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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 modifications to the model fall into six categories: 

• wind force option 
• joint drift correction 
• edge effect option 
• multi-axis angular displacement vehicle motion 

" - prescription 
• slip join̂ t option 

I • hyperelli'psoid option 
i 

These improvements have been combined to form the ATB-IV version on the 
Armstrong Aerospace Medical Research Laboratory's (AAMRL) Concurrent 
computer system at Wright-Patterson Air Force Base. AAMRL, Systems 
Research Laboratories, 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 human 
body response in various dynamic environments, especially 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 
model (Ref. 3). Complete documentation of the program through the 
A T B - I I version was performed by Calspan Corp. (Ref. A ) . A new version. 

" -T.'-- -ATB-III, was generated which included the improvements made by J & J 
- Technologies, Inc to model the body response to windblast for AMRL (Ref. 
5). 

A number of additional efforts have been made to improve various aspects 
of the ATB-III model, with emphasis on its capability to simiolate 
aircraft ejection with windblast exposure as well as complex automobile 
accidents. 

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 a 
reprinting with modifications and updates of Volume 2 of Calspan's 
report on the Crash Victim Simulator ' (Ref 4). 

Section 2 of this volume gives 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. 
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2.0 GENERAL FORMULATION OF THE ATB MODEL 

The Articulated Total Body (ATB) Model is primarily designed to evaluate 
rl.'e three-dimensional dynamic response of a system of rigid bodies when 
subjected to a dynamic environment consisting of applied forces 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 approximated as a system of connected or free rigid bodies. 
The ATB Model has been used to model such widely diverse physical 
phenomena as human body dynamics, the motion of the balls in a billards 
game and the transient response of an MX missle suspended from cables in 
a_ ̂ ind.tunnel. This flexibility can cause the application of the ATB 
"program to appear to be overly 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 variables will be mentioned. A complete 
description of these and other input variables is presented in 
Section A. 

To avoid confusion between the overall body or object to be modeled and 
the individual rigid bodies that make up the overall body, throughout 
this-report the tern: "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 individual 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 
the 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 htman body, such as the shoulder joint or the knee joint. 



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 a nmber 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 a 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 statanents of the program variables. 
Currently this maximum is 30. 

All body models are composed of a Number of body SEGments, NSEG, (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), 
and a Nmber 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 car 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. Another common variation of the 15 segment body is to break 
the upper torso into two segments, jointed at the sternum to better 
accommodate motion of the shoulder complex. 

Whatever the specific body model, the procedure to construct the" body 
remains the same. The body is assembled as a chain of individual 
segments. For more complex bodies, as for the 15 segment body, the body 
can take on a tree-like structure, with several chains (here 
representing the arms and the legs) branching out from several connected 
segments. The principal limitation to this approach as implemented in 
the ATB Model is that no closed loop for interconnected segments should 
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Joint j connects segment J N T ( j ) witti segment j + 

J N T ( j ) = I 2 3 4 I 6 7 I 9 10 3 12 3 14 

( j )= 1 2 3 4 5 6 7 8 9 10 I I 12 13 14 

Figure 1 Fifteen Segment Body Configuration 



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. Th^ are used along with the one-dimensional array, JNT(j) 
for j = 1 to NJNT, to define the connectivity of the segments by the 
joints. First, a base or reference segment is chosen as segment 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 choice for the reference segment. When the ATB Model was first 
developed, the 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 of the lower 
torso as the reference segment. A generalization of this result is the 
reccaomendation 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. Normally the joint connecting lower and 
center torsos is chosen as joint nvmber 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 
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number j + 1. JNT(j) is an array within the ATB program that stores the 
segment number of the proximal segment for the jth joint. In the 
context of the ATB Model, a proximal segment is the segment at a 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 
previously assigned segment (the corresponding restriction within the 
program is that the value of JNT(j) must be less than or equal to j.). 
Continuing this process produces the identification and connectivity 
assignments of Table 1 as one possible arrangement. It is obvious that 
this arrangement is not unique. 

