 0 00 0 0 O 1CARD AS
15 14 *  O5TH PERCENTILE MALE CARD Bl
LT 134.7721.62801.01011.7054 5.168 7.436 3.778 0.000 0.000-0.072 'O .CARD B2A
CT 213.0900.41600.23010.5857 4.809 6.673 4.145 0.000 0.000-0.011 O  CARD B2aA
UT 353.6733.45252.78322.3%00 5.220 6.906 7.314 0.000 0.000-0.872 = 0 "CARD B2aA
¥ 4 3.2800.02780.027680.0216 2.520 2.520 3.156 0.000 0.000 0.000 O CARD B2A
H 511.9270.27080.30850.1584 3.984 3.125 5.836 0.000 0.000 0.000 O CARD B2A -
RUL 622.7252.01302.01300.2576 3.308 3.30812.652 0.000 0.000 0.000 O CARD B2A
BLL 7 9.7630.40800.40800.0626 2.487 2.487 9.616 0.000 0.000 0.000 0 CARD B2A .
RF 8 2.0790.042680.04120.0055 2.866 2.016 5.617 0.000 0.000 1.462 0 CARD B2A
LUL 922.7252.01302.01300.2576 3.308 3.30812.652 0.000 0.000 0.000 O CARD B2A -
LLL A 9.7630.49800.40800.0626 2.487 2.487 9.616 0.000 0.000 0.000 0 CARD B2A
~LF B 2.0790.04260.04120.0055 2.866 2.016 5.617 0.000 0.000 1.462 O CARD B2A
RUA C 5.5420.17430.17430.0259 2.122 2.122 7.4907 0.000 0.000 0.000 O :CARD B2A
RLA D 5.9010.33310.33310.0214 1.871 1.87110.269 0.000 0.000 0.000 O CARD B2A
LUA E 5.5420.17430.17430.02%9 2.122 2.122 7.497 0.000 0.000 0.000 O CARD B2A
LLA F 5.9010.33310.33310.0214 1.871 1.87110.269 0. 000 0.000 0.000 O CARD B2A
P M 1 0-0.00 0.00 -3.85 0.00 0.00 1.6l . CARD B3A
0.00 0.00 0.00 0.00 5.00 0.00 '
WY 2.0 0.00 0.00~1.64 0.00 0.00 6.44 CARD B3A
0.00 0.00 0.00 0.00 5.00 0.00 o :
NPO 3 00.00 0.00 -8.19 0.00 0.00 0.64 CARD B3A
: 0.00 0.00 0.00 0.00 10.00 0.00 ' :
HPP 4 . 0 0.00 .0.00 -0.64 0.00 0.00 5.84 - - CARD B3A
. .0.00 0.00 0.00 0.00 10.00 0.00 : '
RHQ 1 0 -0.00 3.42 -0.31 0.00 0.00 -8.64 CARD B3A
0.00 0.00 0.00 0.00-45.00 0.00
RKR 6 1 0.00 0.00 10.00 0.00 0.00 -6.97 : : CARD B3A
0.00 0.00 0.00 0.00 60.00 0.00 .
BAS 7. 0 0.00 0.00 8.2 2.87 0.00 -2.66 v CARD B34 -
-0.00 90.00  0.00 0.00 10.00 0.00 : -
LEHT 1 O .0.00 -3.42 -0.31 0.00 0.00 -8.64 : . CARD B3a
- 0.00 0.00 0.00 0.00-45.00 0.00
LK? 8-1 0.00 0.00 10.00 0.00 0.00 -6.97 ' : CARD B3A
S 0.00 0.00 0.00 0.00 60.00 0.00
LAV 10 0:0.00 0.00 8.12 2.87 0.00 -2.66 _ . CARD B3A
' 0.00 90.00 0.00 0.00 10.00 0.00 :
REW 3 .0 0.00 6.24 -%5.22 0.00 0.00 -5.37 CARD B34
0.00. 0.00 0.00 0.00 -4.10 - 0.00 ~
‘REX 12 1 0.00 0.00 5.42 0.00 0.00 -8.20 : CARD B3aA
0.00 0.00 0.00 0.00-70.00 0.00 .
LYy 3.0 0,00 -6.24 -5.22 0.00 0.00 -5.37 ' CARD B3A
. 0.00 0.00 0.00 0.00 -4.10 0.00 ’
LEZ 14 1 0.00 0.00 5.42 0.00 0.00 -8.20 o CARD B3A
' 0.00 0.00 0.00 0.0 '

0-70.00 0.00




20,000 .000 10.00 .00 0.70 5.000CARD B4

.000 10.00 .00 0.70
.000 10.00 .00 0.70 20.000 .000 10.00 .00 0.70 35.000CARD B4
- .000 5.00 .00 0.70 25.000 .000 10.00 .00 0.70 35.00 CARD B4
.000 5.00 .00 0.70 25.000 .000 10.00 .00 0.70 35.00 CARD B4
.000 10.00 .00 0.70 70.000 .000 .800 .00 0.70 40.00 CARD B4
.000 1.80 .00 0.70 60.000 .000 .000 .00 - .00 .00 CARD B4
.000 7.00 .00 0.70 35.000 .000 10.00 .00 0.70 26.00 CARD B4
.000 10.00 .00 0.70 70.000 .000 .800 .00 0.70 40.000CARD B4
.000 1.80 .00 0.70 60.000 .000 .000 .00 .00 .00 CARD B4
.000 7.00 .00 0.70 35.000 .000 10.00 .00 0.70° 26.00 CARD B4
.000 10.00 .00 0.70 122.8%00 .000 10.00 .00 0.70 65.00 CARD B4
.000 1.80 .00 0.70 70.000 .000 .00 .00 .00 .00 CARD B4
.000 10.00 .00 0.70 122.500 .000 10.00 .00 0.70 65.00 CARD B4
.000 1.80 .00 0.70 70.000 .000 .00 .00 .00 . .00 CARD B4
¢.1 0.0 30.0 0.0 0.0 0.0 0.0° ~ - CARD BS
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD BS
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD B5
0.1 0.0 30.0 0.0 0.0 0.0 0.0 .CARD BS
0.1 0.0 3.0 0.0 0.0 0.0 0.0 - CARD BS
-0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD BS
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD BS
0’1 0.0 30.0 0.0 0.0 0.0 0.0 . - CARD BS
0.1 0.0 30.0 0.0 0.0 0.0 0.0 ~ CARD BS
. 0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD BS
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD BS
0.1 0.0 30.0 0.0 0.0 0.0 0.0 . CARD BS
0.1 0.0 3.0 0.0 0.0 . 0.0 0.0 CARD BS
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD BS -
.01 .01 .01 .ot .01 .01 .10 .10 .10 .10 .10 .OICARD B6
.01 .01 .ol .00 o0 .00 .10 .10 .10 .00 .00 .OOCARD B6
.01 .01 .01 .00 ¢o .00 .10 10 10 00 .00 .OOCARD B6
.01 .01 .01 .00 00 .00 .10 .10 10 00 .00 .O0CARD B6
.01 .01 .01 .00 o0 .00 .10 .10 .10 .00 .00 .OOCARD B6
.01 .01 .01 .00 60 .00 .10 .10 .10 .00 .00 .OOCARD B6
.01 .01 .01 .00 o0 .00 .10 .10 .10 .00 .00 " ".OOCARD B6
.01 .01 .01 .00 00 .00 .10 .10 .10 .00 .00 .OOCARD B6
.01 .01 .01 .00 00 .00 .10 _ .10 .10 .00 .00 .OOCARD B6
.01 .01 .01 .00 o6 .00 .10 .10 10 .00 .00 .0OCARD B6
.01 .01 .01 .00 00 00 10 .10 10 .00 .00 .O0OCARD Bé

.00 .01 ,01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCARD B6
01 .01 .0l .00 .00 .00 .10 .10 .10 .00 .00 .OOCARD B6
.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCARD B6
.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCARD B6
SLED ACCELERATION - 20@ PEAK ‘
0.010 OCARD C2A

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15 - 0.0

0.0 5.0 10.0 15.0 20.0 18.0 10.0 6.0 0.0 0.0 0.0 O0.0CARD C3

0.0 0.0 0.0 CARD C3
12 0 [ < 0 0 1 o o 0 CARD D1

1 SEAT. 8 DEGREE OFF HORIZONTAL. ‘ ’ " CARD D2A

‘ 10.0 8.0 -10.0 : . CARD D2B
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 28.01 8.0 -11.89
| 10.0 -8.0 -10.0
2 BACK PANEL. 13 DEGREE OFF VERTICAL.
1.0 9.0 . -48.97
10.0 9.0 - -10.0
1.0 - -9.0 -48.97
3 ° FLOOR. ‘ o
0.0 12.0 -1.3
60.0 . 12.0 -1.3
. 0.0 -12.0 -3
4 HEAD PAD. 13 DEGR - -
2.48 7.5 -47.26
4.96. 7.5  -36.55
2.48 -1.5 -47.26 ]
5 SEAT FRONT PANEL.
28.01 8.0 -11.89
26.66 8.0 ~4.40
 28.01 -8.0 -11.89
6 ©  BACK PANEL2. 13 DEGREE OFF VERTICAL.
1.0 9.0 -48.97
110.0 9.0 -10.0
1.0 -9.0 -48.97
7~ FIREWALL. |
© 80.0 12.0 -25.0
. 80.0 -12.0 -25.0
.~ .60.0 12.0 -0.75
8% RIGHT SIDE SEAT/IN.
" 8.41 8.1 -6.66
8.70 8.1 -14.73
130.58 8.1 -6.64
9~ LEFT SIDE SEAT/IN. |
8.41 -8.1 - -6.66
30.58 -8.1 -6.64
- 8.70 -8.1 -14.73
10 RUDDER PEDALS.
. 49.992 9.0 -2.239222
' 52.992 9.0 -4.7565222 A
49.992 . -9.0 -2.239222 -
il - LEFT SIDE PANEL.
1.0 -9.0 -48.97
10,9 -9.0  -8.10
BRI N L I -9.0 -46.95
12 . RIGHT SIDE PANEL. : |
1.0 9.0 -48.97
~1.77 9.0 -46.95
10.9 9.0 - -6.10 -
22 4.5 3.0 3.0 0.0 4.0 -3.5 0.
23: 3.2 6.0 8.0 0.0 0.0 -7.0 O.
24 . 6.0 15.0 5.0 38.0 0.0 -28.0 0.
0 0.0 0 0 -0:0-0"0-0-0
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‘OOOO

CARD

CARD

" CARD

~ CARD
CARD

- CARD
~ CARD
_CARD

" CARD

'CARD
-CARD
CARD
_CARD
CARD
"CARD
CARD
CARD
CARD
... CARD
- CARD
"CARD
CARD
 CARD
CARD

" CARD
~'CARD
CARD

CARD

CARD
'CARD
CARD
CARD
_CARD
CARD
~ CARD
~ CARD
" CARD
CARD
~'CARD
. ‘CARD
. CARD
CARD
CARD
CARD
_CARD
CARD

o‘ 20- 2000“0

¢

N CARD
0
0 - CARD

CARD.

D2C
D2D
D2A
D2B
D2C
D2b
D2A
D28
D2C
D2D
D2A
D2B
b2c

D2D -

D2A
D2B
bac
D2D
D2A -
D28
b2C
D2D
D2A
D2B
D2C
D2p
D2A
D2B
D2C
D2D

D2A. -

D2B
D2C
D2D
D2A
D2B
D2C
D2D
D2A
D2B

-D2C

D2D
D24
D2B
D2C
p2D
D5 -
D5
D5
D7



3 SEGMENT-SEGMENT FCN.

- 0.0 -5.0 0.0
8 :
.0.0 : 0.0 1.0
. 3.0 1220.0 4.0
68 . CONSTANT, F=0.0 ,
T 0.0 0.0 0.0
7 R FACTOR. ' .
0.0 0.0 0.7
13  STIFF SURFACES
: 0.0 ~4.0 - 0.0
8 .
0.0 0.0 0.1
0.3 . 40.0 0.4
2.0 2400.0 3.0
14  FRICTION FUNC.
. . 0.0 0.0 0.5
19  CF=,25,CREST=.25
- 0.0 0.0 0.25
20 DAMPING COEFF. C=900
: 0.0 1.00 0.0
: 0.0 900.0 0.0
21 RATE OF DEFLEC.
: -40.0 ~-150.00 0.0
21..
: ~40.0 -0.000 -30.0
- ~10.0 0.000 0.0
- 10.0- 1.000 20.0
40.0 0.928 50.0
70.0 0.475 80.0
100.0 0.200 110.0
130.0 0.060 140.0
22 DAMPING COEFF. C=35
- 0.0 1.00 0.0
: 0.0 35.0 0.0
24 DAMPING COEFF. C=0.8
-1000.0 -1000.0 0.0
4
-1000.0 0.6 -1.0
1000.0 1.0 '
25 . DAMPING COEFF C=1100
0.0 1.00 0
0.0 1100.0 0.
26 . STIFF SURFACES-LL
0.0 -4.0 0.0
8.
0.0 0.0 0.1
0.3 40.0 0.4
3.0 2400.0 4.0

31 HARNESS FDF

[~ -~

0.0

470.0
1470.0

0.0
o.o
0.0

5.0

60.0
4000.0

0.0

0.0

CARD
CARD
CARD

890.0CARD
1580.0CARD

CARD
~ CARD
_CARD
CARD
CARD

CARD

CARD

20.0CARD
860.0CARD

CARD
CARD
CARD
CARD
CARD
CARD
CARD
0.0CARD
CARD
CARD

- CARD

0.000CARD
'1.000CARD
0.965CARD
0.690CARD
0.260CARD
0.090CARD
0.000CARD

CARD
CARD
0.0CARD
CARD
CARD
CARD
1.0CARD
CARD
CARD
CARD
0.0CARD
CARD
CARD
CARD

20.0CARD
860.0CARD

CARD
CARD

El
E2
E4A
E4B
E4B
El
E2
El

El
E2
E4A
E4B
E4B
E4B
El
E2
El
E2
El
E2
E3
El

E4A
E4B
E4B
E4B
E4B
E4B
E4B
E4B

E2
E3
El
E2
E4A
E4B
E4B

E2
E3
El
E2
E4A
E4B
E4B
E4B
El



-

0.0 -4.0 0.0 ‘ 0.0 0.0 0.0CARD E2 .

8 - - ' ©  CARD E4A
© 0.0 0.0 - 0.0l 150.0 0.02 300.0CARD E4B
0.03 . 450.0 0.05 850.0 0.10 3500.0CARD E4B
1,00 35000.0 4,00 140000.0 ‘ ~ CARD E4B
32  HABRNESS FRICTION : S CARD El
0.0 0.0 0.2 0.0 0.2 CARD E2
34  HARNESS FRICTION : . . CARD El
0.0 0.0 0.9 0.0 0.2 © " CARD E2:
9099 : S S ' . " CARD El.
33" 2.1 6 o0 o0 0 0 2 0 0 o . CARD F1A
118 1 1 13-20-21 0 14 . 1 CARD F1B
118 6- 6 -13 -256 -21 014 1 CARD F1B
1 16 9 9 13 -25-21 0 14 1 'CARD F1B
2187 11 13-20-21 0 14 1. CARD F1B
216 2. 2 .13 -20-21 0. 714 1 . CARD F1B
2 18 3.3 13-20-21 0 14 1 CARD F1B
316 8 8 13-22-21 0 14 -1 "CARD F1B
3518 11 .11 .13 -22 -21 0 14 -1 - CARD FI1B -
4 16 57 5 13-22-21 0 14. 1: " CARD F1B
10 16- 8- 8 13 -22-21 O 14 1 " CARD F1B
10 16#11 11 13 -22 -21 0 '14"- 1. CARD F1B
0+2™0-0 0.1 00 1 0 0 0.1 0 -1 , CARD F3A
202.13 13 30 T 0 19 :  CARD F3B
27271515 3 . 0.7 0-.19 o . CARD F3B
6~ 6-13.13 3. 0 7 0°.19 . . . ~ CARD F3B
9v 971615 3. 0- 7 0 19 . ) CARD F3B
.13 7137167 24 13 -22 -21 0 -14: R o " CARD F3B
15715716 24 13 °-22°-21 0 *14 C . "~ CARD F3B
0000 0 0°0.0 0 0 O 0~ 0-0° : " CARD F4A
2. C - ’ R - CARD F8A
12 15 o ‘ CARD F8B
31 0 0- 0 0 0.0 ' ' A CARD F8C
186 ¢ 1 1 o0 0 0 0.0 13.000 8.0 -10.300CRD F8D1
o . - 2.4 22.0 -0 3CRD F8D2
110 1 0 00 -0 34 -1.178 7.075 -0.781CRD F8D1.
e . _ : "CRD F8D2
112 0-1 0 0 0 0 34- -0.029 - 6.796 -1.534CRD F8D1
o T ‘ . ’ - ~ CRD F8D2
1-1-0.1 0-0 0 .0 34 0.910 5.778 -2.283CRD F8Dl
S A : , ~ CRD F8D2
I~1-0:1 0 0 0 -0 34 2.228 2.355 -3.192CRD F8D1
R : o CRD F8D2
1 23 0:1 0 0 0.0 "0 2.957 0.00 - 3.059CRD F@D1
o o ’ : """ 'CRD F8D2
$P 1 0.1 0 0 O 0 34 3.07 -.08 ~-4.41CRD F8Dl
I : ' . CRD F8D2
1 17071 .0 0 0 0 34 1.785 -2.325 -3.343CRD F8Dl
S : CRD F8D2 -

171701 0:.0.0"0-34%  0.011 -5.145 -2.7268CRD F8D1
| ‘ 164 - | ‘ |




' : ) CRD F8D2
1 1-0 1 o0 0 0 0 34 -0.880 --5.789 -2.282CRD F8D1

| , . CRD F8D2
1 1 0 1 0 0 0 o0 34 -2.460 -8.099 -1.200CRD . F8D1

. . o - ~ CRD F8D2

16 0-1 1 0 0 0 0 0.  13.000 -8.0  -10.300CRD F8D)

, 2.4 22.0 -0.3CRD F8D2

31 0 0 0 o 0.0 . . . CARD F8C
186 0. 1.1 0 0.0 0.0. 13.000 -8.0 -10.300CRD F8DI

- | 0.7 17.5 -21.3CRD F8D2
1 1.0 1 0 0 0 0 32 -2.445 -6.101 -1.213CRD F8Dl

. | CRD F8D2

1 1 0o t 0 0 0 o0 32 -0.96 -6.0 -2.50CRD F8DI

- | | CRD. F8D2
1-23 0 1 0 0 0 0 0  0.00 -5.7 3.80CRD F8D1

| CRD FBD2

‘1.1 0.1 0 0 0 0 32 0.01 -4.0 -4.50CRD F8D1

o - CRD F8D2

2. 2.0 1 0 0 0 0 32 1.818 -5.439 -1.820CRD F8DI
- | g . CRD F8D2
2.2 0 1 0 0 o0 0 32 2.50 -2.5 -1.50CRD F8Dl

| S CRD F8D2

3 3 0 1 0 0 0 0 32 3.00 -1.5 6.50CRD F8D1

» : CRD FBD2
3301 0.0°0 0 32 4.487 -0.133 3.734CRD F8Dl

. CRD FB8D2

3.3°-0 1 0 0 0 0.32 4.421 3.319 -1.662CRD F8Dl

o ‘ CRD F8D2

3 3 0 1 0 0 .0 0 32  0.879 4.202 -5.672CRD F8D1

| CRD F8D2
32 0 0 0 0 0 0 32 0.30 0.2 -2.80CRD F8DI

CRD F8D2

3 3 ¢ 1 0 0°0 0 32 -1.00 4.3 -6.00CRD F8D1

CRD F8D2

3 3.0 1 0 0 0 0 32 -2.50 - 4.3 -4.00CRD F8DI

: . A CRD FB8D2

6 0 1 1 0 0 0 0 0 0.000 5.00 -35.200CRD F8D1
| 0.7 17.5 -21.3CRD F8D2

0.0 0.0 0.0 0- 0 0.0 0 CARD GiA
14.381 0.0 -13.7500 0.0 0.0 0.0 CARD G2

0.0 12.90 0.0 0.0 0.0 0.0 3 2 1 OCARD G3A

0.0 12.95 0.0 0.0 0.0 0.0 3 2 1 OCARD G3A

0.0 13.28 0.0 0.0 0.0 0.0 3 2 1 OCARD G3A

0.0 13.46 0.0 0.0 0.0 0.0 3 2 1 OCARD G3A

0.0 13.46 0.0 0.0 0.0 0.0 3 2 1 OCARD G3A

0.0  92.900 0.0 0.0 0.0 0.0 3 2 1 OCARD G3A

0.0  48.650 0.0 0.0 0.0 0.0 3 2 1 OCARD G3A

0.0  128.80 0.0 0.0 0.0 0.0 3 2 1 OCARD G3A

0.0  92.900 0.0 0.0 0.0 0.0 3 2 1 OCARD G3A

0.0  48.650 0.0 0.0 0.0 0.0 3 2 1 OCARD G3A
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m ARTICULATED TOTAL BODT (AYB) WOOEL

DEVELOPED B CALSPAR CORP., ?.0.'801 400, BUFFALO WY 14225
AYD 3Y J8J TECONOLOGIES 1KC,, ORCHAND PAfX, ¥1 14127

F00 YXE 510 FORCE AMMSTROFO AEROSPACE MEDICAL IESE“CI

© LASORATORY, WRIGHT PATTERSOX AIR FOICE WASE

QUDER CORTRACTS F3IO18-T5C-3002,-76C-0510 41D ~80C-05117
A0 FOR TNE BATIONAL NIGEVAY TRAFFIC SAFEYY ADMINISTAATION,
0.3, DEPASTAENY OF TRANSPOSTATION, VNDEB CONTAACTS

FO-11-7591, 0S-053-2-105, 15-6-01300 A¥D BS-6-0110.

PRO0GRAY DOCUMENTASION: WHTSE REPORT ¥OS, DOT-NS-001-507
TERODGN 510 (FORVEBLY CALSPAN BEFORY ¥O. ZQ-5100-L-M),
SYAILADLE F20X BTES (ACCESSION BOS. PB-2418902,3,4 41D §),
SPPEYDINES 4-J 10 YEE 4BOVE (AVAILASLE FROE CALSPAY),
43D REROAT XOS. MORL-TR-T5-14 (NTIS 3O. dD-201¢ 8163,
SFENEL-TR-80-14 (NTIS XO. AD-£088 0200, AND
AFANRL-TR-03-0T3 (Y755 DO. AD-NOTO 134).

TROGRAY ATO-1¥, EXECUYED OF THE SAMBL/BN CONCORRENT
3150 CONPUTER, WRIGHT-PATTERSON &FB, OXI0

2 SEPT 1988  IESINe O 10SOUT= 0 BSTIME + 0.0000

111 (A B H

NASIC SLED TEST SINULATION
190 RELT RIBNESS WITD STPERELLIPSOID FOR DASH BOMRD

WL e 15, DTS
WINt s USTEMS =
e aamy :
EEEERENRE]
1010 200000

3. OMTT » SEC. QRAYITY VECTON = {  0.0000, 0.0000, 388.0080}

10 T 0002000 10 30.000500 AUAT 0.001000

VIS8 121810920 20 27213242526 17 B N

0000000CO00D0OO0O0TM®O0O0CD0CDYCO
167

3

AMIX 20,000083

0 31 32 33 M 3§
000000

PAGE
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CRASH YICTIN  95TF PERCENTILE WALT 15 SEGMENTS 1l JOINTS 714 S
: L o caRd 8.1
PRINCIPAL MDMENTS OF [NERTIA SEGMENT COWPACT ELLIPSOID CALDS 8.2
SEGAENY YE1GAY { 18.-SEC.9¥2- I1.) SENTATES ( IN.) «. CENIER { IN) PRINCITAL AMES (DEG)
| STMOT (1) I 1 1 1 ! z 1 T 1 T MK . 20LL
| I nm 1.6260 1.0101 1.7054 5060 1.4 3710 . 0,000 0.000 -0.072 0.00 0.00  0.00 - ~
201 2 13.000 - 0.4180 0.2301 0.5857 4,009 6.073 4145 0.000 90.000 -0.011 0.00 0.00 0.00 .
R I/ S 53.673 3.4525  1.7832  1.3508 5.210 - 6.906 - .34 0.000 0.000 -0.072 0.00 . 0.00 0.00
U B J. 0.0278  0.0278  0.026 2.520 2,520 " 3,156 - 0.000 -0.000 0.000 0.00 0.00 0.00
5r 8 1,037 0.2708 0.3085 0.158% 3084 3125 5.838 0.000 0,000 0.000  0.00 0.00 0.00
¢ M o8 22.115 1.0130 2.0130 0.2576 3.308  3.308 12.652 0.000 0.000 0.000 0.00 0.0 0.00
T 0L ? 9.18 0.4000 0.4089 0.0020 - 2,487 2487 9.016 © 0,000 -0.000 -0.000 - 0.00 0.00  0.00
LI 1) 1.0% 0.0120 0.0417 0,005 2,008 2.016 - 5.817 ° 0,000 0.000 1.462 0.00 0.00 0.00
9 Lo 9 22,175 2.0130 2.0130 0.2570 3,308 3.308 12,652 0.000 0,000 0.000 0.00 0.00 0.00
10 UL 9.763 0.4080  0.4080 9.0828 2.407  2.401 0.606 0.000 - 0,000 0.000 - 0.00 0.00  0.00
now s .0 0.0430 0.0452 10,0055 2,806 2.016 S.017 0.000 0,000 1.162 0.00 0.00 0.00
172 1 ¢ 5.502 04743 0.1T4)  0.0258 2122 2122 1.4M 0.000 0,000 0.000 0.00 0.00 - 0.00
13 A D 5.901 0.3331 0.3331 0.02H4 1871 1.870 10.269 0,000 - 0.000 0.000 - 0.00 0.00 0.00
4 W E 5.542 0.1743  0.1743  0.0250 2122 12.122 1.497 . 0.000 ~0.000 - 0.000-- 0.0 0.00 0.00 -
15 LWs F - 59000 0.3330  0,3331  0.024 - 1.O71 " 3.0T1 10.260 -. 0.000 0.000 0,000 -  0.00 0.00 0.00
CARDS 8.1
L LOCATIORS 1B.} - SEQUINT)  LOCATIONC IN.} - SEG{JOU Plll MXIS{DEG) - SEGlJlﬂ PRID. ARISIDEGH - SEG(J+1}
cdswnotumnn o x - T Z I 1 Tiv riice 0L T - rivca BOLL
I r v 1o 0.000 0.000 -3.850 0.000 0.000 ° 1610 0.0 - 0.00 - 0.00 " 0.00 5.00 0.00 :
2 v 1 20 0.000 0.000 -3.000 0.000 0.000 0.400 000 0.00 - 0.00 0.00 5.00 0.00
3 PO Yo o 0.000 0.000 -0.160 0.000  0.000 0.640 0.00 - 000 ~ 000 - 0.00 10.00 0.00 '
4 BP P 40 0000 0000 -0.600 0.000 0.000 5.840 0.00 0.00 0.00 0.00 10.00 0.00
S g 10 0000 3420 -0.310 0,000 0.000 -8.840 0.00 0.00 - 0.00 0.00 -45.00 ° 0.00
6 et 61 0.000  0.000 10.000 0.600 0.000 -6.970 0.00 0.00 = 0.00 0.00 60.00 0.00
T Hs 10 6.000 0,000 0.120 2.070 0.000 -2.800 0.00  90.00 0.00  0.00 10,00 0.00
et 50 0.000 -3.420 -0.310 0.000 - 0.000 ~-0.640 0.00 0.00 ~ 0.00 0.00 -45.00 0.00
P ko 9| 0.000  0.000 10.000 0.000 0,000 -0.070 - 0.00 0.00 0.00 000 00.00 0.00
10 U7y 0o 0.000 0.000 0.120 2010 0.000 -2.880 0.00  00.00 0.00 0.00 10.00 0.00
5y sy 30 0.000 6.200 -5.220 - 0,000 0,000 -5.370 0.00 0.00 0.00 0.00  -4.10 0.00
12 T 171 0.000 0.000 5.420 0.000 0.000 -8.200 0.00 0.00 0.00 0.00 -70.00 0.00
13 151 30 0.000 -0.240 -5.2%0 0,000 - 0.000 -5.370 0.00 0.00 0.00 0.00 -4.10 0.00
zZ 1t 0.000 0.000 5.430 0.000  0.000 -0,200 0.00 0.00 0.00 - 0.00 -70.00 0.00

LN

168



JOIT TORQUE CRABACTEBISTICS

W Cm wd DA S h D

169

110 S}

CARDS 3.4
FLETURAL SPRING CEARACTENISTICS TORSIONAL SPRING CHARACTERISTICS
SPNI¥Q COEF. ( 1M, LB./DEGIWY) ENEROY Joint SPRING COEF. ( (X, L3./DEGVSJ) ENEROY  Jolit
Jon LINEAR  QUADRATIC - COBIC  DISSIMTION STOP LINEAR  QUADBATIC  CUBIC  DISSIPATION SToP
o= =2 (=3 COEF, (02Q) (J21) (=2 (=3 COEF. {DEQ)
4 0.000 10.000 0.000 0.700  20.000 9.000 10.600-- - 0,000 0.700 5.000
¥ 0.000 10,000 0.000  0.700 - 20,000 0.000 10.000 0.000 0.700 35.000
w 0.000 5.000 0,000 - 0.700  25.000 - 0.000 10.000 $.000  0.700 . 35.000
H - 0.000 5.00¢ 0.000 0,700 25,000 .- 9.000 10.000 6.000 0.700  35.000
] 0.600 10.000 0.00¢ 0.700  70.000 0.000 0.800 . 0.000 0.700  10.000
n - o000 - 14000 0.000  0.200  60.000 $.000 0.000 0.060 - 0.000 - 0.000
un 0.000 7,000 ¢.000 0.700 35,000 0.000 10,000 0.000 - 0.700  26.000
o 0.000 10.000 0.000 0.700  70.000 - 0.000 0.800 ~ 0.000 6.700 - 40,000
X 0.000 1.800 0.000 0.700  80.000 _ - 0.000 0,000 ¢.000 ~ 0.000 0.000
0 L. 0.000 7.000 0.000 ¢.700  35.000 0.000 10,000 6.00¢ 0.700 78,000
. 0.00¢ 10.000 0.000 ¢.700 122,500 0.000 10.000 - 0.000 0.700  4§5.000
17 1€ 0.000 1.800 0.000 - 0.700 - 70.000 0.000 ¢.000 - €.000 0.000  0.000 .-
n 0.000 10,000 0.000 0.700 123,500 - 9.000 - 10.000 - 0.000 0,700 65,000
W LE ¢.000 1.000 0.000 - 0,700 . 70,000 - ¢.000 6.000 - 0.000 0.600 0.000
CiRDS 0.5
JOINT Y1SCO0S CRARACTERISTICS AMD LOCK-UNLOCK CONDITIONS
nscots Comoe FOLL FRICTION MAY TORQUE FOR  NIN TORQUE FOR  WIN. A¥G. VELOCITY JMPULSE
o COEFFICIEN®  FRICTION CQEF, ANGOLAR VELOCITY 2 LOCKED JOIWP  VNLOCKED JOINT  FOR UNLOCKED JOINT  MEST(TUTION
( 19, LD.5EC./0EQ) { TN. LB.) (bEQ/SEC.} (w (1, 18.) (MAD/SEC.) COEFFICIENT.
1 ? 0.100 0.00 30.00 0.00 0.00 0.00 0.000
I 0.100 0.00 30.00 6.00 9.00 0.00 - ¢.000
A ) 0.100 0.00 30.00 .00 0.00 X 0.000 -
LI g 0.100 9.00 30.00 0,00 0.00 0.00 0.000
s u 0.100 ¢.00 30.00 0,00 ¢.00 0.00 0,000
6 K 0.100 0.00 30.00 0.00 0.00 0.00 0.000
T W 0.100 0.00 J0.00 0.9¢ 0.00 0.00 0.000
LI | ¢.100 0.0¢ 30.00 . 8.%0 0.00 0.00 0.000
L2 P ¢ 0.100 0.00 30.00 0.00 0.00 ¢.00 0.000
10 u ¢6.100 0,00 30.00 0.00 0.00 0.00 0.000 -
111 0.100 0.00 30.00 0.00 0.00 0.00 0.000
17 1 0.100 0.00 30.00 0.00 0.00 0.00 0.000
13 LS 0.100 0.00 30.0¢ 0.00 0.00 0.00 0,000
e 0.100 0.00 30.00 0.00 0.00 - .00 0.000



. B £l S |
SEGMENT |NYEGRATION CONVERGEWCE TEST [RPUT CARPS 6.0 b
axcoLas IELOCITiES LINEAR VELOCITIES ANGULAR ACCELERATIONS LIFEAR ACCELERATIONS
(RAD/SEC.} { i0.75EC.) (RAD/SET. 103} { [L./SEC.112}
SEGIEVT WG, 185. (11 " urg. i85, EL. wa, 18S. MEL, ¥A6. 48S. - BEL.
- 40, S TEST  EHROR  ERIOR ST ERROl  EfROR TESY  EaROR  ERROR ST ERROR  EREOR - . .