The-logic'-of "connecting segment j + 1 to segment JKT(j) .= i preventis the 
•construction of closed chains via the joints. The restriction, 
JNT(j)"^ j, allows for the possibility of specifying JNT(j) = 0. Tiie 
ATB program utilizes this concept to signify that joint No. j will be a 
null joint and that segment No. j-tl will be the reference or base 
segment of another body. This permits the specification of multiple 
bodies that remain discorinected or free. 
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TABLE 1: - Segment- and- •Joint Ass-ignmeiit s • a-nd Conneet-i-v ii 

xeets i Segment Name Symbol i Joint- Name Symbol JNT(j ) 6on-i xeets 

1 Lower Torso LT 1 Pelvis P 1 LT CT 
2 Center Torso CT 2 Waist W 2 CT - UT 
3 Upper Torso UT 3 Neck Pivot NP 3 UT - N 
4 Neck N 4 Head Pivot HP 4 N - K 
5 Head H 5 Right Hip RH 1 LT - RUL 
6 Right Upper Leg RUL 6 Right Knee RK 6 RUL - RLL 
7 Right Lower Leg RLL 7 Right Ankle RA 7 RLL - RF 
8 Right Foot RF 8 Left Hip LH 1 LT - LUL 
9 Left Upper Leg LUL 9 Left Knee LK 9 LUL - LLL 
10 Left Lower Leg LLL 10 Left Ankle LA 10 LLL - LF 
11 Left Foot LF 11 Right Shoulder RS 3 UT - RUA 
12 Right Upper Arm RUA 12 Right Elbow RE 12 RUA - RLA 
13 Right Lower Arm RLA 13 Left Shoulder LS 3 UT - LUA 
14 Left Upper Arm LUA 14 Left Elbow LE 14 LUA - LLA 
15 Left Lower Arm LLA 



2.2 REFERENCE COORDINATE SYSTEMS 

The ATB model utilizes many reference coordinate systems with respect to 
which points in space and directions are calculated 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 inertia!, 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 orthonomal. 

2.2.1 Inertia! Reference- Coordinate- -System 

The ATB model assumes that the coordinates of the origin of the inertia! 
reference coordinate are zero and all other coordinate systems are 
specified with respect to this system. The user may equate the origin 
of the inertia! reference coordinate system to ar^ 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 gravity vector. It has been 
custonary 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 direction 
(pointing frcan 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 scmetimes necessary that contact surfaces (planes or ellipsoids) 
be located with respect to the inertia! reference coordinate systen, 
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e.g., the ground for pedestrian simulations. Since the program assumes 
that contact surfaces are associated with segments, a 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 Vehicle- 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 systan 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 available input data. The initial velocities and 
direction cosine matrices are determined from the options available to 
specify vehicle motion. 

A special segment identification nianber is assigned for each of the 
vehicles where NVEHl = NSBG + 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 Leeel-Referetiee-€ocr<iina-te-Systems 

Each body segment has a local reference coordinate system which is 
sometimes referred to as the segment geometric coordinate system. Eacli 
body segment has a mass and principal moments of inertia. The local 
reference coordinate system has its origin at the segment mass center, 
the principal moments of inertia are with respect to this origin and the 
principal axes for the principal moments are specified with respect to 
the local reference system. The (hyper)ellipsoidal contact surface 
origin and orientation is also specified with respect to the local 
reference qrstem. 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 
segments, a body segment can have up to six degrees-of-freedcm and its 
kinematics are computed based on the dynamic interactions the body 
segment experiences during a simulation. A body segment can be given an 
initial position, orientation, and linear and angular velocity and its : 
motion is then ccmputed for the remainder of the simulation subject to"^""" 
any imposed constraints (e.g. number and type of joint) and applied ^ 
forces. The motion of the body segments can not be specified unless .thê /- : ̂ --̂ ^̂ ^ 
body segment is also defined as a vehicle. : ^ - ^ ^ ^ IVC J*^ 

To provide a means for the body segments to interact with the " r 
environment, one or more contact (hyper)ellipsoids can be attached to 
each body segment. These contact (hyper)ellipsoids are what the user 
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 the purpose of providing the 
body segments with a means of interacting with surrounding environment. 
Contact planes can also be attached to the body segments to provide 
another way for the body segment to interact with the environment. 
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 
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arms at the side, the Z axis is downward, the X axis to the front and 
the y axis is to the body's right. 

2.2.4 Body- Segment- Pxineipal- Coordinate-5ygtems 

The dynamic equations in the ATB model are solved in terms of principal 
axes. All three-dimensional bodies have an inertia tensor. 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 inertia, 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 referring to the segments is in terms of the body " ^ 
segment local reference coordinate system. After input, the ATB model 
converts all data points expressed in the local segment reference 
coordinate system to principal coordinates and, prior to output, bacfc to 
the local segment reference coordinate system in a manner that is 
transparent to the user. 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 some cases where the principal axes are aligned with the 
local reference axes the two are coincident. 

2.2.5 Joint Reference-Coordinate-Bystems 

Because of the mathematical formulations 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 that 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 
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coordirate system (or the location of the joint) is specified in tht-
body segment local reference coordinate systems for both segment Nos. 
JNT(j) and j+1. The orientations of the joint axis systems are 
specified by rotation angles (yaw, pitch and roll) from the local frame 
of reference for both of these segments as YPRl and YFR2. I 

Joint forces and torques are computed by the ATB program as a function 
of the relative orientation of the two coordinate systems at the joint. 
The joint coordinate system associated with the JNT(j) segment is used 
as the base reference system for determining the joint parameters. For 
pin joints the Y-axis is the axis of rotation. For ball and socket 
joints, free joints and joints using the joint function, flexure or 
theta is the angle between the tv70 Z-axes while azimuth or phi is the 
angle between the base X-axis and the projection of the j+l Z-axis ii^o 
the X-Y base plane, and twist is rotation about the base Z-axis. For 
Euler joints precession, nutation and spin are defined as the rotations 
from the base joint coordinate system to the j+1 joint coordinate - , 
system. For slip joints, the linear motion is along" the base Z-axis: - —^ 
Further descriptions of the j oint types and their axes systems can be 
found in Volume 1 of-Reference A, Section 2 of Reference-2 and.,Section 6 
of Volume 1 of this report. 

2.2.0 Contact (Byper)Ellipsoid Reference Coordinate Systems 

The ATB model has an option to attcich contact (hyper)ellipsoids to the 
body segments, vehicle segments or to the ground (inertial) segment. 
These contact (hyper)ellipsoids are for contact purposes 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 orier.taticn 
specified with respect to the segment's local reference coordinate 
system. The contact (hyper)ellipsoid coordinate system is formed by the 
three orthogonal semi-axes of the (hyper)ellipsoid, with the coordinate 
system's origin 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 segment's local 
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reference coordinate system and ends at the point in the local 
coordinate system where the center of the contact (hyper)ellipsoid is ro 
be 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)ellip?oio, 
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/ellipsoid contacts 
or air bag/ellipsoid contacts (where the air bag is a special type of 
contact ellipsoid). More that one contact (hyper)ellipsoid can be 
attached to one local (body, vehicle or ground) segment. The contact 
ellipsoids originally defined with the segments are those depicted by 
the VIEW program. Additional contact (hyper)ellipsoids specified later 
in the input can not be drawn by the current version of the VIl'W 
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 modeled as a contact 
ellipsoid. 

2.2.7 Applied Force and Torque Coordinate Systems 

The ATB model has the capability to apply time-dependent forces and 
torques to body segments. A force/torque coordinate system is defined 
such that, a positive force is applied in the positive X direction cf tin-
force/torque coordinate system and a positive torque is applied about 
the positive X axis of the force/torque coordinate system using the 
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right hand rule. The origin and orientation (rotation) of the 
force/torque coordinate systems are specified with respect to the local 
rt-fererice coordinate system of tiie segment to which the force/torque is 
to be applied. 

2.3 DIMENSIONAL UNITS AND G R A V m 

Before any body or vehicle data can be considered for input to model, 
the user must decide which units of measurement are to be used for the 
simulation 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/seconds • 
or newtons/meters/seconds) must be chosen. The choice is arbitrary and 
there''is no default, but once the selection is made, all input data must;- . 
be in "the same units. Choosing the units of measurement for the input' 
data also automatically specifies the units for the output data. The _ . , 
units'̂ of measurement are selected by supplying the alphanimeric. names, of 
the abbreviations for the units of force (UNITM), distance (UNITL) and C)!);;.;'— 
time (UNITT). These input parameters are used to annotate the ATB model 
output, including the listing of the input on the primary output file 
(FORTRAN logical unit 6). . • • 

The units of measurement used in the ATB Input Description for 
illustrative purposes are pounds, inches and seconds. These units were 
selected at the time of the initial development of the model when most 
available data were in these units. These particular units were 
selected on the basis of convenience only and should not be considered 
as the standard units. Although there are no official units, 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 crash 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 have 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 input 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 development of the program 
for the input units required for the principal moments of inertia (PHI). 
In retrospect, the units for the principal moments of inertia should 
have been weight (force) multiplied by distance squared, and the input 
values converted by the program by 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 principal moments of inertia 
are weight (force) multiplied by distance multiplied by time squared, 
which is equivalent to mass multiplied by distance squared. This 
inconsistency has never been ranoved because its removal would 
invalidate many already established input files. 