Lr 0.010 0.610 0.6100 0.010  0.010 0.0100 0.100  0.j00 0.1000 0.100  0.100 0.0100
o 0.010 0.010 0.0100 0.000 - 0.000 0.0000 0.100  0.100 0.1000 0.000 0,000 0.0000
o 0010 0,010 0.0000 0.000  0.000 - 0.0000 0.100 - 0.100 - 0.1000 - _0.000  0.000 0.0000
] 0.010 " 0.010 0.0100 0.000  0.000 0.0000 0.100 - 0.100 0.1000 0.000  0.000 0.0000
| 0.010 0,010 0.0100 0.000  0.000 0.0000 0.100 . 0,100 0.1000  0.000  0.000 0.0000
L - 0.010 - 0.010 0.0100 0.000 - 0.000 - 0.0000 0.100 - 0.100 - 0.1000 0.000  0.000 0.0000
AN 0.010 0.010 0.0100 0.000 - 0,000 0.0000 0.100  0.100 - 0.1000 0.000  0.000 0.0000
| ] 0.010 0.010 0.0100 0,000 0,000  0.0000 0.100  0.100 -0.1000 0.000  0.000 0.0000
L 0.010 0.010 9.0100 - 0.000 ¢.000 0.0000 0.100 0.100 0.l000 ~  0.000  0.000 0.0000
0.010  0.010 0.0100 0.000 0,000 0.0000 0.100 - 0.100 0.1000 0.000 - 0,000 0.0000
LF 0.010 0.010 90.0100 0.000  0.000 0.0000 0.100 - 0.100 0.1000 0.000 0.000 0.0000
1 0.0t0  0.0t0 90.0100 0.000 0.000 0.0000 0.100  0.100 0.1000 0.000  0.000 0.0000
¥} 9.010 0.010 0.0100 0.000 0,000 0.0000 0.100 0.100 0.1000 0.000  0.000 0.0000
s 0010 o.010 0.0100 - 0.000  0.000 0.0000 0.100  0.160 0.1000 0,000  0.000 0.0000
LL4 0.010 0.010 0.0100 0.000 - 0.000 0.0000 6.J00 0.100 0.1000 . 0.000 0,000 0.0000

— — e — o —
AN e o WD e O O e Ll N e
£
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TERICLE DECELERATION INPUTS MGE 5
CIRDS ©
SLED ACCELEDATION - 20G PEAX
e nre 0L s e {TH) IHT) 1012) uT iro 0T - ISEG
* : ' 0.000 0.000 0.000 0,000 0.00¢ 0.000 0.000 0.000 15 0.000000  0.010000 0 .
GHIDIRECTIONAL VEBICLS POSITION TABLES -
mE 1©e FELOCITY  POSITION - ne ace TELOCITY  MOSITION
{\5EC) @ (1058 () - (ISEC) @ - tIn/sEc.) (10}
0.00000 8.00 0.0000  0.00000
19.00000 §.00 -9.6522  -0.03%7
20.00000 0,00 -38.8088  -0.251)9
30.00000 1500 - 06,0608 -0.486070
10.00000 20,00 -154.0352 -2,05804
50.00000 15,00 -222.0008  -3.95740 .
$0.00000 10,00 -220.2818 -§.43420
70.00000 §.00  -200.2102 -9.200%0 o o

10.00000 0,00  -300.8700  -12.35402
00.00000 0.00  -J00.0700 -15.443%2
100.00008 0.00  -08.0704  -10.53222
110.00000 0,00 -J0.0706  -21.02003 .
12000000 0.0 -300.8700  -24,70983
130.90000 .08 008704 -27.798M
140.00000 0.00  -300.870%  -30.83704
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BPL WY WG WELP K USD DNRYSS WMINOP  WONIY NRORCE 7T ) .
0.0 3 0 o 1 ¢ o ¢ CARD 0.3
MAYE ITPOTS I : £ARDS 9.2

PUAXE ¥0. | - SEAT. § DEGREE OFF B

| 1 i
NI i 10.0000 8.0000  -10.0000
poiNT 2 - 28.010¢ 8.0000  -11.8000
romr 3 10,0000 -8.0000  -10.0000

PLAVE MO, 2 BACK PANEL. 13 DEGR

S T 4
POINT ) 1.0000 0.0000  -43.9700
POLNY 2 10,0000 0.0000  -10.0000
N 3 1.0000 -9.0000  -48.9700

PARE K. ) PLOOR. ’ o !
’ 1 T 1
roIve 1 0.0000 12.0000 ~1,3000

roiyy 2 80.0000 12.0000 ~1.3000
il 0.0000  -12.0000 -1,3000

PLANE ¥0. {  BEAD PAD. 13 DECR
1 T 2

roIre | 2.4000 7.5000  -47.2000 :
BOINY 2 €.9600 - 7.5000  -30.550¢
POy 3 24800 . -7.5000  -47.2000 )

PLAYE ¥0. 5§ SEAT FRONY PANEL.

1 1 1
POty | 28,0100 8,0000 -11.8900
POINT 2 28,6000 3.0000 -4.4000
(L] 20.0100 -8.0000  -11,8000

PLANE ¥0. 6 - BACK PA¥ELZ. |3 DEGR

L S 1 4
L 1.0000 9.0000  -43.9700

Torolr 2 10,0000 9.0000  -10.0000

roinr 3 1.0000 -0.0000  -48.9100
PLANE ¥0. 7 FIDEWALL,

S | z
POINT 1 - 60.0000 12,0000  -25.0000

o 2 60,0000  -12.0000  -25.0000
pOIET 3 §0.0000 12,0000 +0.7500
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TLANE IRPUTS

MLAE K0 & RIGAT SIDE SEAU/IN. .

| S T - 1
oIt 1 8.4100 2.1000 -5.4000
poIyt 2 8.7000 - 8.3000  -14.7300
i 3 30.5800 0.1000 -8.0400

PLANE §0. &  LEFY SIDE SEAT/IN.

| S L 4
POl 1 8.4100 -8.1000 -~ -6.8800
romm 2 J0.5000  -8.1000  -8.8400
0TI - LW -8.0000  -14.7300

PLAYE 30. )0 BUDDER PEDALS.

| S 1 ? .
NIt 8.092 9.0000 - -2.2392
w2 526020  9.0000 «4.756%
0187 3 §0.0920  -9.5000 .08

PLAVE ¥0. 1] LEFY SIDE PAWEL.

1. 1 T
L] 1.0000 -§.0000 -48,0000
Wire 2 10.9000 -9.0000 -0.1000
1] -71.7100  -0.0000  -40.9%00

PLAKE K0. 12 RIGAT SLOE Paitl.

' I r .z~
roteT | 1.0000  0.0000 -48.0700
WITT -LTI0 0.0000  -46.9500
POINT 3 105000 9.0000  -6.1000

173
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ADDITIONAL RLLIFSOID 1NPOY
SENTATES { I1.)
0. 1 v 2

1 4.500  J.000  3.000

13 300 6000 - 800

] 8.000 15.000  5.000
BODY SEGMENY STMMETAY [¥POY

siem. 1 2 2

¢ 5§ 8 1T 8 910N

OFFSET ( 10}
I !

0.000  4.000 --3.500

0.000  0.000

-7.000

38.000  0.000 -28.000

1713 1445

gSnty o 0o 0o 0 0 0 0 ¢ 0 0 0 0 0 0 O

174

J0TATION (DEG)
Tiv. PITCE  BOLL

0.000 0,000 0.000
0.000 . 0.000  0.000
0.000 0.000 0.000

FOMER

PAGE
CARDS D.5 -

CARD D.7

“



FURCTION ®0, 3 SEQUENT-SEQVENT FCN. nty: i
bo - Bl 0 2] M

0.0000 ~5.0000 0.3000 0.¢0008 18000 -

FIISY PART OF FUNCTION - 8 TABULAR MOIFIS

®- 1
© 0.000000 9.0000
100000 470.0000
2.000000  200.0000
3.000000  1220.0000
000008 1470.0000
5.000000  1580.0000

FUNCTION 20. & COYSTANY, 7:0.0 s = 1.

be - oI - b2 0 - M
0.4008 0.0000 0.0000 0.0000 .000¢

FUICTION (S CONSTANT  0.000000

175
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FUNCTION 0. T R FACTOD,

] n p2
0.6000 0.0000 0.7000

FOVCTION [S CONSTANY  0.700000

FUNCTION ¥0. i3 STIFF SORFACES

) ] D
0.0000 -4.0000 0,000

FERST PART OF FUNCTION - 8 TADOLAR POINTS

b (]
0.0¢0000 0.0000
49.100000 5.4000
0.200000 10.0000
0.300000 40.0000
0.400000 §0.0000

1.000000 860.0000
1.000000 2400, 0000
3.000000 1000.0000

ntn s o

D3 N
0.0000 0.0000

WY s 2%

by ]
0.0000 1,000

176
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FURCTION #O. 14 FRICTION FOUWC.
Do ]| n.

0.6000 8.0000 0.5000

FUICTION 1S CONSTANY = 0.502000

FUICTION W0, 19 CF=.25,CREST:.25

0 - o - b
4.0000 $.0000 $.2500

FOICTION IS CONSTANT ~ ¢.250000

Sming = St

n . b
8.0000 1.0000

nman =« 5
0 - M

0.0000 - 4.000¢

177
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FUECTION ¥O. 20 - DAMPING COEFF. C:900

0o
0.0000

]|
1.0000

02
0.000¢

b3
0.0000

FIRST PART OF FUNCTION - 5TH DECREE POLTNOMIAL

80

6006000 900.000000

FORCTION 10, 2}

T
-40.0000

FIRST PART OF FOMCTION -

D -
~40.000000
=30.000000
~20.000000
=10.000000

9.000000
5000000
10000000
20.000000
30000000
£0.000000
50.000000
60.000000

. 70.000000
80.040000
§0.000000
100.000000
}10.000000
120.000000
130.000000
140.000000
150.000000

Y]
0.000000

RATE OF DEFLEC,

n
~150.0000

Fib)
0.0000
9.0000
0.0000

0.,0000 -
0.0000

1.0000
1.0000
0.9900
0.96850
0.9280
0.8600

0.6900_

0.4750
0.3400
0.2600
0.3000
0.1800
0.0900
0.0600
0.0250
0.9000

07 .
0.0000

21 TABULAR POINTS

LM
0.0060000

- 03
0.0000

nio

]
1.0000

i
0.000000

me . n
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Koy 0. 22

6.0008

DUPIRG COIFF. C=35 I » 120

n - 7] ) .|
© L0000 0.0000 0.0000 1.0008 -

FIRSY PAR? OF FUICTION - STA DECREL POLTNOMIAL

. ] n N i
0.000000 - 35.000800 0.0000%0 0.000000 0000500
FUICTION K0, M DANPHNG COEFF, C:0.9 ' Coomng « B3
M - | b . D3 M
=1009,0020 0.000¢ 0.0000 1.0000

~ 190, 9000

FIRST PAYT OF FUKCTION - { TUEWL POTITS

[
- = 1000,000000

=100 -

2.60000
1609.000000

Fibi
0.6000
6.6000
1.6000
1.6000

‘179

0.000000
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FUNCTION XO, 35  DAMPING COEFF C=1100 nus = 1
» - ] n? 03 D
0.0000 1.0000 0.0000 0.0000 1.0000

FIIST PARY OF FUNCTION - 5TH OEGREZ POLTNONIAL

13 S 7 It T
0.000000  1100.000000  0.000000  0.000000  0.000000

FUNCTION X0, 26 SYIFF SURFACES-LL ¥TIG6 = 156
) 5 YR ot
0.0000 -4.0000 0.0000 6.0000 10000

FIEST PART OF FUNCTION - B TABULAR MOIVTS

LI Fin)
$.000000 0.8000
9. 100000 5.0000°
0.200000 20.0000
0.300000 10,0002
9.400000 80,0000

2.000000 - 860.0000
3.000000 2400,0000
1.000000 4000.2000

180
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- ‘ PAGE 15
FURCTION ¥0. 31 BARNESS FOF ) C IS 1 : CARDS £ .
] ol n b3 "
0.0000 -4.0000 0.0000 0.0000 00000

FIOS? !m-OP FURCTI0N - 0 TABOLAR POINYS

b )
0000008 00000
. 0010008 . 150.0000
4.030006 J00.0000
4.030000 450.4000
0.950000 50,0000
0100080 - 3500.0000
1.000000 35000.0000
1.600000  140000.0000

FUBCTION ¥0. 32 ARNESS FRICTION nny = 100 ) CAMS E

0 - n. » n - n.-
0.0000 9.0000 0.2000 9.0000 0.1000

.' | FUKCTION 1S CONSTANT  $.200000
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PAGE 16
FUICTION 30, 34 BARWESS FRICTION M) = 208 . : . camds E
b ] 02 03 N
0.0000 0.0000 0.9000 0.0000 - 0.2000

FOXCTION IS CONSTANY  0.900000
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i’

4LLOWED CONTACTS ATD ASSOCIATED FUCTIONS

nag SIGENT FOXCE DEFLECTION
[ T R P SR B
SEAT. & DSGREE OFF § LT STIFF SURFACES
(03T T T TN Y O
SEAY. & DEGAEE OFF § BU% STIFF SURFACES
- N
SEAY. § DEOMEE OFF 8 LOL STIFF SUDFACES .
N T S
UK PANEL. 13 OFGH LY SYIFF SURFACES -
-, -t - 13
WACK PANEL. 13 DEGE CT STIFF SVRFACES
N BRI
BACK PANEL. (3 BEGR WY STIFF SEMFACES
- B
noos. I SFF SEFKCES
e w-n
FL000. UF STIFF STRFACES
- -85 0.
A0 MD. 13DEGR 8 STIFF SHAFACES
.- " -6 13
TO0DER PEVALS. 15 STIFF SORFACES
- 18 -
10011 PEDALS. LF STIFF SORFACES

IESTIL SMEE R FactR

DAKPIRG COEFF. C:000 BATE OF DEFLEC. -

-5 EORER |

DANP1XQ COEFF C=1109 BATE OF DEFLEC.

s T
DLIPING COSFF €+1100 RATE OF DEFLEC.

R
DINPIEG COEFF. €+9000 BAYE OF DEFLEC.

I ~ai~~
DLPING COEFF. C:408 JATE OF DEFLEC,

o TR |

DANPING COEFF. C:000 BATE OF DEFLEC. -

i I IR | I
DI ING COEFF. Cs35 DATE OF DIFLEC.

a1 - 4

DINPIRG COEFF. C+35 RATE OF DEFLEC,

ST - -
DUXPING COEFF. C=35 MAYE OF BEFLIC.

2 -
OMPING COEFF, C:3$ RATE OF DEFLEC,

R e
DIPING COEFF. Ce35 WATE OF DEFLEC.
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o v e

T TR O«

neE

CARDS F,1

Do
FRICRION FiiC.

ol

FRICTION FUNC.

FRICTION FUNC,

FRICTION FUKC.
' "

FRICTION FUKC.
n
FRICEION FOC.

, [{ I
FRICTIOR FUNC.

" -
FRICTION FUXC,

"
FAICTION FOXC.

" -
FRICTION FUNC.

H
FRICTI08 FUXC.

FRICTION COEF. OFf -

i -
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CAEDS F.3

SEGIET? SEGENY FOICE DEFLECTION INERTIAL SPIXE 1FicTn - 6 FIcTOR FRICTION COEF. OPY
1- 2 -3 ' P 1 ' 0 BT "
o LL4 SEGAENT-SECKERY FCX. 1 FACTO. €F=.15,CREST=. 25
2 1 s 3 0 7 T T )
o - LLA SEGAENT-SEGEENT FCE. 1 Ficto. . CF=.5,CREST= 25
g8 B8 0 . T T 0
n 1A SEGUENT-SEGKERY FCI. 1 FIcton. €F=.25,CRESTs .25
9 15-15 3 0 q e e 0
m LA SEGAERY-SEGVENT FCN. R Fact0N. . CF*.25,CREST: .25
13- 13 [TRETRRNT O o e T T T g
WA . YER STFFSUFACES  DUNPING COBFF. C<35 MTE OF OEFLEC. . FRICTION FUKC.

15 15 eu B -n Sy e T 0

L YEB STIFF SURFICES DANPING COEFF. C=35 RATE QF DEFLEC. FRICTION FURC.
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HARBEES-BILY STSTIR [UFOT

K0. OF RARNESSES = 1

¥0. OF BELTS PER BARWESS =

© FOR BARYESS X0,

?

} ¥0. OF P0IUTS PER BELY? = (2 15

- MGE 18 -

CARDS F.8

IAUNESS ¥0, | BELT %0. | FUMCTION NOS. 31 o 0. 0 ¢ AEFEREKCE SLaCK = 0.000 (.

| SN (R UNEEE ) S | B i) I
| . [ | 1
? | | 2 11 ¢ .1
R (U T SN B |
[} | 11 0 |
5 1 (N I B 1
$ -1 131 0 -1
7T 1 [ T R B
. R | 115 = ¢ = 1
91 1157 ¢~ 1
10 -t 1 18} 0 -1
" ! 1 188 0 .}
12 16 0 =15 ] 1
BASE BEFEDEKCE { 1B.)
| S } r - 1
! 13,600  0.000 - -10.300
2 Lm res -0l
$ . 0020 806 15N
4 o0 5.TMH -
5 - .M 1.8 -lm
[ ] 2.057  0.000 - .50
T 2010 0,080 " -4.410
] 1,785 - -1.325 -3.34)
9 - o0l -5.HS -1n
10 . -0.880 --5.78% -1.202
H. -2.480 -8.089 -1.200
12 13.000 . -3.000 -10.300

BN “
PO 00000000000

FUKCTION KOS,

OO0 O0OO0TDODOO
o

OO M 0009 OO Oo0Q
G DO 0000000

¥,

ADJUSTED BEFERENCE { 11.)
1 L I 2.
13.000 0.000 -10.300
<L .01 -0.708
-0.020  8.705 154
0.010 S8 -23.203

2.220 - 235 -9

2,957 0.000 - 3.0%9

L0 -0.08)  -3.387 -

1.788 -2.325 -3.33
o.01t  -S.M45 2738 .
«0.300 -5.18% -2.202 .
-2.460 -6.098  -1.200
13.000  -0.000 -19.300
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oFF
L

0.400 -
8.000 -

0.600
0400

sEr { 1)

t.

oaRoS F.0.0

PAEFERRED DIRECTION ( 13.)
z . rer A

0.000 . 2400 22,000 -0.300
-0.072 0.000 0.000 0.000
-0.072 0.000 0,000  0.000
-0.012 0.000 -0.000 0.000

L0071 0,000  0.000  0.000
Se7.000 0.000  0.000  0.000
+0,070 0.000 - 0.000  0.000

«0.072 . 0.000 0.000 0.000
-0.072 0.000 0,000 0.000
-g.om 0.000 0.000  0.000.
-0.4m 0.000 0.000 - 0.000
0.000 2.400 22.000 -0.300



BARNESS ¥0. ) BELY §O. 2 FUXCPION ¥05. 31 0 0 0 0 REFERENCE SLICK : 0.000 1IN,

K XS KE BT WPD - MR FUNCTION NOS. . . C4RDS F.8.D
3 18 0 187 | 10 "0 -0 -9 0

(LI 119 0 1 0 0 0 0 s
15 1 o 01 -0 0 0 LI - B

16 I 2 25 o -1 -0 [ A 0

" | 1 0 | [ 0 0N

k] 7 -1 m 0 1 0 0 -0 LR Y|

H ? 1M 0 1 0 0 0 ¢ 1
20 I 3w 0 | 0 -0 0 [ 1]

A N 3N 0 | 0 0 0 [

1 33l [ ¢ -0 [} L ¥ I

3 3 I ur 0 I 0 0 ¢ 0 N

A I W 0 0 0 0 0 [ ¥

15 3 3O 0 1 ¢ 0 0 [ 2 -

2 3 J S 0 i 0 0 0 ¢t n

b LN T B R 14 1 1 ¢ 0 0 : 0 0

BASE REFERENCE ( IX.) ADJUSTED REFESENCE ( K.} OFFSET ( 1L} PEFERRED DYRECTION { 1¥.)
X I  { 2 I | { z - I T z I 1 T

13 13.000 -8.000 -10.300 13.000 -8.000 -10.300 0.000 0.000 0.000 0.700 17.500 -21.300
[ <2445 -6.t01  -1.I1 5 6101 -1.213 0.000 - 0.000 -0.0M 0.000 0.000 0.000
15 -0.060 -6.000 -2.500 -0.008 -5.881 -2.359 0.000  0.000 -0.072 0.00¢ 0,000 0.000
16 . 0.000 -5.700 3,300 0.000 -5.387 J.578 0.000 0.000 -7.000 0.000 0.000 0,000
17 0.010 -4.80¢ -4.500 0.008  -3.081 -3.443 0.000 0.000 -0.072 0.000 0,000 0.000
18 1818 <543 -1.820 1.1 <5439 -1.820 0.000 0.000 -0.01} 0.000  0.000 0.000
19 - 2500 -2.500 -i.500 3.307  -3.397 -2.038 © 0.000 0.000 -0.001 0.000. 0,000 0.000
20 3.000 -1.500  6.500 21T -8 8016 0.000 . 0,000 -0.872 0.000 0.000 . 0.000
A s -0 I 407 -0.183 1IN 0.000  0.000 -0.872 0.000 0,000 - 0.000
1 41 L3 -L662 421 3319 -1.862 0.000 - 0,000 -0.872 0.000 . 0,000 0.000
2 0.870 1,202 -5.872 0.870  4.202 -5.872 ~  0.000 . 0.000 -0.872 ~ 0.000 0.000  0.000
n 0.300 0.700 -2.800 0320 0.213 -2.98% 0,000 4.000 -3.500 g.000 0,000 0.000
tH) ~1,000  4.300 -8.000  -0.855  4.105 - -5.728 0.000 0.000 -0.872 0,000  0.000 . 0.000 .
bl -2.500  4.300 -4.000 -7.612 4492 -4 0.000  0.000  -0.872 0.000 0,000 0.000
7 0.000  5.000 -35.200 0.000 5.000 -35.200 0.000  0.000 -0.000 0.700 17.500 .-20.300 -

186




SUBKOUTINE INMITAL IKPUT MGE 19 -

CaRD G.)
FA(R {8 BT (% 13 {175 {4 N { SR ) NS | SO/ S -1 () ({ PRS- 15 { ) B A { ]
. 9. 0. o o ¢ ¢ 0 10.00 8.00 - Loo
INITIAL POSITIONS (JWERTIAL REFERENCE) - ) ) CARDS 6.2
SEGMENT LINEAR POSITION ( JN.) LIBEAD VELOCITY ( 1N./SEC.)
10. SE6 | B 1 4 1 | 4
tu 1.30000  0.00000 -13,75000 0.00000 0.00000 0.00000 .
70 13.16068  0.80000 -10.07108 0.00000  0.00000  0.00000
jm 13,3190~ 0.00000 -20.0329% 0.00000  0.00000  0.00000
1 0.28353  0.00000 -35.531%? 0.00000  0.00000  0.00000
58 17987 0.00000  -41.83338 0.00000  9.00000  0.00000
L 2201013 J.42000  -14.40900 $.00000  0.00000  0.00000
7 ML 30016022 J.42000  -10.30045 0.00000  9.00000  0.00000
L 1 18.02710 342000  -4.45508 0.00000 0.00000  4.00000
0 LOL - 2294073 -3.42000  -14.48930 0.00000  0.00000  0.00000
10 L 30.16022  -).42000 -10.3904% 0.00000  0.00000  0.00000
U 002119 342000 -4.45508 0.00000  0.00000  0.00000
17 108 12.34184 8.20000  -27.13108 0.00000  0.00000  0.00000
13 1 2275808 8.21000 -21.48521 0.00000  @.00000  0.00000
"L 12014 -6.21000  -27.13188 0.90000  0.00000  0.00000
15 ua 22.75008  -8.24000 -21.48521 0.00000  0.00000  0.00000
JUITIAL ANGULAR ROTATION AED VELOCITY cARDS 0.3
SEQERT ANGULAR ROTATION (DEG) ABGULAR VELOCITY (DEG/SEC.)
0. SEG n rrcs 1008 1 b - m
i 9.00000  12.90000  0.00000 0.00000  0.00000 0.00000 37210
0 0.00000  12.05000  0.00000 0.00000 000000 0.00000 - 3 2 1 ¢
im 0.00000 = 13.28000  0.00000 - 0.00000  0.00008  ©.00000 3T 10
L | 4.00000 1346000  0.00000 0.00000 0.00000  0.00000 311 0
S8 0.00000 13.48000  0.00000 0.00000  0.00000  0.00000 3 230
L 113 0.00000  92.00000  0.00000 0.00000  0,00000 0.00000 3210
7 AL 0.00000  45.85000  0.00000 0.00000  0.00008  0.00000 3 110
L8 0.00000 12080000  0.00000 0.00000  0.00000  0.00000 3 1 1 0
9 L0 0.00000  02.00000  ¢.00000 0.00000 - 0.00000  0.00000 J 210
10 u 0.00000  40.85000  0.00000 0.00000  0.00000 000000 3 2 ) 0
0L 0.00000 120.80000  0,00000 0.00000  0.00000  0.00000 Yy 1.1 0
17 10 0.00000  26.50000  0.00000 0.00000  0.00000  0.00000 3 210
13 14 4.00000  #5.00000  0.00000 0.00000  0.00000  0.00000 3 210
o 0.00000  24.50000  0.00000 0.00000  0.00000  0.00000 3 210
15 U 0.00000  05.00000  0.00000 0.00000 - 0.00000  0.00000 J 110

LINEAD 40D ARGULAN VELOCITIES RAVE HEEW SEY EQUAL $0 YAE INITIAL YEWICLE VELOCITIES.

RAPLAT TIME + 0,000 MSEC. ¥R,UBBPISNT= 1 1 11 103
Ril: ! T 3 ! 5 6 8- 9 - 1W0= N 1-
n . G130 1402 LS L.TT0T -2.557 . 2.650 3,388 0.187 L.O40  4.108

BHMLAY TIME = 0.000 MSEC. KE,NB,¥PTS NY: 1 -2 1 18

) NN e 1 0 . n
) L 1090 B.MM2 6400 5.42) 10.820
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© @ ) A -t e -
-t

MATN3D FUXCTIONS FOR TIMEs

SEGIEHT

15 Lud
18 TEH

(IVERTIAL)

0.000 ¥SEC

AKGOLAR ROTATION {DEC)

\{1]

0.0000
0.0000
0.0000
0.0000
0.0000
0.000¢
0.0000
0.0000
0.0000
0.0000
0.0000

10,0000 -

0.0000
0.0000
0.0000
0.0000

NIk

12,9000 -

12,9500
13,2000
13. 4600
13.4600
92,9000
19.6500
126.8000
92,0000
© 40,8500
128.2000
24.5000
85.0000
- 24,5000

85,0000
*0.0000

(IoERTiAL)

ROLL

0.0000
0.0000
0.0000

- 0.0000 -

0.0000
0.0000
0.0000
0.0000
¢.0000
0.0000
0.0000

0.0000 -

9.0000
0.0000 -
- 0.0000
0.0000 -

LINEAR POSITION { IN.)

14.3810
13.1607
11.3138

9.2035

1.9192
22,8407
38,1602
W
22,9407
38.1602
8.11m
12.3418
22,750
12.3418
2.71581

0.0000

|

0.0000
0.0000
0.0000
. 0.0000-
0.0000
3.4200
3.4200
3.4200
-3.4200
-3.4200
-.4200
8.2400
8.2400
-8.2400
-8.2400
0,0000

-13.7500
19,0719
-28.9380
-35.531
41,831
~H.4893
-10.3904

-4.4560
-14,4803
+10.380¢

-4.4560
<7139
-20.4852
-1, 1019
-21. 4852

0.0000

y o dLooa
ANGOLAR YELOCISY (RAD/SEC.)
1 = )

0.00000  0.00000  0.00000

0.00000 0.00000 0,00000
0.00000 ©.00000 0.00000

0.00000 0.00000 - 0.00000 -
- 0.00000 0.00000 - 0.00000

0,00000 - 0.00000 0.00000

- 0,00000 $.00000 0.00000 -
©0,00000 0.00000 0.00000

0.00000 0.00000 0.00000
0.00000 0.00000 - 0.00000
0.00000 0.00000 0.00000
0.00000.  0.00000 — 0,00000
0.00000 0.00000 0.00000
0.00000 0.00000 0.00000

0.00000 000000 - 0.00000

0.00000 ©  0.00000  0.00000

(INERTIAL)
LINEAR YELOCITY { IN./SEC.)

| S 1 2

0.00000 0.00000 0.00000
0.00000  0.00000 - 0.00000
0,00000 0.00000 0.00300
0.00000 0.00000 0.90000
0.00000 - 0.00000 0.00000
0.00000 0.000¢0 - 0.00000
0.00000 0.00000  0.00000
0.00000 0.00008 0.00000

0.00000 0.00000 0.00000

0,00000 0.00000 - 0.00000

0.00000 0.00000 0.00000 -

0,00000 0.00000 .- 0,00000
0.00000° - 0.00000 0.00000

0.00000  0.00000 0.00000 -

0.00000  0.00000 0.00000
0.00000  0.00000 - 0.00000
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PAGE

ANGOLAR ACCELERATION (RAD/SEC.n])

0.000000
0.000000
. 0.000000
0.000000
0.000000

- 0.000000

0.000000
0.000000

-, 0.000000

. 0.000000 -

0.000000

- 0.000000

0.000000
0.000000

. 0.000000
- 0.000000

1
-26.03484¢
40,3045
-0.859459

13.63100 -

-1.165343
~2.405248

- =12,215060

58.310297
-2.405248
«13.215609
. 56.318287
<8.917504
=314
-6.9175U

ST
© 6.000000

{ITERTIAL)

7.

' 9.000000

0.000000
0.000000
0.900000
0.000000
0.000000
0,0480000
0.000000
0.000000

0

0.000000 -

0.000000
0,000000
0.000000
0.000000

0.000000

0.000000

LINEAR ACCELERATIONS (G'S)

1

0.017822
0. 114883
-0.038031
-0.0422M
-0.642117

0.041548 .
<0.100894

0187590

0.041548
-0.100904
-0.181560
~HIaN
-0.206915
0. 41N
+0,200815

0.000000 .

T

0.000000
0.000000
0.000060
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.0600000
0.000000
0.000000
0.400000
0.000000

1

00884
+0. 110519
-0.0754¢0
-0.074312
«0.013212
~0.039408
0.180268
=0.183567
~0.030498

0.188208
~0.183587

-~ ~0,008215

0.738700
+0.038215
0.730709

. 0.000000



91 Ay { [0./SEC, 002} 03 JARMY (RAD/SKC.293)
EXTIRIAL LIFTAR 4CCRLERATIONS BITEANAL ANGULAB ACCELIRATIONS (LE.- (L}
sioan I- LR I ¢ -1 T © LINKiR N0 T0TAL
1LY -0.)280De03 0.00000000 -0,1135D¢06  9.000000+00 -6.430150:02 9.000000¢00 - 0.000000000 6,00000D100 0.000000+00
2 CT 0.00000500 0.0000D400 0.38610403  0.00000D:00 0.00000D000 9.000000000  0.000000:00 9.000000200 0.00000D800 -
3 Ur 0.00100002 9.00000000 9.37010003  6.00000D000 -0,318810401 9.003000000 0.000000200 €.00000D400 0.00000D+00
it 6.0000D400 0.0000D+00 0.3884D003  0.00000D000 9.000000400 9.00000D+00 0.00000D000  9.00000D+C0 0.00000D+00
LI | 078120402 0.0000D008 8.3080D¢03  -3,133040-18 -0,207200000 9.30851D-18 . 0.00000D100 0,00000Ds09 0.00000D¢00
0 R0L  -0.%300De02 0.00000000 -0,11980003  4,054030-17 0,218230003 0©,12373D-34 0.000000¢00 ©.000000400 ©.00000D+00 -
T ML 0.0000D:00 0.00000300 6.38610+03  4.000000000 6.000000049 0.000000000  0.000000000 4.00000De00 0.00000D200
B -0.05100001 0.00000000 ~0.5210D003  0,000000000 +0,170100003 0.00000D100  0.800000400 0.00000D+00 0.00000D+00
¢ LOL  -0.5300D+02 0.0000D+00 -0.1100D003 - 0.054030-17 0.218210+03 ¢€.123730-14 0.000000400  0.000000+00  0.00000D+00
10 AL 0.0000D¢00 €.0000D+00 0.38010003 - 9.00000D+00 §.00000D400 €.20000D200  0.000000+00 0.00000D:00 0.00000D+00
U W -0.95HD000 0.00000000 -0.53100403  0.000000100 -0.17610D+03 $.00000D000  0.00000D¢00 0.000000+00 0.00000D+00
12 J0A  0.00000000 0.0000D400 0.3001D+03  4.000000000 0.00000D¢00 0.00000D#C0 - - 0.00000D*00 0.000000000 0.000000100
13 1L . 0.00000000 Q.00000400 0.30010+03  0.00000D+00 0.00000D0000 4.000000900 0.000000000 0.000000¢00 0.00000D100
M OLDA  0.0000Ds00 Q.0000D900 0.3081D+03 . 0.00000D+00 0,00000D200 9.00000D+00  0.00000D+00 0.00000D00 0.00000D+00
15 1L 0.00000t00 0.0000D100 0.38610003  0.C0000D+00 9.000000¢00 €.000000400  0.00000D+00 0.00000D:00 ©.00000D+00
T0T4L BODY RI¥ETIC RNEROY
0.00000D100  ¢.00000D+00 0.00000D+00
(IvERT(aL) © {1EERTIaL)
Jotwr Forcs ( 18.) JOINT 30:QUIS ( 11, LB.) MLATIVE ABQOLAD

Joimr Iy - | S [ I B T . VELOCITY {map/skc.}
1 P 0 -0.1TID+03 0.000D000 -0.100D403  0,0000D000 0.00000100 6.00000000 - 8.000
72 " 0 -0.193D+02  0.000D000 -0.059D103  0.0000DW02 9,0000D100 0.00000000 0.000
3 M o0 -0.320101  9.000D000 -0.158D002 0.00000+00 #.0000D100 0.0000D+00 0.000
¢ B 0 -0.2080000  0.0000000 -0.1220402  0,00000000 0.00000000 ¢,00000+00 0.000
S m 0.274D+01 0.0000+00 #.6530000  0.0000D200 0.00000:00 0.00000400 0,900 -
8§ K | =0.1320401  0.0000000 -0.5500%01 0.0000D¢s00  0.0000D¢00  4.00000+00 0.000
T M0 -0.3390+00 0.0000300 0,24300t 0.00000000  0.00000100 0.00000090 0.000
8o 02740101 9.000D000 0.053D00 0.0000D000 0.0000D100 0,0000D400 0,000
L2 | <0.1310401  0.0000100 -0.5%0D004 0.00000+00 0.00000400 4.0000D+00 9,000
0 s 0 ~0.3300100  0.0000000 0.2420000 0.0000D000 0.0000D+00 ©.00000400 0.000
n B0 <0.2210401  0.0000000 -0.731D¢01 0.0000D000  0.00000000 ©.0000D+00 0.000 :
17 =0.1540001  9.0000+00 -0.1550001 0.0000D+00  0.00000+00  ¢,0000D000 0.000
LA " I =0.221D101  0.000D000 -0.731D00) - 0.0000D900 4.0000D000 90.0000D400 0.000

il -0.1580401 - 0.00000000 $.00000400 0,00000000 0.000 -

(INGRT{AL)

0.000D+60 -0.155D+0}

(Locat}
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MARIISE MUY MISTLYS POR 1MT » 0,000 ISIC, POt 12

' MUY STRMIY  (LOCAL OF TLLISO1D) o umen mnRtion .

PN 0IFY SIGSNY LESOTE NTROP LOSS  XEFENSECE POINT { 1D.) LT FORCES ( L0.) BXEROT LOSS a

: W, mn o© - () ()1 T 1 I D (1)

MIT K. ) O LMISS B, 1 : ' ' Tt
: 36 - 0.000  0.000 13000  8.%00 -10.300 . £.000 0,000  0.000 X

RTAN

1 J
11 ) ARt 00 -l 1.0 -0 0.000  0.000  0.000 0.000
$ 1 b 140 0000 -0.020 B LN U000 6000 800 0.000 . o
T T K (R X T XN TR R 0.000  0.000  0.00  0.000 '
S 0§ 1 3 0000 220 2.5 SN2 - 0,000  0.000 0.0 0000 - oo
B8 1 285 o000 2057 0.000 3080 . 0.000  0.000  0.000 0.000 .
T8 1 nEme 0000 LTS 038 .00 T U000 0800 0.000 0000 -l
b9 b 33 0000 000 SSMS 273 0000 0.600 0000 0.000 :
910 1 LI 0.000 0080 5.0 2202 4000 - 0.000 0.0 0000 . .o
0 N1 LSO 0.000  -3.450 -0.090 ~1.200 0.000 0000 0.000 0.000
N1 48 LI 0.000  13.000 -0.000 -10.300 0.000 - 0.000 - 0.000 - 0.000 - - -
TOT4L BELT TNIROT LOSS 0.000 R 0.000
WY W 207 S K. | : ' o
.13 16 0000 0.000 13,000 -0.000 -10.300 0.000 0,000  0.000 0.000 :
B W1 LM 0.000 M5 -slol -1 0.000 0,00  0.000 0.000 - o
W16 2 T3 0000 LB A3 100 . 0.000 0,000 0000 0000
: 52N 3. emM1 0000 44T 013 3 .00 0.00 - 0.000 0.0
18 2 3 608 0.000 44N 33D -1.48 0.000  0.000 0,000 4.000
7 3 S8 0.000 041 4200 5.6 0.000 0000 - 0.000 0000
. 7 18 1020 0000 0.000  5.000 -35.00 0,000 - 0.000  0.000 2.000
“T0TAL DILY BTEROP LOSS 0.000 S 0.000 3
TOTAL RAMSESS ENROY L0SS . 0.000 S . 0.000

DTN TN+ 10 4T TN s 16.000 ISIC. DI« 0.010S7 SCALE 1000000
DI ITEL e [0 AT PIMC« 13,000 6IC. DILAX + 0009232 SeALTe L0007
DMIORR (702 = 10 AY TIMK = 19,000 MSIC, DELMAL » 9,005037 SCALE » 1.000000
TAND 1ML« 10 4T TN« 20,000 6EC. OFLAAT + 0010050 SCHLK ¢ 1.000000
EPTOND ITER e 1O AT TIME ¢ 20,000 I6IC. DILAT « 0.010118 SCALE e 1000800
CEBPLAY TIME ¢ 22,000 MSEC. FENBUPIEW: 1 2 0 Ie |
G R U T PO S I (DR L o : C -
B” e LD TN B 2408 5025 D49 10.3W :
RPYUID ITER 10 AT TIM ¢ 22,000 I6IC. DELAZ e 0.012049 KCALE + 1000000

APIORD ITHD ¢ 10 4T T o 23,000 KC. DILMAT ¢ 0.011547 ST« 1000000

IPTURD ITHL ¢ 10 AT TIMC® 24,000 ISIC. DILIAT ¢ 0.011234 SCALE « 1.000000

EPTURR ITIR « 1O Y TIMC © 25,000 OSEC. DELIAZ = 0.011500 SCALE . 1.000000

EPTUIS ITEE = 10 AT TIME » 34,000 MSEC. DELYAR » 0.012320 SCALE « l.Oﬂm
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EPYURB ITRB « 10 AT TINK « {3.000 IGRC. DNLMAX = 0.053120 ECALX » 1,000000
HBPLAT TIME » {1,000 ASIC. F1,I2,APTS IT> | i ] ‘ Ill-

LAN Y M 1 18 1 1 2 i 7

LU L7 O 0,04 8408 408 0.075 1Ll.edl

EPTURD ITER = 10 AT TIME = {4000 nszc DILMAT o O.llﬂll SCIL! s |.000000
Lig(l} ll‘il « AT TG - CS.MO ISEC,  DILMAX » 0&120‘" ll.l . l OW .
EBPLAT TIME = €6.00C )SEC. JR,38,NPTS N7+ | 7.1 W

n.m- 3.8 - 3 7 13 N 4 e R
;- 12,103 0.“2 8.408  4.408 0,055 11,701

mm ll'l'l « 10 AT TIME v 12.000 MSEC. DELMAX ¢ 0.00000) SL'II.I ’ l 000000

ErLaY lll s {7.000 MSEC, FR,FB NPTS NO- 1 110 -1

s | 3 § 8 ] [ PR l‘ ~own

L $.82  1.5SM 3. 4,557 2.058 3388 4T L. 9‘0 1.73!
_ EPYURY ITER ¢ 10 4T TIME » 47.000 )GEC, DOLMAX » OOI‘D” SCI].I . l WWW -

EBPLAY TIME = 40.000 MSEC. NE,NO,UPTS XY+ [ Rl I 1]
L) 13- 1w 2 2% w1
28 s 143 0,042 0,408 4.5 1LTIE

NPTUDB ITER « 10 AT TIME « {0,000 MSEC. DELMAX » 0.004777 SCALE » 1.000000
MBPLAY MK « {0,000 ISIC. NR,ND,IPTS MT» I T 1w
TLil)e 3 W U [/ S R | R | Bt
n 1243 0.002 8408 (503 0,045 13.018
EPTURR ITER « 10 AT TIME « {0,000 DSIC. DELMAY = 0.010077 SCALE « 1,000000
EPTURD ITER * 10 AT YII o 50.000 ISEC. DELWAY « 0.01028) SCILI s | 000000
APTURA IT4R = 10 AT TIME = $1.000 MSEC, DILMAX = O, 0I2503 scm : l 000000
EBFLAT TIME «  52.000 ISIC. JR,ND EPTS M7« 1 T 6w
il 13 i 2 1 i n
B 12143 “lﬂ 8408 4.213 12.000
EPTTRR ITER « 10 AT TIME + 52,000 MSEC, DRLMAX « 9,055353 Stll.l . l.mm

" EPTOMD 1%6R . 10 4T TIE « 3,000 ISIC, DELEAY « §.035402 80[!.! . l.oomo

EBPLAT TIME « 56,000 MSIC, WO,NB,NPTS T 1 ] 103
LT ! 3 { S s ] ] i0 13
B .= 5.5 . S" an 3, 551 3.088 3.3‘3 l.1e7 0.8

. BPYURR 172k = 10 AT TIME « $4.000 MSKC, b!l-lll .0, 0“2‘1 SCALE « 1.000000
HPYURD ITER « 13 AY YIME « 55.000 ISIC, Dll.lll . 0.0ISC" SCALY « 1.000000
BPIURD ITIR « G AT TIME « 58. 000 ISIC, l!!'l.lll . 0.0II“B SCALE « 1.000000
EBPLAY TIME «  S7.000 MGIC. WE,ND,NPTS MTs | i T e

e 3 - 8w n - 0 A 1
LI 1.1 180T 4.95% 0.408 .08 12,37
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EPYURS ITSE « 10 4T TIME « 57.000 MSIC, DHLMAR « €.085300 SCALR o €.250532

HBPLAT TIME = 5,000 XSIC, NE,NB,NPIS WY 1 I A |
N(l)e 1 18 w22 2 1 b1 n
B8 1143 L&ET LBIT  3.139 4408 3.880 13372

EPTULD 1780 « 10 4T TIME s 58.000 MSEC. DELXAX = 0443458 SCALE « ﬁ.lﬁ“ﬂ
EEPLAT TIME «  §0.000 )SEC, NE,ND,IPIS MY: ! 2 LI [}

nile 13 - w w 20 2 2 v
B« T8 4,253 LLBET LNIT 30 G008 30N 1M

HPTURD ITEB » 10 AT TIME s 59,000 )SEC. ORLMAY = 0.052005 SCALE » 1.000000 -

ERMATTIM ¢ 00.000 SIC. EMPISN: | 2§ 1M
T I D I A T
w .43 LIST 1817 L1309 8.400 4.085 12185

EPTUS ITER « 10 AT TIME ¢ 80,000 ISEC. DILUAY » 0.057808 SCALE v |.000000
EBPLT T OLOOOMSKC. WEEBIPTSETe  f 1 1 18l

wis 13 . 18 20- . 12w

n o 12,43 3703 3030 0.408 {.150 12.098

NPTOND ITER ¢ 10 AT TIME = 91,000 5EC. OILKAT « 0.015872 SCALE « 1,000000
EPTORS 1721 « 10 AT YIME v+ 62,000 MSKC. OMLMAX s 0.027130 SCALE « 1.000000
EPTURE ITER = 10 Y TIMD » 3.000 SEC. DELMAT « 0.013337 SCALE «  1.000000
REPLAY TIM o 04000 MSIC. BEPYSEs 1 2 ¢ 18

i 13 1 - 2 2 :

8o ILM3 3703 3.3 0.608 16,282 v

EPIOND ITER « 10 AT TIME « 06,000 ISEC. OLKIX « 0.001087 SCALE « {.000000
EMLAT I e 60,000 OSEC. NEPAPSES 1 1 @ Q03 -

we 103 4 % & & 9 n

M e 5,520 LSTC .70 0557 2650 3.380 7.865

EPIORN ITER « 10 AT YIME « 07,000 ISEC. OSLAAY » 0.011853 SCALE « 1.000000

T EPTORD ITEE + 10 AT TIME = 00,000 MSEC. ORLMAR s 0,003454 SCALY » |.000000

DIF? CONV, YEISY 72,000 § AW WL 1258 0,20828-02 0.11708-03 0.10008-03 0.10001-03 0.10008-03

TIST FAILLD AY TIME = 0072000 FOR M« 0.001000

o

DINP CONV, TUST  73.000 @ AMOUEL 3.8 . 0.3048-02 G.ISI6I-08 0.‘1000!‘03 0.10008-03 0.10008-03

TEST FAILID AT TIME = 0.073000 FOR B = 0.001000

DINT CONY. TIST  M.000 § MmO YL 20.0) 0.30308-02 €.11041-03 0.10008-03 0.10001-03

TIST FAILED AT TIME «  0.074000 FOR 0 »  0.001000
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VAINY0 FUNCTIONS FOB TIME= 80,000 WSIC

(i)
ANGULAR NOTATION (DGO}

SoEn e nwe 0L,
1Ly {0.9076  {0.4818  -2.5237 -
10 S.0000 08T -35.0820
Iim 928603 16,1076 4.2073
i1 SR 28,0718 0.021
59 S =17000 0 -02.0004  20.6482
¢ WL tl.etes l00.4700  10.9708
TN Te2.0070 S.0060  -3.3449
I AL 163 L6
¢ 43000 1007937 L.4600
10 LLL “0.0700 453407 -1.2081
i -0.5010  155.0800 1,000

12 W 4750050 70.5057  -80.203)
13 hA . -21.053¢  SL.aeed -3i.6271
1w =17.0550 624704 -23.300) -
15 ~10.0480 60,3873 217U

18YEE 00000  0.0000 - 0.0000 -
T () e
LINsD NSITION { 10.)
S1oMaT T
1L 0.001r 00702 -13.000
10 251 1508 -10.2007
3 U 1S3 27000 247087
1 0401 .00 -33.1082
50 LI 10000 -36.0004
oML WIS L8 1.2
THL 20000 3.0 -12.0200
'y 30400 3T -p.uss
PUM 1001 388 -14.e210
0 ML . WM 330 -12.08M
T 028 230 10097
1 m LIS 34023 -20.0000
19 WA IS.ATIe .00 -24,35%0
H Lu 10085 -0.0008 -27.92%1
15 WA 105 034 -21.06M
0T IS 0.0000  0.0000

{LocaL) .
ABIULAR YRLOCITY (RAD/SSC.)
| I Y - zx
-3.50101 AT s.01%02
+30.70000 3803602 2692712
-4,55008 -0.33217 11,110
3.30469 <10 0045 01020142
10.00835  -50.33083  0.M4800 -
-0.20003  -3.0413)  -a.f00118
-1.05452 © 0.15200 .- ], 80037
34161 1.03537 - <),56501
-0.5M09 - -3LNSIL 0.0
-0.57500 - S.07768 - 0.00008
130230 © 0.10105  -0.50080
0.029T  LHNT <1035
-0.10055 LIIIOS D000 .
-2.05508 - -0.00123 - 540040
<2.7308)  -15.95003 5.5
0.00000 - 0.00008 U 0.00000 ~
{1ariaL)
LINEAR YRLOCITY ¢ JE./SKC.1
1- T .
S0.8%070 -2.0313  -02.219M
-103.0053%  -63.30300 -20.55108
-309.20403 -115.11120  -20.0311
=310.40057 ~130.5050%  -30.04033
S1IATT0 0003430 207.30273
SJS.IT012 432300 . -SR.00800 -
-300.76300  12.44280 - -73.108%0 -
-250.02210  23.08008 -137.0172¢
<3050 - 219212 -80,2%0%8
-370.81100  10.03000 -97.30090
<344.03301  10,00053 .| -02.38011 .
-420.60052 -100.01T10  -32.04007 .
-170.50800  -25.030%0 . -40.34078
-262.30%60  -78.350880  -20.7305¢
<HI00T00  -23.50100  71.00752
-300.07000  0.00000  0.80000
195

-112.525000

1859.023703
~833. 160019
“414.520200

- 321900008

~82.760070

:13.275128

~§2. 205030
=100,200221
118,790377
<177.520404
244.397020
113.835226
312004080
§40, 700340
9.000000

Lilnss
1.411090
~0.935008
16.000001

~20.350314

2.000820

3.5

LN

01.31500

9.150247

1.000048
3003803
2.1
9. 173010
1.10m60

3

riot
(Loca)

AKOTLAR ACCELARATION (RAD/SEC.192)
o 2
-923.319215  -344.808200
4803.705052 714430120
“140.836145  1.130107
-2380.200265 525452347
- 351050920 252,225050
10020190 60.07%057
90907 00200
L0 -23.010850
-070.950031  520.202676

~4.500498 520770814
1200.578330  106,025307
~3201.831001  -108.345876
7421 303, 100809
~1000,10000 480201017
- AM8. 70550 010.011615
- 0000000 $,000000

(o)

LITIAR ICOTLITATIONS (0°S)
R z
340755 21200312
0.300363  -13.341389
s.onet  -20.011%2
L0180 -22.003012

1070050 0134182
-LONTD  -.025832
0020004 0.150%
00018 -0.01578
300201 -3.330002
847000 13521611
000010 - 150100
0I5
L.e502 0%
10009 200500
-20,358519  -12,311190
0.000000  0.000000

$.000000



L Y
- U1 ARMY { IL./SEC. 083}

{L0CAL)
02 SRAAY (0AD/S5C. 003}

217 B}

EINTYIC LIERGY

EITERNAL LINTAR ACCELERATIONS EITERNAL ABQULAR ACCTLERATIONS (8.- 11.)
SEQENY r. 1" 4 1 R A . LImmiE | ANTLA 0w
I LT -0,30000003 0.15500002 -0.2608D005  -0.20308D+03 -0.27027D+04 -0.220710+03  0.54280D¢04 0.41308D202 0.5¢870D004
2 ¢t 0.7560D+03 -0.52200003 -0.6204D003  O.084300+404 0.03016D004 O.71€44D103  0.38820D404 0,54250D003 0,34040D404
S U -0.08040¢03 -0.2430D403 0.4410D+03 . -0.60020D103 -0, 154350403 4.16513D002 0.120320005 0.382180003 0, 12314D40S
i1 0.00000000 0.0000D100 0.38810003  -0.20084De04 &.10811D003 0.32345D403 0.504020+03  0.33080D10)  0,507330+03
51 0.00000+00 0.00000000 0.3381D003  -0.351250+03 9.020550103 9.25223D+03 0.10487D004  0.5083050003  0.20104D004
¢ 0L 0.12440003 -0.77810001 ©.5428D402  -0.23030D001 0.52884D+02 -0. 103540001 0.301220404  0.105070002 0.387870v0¢
T ML 0.0000D:00 0.00000000 038810003  -0,021700401 D, 244130103 -0,15508D403  0.12134Ds0¢ 0.22031D+07 0.123850004
8 & 0.00000000 0.0000D900 0,38812003  -0,10021D+03 0,1120D004 -0.750080003  0.23167D¢03 0.217743D+00 0,23195D103
P LUL  -0.13210008 0.24720+0¢ &.2045D008  -0.708530003 -0.12076D30¢ -0.316010103 0302510004 0. 113620602 0.30385D40%
10 LWL 0.00000+00 0,00000000 0,38810¢03  -0.50480D101 -0.173820+03 -0, 140230003 0.103500104  0,80064D901 0. 10340D+04
11 LF  0.0000D+00 0.0000D¢00 0.3801D+03  -0,20080D403 0.01301D+03 -6.722140+02 6. 164070003  0.60708D-01 0.18404D103
12 108 0.00000000 0,00000000 0,30510403  ~0,44483D402 -0.700770¢0¢ * 0704030003 . 0. 14022D:04 0. 40151101 0.14071D+0¢
13 24 -0.30030902 -0.4004D+01 077610003  0.31200D002 O.34441040¢ -0.673710002  ©.14312000¢ 0.605030+01 0.143790204
W OLOL  0.0000D000 0.00000100 0.38810003  -0.16398D003 -0.002730003 0.562510402 0.823710003 0. 11478D+01 0.023060403
15 LLE  -0.90000¢0¢ -0.7116D404 -0, 37400404 0.20275D004  0.70003D+04  0.12478De0M 0.947120103  0.40312D+02 0.98744D20)
T0TAL 30DV XINETIC RNEROY
0.303080405  0.15454D008  0.370130405
(IRERTIAL) (INEATILL)
JOINT FOICES ( LB.) JOIN? F0RQUES ( IN. LB.) ISLATIVE ABQULAX
Joi rir - 1 - T H ) I | g T % VELOCITY {RAD/SEC.}
1 P 0 -0.4700403 0.1560403 -0.130D00¢ 0.1431D¢08  0.1730D104 -0.45280103 - 47.900
2 v 0 ~0.3730+03  0.134D+03 -0.016D+03  -0.21820404 -0.8500010) 0.70030403 - 83,480
Y0 -0.2080003 -0.184De03  0.014D01  -0,2170D103 0.55200403 0.5465D+03 - 4.0%)
{ 2 ¢ -0.3¢0D+03 -0.1200003 O.051D002  -0.80350402 0.20720+03 0.40010002 - 4.8
S W0 0.908D002 ~0.374D002 -0.278D+03 0.15402000 0.60420402 0. 16040102 1,110
[ | Y 03030002 €.731D001  0.4030002  <0.5020D00) -0,73770107 0.4208D002 13.00¢
T uo 0.3800000 0.1350101 -0.308481 0.00570+0)  0.45830002 0.00820001 6104
e LE ¢ 0.3180403  8,174De01 ~0.108D+03  -0.104gD002 0.56000002 0.21030102 10.800
9 1 0.0500102 0.6300902 0.1230003  -0,1730040 -0.4950D+02 0.2385D00) 9.313
10 u e 00580001 0,3€20¢00 0.137D001 0.02070001 0,33330002 0.31580101 8.0
It 5 ¢ 0.71230¢03 0.000D¢02 0.T70D402  0.23200:02 -0.3003D002 §.24920402 0.125
12 11 0.1380103 0,334D¢03 0,4050002  -0.5087D003 0,1090D¢04 -0,4321D003 §.38) .
3 13 ¢ 0.1000008  0.3700¢00 9.13¢D+03  -0.7008D101 -0.57020+02 0,3755D¢02 12.112
M Lt 0.204D003 -0. 1120402 -0,1530002 -0, 10500903 0. 1440D+03  0.2989D403 15.250
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DATE: 2 BXPY 1988 : TaoR 28 *
ROE DESCAEPTION: EXAMPLE 1t WASIC SLED YAST STMULATION ’ o . )
190 25LY BARNESS WITE EYPERELLIPSOID FOR DASE BOARD raag: 21.0t
YEZICLY DICILERAYION:  SLED ACCELEDRTION - 200 PRAX
CRASH ¥ICTIN:  95TH PERCINTILE MALE
POLNY TOTAL ACCELERATION (0'S)

poIme ( 0.00, 0.00, 0.00) OX PoIFY { 0.00, 0.00, 0.00) Of nir ¢ 0.00, 0.00, 0.00) 01
SioEIT B0, 3- 7 ' s K. S- I _ stoErr w0, S- I .

11 .13 0 NFLEKE CCELXROMCYRR (10) _ 19 YER BFERRECK
(w50 | S | 2. r - 1 2. Is. .. 1 -2 S

0.000 <0.020 0,000 -0.082 0.084 -0.262  0.000 0.800 0928 -0.047  0.000 -0.073  0.087
2,000 - -0.004 0.000 -0.107 0.100 -0.200 0,000  0.865  0.903 -0.051  0.000 -0.008 0.1
1.000 -0.007  0.000 0,179 0.1T0 -0.250 0,000 0.703 0.0M -0.087  0.000 -0.108  0.IB{
0,000 <0.008 . -0.003 -0.247 0.207 -0,200  0.000 - 0.725 0T 0,003 0.000 -0.2327  0.2%
8.000 -0.0t9 -0.012 0314 0315 -0.308  -0.002 0.658 0.728 -0 M4 -0.003 -0.200 - 0.323
10.000 -0.081 -0.023 -0.388 0.3 -0.370 -0.005 0.506 - 0.808 -0.233  -0.005 -0.342 0.813
12.000 -0.001  -0.032 -0.48 04T -0.475  -0.008 - 0.507 0,005 <0340 -0.000 -0.308 0.525
14,000 -0.009 -0.025 -0.547  0.5%0 <0487 -0.006 0.435 . 0.048 -0.315  -0.008 -0.4M 0,001
18.000 -0.137  -0.02  -0.623  0.80 -0.508  -0.007 0.3(8 o.01% <0411 -0.007 -0.544  0.882
16.000 -~ -0.141 -0.00% -0.719 0777 <0510 -0.008 0.2583 © 0.5%0 0437 -0.003 -0.835 9.7
20.000 <0133 -0.000 -0.701  0.802 -0.52%  -0,002  0.181 - 0.55% <0488  -0.002 -0.702 0.8
22.000 -0.197  -0.018 -0.85¢  0.078 -0.851 -0.005 0.110  0.584 <059 -0.008 ~-0.756 0.911
2000 -0.302  -0.08) -L3IT LW -0.882 -0.1T0 -0.M2  0.767 00 0.1 -7 138
20.000 -0.300 -0.112 -1.208 1350 -0.805 -0.231 034 0.7%0 - -0.930 -0.231 -LMT LM
10,000 -0.357  0.5%¢ -1.188 1.0 <0002 -0.014 -0.080 0.708 =0.705  -0.014 -LOIO  1.2W
30,000 -0.438  0.018 -8 1583 -0.7027  0.035 -0.258 0.700 <0.M3 0,035 -l.o&r 1.7
32.000 =273 -0.833 3401 1.80% -2 -0 0510 142 -1.100 -0.320 -0.M0 LI3T
34.000 -2.100  -0.420  -0.403 2,289 <1.208 -0.218 0,807 1.307 -1,028 -0.210 -0.078 1.051
36.000 -LHS -0.476 -0.313  3.100 <48 <0353 0.8 LMS C -L2S2 0 -0.387 0S8 L3I
38.000 L0780 -0.580 -2 431 -LAEY -0.700 0.133 1w -89 -0.TI0 -0.467 1983
10,000 -5.037  0.360¢ -1.250  5.209 <2000 -0.53%  0.280 2,092 -1.807  -0.533 -0.207  1.083
12.000 -6.008 LT -2.050 7.0 =230 <0543 -0.300  2.470 ST -0.540  -0.885 2.8
44.000 A0 3T 0030 14820 -4.007T -1 30 57T +3.227 -LJ00 e s
40.000 -10.021 -L.760  -0.510 . 10.122 431 -LO0TE S 5.8 -3.833 -3 3.328 400
48,000 21,535 0.777 0,032 2).5%8 LAl -0.000 5,515 - 7.008 3 001 BT % [T I SO0, S |
§0.000  -41.704 -14.755 4487 W -0.303  -3.205  10.145  20.302 <5470 -3.858 1120 19030
52,000  -48.007 -12.75¢  8.000 48.8) -0.850 -2.015 .198  25.8W4 -5.680  -2.000 20033 M.8TY
54.000 -50.508 ~10.177 14042 63,807 . -11.072 -2.0M3 40.775 42,509 <022 -6 4040 4815
54.000 -80.433 -15.422 13472 63,808 -ELLTAY  -2.043 40.238 (90.710 0,708  -5.878  47.308 40.737
58.000 STRLATL -0 240 75.8T7 ~1,030  -4.810 45004 40071 -12.503  -8.810 {3.310  45.937
00.000 -03.022 -15,085 14009 94,002 -10.607 1243 84,820 8570 -10,338  -5.515 82414 84.752
82.000 -30.398 -T.503  -3.28 40247 0450 0.385  40.073 50.783 <10,701  -5.749  43.508 {40.0i8
04.000 <13.418  -3.242 -10.7090 17.528 -4L005 0.413 M. WLSH <13.561  -4.3M .51 6N
60.000 2.837  -2.507 -20.041 30.408 -4.390 - -0.071 17.138 17.TI9 -9.978  -3.581 13198 10.930
68.000 12,071 -3.007 -35.353 3192t - .57 -2.308 10.550 2847 - -10.307  -J.098  5.108° 12195
70.000 12.817  -4.431 -21.7158  30.801 .08 -2.721 1812 13.903 ~I,004  -4.658  4.093 13.817
72.000 8027 2477 -30.035 .00 -5, 142  -2.310 12870 13.878 -11.510 " ~4.005  5.172  13.48)
N.000 1302 -1.720 -33.445 32,884 ~5.808  -2.450 13402 15.211 -13.307  -5.198 4,223 4007
78.000 =298 1218 -33.700 32881 -8.355  -2.050 21,207 32317 -10.850  -7.488 8,458 32,003
78,000 S04 e -0.081 3T <5750 -3,701  20.451 21.219 =34,203 0.4 Ty 28032
© 80,000 -0,708  4.088 -21.520 22.081 -390 -S4 3A.157 32404 -20.258 -10.704  S.1M 3,107

198




!S!Pfl’ll - £ (1] S 1

JIACLT 1; WASIC SLED TRST SILATION U
1% 251 BAINESS WITE SYPIRELLIZSOID FOR DASH o -
$LID SCCILEMTION - 200 PRAX ‘ s s L
9510 PRICENYILE WALE T ‘ [
POITY DAL, VALOCITY { JU./8KC.) ' S

734 8

RU¥ DESCRIPTION: . R
nior: 22.01

VIRICLE DECILIRATION:
CRASE PICTIN:

I 0.00,

147.820

199

I { 0.00, 0.00, 0.00) O P010T { 0.00, 0.00, 0.00) OF 0.00, 0,00} OF -
L8 R I sl 8.5 - 0 e, 5. 1

e IV ROFIMKR I SFIMKE : 11O LEFEMKE

usic) . Y- 2z M. GIT o1 %z M8 1S 1z ms

000 0.000 0.000 - 0.000 0,000  0.000 . 0.000 -0.000 0.000 0000 0.000 0.000 0.000 . -
L2000 0357 0000 0088 0.5 0.3 . 0.000 --0.082 0.385  -0.000 0.000 . 0.000 0008 .