2.3.2 Specifying- 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 coordinate system 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 segjaent number given by NGRND. Defining the inertial 
coordinate system means specifying which direction, with respect to the 
inertial coordinate system, 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, 0, g) where g corresponds to the 
standard coefficient of gravity at the surface of the earth. 

The gravity field defined by GRAVTY 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 magnitude 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 is 
supplied as nonzero, the ATB program will use the value of G rather than 
the magnitude of GRAVTY to compute the masses of the segments. G must 
be nonzero when GRAVTY (0,0,0) is used. For the case when the magnitude 
of GRAVTY is nonzero and G is also nonzero, the program will apply the/ " 
vector GRAVTY to all segments with a nonzero mass but the weights of the 
segments will be converted to mass ty dividing by G. 

2.4 INITIAL POSITIONING OF THE ATB SEGMENTS 

In addition to the specification of the inertial properties and coupling 
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 e.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 this 
process can be relatively straight forward, however, when body 
interactions with the surrounding environment (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 and must be properly chosen to avoid large 
initial segment accelerations. IWo general methods can be used to 
achieve initial 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 can 
be done by setting NSTEPS to zero, and by supplying a nonzero 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 adjusts the positions based on the initial 
angular and linear accelerations and the contact forces. This procedure 
usually requires several iterations to insure that the body is in static 
equilibria with its environment which is determined by the absence of 
large accelerations for any of the body segments. Perfect equilibrium 
is generally not attainable for the seated or standing position, ... 
however, small initial accelerations are tolerable, especially 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 solve any 
equilibrium problem, but can be exceedingly ccmplex to use. The input 
description (Section 4.0) describes a procedure designed at Calspan that 
produces equilibrivnn (zero accelerations on all body segments) for a 
typical seated occupant configuration. It utilizes an autcmatic 
multiple iteration procedure that simulates the adjustments a body makes 
to comfortably seat itself inside an autcmobile seat configuration, it 
is suspected that the resulting configuration is unique for the set of 
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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 OUTPUT CONTROL OF THE ATB PROGRAMS 

Time control parameters must be specified for each simulation. These 
parameters control the length (simtalation time) of the run, 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 
calculational efficiency and numerical stability. 

CTor, V-

The ̂ primary control of time is performed by the Main Program of the ATB 
program. Here, after all input and initialization is performed, time is^ 
advanced in steps of DT seconds by calling the program integrator.' 
After each DT time step, control is returned to the main program where 
the .print indicators NPRT(l) thru NPRT(7) are tested to perform optional 
outputs. This is done for time zero and at each integral (one thru ' . . 
NSTEPS) multiple of DT seconds of simulation time. The total simulation _ 
time is therefore NSTEPS*DT seconds where NSTEPS and DT are input 
parameters. The values of NSTEPS and DT should therefore be chosen so 
as to provide the desired length of the simulation and amount and 
frequency of output data. 

A secondary control of time is performed by the program integrator, 
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. If convergence is not attained with 
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a HMIN time step the simulation stops. If the convergence criteria are-
satisfied for several integration steps, H is increased by 2. This can 
continue until the integration step 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 stable 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 0.001 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 setting 
HMAX = HMIN = HO, but this is not recommended. 

One other input parameter is worth mentioning here, namely NDINT. The 
integrator basically performs NDINT iterations of functional evaluations 
at both the midpoint (TIME + H/2) and endpoint (TIME + H) of the^current 
time substep with convergence being tested after each endpoint 
evaluation. Although some writers have suggested that only one is 
necessary for the value of NDINT, it has been observed that an even 
nmber works better (because of the behavior of the integrator) and that 
extra evaluations, in an attenpt 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 DATA 

The input for the ATB program is contained in a single primary input 
file (FORTRAN Unit No 5). It is a formatted file, structured in a fixed 
80 column card format of alphanumeric data input. Each record 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 ATB program. For 
example, the A input cards contain the general run parameters, the B 
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 modtilarity 
of the input makes it possible for complete sets to be replaced by 
existing sets that have been previously used. , _ 

The ATB_ program has innumerable options available to the user, and each 
characteristic generally consists of a predefined number "of "parameters'.''' 
For example, the crash victim body consists of a variable-number. 
segments and j oints specified by NSBG and NJNT supplied on input Card 
B.l that, in turn, control the number of B cards to follow. Therefore, 
the structure of any ATB program input file or deck is variable and is 
completely specified by previously supplied parameters. Seme input 
cards are always required, others are needed only for previously 
specified parameters, and, in most cases, the nvimber 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 
initialization is performed that, in some cases, changes the actual 
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supplied input (e.g., degrees are converted to radians) and a completely 
annotated listing of the program input is produced on the primary output 
unit (FORTRAN unit No. 6). It is suggested that, as one first attempts 
to read the input description for the ATB program (Section A.O), 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. 

Following is a summary of all of the input cards. A complete 
description, giving the format for each card, the conditions that 
specify its necessity, the input parameters to be supplied on each card 
and a definition of each of these parameters, is presented in Eectior. 
4.0. 

A. Run control parameters 

A.l.a-c Date, restart control, run description - " -je-
A. 2 Variable changes for restart procedure 
A.3 Dimensional units, components of gravity --Av 
A. 4 Integrator parameters 
A.5 NPRT array for output control 

B. Physical characteristics of the body 

B.l Body title. No. of segments end joints 
B.2.a-b Physical characteristics of body segments 
B.3.''a-b Physicfcl 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 (vehicle) motion 

C.l Vehicle motion title 
C.2.a-b Prescribed motion control parameters 
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C.3 Unidirectional deceleration tables 
C.4 . Six degree of freedom deceleration tables 
C.5 Spline fit tables 

D. Contact surface and other environment definitions 

D.l Number of contact panels, belts, airbags, etc. 
D.2.a-d Plane description and input data 
.D.3.a-c Simple belt description and input data 
D.4.a-h Airbag description and input data 
D.5 Additional (hyper)ellipsoid contact surface 

input data 
D.6 Constraint and tension element input data 
D.7 Body segment symmetry options 
D.8 Spring damper input data 
D.9 Applied force/torque function input data 

E. Function definitions 

E.l Function identification number and title 
F..2 Function definition control parameters 
E.3 5tb degree polynranial coefficients 
E.4.a-b Tabular function definition 
E.5 (No longer required by program) 
E.6.a-d Wind force functions input data 
E.7.a-d Joint force functions input, data 

F. Allowed contacts and associated functicrs 

F.l.a-b Menu for plane-segment contact functions 
F.2.a-b Menu for belt-segment contact functions 
F.3.a-b Menu for segment-segment contact functions 
F.4.a-b Specifications for globalgraphic joint functions 
F,5.e Specifications for joint forces option 
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F.6 Allovi-ed yirbag-segment contact definitions 
F.7.a-b Wind force functions specifications 
F.8.a-d Harness-belt systems input data 

G. Initial positioning input 

G.l.a-b Printer plots control parameters 
G.2 Initial position and velocity for reference 

segments 
G.3.a-b Initial segment angular orientation and velocity 

input data 
G.4 Equilibriiim control parameters 
G.5 Equilibrium control assignments 
G.6 Equilibrium constraint assignments 

H. Tabular time history output control parameters 

H.l.a-b Linear accelerations of selected points on 
segments 

H.2.a-b Linear velocities of selected points on segments 
H.3.a-b Linear positions of selected points on segments 
H.4 Angular accelerations of selected segments 
H.5 Angular velocities of selected segments 
H.6 Angular orientations of selected segments 
H.7 Joint parameters for selected joints 
H.8 Wind forces on selected segments 
H.9 Joint forces and torques for selected joints 
H.lO.a-b Properties of selected sets of segments 
P.11 Parameters for HIC, HSI and CSI computetici s 

I. Specifications for Calcomp plots 

I.1 No. of plots and Y variables per pJ ot 
1.2 X and Y variables to be plotted 
1.3 Parameters for horizontal (X) axis 
1.4 Parameters for vertical (Y) axis 
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1.5 X axis label 
1.6 y axis label 
1.7 First line cf plot label 
1.8 Second line of plot label 

. . • 
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4.0 IMFUT DBSCBIPTIOM FOB THE 
AAliBL ABTICULATED TOTAL BODY MODEL 

ATB-IY.O 
JOLT 1988 

Tbt following if an input dffoription for tb« Articulatod Total 
Body (ATB) Model. Both th« input dofcriptlon and ATB Modol ara 
availabla froa tbt Modeling & Analysif Branch, Biodynaaioa & 
Bioengineering Diviaion, Araatrong Aeroapace Medical Beaearch 
Laboratory, Wright-Patteraon Air Force Baae, Dayton, Ohio 
45433-6573. [(513) 255-36651. The ATB Model ia the Air Force 
aponaored enhanced veraion of the Craah Tictia Siaulator (CVS) 
Model developed by Calapan for the Departaent of 
Tranaportation. All reviaiona and enhanceaenta to previoua 
veraiona of the ATB Model are denoted by the ayiAola below. 

i.l Syabol Key: 

A line with any of the ayabola 'I', '9', 'X' or '§' to the 
right of it indicatea that a change haa been aade to the input 
deacriptibn aince the veraion deacribed in Calapan Beport Ho. 
ZS-5881-T-3, 'Validation of the Craah Victia Siaulator'. Voluae. 
3, Uaer'a Manual, February 1882. 