0000 1401 0.000 -0.180 1491 1483 0.000 --0.103 1472 -0.000 0.000 . 0.000  0.030 o

S0t 5.0 0001 -0.32 0 N3 A3 0000 0.0 - M -A.03  0.00 000 808

0000 6010 -0.010 -0.53 - 8.03 5904 -0.00 -0.519 5.667  -0.007 0.8 0000 o000 -
10,600 0.007 -0.02 -0.702° 9.435 - .75 -0.005 -0.784 9.307 © -0.120 - 0019 0000 0.1

12000 [3.502 -0.M8 1098 13518 15.208 <-8.000 -Lo& 13,30  -0.211  0.030 . 0000 0.3

1000 10.300 <0070 -1.487 18410 - 10037 -0.010 <1388 10000 -0.332  0.057  0.000 .33
10000 23060 -0.088 105 0000 23528 -0.022 .17 -20.9503  -0.453 0.0 -0.00  0.458

18,000 30818 <0010 -39 30411 1076 -0.020 2.3 20.M5 - -0.511 0000 .-0.001 0.57 -
1000 JAW 04N LIS IS T -0.0M -3.75 J0.0SI 0407 000 0001 0700

1.000  (S.450 0173 -3.405 4509 LL4TT -0.M3 L3 40001 008 0130 -0.001  0.008

000 SIAM 0292 -A1T S5.008  SLBM -0.157 4.5 52083 -0.031  0.003 -0.001  0.035

0000 GLTI -0.804 -5.207 83002 81910 -0.37 -5.000 02130 -0.005 0,013 0.003 0.5
WO 10 0.1 -GS T2 TLIS 0410 ST TLOM -0Ms 022 0.0l0 0@
50.000 03400 0,352 -0.015 03690 02451 -0.350 ~-6.080 02,731  -0.00 0.0 0,010 12N ‘
1000 DLOI 0538 -T0 90310 SLTIT 0433 -N.000 9307 0316 -0.057 0.l . 10w
30000 100889 0,071 -T.234 105130 105604 -0.33 T8 105.059  0.710 -0.708  0.097  1.006

.00 HOSI0 0408 1.7 11637 NG -0.0M . -T.A08 MNAT LTI -0505 0007 1A%
2000 - 1721 102 -T007 170,933 13RS -l4T0 C-LETI 1NN 380 04T 0400 3043

0.000  199.933 SLI01 -6.715 139.400  145.087 1,067 -T.440 M5.390 5.9 070 0320 5.0W

000 149450 -0.880 -0.470 149.502 150511 -2,97 -T.E38 150105 0.0 -LAS LS 9318

000 15013 -0.008 -LT0 1S540 1IN -ATIZ 039 OIS 1455 2008 2100 15.13

6.000  IST.720 -3.008 -LIIS ISTOS0  NOLATS -L707 -303 IALTY 33,000 -LMI7 4.081 -20.08)

0.000  IS6.008 <0880 - 3.013 158213 101001 -0.310  0.057 IDLOS3 35308 - -0.703  0.563 35.0m

50.000  MLI26 -13.0¢0 16.03 12008 199.73 -0.038 13452 200,301 57.535  S.185 - 12004  50.163

.00 19O095 30417 33.208 1I0TI0 00070 -8.011 0.010 200007 02311 1330 21803 45.900

U000 0L 30751 S0.22¢ 11S.538 11070 -12.200 S8.971 410076 112.)ST 18800 31.219 119.701

S6.000  80.000 -52.830 70311 V14,000 A1ST07 ~0.3T1 OLI3 1L 1A 3BT SESN0 15640

$0.000 19907 64001 90.250 MIS.000 - 204,005 -31.715 130000 240767 170689 20531 88.06 19300
€0.000 1705 0.0 13050 10T.0T8 00558 -35.007 160080 270.095 - 230361 ° 2.811 120.380 .300.501

82,000 70807 -101.210 145357 163,355 203,000 <30.570 200.055 203.000 252,803 25.360 150804 200.004

90,000 -85.916 -107.303 145.930 200303 199.010 -34.304 230.403 312.451 20300 10.440 103.855 310.304

00.000  -0T.050 -100.508 138.408 194753 196307 ~-3L.040 54173 5.7 237420 13507 207.586 315.63

80000 -01.108 ~110.030 1IS.823 179.570 193532 -39.098 291,053 317488 220,028 9.256 330003 318.to1

20.000 100 -112.242 90.407 161600 109212 -43.170 204497 320.001  200.518  8.748 252901 322.881

72,000 -00.100 -113.520 08.203 40919 193360 -48.072 200,208 320,200 181400 . 4010 313.M0 J28.lS

1.000  -87.008 -HATI0 5146 100765 177,090 -50.470 171950 320435 167600 1981 295,844 340.002
18000  -TLI30 -116.058 20.M0 130197 168,505 -5S.141 278,100 MIT.I05 158313 . -3.407 320.362 3%0.408

000 . 8500 -MOANY -2.609 M3 IS0.T6T -8LT31 8125 NS00 MS.AIS 800 343145 372,15

0,00 90414 ~1IS. 111 -20.831 10,963 -6.050 207003 313580 126,450 -10.010 300.008 382.017



DATR:
20§ ORSCRIPTION:

TYBICLE OTCELERATION:
CRASH TICTIN:

2 SIPY 1588
uele 1:

MSIC SLID YIST STMLATION

%0 B5LT RARNESS VITH NVPERELLI?SOID FOR DASH BOARD
SLI0 §CCILERATION - 200 PIK
9578 PERCENTILY MALX

roIsT { 0.00, 0.00, 0.00) 0B

“SEOMENT N0, 3 -
e I YN EEFEASECE
(51C)  SERE SR 2
0.000 1,310 0.000 -20.038
2,000 - .31 0,000 -20.938
1.000 11,318 0.000 -20.038
0,000 ~ 11,320  0.000 -20.930
5.000 11,330 0.000 -20.900
10.000 1.345  0.000 -20.948
12,000 . 11.398 0,000 -28.043
14000  11.400  0.000 -26.045
16.000 1,442 0,000 -28.940
10.000 10.406  -0.000 ~328.95)
20.000 11,500 - -0.001 -20.0%8
23.000 11,840 -0.001 -20,085
24,000 1,78 -0.001 -20.971
26.000 10,005 -0.002 -28.082
20.000 1,906  -0.000 -26.994
30.000 12152 -0.003 -27,007
32.000 12,350 -0.001 -27.0%)
3.000 12,526 -0.001 -27.036
38.008 12.750 -0.001 -27.050
3.000 12995 -0.003 -27.088
£0.000 13.200  -0.005 -27.070
12,000 13,850 -0.007 -27.002
11,000 13,057 -0.007 -27.108
18.000 1am -0t 27,410
18.000 10400 - -0.019 -27.107
50,000 14,784 -0.037 -27.087
52.000 15,008 -0.075 -27.030
54,000 15,360 -0.138 -20.953
523,000 15420 <0330 -20.8%1
50,000 15530 -0.M0 -28.64%
0,000 15,403 --0.507 -28.412
£1.000 15,301 < -0,800 -20.130
04.000 15,10 -0.009 <25.837
0,000 15,087 -1.1%8 -15,95¢
69.000 14,008 -1.347 -25.302
70,000 14.803 ¢ -1.589 -75.008
72.000 1552 -1.798 -24.0M
7.000 1087 -2.024 30004
76.000 1215 -2.355 -34.7%0
70.000 018 -2.487 -N.T42
00.000 09 -2T0 30788

m .

n.217
0.1
20.219
20.228
29.125
9.2
70.20
0.357
0.1
20.302
20.34
9.3
0.410
04N
20.9%
29.61%
0.701
20.198
20.903
30.823
30.152
30.992
.44
30.500

* 30.73%

30.458
36004
30.016
30.940

30.04

30.624
30.319
20.097
20.861
29.300
20418
0.0
0.1
30,008
70,5905
0.554

POISY MML. LITTAR DISPLACEMENY { ID.) .

poir { 0.00, 0.00, 0.001 OF
. SIGENT K. :
-IN ¥ER  REFERINCE

1.718

.15

.M
1.70
1.7191

7.000 -

1.0

1.000
1801 -

7.084
8.021
8.102

R}

630
L
4.901

1

0.000
0.000
0.000
0.000
9,000
0.000
0.000
0.000
0.000

- 0,000

00”0
0.000
0.000
0.001
-0.002
~4.003
-0.003
-4.004

-0.000

"-0.812

-0.018
0.4l
-0.017
-0.03%
~0.048

-=0.002

-0.003

3.1

-0.149
-0.107
=0.2%)
-0.310

++0.3900

-0.408

- =0.59

-0.039
«0.737

-0.941

-4.9%

-1.000

z

-41.03)
-11.63
41034
4100
~41.038
-41.038
~41.80
“41.040
“41.84
“{1.040
-41.0%)
-41.85¢
-41.000
-41,078
“45.087
-41.009
“11.043
-41.90
«11.003
“41.950
-11.973
-41.008
~12.002
-42.012
-12.014
-41.001
-11.950
-41.973
-41.110
-41.%07
-41.314
-40.032
-40.382
-39.087
-38.371
-30.045
=331
.M
~31.22%
-38.087
-3.000

200 - a

- 42.552

12.550
11,550
12,550

42.55¢
12.5%
42,50
12.51
2.58%
42,507
12804
12,030

4100t

11.00)
41,730
1u.m
2.m
1.4
12,90
3.6
43.008
03100
.10

9.5

43.452
13.50

43.000 °

13.04)

43,024

43.543

43,304

43000

12.m
42,50
12,180
41.08)
$).500
145
0.7
10.411
10.019

nat: 13.01

na 28

YOIBT € 0.00, .00, 0.00) OF

-9.022

-6.020 ..

-0.022
0,00
-0.023

-0.012.

-0.022
-0.021
=0.020
-0.07
-0.01%
-0.001

-0.005

0,003
0.0¢
0.027
0.004
0.000
0.102
.17
0.208
0.278

Lm

0.400
0.850
0.38¢
LIy
1497
1030
.40

2.008 .

.50
4.100
.03
5.107
5.518
5.007
8.119
8.408
8.517
a.804

SEGERY K.
" v mrnect

T "

0.000
0.000
0.009
0.000
0.000
0.000
0.000
0,000

- 0.001

0.001
0.001
0.002
0.000
0.008
0.018
0,024
9.033
0.042
0.058
0.008
0112
0.1
0.101
0.248
0.307
0.380
0.470
.50}
0.815
0.714
0.75t

- 0.097
~0.505

0.4y
0.28%

- 0431

-0.150
.

- -3.281

-0.30
-0.401

-15.310
-15.310
-15.310
-15.310
-15.319
~18.310
-i8.310
15,310
-18.310
-15.319
~15.310
-15.310
-15.310
-15.310
-15.310
~15.310
-15.310
-15.310
~15.300
-15.300
~15.300
~15.303
~15.208
-15.300
~15.973
-18.347
~15.301
-15,128
-15.0t0
~14.836
-14.000
-3
-13.978
~13.510
~1). 11
~12.060
~12.14
-11.80¢
-11.038
-10.45)
-2.05)

5+ 8

RES

15.300

. 15.310

18.310
15.310
15.310
15.310°
15.310

15.310

15.310
15.310 -
15.310
15.310

15310

15,310
15.310
15.310
15.310
19.310
15.309
15.300
15.308
15.300
16.303
15.200
15.300
15.270
15.252
15.112
15.148
15.054
14,020
14913
.50
14.3%4
14101
13.80%
13.400
13.147
12.181
13.35%
15,015




0¥ DESCHIPTION:

" YERECLE OXICTLIRATION:
CRAST YICTIN:

ms
(8¢}

0.600

3.000

1.000

8.000

8.000
10.000
12,000
.00
10.000
18.000
10.000
11,000
34,000
28.000
18.000
30.000
32.000
34.000
38.000
38.000
40.000
12.000
14,000
18,000
18.000
50,000
52,000
54.000
58.000
§8.000
00.000
62.000
04.000
48,000
$0.000
70.000
71.000
4.000
70.000
78.000
80.000

" =70.850

T

1 5XrT 1008
TLAeLE 1: 0151C SLID TEST SINLATION

1% MILY BARNGSS WITH EYPRRGLLIPSOED FOR DISE BOALD

SioEr 10. 3 -

I 1

0.000

.00

0.008
-8.00¢
-0.039
-0.080
<0.118
-0.003
-0.087

0.000

0.037
-9.010
-0.600
-0.0
+1.802
<3410
-5.510
-5, 708
+10.338
11100
-12.000
-30.490
<32.187
-20.042
-20.702
-48.385
10499
2.015
15.709

0137
-0.043
0.010
0.207
0.0
1188
1.811
1043
3,480
2.509
2.0m
3.807
7191
7450
0.037
7.0
10.508
.36
20.115
28.091
21,060
28359
£6.108
nsm
-4.036
.01
PRIE
51,818
12,178
12818
213,357 -102.098
1,618 13,362
1488 -31.000
AL -03.981
37008 1,350
-30.031 -05.178
-58.153 ~115.779
~13.956 -138.701
~108.913 +15.714
-133.289 152,708
<132.608 ~117.360

4

0.000
0.003
0.015
0.019
6132
[ X1
0.438
0.457
0.0
0.084
0.940
1.4
1,790
1.9%0
5.538
$.002
12N
10.997
12.670
17104
10.092
H R
19.090
850
10.517
1043
.48
160.908
184004
-13.085
370,61
37.200
-03.28%
-11.182
=713
=30.917
-40.970
-33.6M
-12.20
AL
3.0

STGAYT 130ULAR ACCILTRATION (MAV/SIC.m02)

n
1 0 AFIEKT

us

[ R
0.0¢3
0.043
0.152
0.678
1,223
1.480
1.997
2.512
2.61
3.1%0
.0
12.171
13,383
8.818
9.027
1230
18.917
B0
91.848
.10
[LA]A)
01.%8%
81.I4
45.731
1017
00.608
118.201
187.130
27.033
1.8
93,430
0.7
155.04%
81.222
04.920
135.089
152.200
108.00)
202.781
111457

SLED ACCRLILTION - 300 MEAK
9570 PERCINTIL MALS

us

0.108
0,082
0,067
o.1m
8,380
4.530
0.4
0.70¢
1.482
1.
.
3,408
10,668
1201
1.1
8.1
30.008
20597
10.027
00.400
0.0
75.323
1H5.30
155.301
152,038
333,190
333,590
155,100
(IIR
5.7
302.308
3034870
160.876
133,908
101,450
193423
108.437
m.a
163,308
1H9.149
5.1

soesr 0. $- 0
1% 1 AMRHKT
X 1 1
0.000 -0.285  0.000
<0.001 -0.052  0.000
-0.000 -0.087 0,000
0.021 -0.177 -0.001
0.107  -0,305 -0.002
0,321 -0.482 . 0.002
007 -0.280 0,010
0283  -0.73¢  0.020
0.300  -1.430  0.60
o441 -L810 0.080
0.103 -2.118 Q.00
0.t -J.000  o.000
7.3 <7307 0103
10,010 -0 0X
0.9 -7.920  0.450
SLAN -0.88 0.5
0401 +20.702 0.0
s.008 -k.8  L07
15.101 -30.081  1.455
30.178 -51.030  1.903
22,060 -51.7122 14N
20027 70035 2.908
50,733 -136.100  3.903
44,955 <1083 5,035
20155 -140.908 7.4
139,703 -303.200 11,208
$9.970 -320.6879 15,401
120,385 ~038, 400 3).048
113102 -420.843 20309
205.478 -417,000 38749
50047 -300.230  30.40%
20,082 300,005 42,903
-20.160 163404 40,008
35,255 -125.000 31,342
02,975 -170.967  36.180
90888 ~160.%21 37.777
25,408 -76.047  30.363
71.700 -104.065  35.913
05.477 <1337y 35,007
10960 -120.33¢ 37,087
51234 -55.080 10,103

201

om0

NOE: 24.00
siERrt 0. S5-I
18 VI8 RMIFEREKCE
1 ! 4 13
0.000 -0.18%  0.000 0,105
-6.000 -0.052  0.000 0,853
-0.008 -0.067 0.002 0,087
0.020  -0.177 -0.005 0.1%0
0.004  -0.385 -0.027  0.380
0.5 -0.482 -0.0%0 0.5%0
0,326 -0.260 -0.002 0.4
0.2 -0.730 -0.030  0.784
0.303 ~1.430 -0.039  1.482
0.151 -1.810 0.026 1.817
0.110 213 0050 .10
0.201 -3.000 0.040 3.108
1508 ~1.307 -l1.020 10.088
.02 -1 2022 2.0l
0.004 -7.92¢ 0200 7.0
LS <08 LT LW
043¢ -20.703  -LN3 .88
0.000 20017 -Lods 29.507
15.018 -30.013 -1 (0.9
20.008 -61.020  -5.011  80.808
10.098 -ST.MIT  -3.070 0100
2050 -T1.037 -39 5.1
$0.313 -138.170  -0.338 1SN
14,050 140,089 5,781 158.301
20,870 -150.030  -0.43) 152.035
130,708 -303.255 -10.0 .10
07.017 -320.090  -0.573 332.5900
120241 -438.852 -12.223 (55,190
113,270 -420.703  -4.350 440,404
204,444 -420.884  3.t08 (75T
-50,394 -386.003  -0.237 3§2.300
-23.448 -302.770  L.119 303.0%9
-28.390 -167.372  10.005 100.076
24,588 -130.0014 20437 135.000
67,705 ~180.050 30.084 201.45¢
68.935 ~170.330  47.509 10347
30.091 -03.035 54,000 108.437
30,042 -1 S2.210 1314
46,023 145,520 57,501 163.308
30,378 -100.482 50029 R840
-0.345 -70.727 0.5 502



h

DATE: 7 SEPT 1942 na 30
JUN DESCHIPTION:  EXMMPLY 1:  BASIC SLED TEST SINOLATION
190 SILY RARNSS Wit3 STPZRELLI?SOID FOR DASE BOALD MT: 25.01
TIRICLE DICTLERA?ION:  SLID ACCILEDATION - 200 PLIX :
CRASE YICYIN:  957H PRRCEFTILE MALX

SIRENT ML, LKULAR TELOCITT (MEY/SEC.)

sSiqEm 80, 3 - W StouERY 0, 5 - 1 SIOEIT 10, 5 - §
na 1§ yig WFEMXI 1F i MUK 1 1 RFEBKI
(6EC) I 1 2 s 1 1 1 s 1 T - l RIS

0,800 0.000 0,000 0.000 0.000 9,000  0.000 0.000 0.000 0.000  0.000 0.000 0,000

1,000 0.000 0,000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0,000 0.000 0,000

4.000 0.000 0000 0,000 0,000 0.000  0.000 0.000 9.000 0.000  0.000  0.000 0,000

8.000 §.000 0,000 0.000  0.000 0.000 -0.001 0.000 0.00 0.000 -0.001  0.000 0.081

0.900 0.000 0,001  0.000 0,001 0000 -0.001 0,000 0.001 9.000 -0.001  0.000  0.00]
10.000 4,000 0003 0,001 0,003 2.001  -p.007  0.000 0,002 $.001 -0.001 0.000 0.002
12,000 0.000 0.008 0.001 0.008 0.001 -0.003 0.000  ¢.003 0.00t  -0.003  0.000  0.003
14,000 0,000 0,000 0.003 0.010 0.002 -0.004 0.000 0.00% 0.002 -0.004  9.000 | 0.004
18,900 0.000 0004 0.004 0.00¢ 0.002 -0.000 0,000 0.008 0.002 -0.008 0.000 0.008
10,000 0.000 0010 0.005 0.018 0.003 -0.000 0.000 0,000 0.003 ~-0.000 0.000 0.000
20.000 0.000 0.024 0,008 0023 0,004 -0.013 0.000 0.013 0.0040  -0.013  0.000 0.013
11,40 0.00t  0.831 0,000 0.033 0.008 -0.018 -0.001 0.010 0.005 -0.018  0.001  0.019
24.000 <0013 0000 00n 0050 0.016  -0,031 0,003 0.03% 0.017 -0.031  0.001  9.008
28.000 -0.028  0.058 - 0,033 0.072 0.033  -0.048 -0.007  0.057 .03 0.8 g0l 0.087
10,000 -0.038  0.0m2  0.048  0.00) 9.010  -0,002 -0.000 0.077 0.007 -0.002 0.002 0.077
30.000 <0036 0.085 0055 0.108 0.04¢ 0,070 -0.007  0.080 0.004 -0.078 0,003  0.089
31.000 -0.037 0112 078 01N 0.045  ~0.114 -0.008 0.12) 0.008 <0114 0004 0.123

3,000 <0019 0148 0,102 0,108 0.0 -0.17¢  -3.010  0.107 0.087 -0.17¢  0.008  0.187 .

38.000 <0918 0130 0.132  0.338 0.105 -0.338 -0.018 0.2% 0.108 -0.238 0.000 0.358
38,000 eI 0.3 an o3 0.158  -0.331 -0.023. 037 0.150 -0.331 0010 0387
10.000 -0 0.277 0.1 03T 0.200 -0.436 -0.031 0.48l 0,202 <0830 0.017  0.48)
§2.000 <0171 0,318 0.700  0.4%2 0,339  -0.505 -0.038 0.8l N0 -0.585 0022 0.0
£4.000 <0308 o.400  0.3M8  0.571 0,208 -0.780 -0.041  0.010 ¢.087  -0.706  0.020  0.818
§6.000 0.3 0% 0.8 0720 0.385  -1.0%8 -0.050 1.12% .08 -1.058  0.038 .13
18.000 -0.12%  0.530  0.587 0.0 0.447  -L.355  -0.000 1.428 0449 -1.358  0.051  1.428
50.000 0.1 6,809 0811 1.0m 0.851 -1.93 -0.0027 2,002 0.655 -1.938 0080 2.042
52.000 <0001 0.7 0003 1.Me 0.850 -2.5% -0.118  21.508 0.85¢ -2.558  0.008  2.008
51,000 -0.050 0,902 1.3 1.3 101l -4 -0t 35N 1078 3411 0031 AN
8,000 0.073 1021 1,708 1.080 1,200 <4200 -0.101 A49Y 1,300 4,207 0,103 {493
54,000 005 0085 1758 1eM 1381 -S40 -h300 5.0 1588 5.4t 0N 5.0
40.000 0.000 030 2,188 LIN 1.5 8.7 0178 032 1991 ~8.109 0313 0.32)
62,000 0.809 0,383 2. 1. 1,553 -8.804 0,188 1.040 1,503 -8.852  0.008 7,040
84.%00 0.8 0342 2217 2.450 181 -1.208 -0t 7443 LS -na 0 TS
63,600 0080  0.340 2,030 1.1M 1,477 - <1552 <0134 1,008 LS8 (1530 0570 7,008
§8.000 .80 o.M7T 1285 2008 1,583 -7.080 -0.0712 0.0 1.626  -~7.811  0.842 0014
70.000 0.423 0080 LAT 109D 1,700 -8 0.2 a4l 1,007 -p.18¢ 0.8 &2

72.000 0788 -0.148 1772 1038 103 -850 618 e 1,015 -8.4%8  0.194  8.T17 .
7¢.000 0.801 04l LW 1008 L1 AT 0222 A.81 1.005 -0.586 0.888  8.881
78.000 0.808 -0.733  LTT 1983 1.971  -s.080 0328 9.180 2,956 -0.040  0.039  0.180
8,000 0401 -Li08 1783 LN 2,05 -0.258 0.5 9.8 1418 -0.130 1013 9.402

80,000 0353 L4 LB 2347 2,080 -0.440  0.553 9.802 2,357 -0.285  1.0%¢  9.602

202 ' .



DaTE:
108 PISCRIPTION:

VERICLE DECELERATION:
CRAST VICTIN:

1 5177 1988

LIAPLE 12

3491C SLID TEST STMULATION

1% SELY RIRVESS WITH NYPERELLIPSOID FOR DASE BOALD
SLED SCCTLEBATION - 200 PEAX
9518 PRRCENTILE MALD

SIQEN? L. ANTLAR DISPLICOMNT (010)

s K. 3- 0

me 1N Vil ASFIREXCT
(s5C) Tty N U
0.000 0.000 13.280 0,000
2.000 0.000 13.300  0.000
4.000 0.000 13.200 0,000
0.000 0.000 13.280 0,000
1000 0.000 13.260  0.000
10.000 0.001 13381 0.%00
12.000 0.001 13.284  0.000
14.000 0.003 13.200  .000
- 10,000 0.008 13.200  0.000
10.000 0.008 13.310  0.000
20.000 0.012 13,335  0.000
21,000 0.018 13.M45  0.001
.00 0.017 13.317 -0.000
20.000 0.0¢3  13.400 -0.017
26.000 0.087 13.4%0 -0.042
30,000 0.007 13513 -0.08¢
32.000 0.13 13502 -0.008
H.000 0.103 13,075, -0.127
39.000 0.10% 13.101 -0.178
30.600 0.39 13030 -0.203
10.000 0.470 34,123 -0.030
12,000 0.017 1631 -0.440
14.000 0.797 16,801 -0.502
19.000 1.052 14,035 -0.730
10.000 1983 15318 -0.808
50.000 LO3T 15T -1.08)
32.000 1445 10383 -).21Y
34.000 3200 10883 1AM
50.000 1316 1158 -1.128
58.000 5730 10.282  -l.078
80,000 7.008 10725 -0.708
62.000 9.010 10004 -0.1M
04.000 10,007 10035 0.%08
00.000 12,64 19.087  1.309
00.000 10,320 10.070 .10
70.000 15.400 10088 2.2
72.000 17.540 10800 3344
.00 107153 18447 3,808
16.000 200001 17.908 LIN7
74,000 2.3 IL.He 4201
00,000 12.900  18.188 {207

13.1260
13.280
13.28¢
13.200
13.380
13.101
1.1
13.180
13.198
1310
13.325
13.3¢3
13.31
1.408
13.458
13.513
13.583
13.011
13,703
13.948
16,138
14.364
14.038
1H.007
15414
18.912
18.51%
17.47
16107
19.132
20.112

20907

e.808
23.300
23.402
.
25.300
36.000
28,879
17.17
17014

e

" 0.000

0.000
0.0
4.800
8,000
0.000
0.000
0000
0,000
0.000
0.200
0.001
0301
4402
0.603
0.608
0.000
(X1}
L
0.923
0.032
6043
0,053

0,082
0.093
0.008
0.077
0.0%4
-0.080
-0.103
-0.548
-0.917
-1.407
-1.01%
-3.000
-3.078
<5.305
-1.202
-10.213
<141

203

siampr R0, S5-I
11 VI JIrnrce
nrer ik
13,480 0.600
13,460 0.000
13.460  0.008
1459 0,000
13.450-  0.000
15,450  0.000
13,458 0.008
13,450 0.002
145  0.003
13,445 0,008
13,7 0.000
13.420  0.011
13,400 0.010
13,31 0%
1.3 0087
13,203 0100
13231 0.1%
15,13 LI
1.0 0.
12175 &30
12,500 0.408
140 0.8
1.0712 0.0}
1067 108t
10.14¢ 1,387
0.975 1738
.38 4.3
.41 .
.43 Q.88
-0.050 (.87
-5.081  0.003
473 1.0
14011 0,405
0.0 .80
-15.801 10,004
31,303 12810
=343 ILST
“43.404  10.970
~40.550 19.070
35,025 23.004
-82,000 29.040

13.480
13.480
13.460
13.459
13.45¢
13.450
13.458
13484
13.45¢
13443
13,431
13.428
1N.400
13.001
13.343
13.203
13.228
13,134
12.980
12,19
12.801
12130
11.700

- 11087

10.340
9.144
1.1
on
4.5%0

4,980

7.858
13.070
18.90
2223
7.758
33.50
W.12
46.004
52.473
50.170
00.023

nuy

0.000
0.000
0,000
0.000
0.000
-3.000
-0.001
-0.003
«0.005
-4,000
-0.011
-0.018
-0.028
-0.040
3,002
-0.009
-0.138
-4
-0.345
-0.302
-0.443
0.5
-0.757
-1.018
-1.367
-1.000
-1.54¢
~3.49
-1.4%0
-8.520
0,487
10,798
-13.310
15,915
«10.820
<20.608
-25.350
-30.054
-30.54
-40.42%
-03.837

PAGE: 10.01
sioar ¥, S- &
tr Ot MSFINNICE
nrer
0.180  .000
0.100 0,000
g.180  0.000
0100 0.000

0119 0.000
0116 Q.000
0.171  0.001
0188 0.00
0152 0.00%
0.138  0.007
o.nl 0.010
0.001  0.0H
0.037 0027
-0.027 0.0
4.0y LI
-0,320 0001
43850 0957
-0.%%0  0.M3
~0.013 o.M
1,102 0.8%7
<1.820  0.910
-3.000 1,220
<1920 1.50Y
<3008 2,088
-5, M1 2030
0.7 3301
0.1 1w
-11.511 5.0
~14.050  8.408
-19.021  7.928
-0.413 8510
-20.207  10.003
-33.520 12,997
=30.040 13770
40470 15.52)
50,183 17.007
-55.041  20.843
81,504 25.100
68,909 31,360
-76.060  11.030
-15.001  50.473

na 3

s

0.100
0180
0.1%
0.180
0170
0.170
0172
8104
0.15
0.130
L
0.05¢
0.0%8
0.07¢
0070
0.%8
0.45%
0.073
0.970
[ 1]
1.907
n
3.308
.51
5.902
1.603
10.01
§2.904
16.740
.18

-20.000

MR
30.700
12,399
40,056
§3.%00
60.003
00,000
71.960
n.m
03815



RUX DISCRIFTION:

YIEICLE DICELERATION:

batt:

3 SIrt 1989
et 1:

BASIC SLID TEST SIMGLATION

190 PILY KARNISS ¥i?5 SYPERELLIPSOID FOR DASA BQARD

0TAL 102Q0T ( 1N, LE.) STTL

SLED ACCILERATION - 200 PRIK

Josm 1o.
JOINT A¥GLES (DR

S, IMY TLINME AzINUYE

0.000
0.1
0.180
e.21
0.2
0.118
0.188
040
0.00¢
0.077
1.3
1.7120
3.508
$,1%0
8.000
8.012
0,057
[{ R 1M
18,702
20,352
3.382
3L
$2.052
7138
80,380
125,308
150,407
193,002
220,929
8.0
FM ALY
230489
23247

- 34.8M

192,81
559.233
W0
480.652
$40.027
581.920
500.493

CRASE TICTIN:  OSTH PRRCINTILE MILT
. JOITT PRAALATEIS
. 3- N
THE STt JOINT JEGLIS (D20
(SEC) ST FLITURE AZIMUTH Q0RSION  SPAING VISCOUS
0.000 0. 10.140 0,000 0.000 0,000 0.000
1.000 0. 20,180 000 0.000 0.000 0.118
000 0. 10100 0.000 0.000 -0.000 0.190
8.000 0. 10,189 0,000 0.000 0.000 0.U1
$.000 0. 1080 -0.081  0.000 0000 0N
10.000 6. 10,197 -0.005 0.%00 0.000 o.18
12.000 0. 19.187 -0.013 -0.001 s.000 0,108
16.000 0. 10.193  -0.028 -0.002 0,600 0.01
16.000 0, 10,102 -0.042 0,003 0.000  ¢.800
10.600 - 6. 10.188 -0.081 -0.004 0.0600  0.977
20.000 0. 10144 -0.0M1 -0.008 0.000  L20
22,000 ¢, 10.115 -0.10¢ -0.000 0.000 1,738
21,000 ¢, 10,008 -0.212 -9.003 0.000 3.5
6.000 0. 9.997 -0.5%0 -0.010 0000 5.2%0,
20,000 0. 9.907 -0.0M4 -0.020 0,000  8.000
30.000 0. 9.805 -1.337 -0.039  0.000 0.002
.00 0, 961 -1.502 -0.0% 0,000  0.457
3,000 0. 0,440 -2.120 -0.084 0.000 M8
Je.000 o, 9.152 -3.003 -0.113 0.000 18702
W00 0. BT 4578 -0 0.000 26,392
40,000 0. 0.200 -0.891 -0.100 0.000 31382
42,000 0. 1000 -9.300 -0.20 0.000 37.9%7
000 o 8972 -12.470 -0.017 0.000 52.092
16.000 9. 5.968 -10.505 -0.430 0.000 11335
0,000 0. 4080 -30.050 -0.50) 0,000 80,380
50.000 0.  3.022 -$4.517 -0.004 0.000 128,308
52,000 0. d.000 -95.047 -1.008 0.000 150,407
54,000 0. 8.1 -127.003 -1.902 0.008 190402
56.000 0. 9.008 -143.003 -2.084 0.000 220.5%
$0.000 0. 13.878 -192.003 -3.M8 0.000 235.004
60.000 0, 18,319 -157.018 -3.402 0.000 123¢.042
02.000 0. 22700 -162.003  -4.505 0.000 138440
04,000 0. 20.800 -187.02)  -5.40¢ 18,038 21¢0.5%2
66.000 0. 30.550 -170.082 -3.297 154,488 17644
80.000 0. 32231 -172.270  -0.382  ){7.082 23,383
70.000 0, 35.027 -173.703 -T.208  S0.TM 6728
72.000 0, 35852 -174.070 -5 L8 0.0
74.000 0. 35.540 -175.610 -7.007 {86,082 .31.200
76,000 0. 35514 -170.881 -T.060 530760 20015
76.000 ¢, 35580 -177.384 -0.07%  550.450 19.31)
00,000 0. 35,784 -170.021 -0.198  §70.271 26,854

204

0. -

. .