The ayabol ' I' indicatea that a change haa been aade to the 
input deacription to correct, clarify or update the text of the 
input deacription or to aake the input deacription aore 
conaiatent with the ATB code. It doea not indicate a change to 
the actual input to the ATB Model. • 

The ayabol 'f indicatea that a change haa been aade to the 
input deacription for an already exiating card in auch a aanner 
that previoua input decka are atill acceptable aa proper input 
for the current veraion of the prograa if no aodification ia 
aade to the previoua input deck. The ayid>ol '•' eaaentially 
indicatea a new feature or option of the ATB prograa that ia 
not affected by previoua input decka unleaa the input neceaaary 
to activate tbeae featurea ia included in the input deck. 

The ayabol 'X' indicatea that a card haa been added to the ATB 
Model input in auch a aanner that previoua input decka are 
atill acceptable aa proper input for the current veraion of the 
prograa, provided that a blank card ia inaerted iHiere the new 
card ia required. 

i-l Bev IV.0 
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Th« syabol '$' indicates that ohangas in foraat or contant arc 
raquirtd to pravioxis input dacks to ba accaptabla as proper 
input for the cxirrant version of the program. 

The following additional special symbols are used throughout 
the report: 

*•* is used to indicate 'not equal*. 
'<* is used to indicate 'less than'. 
'>* is used to indicate 'greater than'. 
*!* is xised to indicate 'absolute value'. 

i.2 Bevisions and Updates 

This version of the ATB Input Description has been reformatted 
to permit individtial 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 syiAol 
on pages with revision nu^er IV.0 denote ehanges 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 
cxirrent version number of the input description. 

i.3 Description of FOBTBAM FOBMAT Statements Used 

At the beginning of the description of each card appears the 
FOBTBAK FOBMAT 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) 
nlw (I to describe integer data fields) 
nAw (A to describe alphanumeric data fields) 
wZ (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 Bev IV.0 
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d - normally spacifiaa tha nuabar of daoimal placaa to 
tha right of tha daoimal point, i.a., tha fractional 
part of tha nuabar. Hoaavar, a daoimal point auppliad 
within tha fiald will ovarrida tha d spaoification. 

/ - is usad to indioata tha and of a card iaaga and that 
tha raaaining fialds ara to ba suppliad on a 
suocaading card. 

All variabla naaas tisad follow tha standard FOBTBAH naming 
convention, i.a., thosa variablas irtiara tha first lattar of 
thair nama is A-H or 0-Z ara raal (actually doubla pracision on 
IBM, DMIVAC, Data Qanaral and F-B co^>utars and singla ! 
pracision on CDC computars) and thosa with I-M as thair first 
letter ara intager. 

All raal data hava a Fw.O format coda iriiich raquiras tha usa of 
a decimal point within tha spacifiad fiald to ovarrida tha d*0 
spacification. On most computars F, D and E format codas ara 
complataly intarchangaabla for input iriiich paradts one to 
supply an axponantial (poarar of tan) multipliar; a.g., 0.000001 
may ba suppliad as l.OD-0, provided that tha axponantial term 
is right adjusted within tha field width. In all other cases, . 
real data using the Fw.O forsMt code may appear anywhere within 
the field width. All blanks are assumed to be a sero and 
therefore ignored. A blank field will therefore input a value : . 
of zero. 

All integer data use a Iw format code and must be right 
adjusted, i.e., must appear in the rightmost columns of tbe'^^ ̂ ^ 
fiald. _ 

Several names, titles and other descriptive items ara 
alphanumeric data and usa tha Aw format coda. Hare blanks ara 
spaces and tha actual characters desired may appear anyirtiare 
within tha fiald. 

Tha usa of tha symbol »* for any format such as: FOBMAT (20A4 I 
/20A4)«« indicates that columns 73 - 80 of that card ara used I 
for input and should not ba usad for identification purposes. I 

i-3 Rev IV.0 
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OUTLIIS OF IIFUT TO THE PBOOBAM 

Carda A - Data and run daacription, units of input and output, 
control of restart. integrator and optional output. 

Cards B - Physical characteristics of the segaents and joints. 

Cards C - Description of the vehicle aotion. 

Cards D - Contact planes, belts, air bags, contact I 
(hyper)ellipsoids, constraints, syaaetry options, I 
spring daapers, and prescribed forces and torques. < 

Cards E - Functions defining force-deflections, inertial 
spike, energy absorption factor, and friction 
coefficients.' 

Cards F - Allowed contact* aaong segaents, planes, belts, 
airbags, contact (hyper)ellipsoids and harnesses. I 

Cards Q - Initial orientations and velocities of the segaents. 

Cards H - Control of output of tiaa history of selected 
segaent aotions, joint paraaeters, wind forces, ' 
joint forces and torques, total body properties, and I --
injury criteria. 

Cards I - Control inforaation for plotter output. 

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

Card A.l.a 

DATB(I),1=1,3 

FORMAT (3A4, 214, F8.0) 

Data of tha run (12 charactars) 

IBSIH 

IBSODT 

BSTIME 

Baatart input unit Ho. If blank or zaro, 
all input to ba auppliad on carda A.3 to 
CABOS H.IO. If nonzaro (auBgaatad valua 
= 4) input will ba auppllad froa a 
pravioiia raatart tapa and Carda A.l.b, c 
and A.2. 

Baatart output unit Mo. If nonzaro 
(auBBaatad valua «3), racorda will ba 
writtan on thia output unit for futura 
raatart runa. An initial racord 
containing all input and initialization 
data will ba writtan pltia a tiaa point 
racord at avary tiaa interval aa 
apacifiad by DT on Card A.4. 

Baatart tiaa (aac.) raquirad if IBSIH • 
0. Should ba nonzaro and an intagar ' 
•ultipla of OT on Card A.4. Prograa will 
raad racorda from tha pravioua raatart 
tapa up to and including thia tima, maka 
changaa par card A.2, and continua 
operation from there. 

Carda A.l.b - A.l.c FORMAT (20A4 / 20A4) •« 

COMEHT Daacription of tha run (160 charactara on 
two carda). 
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Card* A.2 are required only if IBSIV > 0, in wfaiol) case all 
other input as specified on Cards A.3 to H.IO 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 is read from input unit IBSIK and, if IBSOUT • 0, before 
the input record is written on output unit IBSOUT. The second 
set is processed after the time point record for TIME > BSTIHB 
has been read and, if IBSOUT * 0, after the same record is 
written on output unit IBSOUT, but before the program resumes 
operation. 

Cards A.2 

AVAB 

FOBMATCAS, 414, 2(F8.0, 18, A8) ) 

Alphanuiteric name (left adjusted in 
field) of variable to be redefined for 
restart. Program is capable of changing 
most variables in the labeled coamon 
blocks as used after all initialisation 
has been performed. The user should 
ascertain that changing this variable is 
valid for the program. 

IIDBB(I),I>1,3 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. 

ITTPE Supply 1, 2 or 3 to indicate that the new 
value is to be real(BB), integer(II) or 
alphanuiteric(AA). Must agree with the 
type of the variable within the program. 

BB, II or AA •ew value of the variable AVAB to be 
supplied in the appropriate field 
determined by the value of ITTPE. 

BBOLD, HOLD 
or AAOLD 

The previous value of the variable AVAB 
in the appropriate field according to the 
ITTPE value. Integer or alphanuawric 
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. If zero 
or blank is supplied, no check is 
performed. 

These A.2 Cards will be processed until a blank value for AVAB 
is encountered. lo further input is required. 
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Card A.3 

roiTL 

inilTM 

OHITT 

FOBMAT (3A4. 4F12.0) 

L«b«l for unit of length (4 oharactera) 

Label for unit of force (4 charactere). 

Label for unit of tiae (4 characters). 

Vote: DVITL. OVITM and OVITT can be any set of consistent 
units, however: throughout this description, inches, pounds and 
seconds (in,lbs,sec) are used as sawple units. If other units 
are used, the field widths of soae output forwat statewents may 
have to be changed. 

GBAVTT(I),I«1,3 The X, y and z coaponents (in/sec»»3) of 
the gravity vector in the inertial 
coordinate systea. Typically, the vector 
(0,0,g) is used. This defines gravity to 
be applied along the positive inertial z 
axis. Any vector aay be used, including 
(0,0,0) for a weightless environasnt. 