B

.o &

B

.

B

B

. Py . h

10,000  €.000
0.000 0,000
500 0.000
0091 0.000
9.938  0.001
0.078  0.002
0.0 0.00%
0071 0.009
9.570  0.012
.08 - 0.0
9.900  0.012
8.901 0,000
0.970  0.048
.67 01M
o980 0.3l
9678 0.3
e 0089
10014 -0.105
10040  -0.098
10,095  -0.00%
10.140  0.007
10,97 -0.171
10,205 -0.573
10,848 -0.728
19,627 -1.080
10957 =123
1.4 -0.891
1.9 -0.784
12.433  -0.720
12563 -0.890
1500 -1.080
12,111 LI
1.008  -3.358
0.503  -L.1m8
8.430 -8.11¢
1.3¢1 -19.007

3440 -182.475
9.415 -172.104
15,304 -174.509%
21.358 -175.261
27.100 -178.27%

T0RS10X

0.000

9,000

0.000

0.000

0.000

0.000

0.000
-¢.00!
-0.002
-0.003
-0.004
-0.000
<0.009
-0.018
-0.0%4
=0.03¢
-0.045
-0.002
-0.088
-0.121
-0.183
-0.112
-0.200
-0.352
XL
-0.017
-0.039
-1.122
~1.407
-1
-2.448
-1.084
-3.457
-3.004
-4.2%0
-1.54
-{.760
-4.909
-{.90
-5,027
-5.048

HOK: 27.01

i g

MGT

1

0T4L TORQUN [ 1N 1B.)

SNl

0.000
0.000
0.000
0.000
0.000
0.000
9.000
0.000
0.000
0.080
9.000
0.008
0.000
¢.00¢
0,000
0.0¢0
0.%00
0.000
0.000
9.000
0.00¢
¢.000
0.000
0.000
0.000
0.000
¢.000
0.000
0.000
0.000
0.000
0.000
9,000
0.000
0.000
0,000
0.000
0.000
0.000
0.008
22,243

f1scous

0.000
0.110
0.184
0.203
0.303
e
0.107
0.1
0.009
e.0m
0.10¢
e
.1
0.981
0.450
1.3l

1.704.

.14
131
3.008
L3
1.0
1.087
1.3
10099
5.143
25.90¢
32.818
7.050
20.095
28.518
.18
7.8
115.708
175,201
14,357
303.115
300,392
200.700
295,978
176,003

RiS.

0.000
6.1l
0.1
¢.283
0.303
6.4
0,187
0.1
0.080
6.
0.104
0.1
0.717!
0.981
0.458
1.331
1.704
1.287
.1
3.008
3.4
{.202
1.087
1132
10.999
5183
25.934
32,818
17.058
16.008
28.818
{3.788

.48

115,798
115,201
144.387
303.22%
300,392
190,780
W5.975
300.02t




bint:
200 DESCAIPTLON:

VERICLE DECELERATION:

1507 1008 . . [ /11 S M
TIORLE 1: BASIC SLED TASY SIMLATION o , R
90 BELT MARNESS W1T2 NTPEAILLIPSOID £01 DASH BOARD : N 20.01
SLID CCELEMATION - 200 2AX . . '

CRESH YICTiNM:  OSTE MRCENVILE WALY
P JOINY FORCIS & TORQUES OF R I3 ¥ IFTMNI
e JOIT® FORCK { B, 10n1d) JOITT TORQUE ( IX.- LY. 10103}
{isKC) 1 1 H b ¢ H
4.000 0.000  8.000 -0.128 0.000D¢00  9,000D+00  9.000D100

3.000 0.000
1.000 4.001
8.000 4.002
1.600 8,002
10.000 8.001
11,000 =0.00t
14.000 0,403
14.000 6.8
10.000 -0.008
20,000 ~6.007
12.000 -8.010

34.000 -0.0%
28,000 -0.427

0.000 6.0
30.000 0.4
31,000 -0.007
36.000 ~0.000
38.000 -0.128
30,000 -0.107
10.000 -0.101
12,000 0,235

44,000 ~¢.440
{8.000 <0470
40,000 ~0.40
50,000 -0.98¢
52,000 +1.0%5
54.000 1408
56,000 <1.303
8,000 1418
40,000 =1.208
§1.000 <104
84,000 -0.858

08.000 -0.808
88,000 -0.087
10.000 0.950
72.000 -0.154

.000 0402
78,000 -0.939
8.000 0,484
§0.000 -0.478

0.000  -0.1%0 +0,1100-08  0.1100-02  0.2370-07
0.000 -0.138  -0.0300-07 .194D-02  0.705D-06

0000 0,42 0.273D-0¢  €.2000-02  0.5070-08

0.000 -0.048 0.1160-03  0.3030-02  0.2580-04
~0.001  +0.1%8 0.2300-03  0.2000-03  0.7250-0
0,001 <0171 0.305D-03  0.1030-02  0.1000-03
0,001 -.i81 0.303D-03  ¢.1019-02  0.204D-03
-0.001  -4.100 0.207D-03  0.4%82-03  0.4270-03

0.000 -0.202 0.1480-03  0,3200-03  0.601D-43

0.000  -0.210 0.5030-08  ©.0050-03  9.800D-03
<6001 -0.218 0.8700-04  8.574D-03  0.107D-03
«0.021 031 0.675D-02 -0.325D-602  4.1810-02
0.0 4070 0.0030-02 -0.3010-02  0.30%9-02
+0.003 0254 0.1080-02 -0.4440-0  D.484D-02

0.00¢  -0.283 -0.8150-01  0.3300-02  0.506D-02
-0.017 -804 -0.1050-01 -0,1000-00  0.776D-02
<0.020  -0.153 -0.180D-02 -0.1080-01  0.3080-01
-0.003 -0l 0.5600-02 -0.1430-01 d.1410-0%

-0.088 0.2 0.§210-01 -0,2870-01  0.1820-01

-0.085  -0.200 -0.435D0~07 -0.2420-01  0.2270-0)

0,087 -0.780 =0.2070-01 -0.2340-0)  0.1270-01

.05 0.2 +0.2000-00 -0.875D-81  0.3500-01

<0.133 4180 -0,808D-02 -0.0020-01  0.8000-01

001 041 -0.4000-01 -0,72050-01  9.653D-01 '
-¢.400 190 0.4750-01 -0.2290000  6.0270-01 .
-0.3%  3.85%0 0.3330-0 -0.2370+00  0.1220000

0.8 .02 0.4170-01 -0,2810¢00 0.101D100

<0.331 S5 0.2100-01 -0.1880400  Q.208D+00

-0.505 Sl 0.4100-01  0,1080-01  0.284D00

0.123 1.4 ~0.0700-01 01010100  0.3¢8D+00

0018 51 <0.8070-01  9.339De00  0.204D+00

0.418 353 <0.4000-01  0.0020000  8.241D+02 >
0058 1.0 -0.4000-08  0.154D00)  0.2020000
0.3 Lo *0.1230400  0.174D401  0.1710000
0.3 1200 +0.2590400  0.2420001  0.156D0¢0
.34 1L <0.3000000  0.300D+01  0.143D+00
QM LW 03440000 0.208D+01  0.907D-01
-0.383 L3 0. 40000, 0,208D00)  8.806D-01
-0.387  ).0% <0.3370000  0.204D000  0.453D-01
.32 3 -0.3520000  0.200D+01  0.4810-01

205



307 DEScRIPTION:

TRHICLY DECELEMATION:
CRASH TICTIN:

1
{I61C)

0.000

2.000

1,000

8.000

8.000
10.000
12.000
14.000
18.600
18.600
20.000
22,000
24.000
39,000
28.000
30.000
32.000
3.000
30.000
38.000
0.000

© 42,000

44.000
10.000
10.000
50.000
$2.000
$4.000
50,000
58.000
00.000
02,000
04,000
00.000
88.000
70.000
72,000
74.000
70.000
70.000
80,000

CEFTIR OF GRAVITT

1

18,103
18183
10.105
10,100
10,197
10.210
10.1%
10,257

10304

18.342
18.402
10.470
10.504
10.000
10,192
18.933
19.008
1.1
10.48]
19.104
19.94
20.212
20.40
0.1
.0m
21,380
.01
31.804
1.1
11,200
12.408
22.403
%487
22,400
12.418
22.440
22.400
12,358
21208
.10
22.185

DATE: 1 5EPT 1968

TINCLE ); BASIC SLED TEST SIMOLiTION

TV BELY RARNISS WIYE SYPIRILLEPSOID JOR DASE BOARD
SLID JCCELERATION - 200 PLIX

0574 IECENTILY MALR

30T PROPISTILS - RAVERAECE STOMENY 3O. 18 (2R )
IKLIDID STOENT JOS: 2 2 3 4 5 8 2 ¢ N B2 314D

LIVEAR WOMERTOM
(11.) ( L8.-51C.)
1 z b T H I

0.000 -10.231 0.0000000 0.000D+00 0.000D+00 0.000D+09
0.000 -20.231 -0.2520-01 0.2870-00 0.733D-04 -0.060D-04
0.60¢ -20.231 -0.1210¢00 -0.220D-04 -0.085D-03 -0.0410-03

0.000 -20.231 -9.200D+00 -0.4420-03 -9.3260-41 -0.121D-01

0.000 -20.231 -0.5430¢00 -0.2010-02
0.000 -20,232 -0.841D¢00 -0.4970-02

-0.8420-01 -0.8540~01
+0.1670100 -0,130D100

0.000 -20.733 -0.118D000 -0.9910-02 -0.2830+Q0 -0.215D100
0.000 -20.234 -0.155D40) -0.1500-01 -0.4350+00 -0.4100+00
0.000 -20.238 -0,195D+0) -0.1070-0) -0.0220100 -0.548D+00
¢.000 -20.239 -0.2300¢401 -0.243D-01 -0.8440¢00 -0.071D+00
0.000 10,242 -0.247D901 -0.288D-01 +0.110D10k -0.7800+00
0.600 -20,247 -0.3400101 -0.350D-01 -0. 140040} -0.082D+00
<0.001 -20.2%3 -0.4010101 -0.350D-01 -9.1030401 ~0.1040401
<0.001 -20.160 -9.483D+01 -0.3050-01 -0.227Dt01 ~0.2520001
=0.604 ~20.270 -0.520D+01 -0.2040-02 -0,1700101 -0.226D401
<0.001 -20.280 -0.5000+01 0.9730-01 -6.3110001 0.403De00
0.000 -20.202 -0,8010+01 0.1320400 -4,3410001 0.108D00L
0.000 -10,308 -0,0200001 0.583D-01 -0,38¢D+0) -0.2400+00

0.000 -20.320 -0.9080+01 0.285D-01
0.001 -20,330 -0.1220+02 0.8030-01
0.001 -20.354 -0.1400¢02 0.324D+00
£.003 -20.37) -0.1800002 0.7870100
0.007 -20.303 <0.2200001 4.103D001
0.010 <20.412 -0.272D+02 0.8750400
0.014 -20.428 -0.3340002 0.103D+01
0.013 <20.431 -0.4310102 -0.4770100
0.010 -20,418 -0.5450402 -0,210D301
~0.008 -20.377 -0.885D+01 -0.545D101
<0.030 -20,3090 -0.8340+02 -0.8520101
=0.080 -20.310 -0.0010102 -0,135D402
~0.130 -20.000 -0.1250003 -0,1020¢02

<0.4100¢81 -0.135D+01
-0.4540401 -0.1040101
<0.4940401 0.2720v01
-0.5410001 0.]080102
-0.5370401 0.138D+02
=0.402D001 0.280000)
<0.313pe01 -3.118D¢01
0.1200401 -0.9500+02
9.08709D1 -0, 1220403
01450102 -0.3110003
4.2100+0% -0,2050¢63
©0.270D002 ~4.4110003
03750402 -0.524D103

-0.202 -19.952 -0.140D¢03 -0,2210402 0.3520+0% -0.0080+03

-0.307 -19.810 -0.150D+03 -0,2370103
<0.370 -10.083 -0.1580+03 -0.241D+02
=0.435 ~10,584 -0.108D+03 -0.2300+02
-0.552 ~10,523 -0.171D103 -0.2350402

0,3700102 -0.047010)
0.3110+02 -0,850D403
0.2200+02 -0.058D+03
9.1140102 -0.6510¢03

0,680 -19,405 -0.1750003 -0,2370:02 9.416D+0] -0.048D003
=0.720 19,490 -0.180D+03 -0.2380402, -0,1300¢01 -0,040D+03
~0.810 -10.505 -0.183D+03 -0,2400102 -0.835D001 -0.048D10)
-0.005 -19.837 -0.1850003 -0.243D102 -8,114D442 -0.0550103
~0.995 -19.558 -0.1000+03 -0.244D+02 -0,181D+02 -0.8590103

206

AXULAR NOMEFTON
¢ 1n.- 18.-5KC.)

1 t

0.0000000 0.0000100
€.1070-61  0.304D-03
0.9930:00 0.158D-02
€HI%01 0.1540-02

.0.7300+01 -0.4720-02

0.1270+02 -0.181D-08
4. 1040402 -0.4440-01
0.274D102 -0,7400-0)
4,3880102 +0.9050-01
0.4600002 -0.1310100
0.5040103 -0.134D+00
0.7130¢02 -0.1570190
0.8800402 0,204D100
0.105000  0.607D¢00
0.£220103 0.1410s01
4.1300103  0.200D+01
0.1000103  0.401D+01
0.1080+03 0.4550101
0.2200003 0.0308D401
0.2170+0) 0.1010+07
0.3330403 0.1710102
0.400099Y  0,1780402
0.4030103  0.377D402
0.5830103  0.4210202
0.8090003 0.510D+02
4.080D003  0.4000102
0.104Dt01  4.1080103
01260104 -0.92710001
0. 1610004 ~0.3480102
4.3790004 ~0.7970102
0.227D+04 -0.120D+03
0.2500004 -0, 1400403
4.2040104 -0.148040)
0.300D404 -0.145D003
0.3200¢04 -0.1440403
0.3480404 -0.141D40)
$.360D104 -0.142010)
0.300D104 -0, 1470103
0.377000¢ -0.158D+0
0.3030104 -0.106D+03
03800104 -0.1700103

MOE: 29.01

¢t} S

SLNRYIC LISROT
(.- I

L AJULLR

0.0000+00 0.0000+00
0.3020-01 0.405D-02
0.5050000 0.J44D-01
0.242D00%  0.137D400
0.7540401  9.3010000
0.104D+02  0.2420400
03040402 0. 1550001
0.7170102  0.2470401
0.123000  0.3850¢01
0.2000003  0.515D001
0.3070103  0.608D:01
0.431D+03 0.0230:01
0.0410¢03 0.1100+02
0.2000403 0.140D102
0.8200404 0.2790402
01580104 0.2100402
0.204D00¢ 0.204D002
0.250D404  0.343D402
0.3150104  0.4830102
0.370000¢ 0.7710002
0.440D004  0.1040003
0.5200004 0.134D+03
08700104 0.100000)
0.611Dt04  0.1020+03
0.023D40¢  0,200D+03
0.5800104 0.251D+03
0.530D404  0.383D103
04910004 0.6730003
0.4710004  0.1040004
0.470D%04  0.120D004
0.501D¢04  0.201D004
0.8550104 0,2200004
0.0730104  0.2230004
0.640D04  0.2080¢04
0.570D+04  0,130D004
0,524D004  0.177D¢04
0.484D004 0. 184D004
0.4530104  0.1500+04
0. 4430004 0.T43D004
0.4580104  0.146D004
0.477D¢04  0.1550v0¢

ot

0.0000+00
0.0010-01
0.6300¢80
0.258D+01
0,793040}
0.1920402
0.309D+02
0. 7410102
0.1270+03
0.205D203
0,314D+03
0.1810¢03
0,653000)
0.9010+03
0.1220404
0.100040¢
0.2000004
0.250D¢004
03200404
0.3860+404
9.480D001
0.5330+04
0.593D¢04
0.631D104
0.0440+04
0.014D+04
0.5750404
0.358D104
0.5TD104
0.8040004
4.7010404
0.80)0104
0.80001004
0.8400004
0.768D+04
0.7000+04
0.648D+04
0.0040404
0.5070004
0.602D+04
0.0310+04



108 DESCIZTION:

TISICLY DRCELERSTION:
CRSR VICTIN:

DATE: 2 5T I5MN
TLANLE 1: BASIC SLID YIST SIMULATION

W BELY R4RNESS WITH NVPIRELLIPSOID FOB DASE BAIRD

Z

SLID ACCELIRATION - 20G PEAK
0573 MIRCINTILY WILZ
COFTICY JORCIS - SECHKENY PAFILS ¥S. SUGAMNTS

PAITL | (SLAT. & DEGLIX OFF W) TS, SEOANY 1 (L)
ML PEICTION ASTLARY CORTICT LOCATION ( IN) DUAL-
(11 MPEUKD

DER-

mr Ko
OsEC) (I}
0.000 049
1.000  0.450
1,000 0.458
.00 44N
s.000  0.487
100086 0.450
12.000 0458
H.o00 0480
T 16,000 0.4%0
w000 045
20.000 0%
21.000  0.481
000 044
20.000  0.484
8.000 0,485
30.00¢ 0488
J2.000 0480
H.000 oM
B.000 AN
w000 08
10.000  0.498
11.000 0.510
14,000 0.57

8,000 0,84
18,000 0.505

50.000 0.6M
$1.000 0705
54,000  0.008
s6.000 .02
shooo 1.1
60.000 130
61.000  1.578
84.000 1,025
60.600  2.000
68.000 1.7
70.000 1310
71,000 2,388
000 2.2
78.000  2.182
70.000  1.180
80.00¢  2.03¢

. oKl
tw)

131,10
131.02
138.08
138.92
13070
144.56
152.40
181.71
172.3¢
8.6

100.74

31145
200.50
10945
207.00
2.7
78.53
350.60
.42
$60.1
LN
484.96
10341
750.42
12841
021,91
1043.00
1080.42
1088.51
1255.91
HR.
1817. 93
2200.3
17123.02
6.0
0007
20804
.81
851,20
08019
LN

roKcs
(L)

0.0
(K1)
.91
8.0
(W}
N9
.U
0.15
1810
§2.01
.
105.72
100.28
w.n
103.H4
113
138.78
170.3¢
MR
280,38
LU
"
351.70
310.31
11
Wl.45
52154
545.31
512,98
821.50
715.0
nLe
1148.60
1361.81
17117.8%
1200.93
148452
17300
2071
119.57
25.32

Foxca
(13)

13110
(MY R
139.60
.4
153.10
161,88
170.48
180,00
192.13
103,
0.9
28l
2
311.00
0.4
285.21
35
304,78
501.57
424,00
T00.14
3.4
8.0
1L 00 ]
918.43
103084
1160.30
1219.13
1213.04
1603. 14
102198

2043.02-

2564.07
304443
pLARA]
1250.82
2.0
3208.52°
259.00
000,85
1N

13712
14,373
1H.318
1.0
14.300
14,407
14,431
1484
14.508
14.56%
14.035
14,720
1.0
14.042
15.001
15.141
1541
15.430
15.43%
16.111
18.385
18.61¢
10.008
17.193
11.502
17.087
18,101
19.28%
18.410
18.483
18.407
10.4%8
18.450
10.430
10.418
18370
10.300
18,210
10.125
18,000
17.9%4

1 1

$.400 -10.45¢
0.000 ~19.459
0.600 -10.450
0.000 -10.480
$.000 -10.481
0.000 -10.482
0.000 +10.403
0,000 -10.408
0.000 -10.473
-0.008 -10,47¢
-0.001 ~10.480
-0.001 -10.46%
-0.003 10,300
-0.001 <0519
0.000 -10,533
0.001 -10.55¢
0,008 -10.569
0.816 -10.30¢
0,030 -10.815
0.070 -10.01
0.148 -10.070
0.237 -10.701
0.346 -10.18
0.460 -10.785
0,507 -16.797
0.030 -10.026
0.830 -10.0%¢
8,526 -10.009
0.380 19,003
0.194 -10.08¢0
¢.037 -10.802
-0.132 -10.008
-0.237 -10.087
<0.207 -10.80
<0,208 -10.88
0,208 -10.078
~0.271 -10.071

~0.271 -10.482

-0.274 -10.083
-9.202 -10.843
-0.332 -10.03%

207

71t ¢

Maz: 30.01

TATEL 1 (3KAT, 8 DEGREE OFF 1)'¥S, SIGENY 6 1 m
KL FRICTION XESOLYANT COFTACY LOCATION ( IN.)
(VIR MFTIENCT)
I

crion
(m)

0.25¢
0.250
0.1%0
0.250
0.251
(% L1]
0.152
0,383
0.5
9,258
0.1%
0.197
0,257
0.257
0.258
0.2%3
0.19
.35
0.0
(R
0.2¢
L
0.230
¢an
0.226
0.126
9218
L
L
0.283
1312
om
0.4
0.512
0.588
(A1}
0.58%
0.51%
0.4
0.3
0.1

Torct
(L)

rP A )
AN
36.08
wa
51.10
§6.35
Q.
0wy
n.n
5.2
0.1
nA?
8.5
LI R}
0.0
5.4
AR
s.n
nw
31.43
8517
na
119.4
157.82
201U
0.1t
1287
s
M.y
3160
386,58
n.n
511.90
745.88
1083
w.n
1.0
MM
100.30
5.5
1.8

roxct
tu)

0.00
.99
16,37
2.1
.45
20.19
IR
TR
30.08
9.5
n
.9
n.1
.32
.95
1
.07
8.1
10,20
18.01
32,50
"1
50.00
n.n
109,57
1§5.38
1.0
13745
.0
150.58
.
210.04
28.10
.0
H.e
192,49
139,80
100.02
TR
nNn
LY

FoRcL
(L)

0.4
Lo
.
o.u
51.80
8.
0.3
n.u
80.04
0.6
(L]
0.2
H.0
85.58
5518
50.05
0.0
80.35
11.93
1.2
nn
#0.08
8.4
176.23
LN
B0
%618
T80
.28
3.

NS

Wil
a30.04
$si.n
1001.07
Ho.n
el
230.08
12118
50.03
0.0

0,735
R}
1.8
u.I
.
un.mMm
HURAY
.
2,758
HmMm
24.700
W08
U
U.1
u.m
25.002
25.080
15.18
23.207
1%.m
8.3
8.3
2%.301
15.402
"IN
15.388
25,328
5.8
15,148
W07
31,380
%122
23,050
23.508
23.21%
3.048
2.5
21845
23.013
3.101
EARIL)

1 4

3.430 ~11.545
3,420 <1148
3,430 <10.545
3.420 11,548
3.420 +11,%48
3.420 <1154
3.4%0 11,340
3.420 <10.547
3.420 -}1.848
J.42¢ ~11.350
3.420 -11.992
3.420 -11.958
3.420 -11.350
3.420 -11.583
3.410 -11.508

342 -5

3.431 -11,501
3,410 ~11.500
3.421 -1).508
3.422 -11.803
3.4 -11,808
.42 -2
3.43¢8 -11.6818
3.440 11,818
3.451 -11.818
SR -10.81)
3,400 -11.508
3.467 -11.802
3.518 ~11.500
3.520 ~11.507
3.528 -101.531
3.511 -1
3407 -11.4%3
3.400 -10.410
3.435 -11.308
3.418 11380
3.408 -11.300
3.400 -10.350
3,308 -11.308
3.350 -10.381
3.301 -11.300



DATE: 2 STrY 1988 Ha ¥
208 DESCRIPTION:  EIMQLE 1: BASIC SLAD TEST ST¥GLATION
190 B5LT MARNESS WETE EYPXMSLLIPSOLD FOR DASE 301D ‘Mat: 1.0t
YTEBICLY DECKLYMATION:  SLID ACCELERAYION - 200 PIX ’
CRASE VICTIN:  95TR PIRCINTILE MALD
i CONACT FOICLS - SIGENY PATILS T3, SIGKENTS

PANEL | (SEAT. & DEOMIX OFF ) YS, SIDMEFT @ (LM PANTL 2 (BACE PAFEL. 13 DIGR) ¥S. SECMENY 1 (LT)

OLfL- BONWAL FICTION MISTLYAYY COKYAC? LOCATION { IN,) DEFL- NORNAL FRICTION RISTLIARY CONTACY LOCATION ( 18.)
TIME ECTION  FORCE  FOMCE  FOXCI (RN REFELENCE) ICTI00  FORCE FORCH  FONCE (V&R REFIMINCE)
osEc)  (In) {L) (W) (W) 1 T T i) (W) (1) () I T- 1.

0.000 0,350 0.4 0.00 2004 NM.725 -3.470 -10.545 0,058 wm 0.00 3.77 0.)87 0,000 -12.874
2000 0,250 3D 5.00 31,02 .75 -2.4%0 <JLNS 0.055 .78 0.40 270 6,302 0.000 -12,8T4
1,000 0.3 3671 1541 3900 2.T26 -3.420 -1 6,05 2.0 . 205 9.381  0.000 -12.675
6.000 0350  46,3¢ 2217 48 24.727 -3.420 -ILB1S 0.0 1.5 1.2% 280 #.387  0.000 -12.478
0000 051 SLT4 2507 ST.O 24,720 -3.420 -iL.548 0.0W . 1.08 .44 0.302  0.000 -12.617
10.000 0,251  S8.41 29,21  £5.30 24732 -3.420 -JB.5M6 0.003 1.0 0.0 1,05 9.381 0.000 -12.000
12000 0,257 6391 .05 TLAS 20737 -3.420 -11.G48  0.017 0.88 6.4 0.06 0.380 0.000 -12.804
10000 0.253  o8.4% 34,33 7683 2744 -3.420 10,547 -0.008 0.00 0.00 0.00 0,000 0.000 0.000
16,000  0.25 7211 36,10 80,73 34,795 -3.420 -1L.348 -0.038 0.00 0.00 0.00 0.000 0.000 0,000
18.000 0,255  75.08  37.00  MA.07 24770 -3,420 -11.5% -0.071 0.00 0.00 6.00 0.000 0.000 0.000
20,000 0155 7831 .06 8532 20.700 -3.820 <3N.582 -0.128 0.00 0.00 0.00 0,000 0,000 0.000
22,000 0,957 L6} 331 83.43 20005 -3.420 11,583 -0.19% 0.00 0.00 0.00 0,000 0.000 0,000
24,000 0.257 65,18 3159 7287 .M0 -).420 -10.%58 -0.260 0.00 0.00 0.00 0.000 0.000 0.000
28,000  0.357 50,40 20.10  83.086 20891 -3.420 -11.563 -0.31 . 4.00 0.9 0.00 0.000 0.000 9.000
20.000 0,258 4750 23,70 53.20 20043 -3.420 -1L.Se -0.472 ¢.00 0.00 0.00 0.000 0.000 9.000
30000 0250 .68 IT.M 3870 29.008 -3.420 -11.575  -0.601 0.00 0.00 0.00 0.800 0.000 0.000
32,000  0.252 3047 1521 301 15.070 -3.410 <1582 -0.709 0.00 0.00 0.00 0,000 0.000 0,000
.00 0.8 2086 1483 .18 25,108 -3.410 -11.502 -0.910 0.00 0.90 0.00 0.000 0.000 0,000
30,000 0,200 28,10 .07 3148 25.200 -3.410 -1).804  -1.008 0.00 .00 0.00 0.000 0.000 0.000
30.000 0.7 2540 172 0.4 25,420 -3.000 -1R810 -L3WY 0.00 .00 0.00 0,000 0.000 0,000
40,000 0.206 21,30 10.85  13.80 25.615 -3.415 -11.630 -1.548 0.00 0.00 0.00 0.000 0.000 9.000
12,000 0170 1800 045 1889 25.0%0 -3.410 -10.883 -).TOA 0.00 0.00 0.00 0.000 0.000 0.000
0000 0147 2.3 8,00 1345 28,130 -3.405 -11.803 -2.0%8 0.00 0.00 0.00 0.000 0.000 0.000
000 0.112 8.47 3.4 1.8 26.435 -3.308 ~10.725 3.3 6.00 p.60 - 0,00 0.000 0.000 0,000
18,000  0.080 L9 1.9¢ .46 20,760 -3.380 10,759 -2.501 0.00 0.00 0.00 0,000 0.000 0.000
50.000 0,058 i 1.3 S.HO21.008 -3.372 -11.785  -2.8M4 0.00 0.00 6.00 0.000 0.000 0.000
52.000  0.051  %8.03  %0.48 . 85.88 127.020 -3.383 -10.m8 3.1 0.00 0.0 0.00 0,000 0.000 0.000
54.000 0,078  89.08 4304  ge.01 28.6¢8 -3.335 -1L7 L3N 0.00 0.00 0.00 0,000 0,000 0.000
8,000 0,137 138,11 80.08 15001 26,015 -3.13 11800 -3.4%0 0.00 0.00 0.00 0.000 0.000 0.000
50.000  0.220 105.80 8280 185,04 25317 -3.200 -11.807 -3.809 0.00 0.00 0.00 0.000 0.000 0.000
$.000 0353 1811 T4.06 18580 24.00% -3.280 -11.533 -3.69% 0.00 0.00 0.00 0,000 0.000 0.000
$1.000  0.522 35704 1757 N0.30 23.020 -3.380 -1L.461 3707 0,00 0.00 0.00 0.000 0.000 0.000
81.000  0.6M0 886,47 34320 7167.50 23.448 -3.290 -Jl.0l  -3.78 ¢.00  0.00 0.00 0.000 0.000 0.000
08,000  0.910 126633 823,18 139344 23.058 -3.301 10380 3.0 0.00 0.00 0.00 0.000 0,000 0.000
80.000 0,905 100587 049.9¢ 1500.52 22.904 -3.3I3 -1L.36¢ -3.020 0.00 0.00 0.00 0,000 0.000 0,000
70,000 0.920 75835 31917 MA.08 32,931 -3.321 -11.357 -M.AW7 0.0  0.00 0,00 9.000 0.000 0,000
12.000 0,308 710.48 355.23 10431 22,838 -3.320 -1L.358 -3.0M0 .00 0.00 0.00 0,000 0,000 0.000
74000 6.004 011,08 30S.09 884.21° 22.002 -3.333 -11.363 5.0 0.00 .00 0.00 0.000 0.000 0.000
16.000 0713 477.88 23803 530.28 23,008 -3 -1l.yM -3 0.00 0.00 0.00 0,000 0.000 0.000
M.000 0501 4.2 15T 351,30 23.208 -3,333 -1L.3W2 3,103 0.00 0.00 0.00 90,000 0.000 0.000
80,000  0.450 130.56 8328 141,50 23.520 -3.333 1420 -8 0.09 0.00 0.00 0,000 0.000 0.000
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DITL: 2 SIOY 198D : » na %
AUP DESCRIPPION:  BRMPLE 1: BASIC SLED TESY SIMGLATION ‘ - o N
%0 BELY LIXESS WiTH STPERALLIPSOID FOR DASE BOARD pGtL: 32.00

YERICLE DECTLYMAYION:  SLED ACCELERATION - 206 PKAK ; L e e

CRASE TICTIN:  05YN PRDCINTILE WALE
COTTACY FORCIS - SEGMERT PANILS 13, SIGERS

. WL 3 (NKCE MNEL. 13 DEOR) VS, SEcMEW® 2 (CT) PANCL ¢ (RACE PANEL. 13 DEGR} VS, SKQMEN? 3 ( UY }

DifL- WOBUL FRICTION DESULYANY CONTACY LOCATION ( IN) DEFL- JBOMMAL FRICTION RESGLTART CONTACY LOCITION LI}
M KCTION  FOMCE  FONT  FOKCE {13 BFINK ICrioN  PODCE  FORCE  FOME - (VER LSPERENCE)
(see)  (16) (18) (W) (L) I 1 2 (I} () () (1B} t - 2-

0.000 0.000 0.138  9.90  0.00  0.90 0,151 0.000 -30.88%
£.000 0000  0.137  B.OT  0.08  9.87 A.151 0.000 -28,80%
. 0.000  0.031 681 0.75 .04 0151 0,000 36,065
6.000 6.000 0.1 &80 L7t 0.07 6151 0.000 -35.65¢
0.000 0.000  0.37T  T.52 255 T4 0.152 0,000 -26.683
0.000 €.101  S.25  2.42 5.7 6.157  0.000 -25.661
0.000 0.000 ©0.070 305 1B 443 8,133 0.000 -26.050
0.000 0.000 0.08 ° 138 11§ 2.86 4150 0,000 -28.95¢
0,000 0.000 0.008 0.15  0.33 B8.155 9,000 -20.84¢
0.000 0.000 -0.048 0.60  0.00 0.000 0.000 0.000
0,000 -0.11 0.00  0.00 0.000 0.000 0.00
0000 0.000 -0.1M 0.00  0.00 0.000 0.000 0,000
0.000 $.000 -0.104 0.08  0.00 0.000 0.000 0.000
0.000
0.

0.000 -0.312 0.0 0.00 0.00
1.000 -0.312 0.00 0.00 0.00
4,000 -0.3U 0.00 0.00 0.00
6.000 -0.320 (X 0.00 8.00
6.000  -0.330 0.00 0.0¢ 0.00
10.000  -0.347 0.8 0.0 8.00
12.000 -0.312 0.00 0.00 8.00
14.000  -0.408 0.00 0.00 0.00
. 16000 -0.482 0.00 0.00 .00
10.000 -0.510 0.00 8.00 0.00
20,000 -0.383 0.0 0.6 0.00
22.000  -0.671 080 .00 0.00
000 09318 0.0 0.00 8.00
20,000 0.1 LK) 0.00 0.00
20,000 -L.04S 0.0¢ 0.00 0.00
30.000 -1.211 0.00 9.00 0.00
32.000 -l.40¢  0.00 0.00 0,00
H.000  -1.812 0.00 9.00 0.00
36.000 -1.040 0.0¢ .00 0.00

55533
=

g2sszgezss
g

gggs
e
2
F=

.
<
<
(=3
<
.

-
=g

0.000 0.000 0.0 0.00 0.00  0.000 0.000

0.000 0.000 -0.542 - 0.00 0.00 0000 0.000 000
0.000 0.000 -0.50¢ 8.0 0.00 0.800 0.000 0.000
0.000 -0.012 8.0 0.00 ©.000 0,000 0.000
0.000 0.000 -1.087 6.00 0.00 0,000 0.000 0,000
0.000 0,000 -1.184 0.00 6.00 0.000 0.000 0.000
38,000 -2.110 0.00 0.00 0.00 0.000 -1.523 0.00 0.00 0.000 0,000 0.000
0,000 -2.3M 0.00 0.0 0.0¢ 0.000 0,000 -1.78) 0.00 0.00 0.200 0.000 0.000
42,000 -2.707 0.00 0.00 0.00 0,000 0.000 0.000 -2.08¢ 0.80 0.00 0,000 0.000 0.000
44,000 -3.00 0.00 0.0 0.00 0.000 0.000 0.000 -2.361 0.00 0.00 ©.000 0.000 0.000
8.000 -3.370 000 - 0.00 0.00 0.000 0.000 0.000 -2.802 0.00 0.00 0.000 0,000 0.000
8.600 -3.702 0.00 0.00 0.00 0.000 0.000 0.000 -2.960 0.00 0.00 8,000 0.000 0.000
50.000 -4.012 0.00 0.00 0.00 0.000 0,000 0.000 - -3.238 0.00 0.00 0.00 4.000 0.000 0.000
52,000 -£.278 9.00 0.00 0.00 0,000 9.000 9.000 - -3.41 0.00 0.00 0,00 0.000 0.000 0.000
54.000 4.7 0.00 0.00 0.00 0.000 €000 0.000 -3.852 0.00 0.00 0.00 0,000 0.000 0.000
50.000 -4.608 0.00 .00 0.00  0.000 0,000 0.000 -3.757 0.00 0.00 0.00 0,000 0,000 0.000
58.000 -4.801 ¢.00 0.00 0.00 0,000 0.000 0.000 <3707 0.00 0.00 0.00 0.000 0.000 0.000
20.000 -€.582 0.00 0.00 0.00 0.000 0.000 0.000 -3.089 0.00 9.00 0.00 0.000 0.000 0.000
02,000 -4.318 0.00 0.00 0.00 0.000 6,000 0.000 -3.47 0.0¢ 0.00 0.0 0.000 0.000 0,000
88,000 -0 0.00 0.00 0.00 0,000 0,000 0.000 -3.225 0.00 0.00 0.00 0.c00 0.000 0,000
88,000 -3.915 0.00 0.00 0.00 0.000 0.000. 0.000 -2.08% 0.00 0.00 0.00 0,000 0.000 0.000
03,000 -3.889 0.00 0.00 9,00 0.000 0.000 0.000 -2.720 0.00 0.00 0.00 0,000 0.000 0.000
70.000 -3.478 0.00 0.00 0.00 0.000 0.000 0.000 -2.499 0.00 0.0 0.00 6,000 0.000 0.000
12,000 -3.281 0.00 0.00 0.00 0.000 0,000 0.000 -2.303 0.00 0.00 - 000 0.000 0.000 0.000
T4.000  +3.000 0.00 0.0 0.00° -0.000 0,000 0.000 -2.177 0.00 0.00 0.00 0.000 0.000 0.000
16.000 -2.921 ¢.00 .00 0.00 0.006 0,000 0.000 ~-1.960 0.00 0.00 0.00 0.000 0,000 0.000
78,000 -2.M¢ 0.00 0.00 0.00 0,000 0.000 8,000 -1701 0.00 0.00 0,00 0.000 0.000 0.000
80.000 -3.581 0.00 0.00 0.00 0.000 0.000 0.000 -1.818 0.90 9.00 0.00 0.000 0.000 0.000

e e . e e
o
<
E-J
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§

pooooemonesosasoso
8888233888888 s2s38s8es
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71} H

2 5rpe 1988

BUN DESCRIFYION: MXNOLE ): OASIQ SLED TAST SIMOLATION

T RLLT MARNESS WITA ETPERSLLIPSOID FOR DASA 304WD

YABICLY DICILTMTION:  SLED ACCILEZATION - 200 FEAK
CRASE VICTIM; 657X PIRCONTILE MALK

COFTACT FORCES - JNCAENT PAFELS V3. SIGMENTS

ML 3 (FLOOR.

T ICriof  FOSCE
sec) () (W)

0.000 0080 4.0

2000 0087 4.0

1.000  0.007 .97

0000  0.007 505

s.000 0008 502
10.000 0.000  4.00
12.000  0.090  1.00
H.000 0.7 483
10.000  0.095 475
.00 0082 4.8
20,000 0,000 .42
12,000 0,003 417
1.000 0077 )48
20.000 0,000 )40
10.000 0.080  2.99
30.000  0.010 246
32.000 0,037 108
000 o0m L2
30.000  0.000  0.19
3000 -0.021 0,00
10.000 -0.052 0.0
12,000 -0.097  0.00
§4.000 -0.140 0,00
18.000 -0.199  0.00
0.000 -0.260 0.0
50000 -0.38  0.00
52.000 -0.H0  0.00
5000 0543 0.0
50.000 -0.081 0.0
5.000 -0.708 0.0
00.000 -0.980 0.0
02.000 1.5  0.00
64.000 <1351 0.00
60.000 1578 0.0
08.000 LT 0.0
70.000 -3.0T1 0.0
72,000 -3 0.00
7.000 -2.008 0.0
70.000 -2.883  0.00
78.000 -3.160 0.0
80.000 -3.AM  0.00

-

roxce
()

0.00
0.97
.1
1.5
2.51
248
.4
1.0
2.9
R
1.0
2.0
1.92
1.1
1%
1.2
0.9
0.50
0.1
0.00
0.00

) Y8, SIOKFT S (W)
DIfL- FODMAL FEICTION RESULTATY CONTACT LOCATION { §R.) OEFL- DORMAL FEICTION BRSTLYANY COFTACT LOCATION ( 1R.)

(ni MFINKD

FoIct
R

.
4.9
$.40
$.8¢
5.02
.44
$.40
sl
8.3
.1
(A L]
.00
.¥»
3.86
3.35
.78
.01
1.28
0.2l
Q.00
0.0
.0.00
0.00
0.0
0.00
0.0
0.00
0.00
.00
0.00
0.00
0.00
9.00
0.00
0.00
0.00
0.00

0.00°

0.00
0.00
0.00

19.59¢
18.508
18.507
10.601
19.609
40.420
10.030
16.002
10.603
0.3
1670
0.4
10.018
10.908
41.002
.19
11.318
1144
17.583
0.000
0.00¢
0.000
0.000
6.000
0.000
6.000
0.000
0.000
0.000
$.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
9.000
0.000
0.000
0.000

' .

3.420
3,420
340
3.420
3.430
3.4
40
3.0
3.420
3420
L
34
3.420
3420
40
J AN
340
3420
.40
0.000
5.000
0.000
0.000
0.000
0,600
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000 .

0.000
0.000
0.000
0,000
0.000
0.000
0.000

-1.300
-1.300
-1.300
-1.300
=3.200
-1.300
-1.300
-1.300
~1.300
~1.300
1.3
+}.300
~1.300
-1.300
=1.300
-1.300
-1.300
1,300
-1.300
0.000
0.000
0.000
0.000
0.000
6.000
0.000
0.000
0.000
0.000
0.000
0.000
$.000
0.000
9,000
0.000
0.000
0.000
4.000
0.000
0.000
0.000

210

hor: 35.01

1] ST

} T8, SIOWTT 11 (LF)

PO 3 (PLOOR.
[cTioN oM FONE  FONCE
() () () )
0.0 L0 000 M
0.001 48 0.0 40
0007 490 21 540
0.007 805 251 S0
o9 S01 1.9 5.0
0.0 L0 24 s
0008 4D 20 S48
00T LM 24 S
.85 478 1.3 sn
0.003 48 13 s
0000 L4 11 AW
oo L1921 48
0.0 3m LW 4
000 38 L1 3
0.080 308 L5234
0.051 1M L1
0010 1o 0. 2.3
0821 136 088 1%
0.0i8 0.0 0.3 oM
-0.000 000 0.00 0.0
0.0 0.00 000 0.00
.07 0.00 0.0 0.00
0017 000 0.00 0,00
0000 0.00  0.00 .00
0031 0.0 000 0.00
-0.163 0.0 000 0,00
0.5 000 0.0 0,00
0,30  0.00 000 0.00
0.4 0.00 000 000
055 0.00 0.0 0.00
-0.08 000  0.00 8,00
0.0 000 0.00 0.0
.47 000 000 0.00
S 000 000 0.00
a1 040 000 0.00
A8 000 000 0.00
-1.82% 0.00 0,00 0.00
AT 000 000 0.00
2,005 0.0  0.00 0.0
2490 000 .00 0.00
A Ll 000 0.00

{vi§ MRFIREICE)

10.%98
10,998
0.597
19.601
10.609
16620
40.638
40.882
19.00
0.7
8.7
16.04%
.08
16,900
.00
11.201
11.322
47.490
11.597
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0,000
0.000
0.000
0.000
0.000
0.000
0.800
0.000
0.000
0.000
0.000
0.000
0,000
0.000
9.000

7 -

~3.420
=3.420
3.4
-3.42
=3.420
<J.420
<3410
=3.420
=3.420
-3.420
-3.420
-3.420
-3.420
=3.420
<3.420
-3.420
-3.470
-3.420
-3.410
0.000
0.000
0.000
8.000
0.000
0.000
0.000
0.000
0.000
0.000
2.000
4.000
4.000
4.000
0.000
¢.000
0.000
0.000
4.000
0,000
0.008
0.000

2.

1,300
-1.300
-1.300
-1.300
-1.300
-1.300 -
-1.300
-1.300
-1.300
-1.300
-1.300
-1.300
-3.300
-1.300
-1.300
-1.300
-1.300
-1.300
-1.300
6.000
0.000 |
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0,000
0.000
0.000
0.000
0.000
¢.000
0.000
0.000



DATE; 1 SEPT 1080 nee »
100 DRECRIPTION: TLAGPLE [: BASIC SLID YEST SIWOLATION
1% $IUY BAREESS WITS BYPERLLLIPSOID FOR DASE BOARD M 300
VEBICLY DECTLERATION:  SLID SCCELERATION - 200 PEAR
CMASK TICTIN:  OSTE PRRCENTILE MiLL
COFTACT FORCES - SEQMENY PAFILS V3. SIGENTS

PAYEL { (TUD 23D, 13 DIGR ) ¥S, SEGMENT S (X ) PARRL 10 (RUDDRX PEDILS. )93, StoaN S W)

DTFL- BOMKL FRICTION RESULTANT CONTACT LOCATION ( I1.) DEFL- JORWL JRICTION LESTLTAR? CONTSCT LOCATIONR ( JE.}
e ICrioN foc  FOKL  FOXCE T8l MFINKY) 08 TOMT KON FORCE {voa asFIRIXCH
e IR (W) (W) (iR) I 1 T (1) (W) ) S R -4

0000 0.0% . 0.00 2.48  3.035 0,000 40970 0.002 0.00 0.60 0.00 51,238 3.420 -3.200
1.000  0.080 L 00 241 1038 0.000 -40,070  0.001 0.07 0.01 0.07 5.3 .40 -3a0
L.000 0.000 .0 L 2,30 3.93% 0,000 -t0.878 0002 Q.M LA 0.12 51,230 3.420 -8
0000 004 .15 0.41 .19 3935 0.000 -40.977  0.00% .20 ai 0.37 51240 J.420 -3.207
$.000 0.034 L1 0.5% 178 3935 0,000 -40,078 000 079 L2 0.0 51,28 3.420 -%.291
10.600  0.010 005 8.4l .03 3.036 0,000 -40.87¢  0.01¥ 1.5¢ ¢.00 1.0 5,951 3.420 <300
12.000  -0.003 000 8.00 0.00 0.000 0.000 0.000 0.0 .80 - LM 2.0 51,200 3.420 -3.309
14000 -0.034 0.00 0,00 0.00 0.000 0,000 0000 0.000 4,00 .05 498 5130 3420 -3
18.000  -0.078 0.00 0.00 0,00 0.000 0.000 0.000 0,070 5.1 1.%0 0.62 51308 3.0 -3.M3
10.000 -0.120 000  0.00 0.00 " 0.000 0.000 0.000 0.000 L 4.0 013 5L 3430 3,068
20.000 -0.10 p.o0  0.00 9.00 0.000 0,000 0.008 0.020 13.00 0.0 5.2 51367 420 -3.36%
12.000  -0.274 000 0.0 0.00 0.000 0.000 0.000 0.105 20.41 10,21 2232 SL.408 3410 ~3.4%8
16,000 -0.37( $.00 0.0 0.00 0.000 0.000 0.000 ©0.305 2807 1409 IS0 SLM8¢ 3420 34U
20.000 -0.484 0.0 0.80 0.00 0.000 0.000 8.600 0.200 3047 19.24 4301 SL.4g0 3.420 -3
20,000 -0.017 0.0 0.00 0.00 0.000 0.000 0.000 0300 45,20 2004 55,10 51503 J.A0 3807
Je.000  -0.770 0.0¢ 0.%0 0.00 0.000 ©0.000 0.000 0.3¢3 00,44 30.22  67.50 SLSN QAN <3518
32.000  -0.04% 0.09 0.00 0.00 0.000 0.000 0.000 0302 703 3502 80.31 SIS 3.420 -3.5W0
.00 -1.04 0.00 0,00 0.00 0.000 ©0.000 €.000 0,410 120,19 6L09 143.31 SL.820 3420 -
38,000 -1.30) 0.06  0.00 0.00 6.000 0.000 ©0.000 0477 7875  00.37 100.0% 518211 3.420 -3.302
3,000 -1.810 .00 0.00 0.00  ©0.000 0.000 0.000 0.408 20492 102,40 320.11 51519 J.420 -3.%21
10.000 -1.802 0.00 6.0 0.00 0.000 0.000 0.000 0.400 100,035 9551 213.80 5185 YA -3IDY
12,000 -8 0.00 0.00 0.00 0.000 0.000 0,000 0.492 132,00 0130 20415 51508 J.d4i0 .51
000 -2,505 0.00 0,00 0.00 0.000 0.000 0.000  0.482 18002 R4l 190.75 SLS0F .18 -.50%
40,000 -1.249 0.0 0.00 .00 0.000 0.000 0.000 0.47¢ 150,001 78,08 172.00 SL.4w QT -3.400
8.000 -3 0.00 0,00 0.00 0,000 ©0.000 0000 0.660 130.02 2001 190.32 SL.400 3415 -3.498
50.000 -3.5M .00 200 8.00 0,000 0,000 0.000 0.450 12005  83.33 14160 51480 4N ~3.495
§2.000 -3.%60 000 0.00 0.00 0.000 0.000 0.000 0.441 116,30 ST 1LY SLAM 340 -3.400
S4.000 -3 LK 0.00 0.00 0.000 0.000 0,000 0.430 10059  80.30 112.47 51507 J.408 -.510
56.000 ~4.678 000 000 0.00 0.000 0.000 0.000 0.415 7930 3000 00.33 SLS31 8,400 -3.3)
58,000  -4.980 1.0 0.00 0.00 0.000 0.000 0.000 0.300 57,80 2080 A0 S15TT 3.3M -3.560
60,000 -5.3%4 0.0 0.00 0.00 0.000 0.000 0.060 036 $9.17 2050 5009 51870 3.3 -3.0%
62,000 -5.450 0.0¢ 0.0 0.60 0.000 0.000 0.000 0.288 313 1080 4200 SLAEZ 3381 3.7
81,000 -5.000 0.00 0.00 0.0 0.000 0,000 0000 O0.15 2500 1152 2575 SLaT0 3.9 -3.904
60.000 -5.72¢ 000 0.00 0.00 0.000 0.000° 0.000 0.125 . L4 9.00 52,003 00 -LOM
08,000 -5.017 0.00 0.0 0.00 0,000 0000 0.000 0,02 0.99 (X1 110 SL.H0 417 -3
70.000 -5.084 0.00 0.00 0.00 0.000 0.000 8.000 -0.101 (N 0.00 000 o000 0000 0.000
71.000 -5.063  0.00 © 0.00 0.00 0.000 0,000 0.000 -0.231 0.00 0.00 0.00 0,000 0.000 0.000
74.000  -6.037 0.90 0.00 0.00" +0.000 . 0.000 0.000 -0,367 0.00 0.00 0.00 0,000 0.00¢ 0.000
78.000 -0.105  0.00 0,00 0.60 0,000 0.000 0.00¢ -0.510 0.0 0.00 0.00 0,000 0,000 9.000
70.000 -6 0.00 0.00 0.00 0,000 0,000 0.000 -0.058 0.00 0.0 0.00 0.000 0.000 0.000
0.000 -3.152 .00 0.0¢ 0.00 0,000 0,000 0.000 -0.000 0.00 0.00 0.00 0.000 0,000 0.000
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DATE:
308 DESCAIFYION:

TERICLE DECELILATION:
CRISE TICTIN:

CONTACY FORCES - STGMRNT PANTLS V3. SIGENTS

20T 16 {BOD,

OIFL- BOLUL FAICTION RASTLYANY CONTACT LOCATION { IN.}

ma KCTior  roxca
(ere (L) (W)

0.000 0,002  0.08
2.000  0.001 0.0

4000 6002 0N

0.000  0.008 020

8.000 0010 079
10.000  0.019 1.40
12,000 .00 1.07
14.000 0,040 .10
16.000 . 4,070 5.9
10.000  0.000 8.1
20.000 0.2 1370
2,000 0,165 20.47
6.000 0,208 20,28
0.000 0,250 3850
120,000  0.208 49,45
30.000  0.344 8080
.00 43 13,20
000 0.4 133,80
.000  0.403  100.0
30000  0.50T oW
10.000 0,51 210,05
12,000  0.515 213,02
€.000 051 0201
{8.600 0514 218
8.000 0514 .87
50.000  0.511 207.70
53.000  0.408 190.37
54,000 0472 198,41
58.000  0.436 107.92
58.000 0305 %0.01
§0.000 0.353  50.5
82,000 0.307 4143

8,000  0.268 1.8

80.600 0.2 28.%0
88.000 0,200  20.0%
70.000 0159 13.00
12,008 0,112 8.1
74.000 0,058 2.8
76000 -0.008  0.00
78.000  -0.077.  0.00
80.000 -0.141 0.¢0

2 5Lt 1988

TIOPLY 1 PASIC SLED TIST S1NULATION

19 JILY RARNESS WETR BYPERELLIPSOID 708 DASE 3QARD

SLED ACCELEMATION - 200 2EAK
9571 PERCABTILE MiLE

03B PEDALS,
FOXCE  POXCT
() ()
600 0,08
0.0t .01
[T R+
oM .3
L B N M
0.00 1.7
1.3 .98
108 4.5
1.98 8.8
L0 s
.85 150
1.3 1148
(LRI P21
9.9 .U
uy BN
Jo. 3 o8
WM 02
8.0 N
04,05 210.20
100.47 245,00
10003 241.5%
108,51 3318
108.00  237.03
105.95 234.94
10804 237,00
103.0% .02
5.1 2108
e NN
53.08 12088
.50 &5.M
8.7 %
M 1wy
1607 .4
345 B0
10.02 1.4
8.9 1584
L L
L4 Ly
000 600
0.00 0.0
0.00 .90

) ¥S, SIGERY 11 (L7 ]

(Lir QU

§1.3%0
§1.19
§1.230
51,200
$1.345
§1.254
§1.208
$LI84
51.3098
513U
§1.308
51408
LR L]
51.409
51,503
51501
$1.518
$1.819
51.519
$1.818
$1.508
51.497
S1.402
81,465
51,416
51,418
LI
$1.381
$1.304
§1.200
81.2%0
51,208
5.307
51.514
51,857
$1.013
51072
52.128
0.000
.000
9.00¢

T

=340
3.4
-3.42
3.4
=342
-3.4%0
-3.420
=340
<3.420
«3.420
~3.420
-3.420
~3.40
34N
~3.420
<3420
-3.4%
~3.420
<3.420
-3.420
~3.420
=342
3.4
=340
=3.42%
=347
“3.4%
~3.40
=343
«3.431
3.4
<343
=3.438
«3.4R
=3.42%
<3413
-390
3304
0.000
0.000
0.000

~3.389
-3.280
<3388
3.7
3.0
=310
3.0
=3.323
-3
~3.308
<3303
=325
34N
-3.496
=3.507
<3.513
-3.518
3.820
-3.5%0
-3.518
-3.511
=350
3400
<3478

<3450

=140
3.4
-3.3
-1.342
<3310
=3.302
=3.317
<3.408

=3.818

-3.801
-3.781
=3.901
~4.00
0.000
0.080
¢.008

212
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DATE: 1 SIPT 1560 _ ner 1
I0W DESCRIPLION: TUAMPLE 1: BASIC SLID TEST SIMOLATION R : .
W LT LARFTSS WITK GVPERSLLIPSOID TOR DASE DOALD © POR: 36.01
YESICLY DECELTLATION:  SLED ACCELEAATION - 200 PEAX L
CLASH VICTIN:  $578 PERCLNPILE WILE
LIMTSS STSTIE ALY TNDNOITY FONCIS e
BT B0, 1 OF MARNESS 10. 1 LMK, 10 HMSS K. |

niER 1 nie W, i1 pirEp. N R 1) & N
T Tl PoIct stun 10 1] 34 THE Forcr STMAIY voxct
(810) tisw) (1} (7w () (/i) () (i) ()
0.000 $.000000 .00 0.000000 6.8¢ 0,000000 0.00 0.800000 0.0%
1.000 0.000025 (B )] $.000017 0.35 $.00001 0.21 $.000010 LA 1)
4,000 00001 . LT 0.000085 0.0 0.000057 o 0.000152 .n
0.000 §.000281 1.22 0.00015¢8 2,15 0.00012% N L 0.00047¢ 1.04 -
8.000 0.000823 1.05 0,000218 418 0.000219 3.29 0.001018 15.17
10.800 0.00085¢ 12.01 0.000(38 (B4 0.000338 5.0 0.0018¢03 7.0
12,000 - 6,001023 5.3 0.0004t1 7.1 0.0003¢ 5.18 0.00245¢4 38,01
14.000 $.001320 19.00 ¢.000518 17 0.000433 0.50 0.003108 41.52
18.800 0.0010m 15.08 0,000551 617 0.000498 T4 0.003850 5.8
10,000 $.001420 0.3 0000400 6.00 a.000M04 - 6.00 0,003421 5141
20.000 0.001831 e g.00048¢ 1.18 9.000498 .0 0.004278 ([N}
22.000 0.002383 3.4 0.000017 0.2 0.000843 .05 0.005479 0118
24,000 4.003085 - .37 0.000077 13.15 0.000¢11 1.1 0.019008 208.12
20.000 0.004040 ss.81 0.001215 15.22 0.00110 19.28 0.02103¢ 315.53
28.000 0.008003 #0.08 0.001724 3.5 0.001708 20.52 8037340 {19.10
30,000 0.000472 1.0 0.002258 n.n 0.002420 Wi 0.035707 Sed. 14
32,000 %.01370 200.09 0.003249 wn ¢.0043n 05.50 0.023871 355,08
34.000 0.0197%0 200.05 0.00475¢4 % 0.00040t 126.02 0.02080% m.e
30.000 0.038114 1.2 0.007124 108.80 Q.0103M 115.01 - 0.025025 375,38
38.000 0.932200 104,00 0.010831 91,48 0.010190 153,07 0.038302 83804
10,000 4037000 008.17 0.021023 315.35 0.040281 8500 0.056200 170,58
12.000 0.043083 NnLn 0.036025 510,40 0.050245% 183.00 0075150 212,96
14.000 0.040343 110.85 0,053058 1054.48 0.080339 100,57 0.084807 1630.53
8,000 0.053877 1052.04 0.071510 1990.84 0.0712214 100.17 0.084525 78,0
{8,000 0.058271 120,38 0.007383 2830.23 - 0.050456 1192.15 0.103787  3J63L.M
50.000 0.05380¢ 1310.42 0.000307 10,27 0.005788 . 1085.80 0.003083 135,01
52.000 0.084710 1620.81 0.050048 33040 0.088528 131,08 0.107224 3752.08
54.000 0.072120 022,35 0.087082 7083.58 0.015M 2152.50 0.002830 310804
56.000 0.074088 213150 8.071009 1088.07 0.07515%  1H3.20 0.088018 n.n
58.000 0.0744%7 ML 0049518 810,31 4.000700 1898.02 o h.001438 2075.23
60.000 0.081693 1405.81 0.020359 3905.38 0.002583  2575.40 0.003383 ML
062.000 0.047024 0.4 0.0051%0 nu 0.032040 180.00 0.008107 2703.80
84.000 0.028177 {212.86 0.000000 0.90 0021400 38748 0.08553 180371
68,000 0.007038 108.57 0.000000 0.00 0.0002) 83.46 0.051787 014.60
8,000 0.000000 0.90 0.000000 0.00 0.400000 8.00 0.037082 800,25
10.000 9.000000 0.00 0,00000¢ 0.00 0,000000 0.80 0.022501 sl
72,000 0.000000 0.00 0.040000 0.00 0.000000 0.00 0.012111 190.87
71.000 0.000000 0.00 "0:000000, .00 0.000000 0.00 - 0008150 0.3
70.000 0.000000 0.90 0,000000 9.00 0.000000 0.00 0,000000 0.00
78,000 0,000000 6.00 0.000000 0.00 8.000000 .00 ¢,000000 0.00
80,000 0,000000 0.00 0.%00000 0.00 0.000000 0.00 0,000000 0.00

. 213



oam:
201 DESCRIPYION:

YEB1CLY DRCELERATION:
CRAsH VICTIM:

DEFL- BORKAL FRICTION RESTLYANY

M ECrioN  FoRc
osger Gk 1)

.00 0.000  0.00
2.000 0,000  0.00
4,000 0.000 Q.00
6000 0000 0.0
0000  0.000 Q.00
10,000 0000 000
12.000 0.000  0.00

14.000 0.000 0.0 -

16.000  0.000  0.00
16,000  0.000  0.00
10,000 0,000  0.00
12,000 0.060  0.00
2.000 0,000 0.00
8000 0.000  0.00
18,000 0.000  0.00
Jo.000 0000 0.0
32,000 0.000 0.0
3,000 0.00 0.0
38,000 0.000  0.00
38,000 0.000  0.00
19.000 0,000  0.00
12,000 0,000  0.00
10.000 0,000 438
10,000 0010 3.8
18000 0,000  0.00
50.000 000 000
52.000 0.000  0.00
§59.000  0.000 0.00
6,000 0.000  0.00
58,000  0.000 0.0
€0.000  0.000  0.00
82,000 0,000  0.00
04.000  0.000 - 0.00
68,000 0.000 0.0

68,000 0,000 0.0

70.000  0.000 0.00
72.000  0.000 0.08

T4.000 0,000 0.00 -

78.000  0.000 0.00
70,000 0.000 0.00
80.000  0.000 0.00

2 56n 080

TLAPLE 1; DBASIC SLID TESP SIMULATION
1% DELY RALNISS WITE FTPRRELLIPSOID FOR DASE B0ARD

SLED ACCELERATION - 200 PEAL
9513 PESCEATILE Ll

CONTACY FORCES - SEGMKNT §0. 2 ( T} VS, SEQMEN KO. I3 ( LI}

roict
(L)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
9.0
0.00
0.00
0.00
0.00
0.00
0.00
8.00
0.00
0.00
1.10
0.90
0.00
0.00
0,00
0.00
0.00
0.00
2.00
0.00
9.00
0.00
9.00
0.00
0.00
0.0
0.00
0,90
0.00

(18.)

0.00
0.00
0.00
0.00
0.00
0.08
0.00
0.00
0.00
6.0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
4.51
n
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
9.00
9.00
0.00
0.00

1

0.000
0.008
0.000
0.000
0.000
4.000
0.000
0.000
0.000
0.000
¢.000
0.000
0.900
0.000

-0.000

4.000
0.000
0.000
0.000
0.000
0.000
0.000
2.014
.00
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
9.000
0.000
0.000
0,000
0,000
9.000

0.00 - 0.000

0.00
0.00

0.000
0.000

corracY rocarion { IT.)
FOMCE  SEO. 2 LOCAL ARFERENCE  SEQ. 13 L0C

1

0.000
0.000
0.000
0.000
0.000
0.000
0,000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.008
0.000
0.000
0.000
0.000
$.30%
3.300
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
9.000

z

0.000
0.000
9.000
9.000
0.600
0.000
0.000
0.000
0,600
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0,000
0.000
0.000
0.000
0.000
0.000
-L.749
<173
0.000
0.000
0.000
0.000
0,000
“9.000
0.000
4.000
9.000
0,000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

214

¢

0.000
0.000
0.000
0.000
0.000
8.po0
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.008
0.800
$.000
0,000
0.000
0.000
0.000
0.000
0.000
-0.475
-0.080
0.000
9.000
0.000
0.0%0
0.000
4,000
0.000
0.000
0.000
9.000
0.008
0.000
0.000
0.000
0.000
0.000
0.000

1

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.900
0.000
9.000

0.000
-0.808
-0.803

0.000

0.%00
0.000
9.000
0.000
0.600
0.000
0.000
0,000
0.600
0.000
0.000
0.000
0.000
0.000
0.000
0.000

AL AFIREICE

z .

0.000
0,000
0.000
0.%00
0.000
0.000
0.000
9.000
0.%00
0.000
9.000

0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000

0.000
0.000
0.000
$.000
0.000
0.000
- 0.000

0.000

. M 31.01

nat

€



TERICLE DECILERATION:
CRAST VICTIN:

1
{(s8c)

0.000
1.000
{.000
4.000
$.000
16.000
12.000
14,000
18.008

- 18,000

10,000
22.000
2.000
26.000
18,000
30.000
32,600
H.000
38.000
38.000

- 40.000

12,000
{1.000
18.000
13.000
50,000
92,000
§4.000
58.000

_ 50.000

00,000
02,000
64,000
66.000
08,000
70.000
72,000
76,000
78.000
78.000
80,000

DEL- JOLAL FRICTION RESOLTANY
FOXCE  $10. 2 LOCAL

sction
(1}

9.000
9.000

0.000

0.000
9.000
0.000
0.000
0.000
0.000
¢.000

1131 §
108 DESCRIYTION:

CORPACY JOICES ~ SEGENT JO. 3 1CT) VS, SIGNT RO 15 {LLD)

FoRcE
{18.}

0.00
0.00
0.00

7517 1988
IXeLr 1:

foxcr
{ )

DASIC SLED YESY SIWOLATION
0 BELY NARFESS WIYE NYPERELLIPZSOI0 FOR DASE BOARD

(8.}

0.00
.00

SLID ACCELERAYION - 200 PRAK
9511 PERCANTILE LK

5Ez355z3zszs: -

0.000

gg8

@ OO0 00

$3352223533255!

CONTACT LOCATION ( IN.)

-,

B

$32333383338353%8883833%

-

OO0 G000 GO0 @O0 O0O®O0O®e SO S

2533

0.008

MPIMKE  SId. 1

B 1 | =
0.000 0000
0.000 0000
0,000 000
0.000  0.000
6.0 0.000
0.000  0.000
0,000  0.000
0,000 0000
0000 0.004
$000 oM
0,000 0.000
0.000 [ K
0.000 .00
p.000 0800
0.000 . 0.000
0.000  0.000
0.000  0.000
8000  0.000
0,000 0,008
0,000 0000
0,000 0.000
0.000 0000
o000 0.000
0,000  0.000
0.000 0,000
0.000 0,000
0.000  0.000
0.000  0.000
0.0  0.000
0000 4,000
0.000 0000
0000 0.000
0000 0000
0.000  0.000
0.000 0000
6000 0.000
0.000 0000
0.000 0000
0.000 0000
ho00  0.000
0.000  0.000

215

5 LOCAL,
-

o s e .

o e

2283338838283 38322323323838¢888888%8

O C OO0 0000 O0® O0MOOO P OO OO0 G OO OO DO D OO OO0 O
e e e e e a s e e A4 e s e 4 e e & & o o e & P o . h

.§§§§§§§§9?°9-?99-9-°°9999??9999?9-°°°°°°°

~

P

2333322333388 332223883883288335883883232¢3z2332

-

T mok: .0

M 1



DATI: 2 SI2T 1089 naEou
108 OISCRIPTION: RILOLY 1: BASIC SLAD TIST SIMOLATION : -
19 1LY BAAYESS WiTd RYPIRILLIPSOID £01 DASK BJAD 1108: 39.01
TRRICLE DRCILERATION:  SLID ACCELERATION - 100 PRAX
CLISK TICTIN:  95TX PERCENTILE MiLE

COFTACY FORCIS - SIGMENT BO. 6 ( EUL) 7S, SICMEST Jo. 13 ( RdI

OIFL- MORWL FRICTION RISULTANY COFTACT LOCITION { IN.)
TINE  ICTION FOMT  FOXCT  FoRCT  SEO. 6 LOCAL DEFTANNCE  S19. 13 LOCLL MEFEIMEKC
(ste)  (Ix) (W) (1) ) I 1 1 I T 2

0.000  0.000 6.00 0.00 0,00 0.000 0.000 0.000 $.000 0.000 0.000
2.000 0,000 0.00 6.0 0.00 0.000 0,000 0.000 0,000 0.000 0.000
£.000  0.000 s.00 000 0.00 0.000 0,000 0.000 0.000  0.000 0.000
6.000 0.000 0.00  4.00 0.00 0.000 0,000 .00 00 b0 000
8.000  0.000 0.00  0.00 .00 0.000 0,000 0.000. 8.000 0.000 0.000
10.000  0.000 0.00 0.0¢ 0.00 0,000 2,000 9.000  9.000 0.000 0.000
12.000  0.000 0.00 0.00 0.00 0.000 0.000 0000  0.000 0,000 0.000
14.000  0.000 6.00 0.00 8.00 0.000 0.000 0.000 0.000 0,000 0.000
18.000  0.080 9.00 0.00 0.00 0,000 0.000 0.000 0.000 0.000 ©.000
18.000 0.800 0.00 0.00 6.00 0.000 #.000 0,000 0.000  0.000 0.000
20,000 0.000 0.00 .00 0.00 0.000 0.000 0,000 0.000 0.000 0.000
32,000 0.000 0.00  9.00 0.00 0.000 0,000 0.000 0.000 0.000 0,000
.000  0.000 0.00 0.00 8.00 0.000 0.000 9.000 0.000 0,000 0.000
28,000  6.000 0.00 0. 0.00 0.000 9,000 0,000 0.000 0.000 0,000
28,000 0.000 0.00 0.0 0.00 0,000 0.000 0.000 0.00¢ 0.000 0.000
30.000  0.000 0.00  0.00 0.00 0.000 0.000 0.000 9.000 0.000 ©.000
32,000 0,000 0.0 6.00 0.00 0,000 0.000 0.008 9.000 0.000 0.000
30,000 0,000 0.00 0.00 0.00 0,000 ©0.000 0.000 0.000 0.000 0.000
3.000 0.0 0.00 0.0¢ 6.00 0.000 0.000 0,000 0.000 0.000 0.000

38,000  0.000 0.00 0.00 6.00 0.000 0.000 0,000 0.000 0.000 0.000
10.0600  0.000 0.00 0.00 6.00 0.000 0.000 0,000 0.000 0.000 0.000
12,000  0.000 0.00 0.00 6.00 ©.000 0.000 0.000 9.000 0.000 0.000
41,000 0.000 0.00 0.00 0.00 0.000 0.000 0,000 $.000 0.000 0.000
10.000  0.000 9.00 0.00 0.00 0.000 0,000 0,000 0.000 0.000 0.000
48,000 © 0.000 6.060  0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
50.000  2.000  0.%0 0.00 0.00 0.000 0,000 0.000 0.000 0.000 0.000
$2,000  0.000 0.00 0.00 0.00 0,000 0,000 0.008 0.000 0,000 0.000
$4.000  0.000 0.00 .00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
§8.000 - ¢.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

58,000 0.000 0.00 0.00 0.0 0.000 0.000 0000 0.000 0.000 0.000
60.000  0.000 0.00  0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
82,800 0,000 0.00  0.00 0.00 0.000 0.000 O.000 0.000 0,000 0.000
81,000 ¢.000 0.00  9.00 0.00 0,000 0.000 0.000 0.000 0.000 0.000
60.000  0.000 0.00 0.00 0.00 0,000 0,000- 0.000 0,000 0.000 0.000
68.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
70,000  0.000 0.00 0.00 0.00  0.000 0.000 0.000 0.000 0.000 0.000
72,000  0.000 0.00 - .00 0.00  0.000 0.000 0.000 0.000 0.000 0.000
.00 0000 0.00 0.0 0.00 <0.000. 0.000 0.000 0.000 0,000 O
78.000  0.000 0.00 0.00 0.00 0.000 ¢.000 0.000 0.000 0.000 0.
78.000  0.000 0.00 0.0 0.00 0.000 0,000 0.000 0.000 9.000 9.
30,000  0.000 0.00 0.0 0.00 9,000 ¢.000 0.000 0,000 0,000 ¢

216



L1e

STL°9  Seg'0  QI0°T-  S0TOF TMECEe R80T SLECC QKON
§06'0 85970 IXCE- WOl eCl- et'l veest  sl'fe
000°0  000°0 00070 000'0 00070 000°C 00°0 0
0000 0000 000°0 00070  000°0 °000°0 .. 00°D 0070
000°0 0000 0000 0000 000°0 0000 00°0 00°0
000°0 00070 00070 000°0  900°0  000C 000 0070
000°0 0000 000°C 000'0 000°0 000°0 00°0 00°0
0000  00b°0 000°0 0000  000°0 000°0 0070 000

000°0 000" 000T0  000'G 000°0 080°C 0070 00°0
o00'0 00070 00070 000'0 000°0 00070 0070 0070
000°0 00070 00070 000°C 00070 000°C 00°0 0070
00070 000°0 080°0  000°®  000°0 000°0 0’0 0070
000°0 000°0 00070 00070 000G D00 00°0 00°0
000°0 00070 000°0  000°® 0000 00070 000 00°0
0000 0000 000°0 000'0 ©000'0 000°0 0070 0070
000°¢ 00070 000°0 000°0  00°0 000 000 0
000°0 0000 000°C  000T0 00070 000G 0070 0070
000°C 00070 00070  00D'0 0000 000T0 00O 00°0
000°0 00070 000°0 000°0 0030 0000 000 00t
000°0 00070 000°0  000°¢ 0000 QO0C 0870 000
000°0 00070 ©00°0 000°0 000°0 o000 00°¢ 00°e
0000 G00°0  000°0  0O0°O €000 000°0 000 000
080°0  000°¢ 000°0 G000 D000 0020 0070 00
000°0 0000 000°0 000°0  000°0 0000 0070 000 -
0000 000'  000°0  000°0 0000 G000 000 000
000°0 000'0 0800 0000 DOOTO 0000 0070 0070
0000  000°0 000°0  000°0 0000 00070 000 %0e
00070 000°0 0000 00070 0080 0000 00°0 00
000'0 $00°0  ODOTO 0000 D000 000'0 0°0 00°0
00070 00070 0DO'0 00070 0004 0006 000 0070
000°0 040°0 000°0 00070 000°C 6000 00°C (1
000°0 00070 0000  000T0  00O0 0000 00°0 we
0000 000°C 0000 00070 0800 000'0 O°0 toe
000°0 0000 000°0  000'9 000'G 00T c0C 00'¢
0000 00070 000°0 00070 000°0 0000 00°0 00°¢
00070 00070 ODOCG  000°% GX0T0 00070 00°0 00°¢
0000 0040 S00°0  000°0  00D'¢ 000 000 00°0
000°0 000°0 000°D  600°® 0000 . 000°0 o0'0 000
000°0 00070 Q00°9 0000 00070 OO0 0070 00°0
000°0  000°0 OBO'O 0000 0000 000°0 ¢80 00°¢
000°0 00070 ©000'0 0000 00070 0000 00°0 00
2 i 1 H i I {n) rm)
AT TI0T §1 095  JOASIUANE W01 6 (015 JU0I IN0I
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DATL: 2 SIPT 1980 1710 ST
100 DESCHIPTION: ILLIOLE ): OASIC SLED YEST SINTLATION o :
1% BLLT SARNESS WITR ETPIRSLLIPSOID FOX DASE DOARD © T WO el
YEHICLE DICILYRAYION:  SLED ACCELEMTION - 208 PRAX :
CLISE YICTIN: 05T PERCENTILE MILE R

CONTACT FORCIS - SEMENT 10. 13 { LLA} V8. STOMCIT 30, 18 (YRR )

DIFL- FORMIL FRICTION RESOLTANY coNTICT Location { IL.) o
$IM  ICTION FORCE  FORCE  FORCT  SKO. 13 LOCAL RIFEIREICK 50, 16 LOCAL RMIFTMEKI
(sech (1) (L) (L) (L) 1 T2 | SR B
0.000 0000  0.00 0.00 0.00 0.000 0.000 0.00¢  ¢.000 0.000 0,000
2.000 0.000 0.00 0.00 0.00 0.000 0.000 6.000 . 0,080 0.000 0.000
4000 0.000 0.00  0.00  0.00 0,000 0.000 0.000 0,000 0.000 0.000
§.000  0.000 0.8 0.00 0,00 0.600 0.000 9,000  4.000 0.00 0.000
8,000  0.000 0.0 0.00 0.00 0.000 0.000 0.000 0.000 0,000 0.000
10.060  0.000 0.00  0.00  0.00 0.000 0.000 6,000  0.800 0.000 0.000
12,000 0.000 0.00 0.00 0.00 0.000 0.000 0.000  4.000 0.000 0.000
14000 0000 0,00 000 000 0000 0,000 0000 0.000 0.000 8.000

18.0600  0.000 0.00 0.00 0.00 ©0.000 0,000 0,000 0000 0.000 0.000
19000 0.000 0.0 0.00 0.00 0.000 0,008 0.000 0.600 0,000 "0.000
20.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 4000 0,000 0.000
22,060 0.000 0.00 6.00 0.00 0.000 0.000 9.000 0.000 0.000 0.000
24.000  0.00 0.00 0.00 0.00 0.000 0.000 0,000 0.600 0,000 0,000
20.000 Q.00 0.00 0.00 0.00 0,000 0.004 0,000 0.000 0,000 0.000
28,080 0,000 0.00 0.00 0.00 0.000 0.000 ©.000 0.000 0.000 0.000
30,000  0.000 0.00 0.00 0.00 0,000 0.000 0.000 1000 0.000 0.000
31000 0.000 0.00 .00 0,00 0.000 0.000 0,000  0.000 0.000 0.000
3.000  0.000 9.00 0.00 0.00 0.000 0.000 0.000 0.000  0.000 0.000
38,600 0.000 0.00 0,00 0.00 0,000 0.000 0.000 0,000 0.000 0.000
30,000 0.000 0.00 .00 0.00 0,000 0.000 0000  0.000 0.000 0.000
£0.000  0.000 0.00 6.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
11,000 0,000 0.8 0.00 6.00 0.000 0.000 0.000 0,000 0,000 0.000
44,000 0.000 0.80 0.00 0.00 0.000 0.000 0.000 0.000  0.000 0.000
19.000  0.000 0.0 0.0 0.00 0,000 0.000 0,000  0.000 0,000 -0.000
49,000 0,000 0.0 0.00 -0.00 0,000 0.000 0,000 0000 0.000 0,000
50.000  0.000 0.00 ¢.00 0.00 0.000 0.000 0.000 9.000 0,000 0.000
$2.000 0.000 0.00 0.00 0.00 0.000 0,000 0,000 0.000 0,000 0.000
$.000  0.000 0.00 .00 0.00 0.000 0.000 0.000 9.000 0.000 0.000
$6.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 9,000 0.000
58,000  0.000 0.00 0.00 0.00 0.000 0,000 .00 0,000 0.000 0.000
$0.000  0.000 0.00 .00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
02.000 0.000 0.00 0.0 0.00 0.0006 0.000 0.000 0.000 £.000 0.000
84000 0,000 0.00 0.00 0.00 0.000 ¢.000 9.000 0.00¢ 0,000 0.000
08.000  0.000 0.00 0.00 0.00 0,000 0,000 0.000 0,000 0.000 0.000
05.000 0217 1079 1.3 I LTI 0433 .75 3. 4500 -2
70000 0408 193.03  98.51 215.41 1,851 0.428 3.010 32481 8.708 -23.300
72.000 0070 W6.83 2241 49733 1602 0.408 3504 31566 8.820 -23.401
70,000 0,027 6271 18L.38  405.53. 1.587 .38 3.3%9 32.512 6.020 -23.300
76.000 0,420 87.00  43.50 0727 1.600 0370 4,184 31409 T1.003 -23.320
M.000  0.209 2390 1.95  20.72 1.612 0.3 449 33N T.0M -
80,000 0.10) 5.8 .1 610 1808 0.1 4772 1.5 MY -3.308
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DATE: 2 STPT 1948 : Mot @
300 DRSCHIPTION:  EXANPLE 1: DASIC SLED YISY SIWGLITION
190 MUY ZAINESS WITE STPIRELLIPSOID POR DASK 30ARD Ha: 1.0
YEAICLE DECTLEBATION:  SLED ACCILTMATION - 300 PEAK
CLASE VICTIN: 957D PIICINTILE Ll

COFTACY JORCES - SEGMENY %0, 15 { LLA) YS. SEGREY §0. 16 (VSN )

DEFL- JORMAL, FRICTION RESTLYANY CONTACT tocarion | 11.)
T TCTION FORCT  Forcs  FORCE  SEG. 1S LOCAL REFIRENCE S0, 10 LOCAL MITMKE
sge) () (8} (W) (L) b 1 2 4 ) 2

0000 0000 0. 0.00 0.00 0.000 0.000 0,000 ¢.000 0.000 0,000
2000 0.000 0.%0 0.00 0.00 0.000 0,000 0.000 0.000 0.000 ¢.000
1,000 0,000 0.00 9.00 0.00 0,000 0,000 0.000 0.000 0.000 0.000
6.000 0,000 0.00 0.00 0.00 0,000 0,000 0,000 0.000 0,000 0.000
8,000 0,000 0,60 0.00 6.00 0.000 0,000 0.000 0.000 0.000 0.000
10.000  8.000 000 0.0 0.00 0.000 0.000 0.000 0.000 0,000 0.000
12,000  0.000 0.00 0.00 0.00 0,000 0,000 0,000 0,000 0.000 0.000
14,000 0,000  0.00 .00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
18.000 0,000 0.00 9,00 .0.00 0.000 0,000 0,000 0.000 0.000 0.900
13,000  0.000 0.00 0.00 0.00 0.000 0,000 0.000 0.000 0.000 0.000 -
20,000 0,000 0.0 0.00 0.00 0,600 0.000 9.000 0.000 0.200 0.000
22,000 0.000 0.00 0.00 0.00 0.000 0.00¢ 0.000 0.000 0.000 0,000
U000 0.000 0.00 0.00 0.00 0,000 0.000 0,000 0.000  0.000 0.000
20.000  0.000 ¢.00 0.00 0.00  0.000 0.000 0.000 0.000 0.000 0,000
20.000  0.000 0.00 0.00 0.00 ©0.000 0.000 0.000 0.000 0.000 0.000
30,000 0,000 0.00 8.0 6.00 0,000 0.000 0.000 0.000  0.000  0.000
32000 0.000 0.00 0.0 0.00 0,000 0,000 0.000 0.000 0.000 0.000
3,000 0000 000 .00 0.00 0.000 0,000 0.000 0,000 0.000 0.000
.000 0,000 0.00 9,00 0.00 0,000 0.000 9.000 0.000 0.000 0,000
#.000  0.000 0.00 0.00 0.00 0,000 0.000 0,000 0.000 0.000 0.000
0,000  9.000 0.00 0.00 0.00 0,000 0.000 0,000 0.060 0.000 0.000
12.000 0,000 0.00 0.00 0.00 0,000 0.000 0.000 0,000 0.000 0.00¢
40,000 0.000 0.00 0.00 0.00 0.000 0,000 0,000 0.000 0.000 0.000
8,000 0.000 0.00 .60 0.00 0.000 0,000 0.000 0.000 ©0.000 0.000
18.000  0.000 0.00 6.00 0.00 0.000 0.000 0.000 0.000 0.000 0,000
50,000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
52.000 0.000 0.0 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
54.000  0.000 0.00 8.00 0.00 0.000 0.000 0.000 0.000 0.000 4.000
§8,000 0,000 0.0 0.00 0.00 0.000 ©0.000 0.000 0.000 0.000 0.000
53,000 0,000 0.00 .00 0.00 0,000 0.000 0,000 0.000 €.000 0.000
§0.000  0.000 0.00 9.00 0.00 0.000 0.000 9,000 0.000 0,000 0,600
82.000  0.000  0.00 9.00 0.00 0.000 0.000 0.000 9.000 0.000 0.000
84.000  0.000 0.00  0.00 0.00 0.000 ©.000 0.000 0,000 0.00¢ 0.000
68.000  0.000 0.00 9.00 0.00 0,000 0.000 0,000 0.000 0,000 4.000
48,000 0,000 0.00 300 0.00 0,000 0,000 0.000 0.000 0,000 0.000
70.000 0,000 0.00 0.00 0,00 0.000 ©.000 0,000 0.000 0.000 0.000
72,000 0.5 226,13 11307 25349 ).755 0.007 0.5 32.615 -4.118 <2331
70.000  0.804 01021 305,00 682.33° 713 0.288 0.537 3217 -0.130 -23.439
78,000 0.007 738.13 306,06 823,07 ).800 0.20] 0.437 3178 -8.U7 -43.488
75000  0.708 %90.20 195,10 059.80 1,720 0.263 0.20¢  32.804 -0.178 -23.4%0
0.000  0.583 30374 15187 3390.80 L.758- O.M4 0.157 35T -0.2 -23.304
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11, ¥SI AED €SI RESTLYS ' 7T 1)
1L [RURT CRITERION

e« 104 TN DUMTION ¢ 52000 Y0 §5.000 XSIC
WITE ENRAD DESULTANTS » 25048 AND  23.484 @'S

AVTLAGR EEAD BESCLTANY FOI TIME DURATIOB » {0,574 G'S
1B SITINTT INEE
BS{ « 245,20
WX TEAD RESTLTANY »  €5.716 0'3 AT €0.000 tc
CRIST SEVARITY 1mDRX
[+ ) SLB AN T
WA CEEST DESULEANY = 1O.473 Q'S AT 50.000 S0
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APPENDIX B

SLIP JOINT AND WIND FORCE EXAMPLE

This example ATB input and output is of two segments connected by a slip

joint, and exposed to wind forces.
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FEB. 4, 1988 0 0 0.0 CARD AlA
EXANPLE 2: DYNAMIC JOINT TEST
SLIP JOINT / 600 KNOT WIND
IN. LB.SEC. 0.0 0.0 386.088 0.0 CARD A3
4 20 0.002 0.0005 0.001 .000063 CARD A4
10202000000000000016000000010001000O0O0O0 1CARD A5
2 1 95TH PERCENTILE MALE o - CARD Bl
LARM L 5.901 .3331 .3331 .0214 1.871 1.87110.269 0.000 0.000 0.000 CARD B2ZA
UARM U 5.542 .1743 ,1743 .0259 2.122 2.122 7.497 0.000 0.000 0.000 ‘CARD B2A
ELBWE 1 5 0.00 0.00 8.20 0.00 0.00 -5.42 1 0.00 0.00 CARD B3A
0.00 0.00 0.00 0.00-67.19 0.00
00 .00 .00 .00 .00 .00 .00 .00 .00 .00CARD B4
0.0 0.0 30. 0.0 0.0 ¢.0 0.0 CARD BS
.00 .00 .00 .00 .00 .00 .0l .01 .,001 .001 .00! .00lCARD B6
00 .00 .00 .00 .00 .00 .01 .01 .00l .00 .00 .OOQCARD B6
CONSTANT WIND VELOCITY OF 600 KNOTS
0.0 0.0 0.012181. 0.00 ©.00 0.00 0.00 -3 0.0 2.30 OCARD C24a
2 1 3 CARD C2B
0.000 0.000 0.000 ¢.000 0.000 0.000 0.000 CARD C5
0.000 0.000 0.000 12161.000 0.000 0.000 0.000 CARD CS
2.300 0.000 0.000 12161.000 0.000 0.000 0.000 CARD C5
4.600 0.000 0.000 12181.000 0.000 0.000 0.000 CARD C5
1 0 0 0 0 0 0 1 0 0 CARD D1
1 WIND PLANE " CARD D2A
10.0 10.0 5.0 CARD D2B '
~10.0 10.0 5.0 : CARD D2C
10.0 -10.0 5.0 CARD D2D
6o o ¢ 0 0 0 0 0 O 0 o0 0 O O O CARD D7
999 CARD El
1 WIND FORCE CARD EGA
1.4000 13404.0000 14.6960 1 3 CARD E6B
0 CARD FlA
0o o0 : CARD F3A
0 CARD F4A
1 1 _ ‘CARD F7A
=¥ 1 3 1 1 0 122 CARD F7B
=2 2 3 1 1 0 111 CARD F7B
0.0 0.0 6.0 ¢ ¢ ¢ 0o 1 CARD GlA
0.6600 0.00000 -18.98000 0.0 0.0 0.0 CARD G2A
0.00 -2.00 0.00 ¢.00 0.00 0.00 3 2 1 OCARD G3A
0.00 -2.00 0.00 0.00 0.00 0.00 3 2 1 OCARD G3A
0 CARD HIA
CARD HI1B
0 - CABRD H2A
CARD H2B
3 2 1 0.0 0.0 8.20 CARD H3A
1 2 0.0 0.0 -5.42 CARD H3B
4 2 0.0 0.0 0.0 CARD H3B
0 CARD H4
0 CARD H5
@



O - N - O

O
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CARD H6
CARD H7
CARD H8
CARD HO
CARD H10
CARD H11



AAMRL ERTICULATED TOTAL BODT {AT0} MDOEL . MG )

DEVELOPED OY CALSPAD CORP., 2.0, B0¥ 400, BOFFALO XY 14225
41D BY JUJ TECHYOLOGIES JUC., ORCERD PADK, BV 10127

FOR THE iR FORCE ARMSTRONG AEROSPACE MEDICAL DESEARCR
LAB0RATODY, WRIQHT PATTERSON 41D FORCK WSt
TEDED COVTRICTS FI381S-75C-5002,-T8C-0518 A¥D -B0C-05117

4ID 70T THE DATIONML SIGEWAY TRIFFIC SIFETY DMINISTIATION,
.5, DEPARTMENT OF YRAYSPORTATION, CWDER CONTRICTS
FE-11-7582, NS-053-2-48S, ¥3-3-01300 4ND BS-6-01410.

PIOGRAX DOCUMENTATIOR: NHTSA REPORT MOS. DOT-ES-40t-507
THROUGH 510 (FORMERLT CALSPAN DEPORT FO. 2-5180-L-1),
AYAILABLE FROM ¥PIS {ACCESSION ¥OS5. P3-241692,3,4 410 5),
APPENDIIES A-J Y0 THE AGOYE (AVAILABLE FROM CALSPANI,
41D XEPORT 3OS, AKRL-1R-75-1% (NTIS X0, 2D-A01¢ 016),
IFLAL-TD-80-14 (BTIS ¥O. 4D-1008 029), iND
AFARL-TD-83-07) (ITIS N0, AD-2077 104D,

PROGRAM AYD-1¥, EXECGTED ON THE ARAGL/OR CONCURBENT

3250 COMPUTEX, YRIGHT-PATTERSON 8FR, 0BED .

iziﬂ. 4, 1988 1S)Ee 0 IRSOUT» O RSTIME + 0.0000 CARDS 4

ETAMPLE 2:  DINAMIC JOINY TEST
SLIP JOINT / 600 INOY WIND

Wit = 11, ouiTy « LB, TuITT = SEC. GRAVITY VECTOR = (  0.0000, 0.0000, 386.0880) G = 386.0880

MWK ISTEPS + 20 0t =9.002000 O 30,000500 HVAT =0.001000 BN1N =0.000083

P81 ARRAY ’
12348870 01T INISIEITII020212223202518272020301I23HI53
§ 02 20900400000 0000 08000200001 000100000!
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CBASH YICTIN  OSTH PERCENTILZ MALZ 7 SEGMEWTS [ JOINTS

SEGMENY CONTACT ELLIPSOID

PRIXCIPAL SOMENTS OF INERTIS i
SEWIAXES 1 1Y)

SEGIENT LAl { 18,-58C. 002+ 11} CENTER { IV.)

1 SmepLor  (18.) 1 ! Z 1 1 ? I T 11

) LARV 5.901 0.3331 0.3331 06,0214 1671 1871 10.269 0.000 0.000 0.000
1088 Y 5.941 .13 0.1 0.0259 2.122 1211 aWm 0.000  0.000 0.000
Jolwr LOCATION{ IN.) - SEGIJ¥T)  LOCATION( {3.) - SEG(J+1) PRID. ULIS(DEG) - SEGLINT)
4 STH PL0T it P13 H  f z | O  { 2 Ty P ROLL
1 ELBY B 1S 0.000  0.000 8.100 0.000 0.000 5.0 0.00 0.00 0.00

O¥LOCK CONDITIONS FOR SLIP JOINTS

J0I¥Y  TENSIOR  CONPBESSION
{ Lh.) {18.)
i 0.000 0,000

227

PAGE 2

CARD B.1

CARDS 8.2

PRINCIZAL AXES {DEG
LEL B 440 0Lt
0.00 0.00 0.00
0.00 0.00 0.0}

CARDS B.3
PRIV, 4XIS(DEG) - SEQ{J+1)
Hy N BOLL
0.00 -87.19 0.00



JOINT TORQUL CEARMCTERISTICS
FLETURAL SPRIYG CRARACTERISTICS
SMI1S COEF, { 1N, 13./DEGen)} EERGY  JOiW
i LINEAR  QUADRATIC  COBIC  DISSIMATION §T0P
{y:1) (=2} (423 COEF. (DE®)

i fLew 0.000 0.000 0.000 0.000 0.000

. $0RSI0NAL SPRINO CHARACYERISTICS

SPRNQ COEF. ( 1N, LU./DEGesd} ENERGT

PaGe
CaROS 8.4

Jon

LINERR  QOIDMATIC cusfc  DISS[raTION STOP

Wl =3 {y=3 COEF.

4.000 0.000 0.000 0.000

JOLOT PISCOUS CRANCTERISTICS AND LOCK-DNLOCK COXDITIONS

WA TORUE FOR  MIW ?Olwt FON  NEN. ANO. VELOCITT

. YIscobs comoe FOLL JRICTION
JOINT  COEFFICIENY  FRICTION COEF. AXGULAR VELOCITY & LOCKED JO(NY  UFLOCKED JOINY  FOR UNLOCKED JOINY
{10, L3.SEC./0EQ1 (1B, L3.) {DEQ/SEC.) (s 13.) (I, L) (240/SEC.}
1 ELMY 0.000 .60 .00 0.00 0.00

228

(0EQ)

0.000

CARDS B.5

PPYLSE
RESTITOTIOF
COEFFICIENT

¢.000

b



SEGIENT
10, 5T¢

I LABN
2 UaRw

SEGMENT INTEGRATIO¥ CONVERGEKCK TEST IWPOT

SNGALAR VELOCITIES
{RAD/SEC.)
¥A0. 85, 1£L.
PEST  IDROR  ERROR

0.000  0.000 ©,0000
0.000  9.000 0.0000

LiYEAR JELOCITIES

{ IN./SEC.)
¥AG. 188, L,
TES?  ERMOR  ERROR

0.000  0.000 0.0000
0.000  0.000 0.0000

229

A¥GULAR ACCELERATECNS
{RAD/SEC. 012}

0. 18s. JEL.

TEST  EMROD  ERROR

d.010 o.010 0.0010
0.010 0.0l 0.0010

PAGE
CARDS 8.8

LIVEAX ACCELERATIONS
{ 18./SEC.402)

| LUR A8S. REL.

TEST  EDROR  ENR0R

0.001  0.001
0,000  0.000

b.o0i0
0.0000

{



TERICLE DECELZRATION 1XPOT5
COXSTANT WEND TELOCITY OF 600 XNOTS

T T oL yies TIE o
9.000 0.000 0.000  12161.000 0.000 0.000

SMLINE FIT TABULAR JYPUY
UrEs 7 It I mss: )

TRITEAL LISEAS POSITION ( IN.)

HIE(SEC.)s  0.0000 It 0.000 1o 0.000 2 0.000

LINEAD TELOCITY ( IN./SEC.)

tEisEc.) 4 T 2 1
0.00000 0.000 0.000  12181.000 0.000
1.30000 4.000 0.000  {2191.000 0.000
4,00000 0.000 0.000  12165.000 2.000

230

1 1042} FATAB i
0.000 0.000 -3 0.000000

1N1T1AL AYGULAR POSITION (DEG)

.000 12 0.000 2: 0.000
A¥GOLAD YELOCITY (DEQ/SEC.}

b 4

0.000 0.600

0.000 0.000

0.000 0.000

PAGE
CARDS €

wr
2.300000

¢

wE0

L




YEBICLE LIJEAS TIME RISTORT  CONSTANT WIXD VELOCITT OF 800 XNOTS

e
(SEC)

0.000
23¢0.000
600,000

LINEAR DECELERATIONS (G°S)
1 1 1]

0.000 0.400 0.000
0.000 9.000 0.000
0.000 0.000 0.000

LIXEAR TELOCITIES | 18./5EC.}
1 L 4

9.000 0.000  12161.000

0.000 0.000 12101.000
0.000 0.000 12)81.000

231

Mt
PIGE 1O, |

LINEAR DISPLACEMENTS { 1V.)
1 1 4

0,000 0.000 0.000
0.000 0.000 - 27076.300
0.000 0.000  55040.800

8



YEHICLE ATGULAR TIME NISTONY  COWSTANT WIND VELOCITT OF 800 XXOTS
141 LIGULAR SCCELERATIONS (DEQ/SEC.202) A3G0L43 YELOCITIES (DEO/SEC.)

(SEC) 1 1 z 1 1 2
0.000 0.000 0.000 0.000 0.000  0.000 0.000
2300.000 0.000 0.000 0.000 0.000 0.000 0.000
1600.000 - 0.000 0,000 0.000 0.000 0.000 0,000
232

ny

0.000
0.000
¢.000

HICH

0.000
4.000
¢.000

PAGE

PAGE X0,

SYGOLAB DISPLACEMENYS {(DEG)

H0LL

0.000
0.000

0.000

?



BL LT PMG NILP n 150 TRNESS IWOr
1 0 ] ] 0 [ [ |

PLANE [YPOTS
HATE 0, | WIXD FLAME

| ¢ : 1 H
POINT § 10.¢000 10,0080 5.0000
MINT 2 ~10.9000 10.0000 5.0000
i 3 10,0000  -10.0000 5.0000
B0DY SEGIENT SPAETIT f1PD?
stGie. t 2

BN ¢ ¢

233

1RF JPORCK

0

[

PAGE
Cir0 0.1

CA80s B.2

CARD D.7

8



¥I3D FORCE FONCTION JO. | v #IOD PORCK s | PIGE ¢
C4205 .8
SPEC, WEAT RATIO  SONIC VEL,  18S. PRESS. SEGMEXT REF, SEGMENT
) 1.4000 13404.0000 14,8080 |LARM 31E8

234




MGE 1¢

JLLONED COFTACYS AXD ASEOCHATED FOUCTI0D5

. ' 235



SIGIZNT WIXD JORCES

SEGMENT-ELLIPSOID  SEGMENT-PLANE

1«1 3+l

Lisu YEE -WiTD PLAXE
2-1 -4

oaru VEQ -W(ND PLANE

¥IND FORCE FUUCTION

YN0 FOXCE

¥im FORCE

1

236

. DRIQ COTFFICIEN
FOICTION

0

MGE 1)
CaRds F.?

BLOCR{ NG

. SEGMEFYS-ELLIPSOID



SUBROUTINE IRITAL [DPOT

MHn WAL WMy N g n
0. 0. 0. 0 0 0

IBITIAL POSETIONS (INERTIAL REFEAENCE)

SEGMENT LIBEAR POSITION ( 1X.}
¥0. SEG | ! 2

I Lasu 0.46000 0.00000 -18,08000
1 0aRM 0.18467 0.00000  -5,35030

IFITIAL ANGULAR ROTATION AND WELOCITY

SEGHENT ANGULA ROTITION DEGH

¥0. SEG ux rwce ROLL

1 Lage 0.00000  -2.00000 0.00000
2 apu 0.00000  -2.00000 0.00000

TABULAR TTME BISTORT CONYROL PADAMETERS
MmE 156 SELECTED SEGKENTS 08 JOINTS
gl 0
REF
8.2 0
iEF
8.3 3
{1
|
BEF
8.5 0
BEF
Le 0
REF
ar i
BEF
88 2
BEF
e 1
BEF

- —
—-—
-

_—— D e O a
-

I3 SMR(I)  SPLTI2Y  SPLTIY)
1 10.00 4.00 1.00

LINEAX VELOCITY { 13./5EC.)
I | z
0.00000 0.00000  0.00000
0.00000 0.00000  0.00000

ARGULAR YELOCITY (DEG/SEC.)

I 1 2
0.00000 0.00000  0.00000
0.00000 0.00000  0.00000

237

PAGE 17

CARD 0.

CARDS 0.1

Cir0s G.3



WLNSD FUKCTIONS POR THiQs

(INERTIAL) ok
ANGILIR 20TATION (DEC) 1NGTLAR TELOGITY (MD/SEC.)
SEGIENT /U 131 T 111 1 ! 2
v 0.0000  -2.0000 0,000 0.00000  0.00000  9.00000
7 0.0000 -2.0000  0.0000 0.00000  0.00000  ©.00000
3 Y 0.0000  0.0000  0.0000 0.00000  0,00000  ©.00000
(e (gAY
LIFEAY 70517100  I1.) LIBEAR YELOCITY ( 1./SEC.)
SEGENT 1 1 2 1 1 2
1 LAY 0.0800  0.0000 ~10.9800 0.00000  0.00000  0.00000
1 UAR 0.1817  0.0000  -5.3883 0.00000  0.00000 0,000
3 18 0.0000  0.0000  0.0000 0.00000  0.00000 1218100000
tERtIL) LocaL)
O1 48MY [ IN./SEC.902) %2 ARRAT [RAD/SEC. 142)
ETTERNAL LINEAS CCELERATIONS EXERNAL AYGTLAN ACCELERATIONS
SEGMENY 1 ! 2 1 1 2
I UARN  0.00000000 0.0000D00 0.5094D+03  0.579810-03 -0.10774D402 -0.315100-03
20080 0.00000000 0.00000000 0.8578D004  ~0.1H4E5D-i3 -0.38367D-14 -0.32143D-14
(IUERTIAL) (i)
JOINT FORCES ( L8.) JOINT 702Q0ES { 1. 18.)
Joer i X 1 7 1 1 2
1ELBY 5 -0.7310100 -0.0410-05 -0.1550-01  0.0000D¢00 0.0000D+00 0.0000D400

DINY CONY, TEST

2,000 iB5iC

1.000 LARY ATQ ACC 08¢,

TESY FAILED AT TIME = 0.001000 FOR B = 9.000500

238

Pice
LoCAL)
AYGOLAW ICCELERATION (8AD/SEC.111)

H r - .2
0.000348 7.240052 -0.000318
~0.000392 22.756331 0.000000
0.000000 0.000000 0.00¢000

(IMERTL4L) .
LIBEAR ACCELERATIONS (G'S)

H ) | B z
81330 0.000002 1.323003
-0.1319¢8 +0.000002 2.02334
0.000000 0.000000

0.000000

XISETIC ENERGY
(18.-11)
LINEAR AIGULAR 7L

0.000000400 0.000000400 ©.000000+00
0,000000+00  0,00000D100 0.00000D+00
$OTAL BODY XIVETIC EWERGY
.0,000000400 0.000000000 0,000000000

SELATITE AYOULAR
YELOCITY (BAD/SEC.)

0.000

0.45048-07 0.1473E-05 0.1000E-03 0.1000E-03 0.1000E-05

1



{LocaL}
ANODLAR TELOCITY (RAD/SEC.)

H 1 1
+0,00364  -2.40088 0.00000
0,00088 2437183 -0.0000
0.00000 0.00000 0.00000

{INERTAL}
LIJEAS YELOCITY ¢ (0./SEC.}

1 ! Z
-1.81902 0.01244  355.00443
8.12663  -0.01318  79.35808
9.00000 0.00000 12161.00000

{LOCAL)
U2 ARRAY {BAD/SEC.M12)
EITERTAL ANGULAR ACCELERATIONS
4 1 7

0.591660-07 -0.891470-10 0,11024D-13
0.245770+00 0.58650D+02 -0.68358D-08

WITEID PUBCTIONS FOR TIMEa 40,000 ISEC
(INERTTAL]
ANGTLAY ROTATION {DEO}
SEGIENY {11 NIy ROLL
| LARM 0.0000 -4.0M12  -0.0023
1 UARY 0.0000 10888 0,0050
Ing 1.0008 0.0000 0.0000
{INERTIAL}
LITEAR pOSETION { IX.)
SEGMENT I 1 1
1 LR 0.55175 0.0001 -13.8884
2% 0.3257  -0.0001  -3.0560
J ey 0.0000 0.0000 {86.4400
(IIERTIAL)
W1 ARRAY (W, /SEC.012)
EITERRAL LINEAR JCCRLERATIONS
SEGIEN? | | H 2
1LANM 0.25520-02 -0.87750-08 0.85950804
20124 0.45090-03 -0.1324D-08 0.15070+04
. . EERThaL) {I¥ERtiAL}
JOINT FORCES ( LA.) JOIEY T0RQUES ( 11. 18.)
Joim 1211 1 ! 3 I 1 2
1 Iy § 0.479000f -0.7550-02 ¢.3860¢00

0.00000000 0.G000D+00 £.0000D000

239

FiGE
fLOCAL)
AYGULAR ACCELERATION {BAD/SEC. 02}

I 1 A
<0.100€97  -69.644370 0.000000
2.012320  -40.75U7 -0.00000)
0.000000 0.000000 0.000000

(IFERTIAL}
LIFEAR ACCELERLTIONS 1G°5)

1 1 Z
=0.811510 0.001200 17.010222
0.884080 -0.001363 1.074519
0.000000 0.000000 0.0000¢0

KINEPIC ENERGY
(13.- 1)
LikgaR HAGN ] ToriL

0.501060003 0,961830000 0.502020103
0.456740102 0.51370D000  0.461280402
TOTAL BODY KINETIC ENEXGY
0546730103  0.147050¢01 0.548210:03

SELATITE ANGULAR

TELOCITY (RAD/SEC.)

1.835

I8



PAGE 1%
POSTPROCESSOR CONTROL PARMETERS

fic & BSE POINY est pone
Ll 0 0
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YEHICLE DECELEALTION:
CRASB TICTIN:

TME
1¥SEC)

©.000
0.500
0.750
1,000
1,500
2,000
3.000
4.000
5.000
4.000
1.000
8,000
9.000
10.000
11.000
12,000
13.000
14,000
15,000
10.000
17.000
18.000
19.000
10.000
21.000
22,000

23.000

24,000
25,000
25,000
27.000
28.000
29.000
30,000
31.000
32.000
33,000
. 000
35,000
340,000
37,000
38,000
39.000
10,000

DATE:
50T DESCRIPTION:

WUT L 0.00, 0.00,
SEGWEYT XO.
11 DUBYW JEFEREICE

0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
-0.001
-0.001
-0.002
-0.002
-0.003
<0.005
-0.008
-0.008
RR i}
-0.013
-0.017
-0.001
-0.028
-0.031
-0,038
-0.045
-0.05)
-0.08)
-0.013
-0,08%
-0.098
0113
0129
-0.148
-0.16%
+0.188
+0.200
-0.23
-0.281
-0.709
-0.320
-0.353
-0.389

I8, 4, 1988

FAPLE 2:

9STE PERCENTILE MALE

r

0.000
9.000
0.000
0.000
5.000
0.000
0.000
0.000
0.000
0.200
0.000
0.000
0,000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0,000
0.600
0.000
0,000
4,000
9.000
9.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

2.200 0¥
| - LAEK
2 BEs
C-5.420 5.420
-5.420  5.420
-5.420  5.420
5409 S.09
-5.417 5417
5.4 S
-5.405 5,405
-5.91 5.2
505 5.3
-5.350 535
-5.39 5320
-5.299 5,200
-5.266  5.208
-5, 228 5,218
-5.085  5.185
-5.138  5.138
-5.087  5.087
5,032 5.032
4913 LM
-4.900 1909
-840 (.8t
-§.768  (.788
-4.691  1.60)
-4.610  4.810
1524 L5
L4350 435
4 L
- L)
S0 440
-4.003 4034
-39 L
-3.807  35.008
-3.601  3.689
-3.563  ).565
-3 24
-3.302 08
-3.060 0 3,170
-3,022  3.030
-1.818  2.885
2.1 1337
-7.568  1.584
22007 2,418
-1 2.8
1.8

1107

JINT  0.00, 0.00, -5.42) OF
SEGNENT XO. 2 - DARM
18 LARN REFERENCE
I 1 2 1S
0,000 0,000 8,200 8.200
0.000 0,000 8.200 8.200
0.000  0.000 8.200  5.200
0.000 0,000 8399 L.I§
0.000 0.000 8.197 8.1M
0.000  0.000 8194  B.104
0.000 0.000 8.185 8,185
0.000 0,000 8171 8172
0.000 0.000 B.155 A.155
0.000  0.000 813 A3
0.000 0,000 8.100  8.109
0.000 0.000 8,079 8.09
0.000  ©0.000 0.016 8,048
0.000  0.000 8,008  4.008
0.000  0.000 T.065  7.965
0.000  0.000 T.018  7.918
0.000 0.000 7.7 1.887
0.000 0.000 T.012 T1.832
0.000 0,000 7.752 T.192
0.000  0.000  7.688  7.808
0.000  0.000 7.620 7.820
0,000 0.000 7.544  1.548
0.000  0.000 T.471 1AM
0.000 0.000 7.389 1.309
0,000 0.000 7.304 .30
0.000 -~ 0.000 1.0 121
0.000 0.000 .10 7.1%
0.000 0,000 7.021 1.021
0,000 0,000 8.018 8918
0.000  0.000 6.811  6.811
0.000 0,000 8.700 6,700
0.000  0.000 5.58  8.584
0.000 0.000 0.40¢( 8.484
9.000° 0,000 6339 .39
0.000 0,000  6.209  6.209
0.000  0.000 6.075  6.07S
9,000 0.000 5.097 5.3
0.000  0.000 5.793  5.703
0.000 0.000 5.845  5.645
0.000  0.000 5.492 5,401
0,000 0.000 533 5.3
0.000 0.000 S.170  5.170
0.000  0.000  5.002  5.002
0,000  0.000  1.82¢  §.830
241

DTIMIC JOINY TEST
SLIP JOJ¥T 7 600 XNOT WIXD
CONSTAVY WIND YELOCITT OF 800 KNOIS

POINT REL. LI¥EAR DISPLACEMENT { (N.)

MGE 16

MGE: 11,01

po1Nt  0.00, 0.00, 0.00 OX
SEGMENT X0. 2 - UdRM
IV GRED REFERENCE
4 H{ 2 13

0.j85  0.000 5368 5.370
0.185 0,000 -5.368 5.3
085  0.000 -5.367 5.1
0.185  0.000 -5.368  5.370
0.185  0.000 -5.365 5.368
0.185  0.080 5382  5.368
0.185 0.000 -5.356  5.350
0.186 0,000 -5.341  5.3%0°;
0.187  0.000 -5.338 5.3%
0.181  0.000 -5.322 5.325
0.188  0.000 -5.308  5.300
0,190 0.000 -5.208 5.20
0.191  0.000 -5.268 5.171
0.192  0.000 -5.285 5.9
0.194 0,000 5,22t 5.2
0.196 0,000 -S04 5.108
0.198  0.000 -S.166  5.170
0.200 0.000 -S.136 5,130
0200 0.000 -5.103 5.107
0.204¢ 0,000 -5.089 5.0
0.207  0.000 -5.032 5.0
0.210  0.000 -4.993  4.992
¢.213  0.000 -4.953  4.957
0.218  6.000 -4.910 &.0I5
0219  0.000 -4.365 1.870
0.921  0.000 -4.819 4.024
0,227 0.000 -3 LTS
0231 0.000 479 L7325
0.235  0.000 -4.857 +.073
0.238  0.000 -0.812 1.818
0.2¢4 0,000 -§.555 4,562
0.248 0,000 -4.808  4.503
0254 0.000 -4.436 LU
0.159  2.000 -4.313 .01
0,364  0.000 -4.300 4.317
0,370 0.000 4.3 1.251
0.276  0.000 -1.175  4.180
0,282 0.000 -4.105 4.115
0.789  0.000 -3.0)5 4.085
0.208 0,000 -3.962 3.97
0.303  0.000 ~-3.088  3.900
0.319 0,000 38K 3.0%5
0,318 0.000 -3.735 3.749
0.326 0.000 -3.857 3.871



DaTL: 1A, d, 1988 ’ ' MeE N
RU¥ DESCRIPTION:  ELAMPLE 2: DIDANIC JOINY TAST
SLIP JOLNT / 800 XKOT WIND MGE: 22.01
YEHICLY DECELERATION:  CONSTANY WIND VELOCITY OF 600 R¥OTS o
CRASH TICTIM:  OSTR PERCENTILE MALE

JOINY PARMMETERS .
JOINY 10. ) - LB ‘
THE STATE  JOINT ANGLES (DEG) T0T4L TOSQUE { TN, 18.)
(MSEC) IPIN FUETURL AZINUTR TORSION  SPRING WISCOUS OIS,

0.000 5. - 67.100 180.000  0.000 0.000 0.000 0.000
0.500 5. A7.180 180.000  0.000 0.000  0.000 0.000
0.150 5. 87.16a -180.000  0.000 0.000  0.000 0,000
1.000 5. 67,028 -180.000  0.000 0.000  0.000  0.000
1.500 5. 67,180 -180.000  ©.000 0.000 0,000 0.000
1.000 5. 87.1712 -180.000  0.000 0.000 0.000 0.000
3.000 5. 87.140 -180.000  0.000 0.000 0,000 0.000
{.00¢6 -S, &7.1i6 -180.000  0.000 0.000  0.000  0.000 ' ’
$.000 S 67.073 -180.000 0,000 0.000  0.000 0.000 '
6.000 5. 87,021 -180,000  0.000 0.000  0.000 0.000
7.000 8, 86.950 -180,000  0.000 0.000 0.000  0.000
8.000 5. 46,888 -180.000  0.000 0.000  0.000 0.000
0.000 5, 06.808 -180.000  0.000 0.000  0.000 0.000
10,000 5. 88.720 -180.000  0.000 0.000  0.000 0.000
11,000 S, 00.823 -180.000  0.000 0.000  ©¢.000 0,000
12,000 5. 06.517 -100.000  0.000 0.000 0.000 0.000
13.000 5. 84,403 -180.000  ¢.000 0.000 ¢.000 ¢.000
14.000 5, 86.280 -120.000  0.000 0.000  0.000 .0.000
15.000 5. 66,149 -180.000  ¢,000 0.000  0.000 0.000 - )
16.000 5. 606.010 -180.000  0.000 0.000 0.000 0.000
17.000 5. 65.862 -§80.000  0.00¢ 0.000  0.000 0.000
18.000 5. 085.70§ -§80.000  0.00¢ 0.00¢ 0.000 ¢.000
10.000 5. §5.542 -180.000  0.000 0.000  0.000 0.000
20.000 5. 65.369 -180.000  0.000 0.000 0,000  0.000
11,000 5, 05.189 120,000  0.000 0.000 0,000 0.000
72,000 5, 05.001 -180.000  0.000 0.000  0.000 ¢.000
23,000 5. 64.805 -i80.00¢  0.000 0.960  0.000 0,000
.000 5. 84,801 -180.000  0.000 0.000 0.000 0.000
25,000 5. 64.300 -180.000  0.000 0.000 0.000 0.000
26,000 5. 64.17) -180.006  0.000 0.000 0.000 0.000
27.000 5. 63,045 -180.00¢  0.000 0.000  4.000 0.000
28,000 5, 63,713 -180.000 -0.001 0.000 0.000 0.000 i -
20.000 5. 63474 -170.9¢%  -0.001 0.000 0.000 0.000
30.000 %, 63,230 -IT9.000  -0.001 0.008 0.000 0.000
J1.000 5. 07.980 -179.98%0 -0.002 0.000 0.000 0.000
J2.000 5. 02.724 -170.969  -0.002 0.000 0.000 0.000
33.000 5. 82.48¢ -170.988 . -0.002 0.000  0.000 . 0,000
30.000 S, 62,200 -179.088 -0.003 0.000 . 0.000 0,000
35,000 5. 6193 -170.908  -0.003 0.000 0.000 0.000
36,000 5. 61.058 -170.008 -0.00) 0.000  0.000 0.000
37,000 5. 61.39% -170.997 -0.004 0.000  0.000 0.000
J0.000 5. 5).122 -199.907  -0.0M 0,000 0.000 0,000
19,000 5. 60.847 -179.907  -0.004 0.000  0.000 0.000
10.000 5. 60.570 -179.906  -0.005 0.000 0.000 0,000
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DATE;  FES. 4, 1988 JMGE  1F

BUN OESCRIPTION:  EIAMPLE 2:  DYWAMIC JOINY YEST
SLIP JOLUT 7 800 XNOT WIND PIGE: 23.01

YESICLE DECELERATION:  COTSTANY Wi¥D YELOCITT OF 800 XNOTS
CRISH YICTIN:  OSTH PERCENTILE WALE

SEGMENT W[¥D FOBCE ( LB.)

SEGMEYT ¥0. ) - LARM ' SEGMENT X0. 2 - UABN
e I¥ GR¥D BEFEBENCE 1¥ GRWD REFERENCE
(SEC) 1 T z RES 1 1 2 S

0.000 0.000 0.000 1.885  1.865 0.000  0.000 117,584 117.584
0.500 0.000 0,000 02338 92.338 0.000 0.000 28,703 28.783
0.750 0.000 0,000 92.311 9.3 0.000 0.000 28.175 18.7%5
i.000 0.000  0.000 92.288 92.288 0.000 0.000 28,763 26.168
1.500 0.000 0.000 92,242 02,242 0.000  0.000 28,751 128,152
2.000 0.000  0.000 92.198 02.198 0.000 0,000 20,735 28,735
3.000 0.000  0.000 92,112 92.112 0.000 0.000 28,702 28.702
1,000 0.000 0,000 ©2.032 91.032 0.000  0.000 28.667 20.667
5.000 0.000 0.000 91.958 91.938 0.000 0,000 29,832 18.832
5,000 0.000  0.000 91.888 0.338 0.000 0,000 20,505 28.50%
1.000 0.000 0,000 91,825 91.825 0.000  0.000 33.798 23.708
3.000 0.000 0,000 91750 91.766 0.000 0,000 23,785 23.705
2.000 0.000 0.000 91.7)3 9713 0.000  0.000 23,733} 123703
10.000 0.000  0.000 901.686 91.668 0.000 0,000 123.800 23.699
11.000 0.000 0.000 00.62¢ 91.61 0.000 0,000 12).688 23,058
12,000 0.000 0,000 91.580 91,589 0.000 0,000 ?3.832 13.602
13.008 0.000 0.000 91.560 91.560 0.000 0,000 23,507 23.507
14.000 0.000 0,000 91.538 91.538 0.000 0,000 23.503 13.363
15.000 0.000 0,000 91.52) 91.523 $.000  0.000 23,509 23.57¢
18.000 0.000  0.000 BI.516 ¢1.518 0.000  0.000 23.400 2.4

17.000 0.000 ' 0.000 91.516 91.516 0.000 0,000 23.480 23.460
18.000 0.000  0.000 91.520 91.5%4 0.000 0,000 23.431 AN
19.000 0.000  6.000 915t 91.541 0.000  0.000 23304 23.3%
20.000 5.000  0.000 901.567 ©01.567 0.000 0.000 23.361 23.361
21.00¢ 0.000  0.000 91.607 91.802 0.000 0.000 23.330 23.330
22.000 0.000 0,000 91.848 91.648 0.000 0.000 23.200 23.299
13.000 0.000 0.000 91.704 21.704 0.000  0.000 23.260 23.269 .
24.000 0.000  0.000 91772 91.1M2 0.000  0.000 23.240 23.240 '

25.000 0.000 0,000 91.852 91.852 0.000 0.000 23.213 23.213
209.009 0.000 0,000 91.944 9l.00 0.000 0,000 23,187 23.1%7

217.000 0.000 0.000 07.050 92.050 0.000 0.000 23182 23.102
28.000 . 0.000 0.000 92.189 92.169 0.000 0,000 20.825 120.82%
20.000 0.000  0.000 92.303 92,303 0.000  0.000 20.808 20.806
30.000 0.000 0,000 92,151 92.451 0.000 0,000 20.789 20.78¢
31.000 0.000 0,000 93.635 £2.815 0.000 0.008 20.773 20.713
31.000 0.000  0.000 92,708 91.706 0.000 0.000 20,758 20.758
33.009 0,000 0,000 92.99¢ 92.9%4 0.000  0.000 15,138 18.136
34,000 0.000  0.000 93,200 93.200 0.000 0.000 18.127 18.127

35.000 0.000  0.000 93.447 93442 6.000  0.000 18110 18.149
- 36.000 0.000 0,000 93.69) 93.693 0.000 0,000 18.10) 18.113
37.000 0.000 0,000 93.963 93.983 0.000  0.000 16,208 16.108

38,000 0.000  0.000 94.24 94.254 0.000 0,000 10.103 10.103
39.000 0.000 0,000 91,566 04,560 0.000 0,000 15.100 18.100
40,000 0.009  0.000 94.900 91.900 0.000 0,000 16.007 18.007
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YEHICLE OECELERLTION:
CRASB YICTIN:

TINE
(MSEC)

0.000

0,500

0,756

1,000

1.500

1.000

).000

1.000

$.000

8.000

1.000

8.000

9.000
10.000
11.000
12.00¢
13.000
i1.000
15.000
16.000
12,000
18.000
18,000
20,000
11.000
22,009
23.000
24,000
25.000
26.000
27.000
8.000
20000
30.000
31.608
32.000
33.000
3.000
J5.000
38.000
31.000
38.000
39.000
10.900

pire:
30X DESCRIPTION:

Tee, f, 1988

PIANPLE 1:
SLi? JOI¥T /7 600 KNOT WIND
CONSTANT WIUD YELOCITT OF 400 K¥OTS
§STH PERCEVYILE MALE

JOIWY FORCE { LB. 10%02)

+0.007
0.022
0.027
0.022
9.022
0.033
0.023
0.073
0.023
0.023
0.022
0.022
0.022
0.022
0.023
0.023
0.02)
0.0
¢.03¢
0.025
0.025
0.020
.07

©0.077

0.028
0.020
0.030
0.030
2.0
0.00
0.034
0.032
0.004
0.033
0.036
0.038
0.034
0.0
0.038
0.040
0.04}
0.04¢
0.048
0.048

1

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0,000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0,000
0.000
0,000
0.9000
0.000
0.000
-0.002
0,000
0,000
0.000
0.000
6.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

2

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.080
0.000
0.000
¢.000
0.000
0.000
0.000
0.000
0.000
4.000
0.000
0.000
¢.000
0,000
©0.000
0.000
0.000
0.000
0.000
¢.000
0.000
0.000
¢.000
0.000
0.000
0.000
0.000
0.000
0.000
0,000
0.000
0.000
0.000
0.600
0.000

£LBY JOLUT FOACES & TORQUES OF UARM il UARN REFEBEICE

DTYANIC JOINT TEST

JOINT TORQUE { IN.- 13, 10ve3)

0.0000+00
0.000D+09
0.000D+00
0.000D100
0.0000+00
0.0000+00
0.0000100
0.000D+00
0.0000+00
0.000D+00
0.000D+00
0.000D+00
0.000D+00
0.0000+00
0.600D+00
2.000D000
0.000D+00
0.0000100
0.0000¢00
0.000D+00
0.0000+00
0.0000460
0.000D100
0.000D400
0,0000400
0.000D+00
0.0000+00
0.000D+00
0.000D+00
0.000D+00

© 0.0000000

0.0000400
0,0000+00
0.000D+00
0.0000¢30
0.000D000
0.0000+00
0.0600D+00

“0-000D40¢

0.0000100
0.000D+00
0.0000400
0,0000+00
0.000D¢00

1

0.000D+00
0.0000+00
0.000D+00
0.0000000
0.000D+00
¢.0000100
0.000D¢00
0.000D+00
0.600D+G0
0.000D100
0.0000400
0.000D400
0.000D+00
0.000D400
0.000D+00
0.000D000
0,0000+00
0.000D400
0.0000400
0,0000+00
0.000D400
0.0000+00
0.0000+00
0.000D+00
0.0000400
0.000D:00
0.0000100
0.0000400
0.0000200
0.0000400
0.0000100
0.000D+00
0.000D+00
0.000D+00
0.0000+00
0.000D+00
0.000D+00
0.0000+80
0.000D+00
0.000D+00
0.0000400
0.0000100
0.0000400
0.000D+00

244

1

0.000D+00
¢.0000400
0.000D+00
0.000D400
0.000D+00
0.0000400
0.000D+00
0.0000+00
0.0000400
0.000D100
0.000D000
0.0000+90
0.000D+00
$.000D+00
0.000D+00

. 0,0000000

0.0000+00
0.000D100
0.000De00
0.0000+00
0.0000+00
0.0000¢00
0,0000+00
0.0000+00

-0.0000+00

0.0000000
0.0000+00
0.0000+00
0,000De00
0.000D100
0.000D400
0.0000400
4.000D000
0.000D+00
0.000pe00
0.000D+00
0.0000+00
0.0000400
0.0000400
0.000D+00
0.000D+00
0.,000D+00
0.000D¢00
0.0000400




TLAPSZD CPU TONT + 30.91 SECONDS PAGE 20

508 s THE T
- HALEID 1 Ll 1.52
fueoe i i® 1.2
[4:13¢ ] 192 » 1.0
Lonr 197 3 0.0
ot U 143 1.63
20402 pall m .98
TUH 1% L .18
SETUPL 191 18 1.4
corrcy 191 1 on
i 382 2109 §0.23
nsm 191 11 .33
SETOR? 191 8 0.9
(11043} n 3l 1.00
DAURL? 1] I 0.93
£A0X21 19 9 0.29
FSWSOL i 7 on
. outeur H w 2.58
OPOTE - LM 3 0.10
oy 190 12 1,38
st t 168 5.7
1074L 31 100.00
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