The value of the constant (in/seo»«2), 
which the input segaent weights will be 
divided by to obtain their aass. If : 
blank or zero, the aagnitude of the 
gravity vector will be used. Q aust be 
nonzero if QHAVTT « (0,0,0). 
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Card A.4 

HDINT 

HSTEPS 

DT 

HO 

PMAY 

HMIH 

FOBMAT (214, 4F8.0) 

•uabar of itorationa for tbo final 
convarAanoa taat of tba intagrator 
Subroutina DIIT (minimui valua « 2, 
auggaated valua > 4). 

linear of output tiaa polnta. May ba 
zaro to obtain initial conditiona. 

Main program tiaa intarval for intagrator 
routina output (aao).' Tba total tima of 
tba run will ba ISTEPSaDT aaconda. 
Program output can ba obtainad avary DT 
aaconda or intagar multiplaa of DT. 
Iota: Tba valua'of DT can affact 
aimulation raaulta (ainca tba intagrator 
ia forcad to provida output at avary 
intagar multipla of DT), in addition to 
ragulating tba fraquancy of output data. 

Initial intagrator atap aiza (aac). 

Ibxinum intagrator atap aiza (aac). For 
boat afficiancy DT abould ba an intagral 
multipla of HMAX and HMAX a powar of two 
multipla of HO. (Suggaatad valua « 0.001 
aac.) 

Minimum intagrator atap aiza (aac). If a 
fixad atap aiza ia daairad, aat HMII 
graatar tban HMAX, and atap aiza will 
doubla from HO until HMAX ia acbiavad. 

A-4 Bav IV.0 
34 



Card A.5 FORMAT (3612) 

HPRTd) , 1-1,36 An array of indioators that control 
various optional output and prograa 
control faaturas of tha prograa. 
Oanarally, for tha output paraaatara, a 
blank or zero value indicates no output 
for that itea and a value of one will 
produce output each tiae the routine is 
executed. The printed output, produced 
by eleaents 8-17 and 20-25 is intended 
for diagnostic or 'check out' purposes 
only, can produce large amounts of 
partially labeled output and should not 
be used for long or production runs. One 
should consult the listing of the 
subroutine for a description of the 
diagnostic iteas that are printed. 

The BPRT array (» - see notes below) 

Eieaent Ho. Subroutine Output produced 
a (1») MAII Output unit Ho. 1 
-2 (1») MAIM Subroutine ELTIMB table 

(1») MAIM Subroutine PRIIT output 
i (2») ODTPOT,POSTPR Output unit Ho. 8, plots 
;5 (1») PRIPLT Y-Z view printer plots 

(1») PRIPLT X-Z view printer plots 
7 (1») PRIPLT X-T view printer plots 
.8 (3») OAUX IJX, RHS and C arrays 

DADZ Subroutine PRIHT output 
10 IMPULS Diagnostic output 
11 SETUP1 U2,V1 arrays 
12 VISPR Diagnostic output 
13 PRIPLT CJOIIT array 
14 MIHDT Wind forces 
15 BELTQ Diagnostic output 
16 HBBLT Harness-belt forces 
17 EDBPTH Diagnostic output 
18 (4») OUTPUT,POSTPR Liait tabular time histories f 
19 not used 
20 CHAIH SEGLP.SEQLV 
21 AIRBAO Diagnostic output 
22 AIRBGl Diagnostic output 
23 BIIPUT HT and BB arrays 1 
24 UPDATE Roll-slide test output 
25 DIET Convergence test data 
26 (5») DIIT,POSTPR Tabular tiae history output 
27 EQUILB Interaediate results 

A-5 Rev IV.0 
35 



Card A.'S (continua) 

28 
29 
30 
31 
32 
33 
34 
38 
36 

(6») 

(7») 
(8») 

(9«) 

HPTUBB 
not used 
POSTPB 
POSTPB 
not used 
not tised 
not used 
not used 
DBIPT 

Harness belt forces 

Plot and HIC data frequency 
Type of plot output device 

Controls drift of joints 

# 

Hotes concerning elements of the VPBT array 

1« For elements 1, 2, 3, 5, 6 and 7. the value indicates the ! 
frequency of output. Zero will produce no output (for I 
element Mo. 2. the ILTIME table will be printed once at the 
end of the run) and a non-zero positive value (M) will I 
produce output every H>DT (from Card A.4) seconds. 
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Card A.5 (continued) 

2* The value of )iFBT(4) is used (after version ISA) to control: 

(1) Write the tabular tiae histories (specified by Cards H 
and the allowed contacts on Cards F) on either 
(a) the multiple output units (Vo. 21 and up) by 

Subroutine OUTPUT, or 
(b) the primary output unit (Ho. 6) by Subroutine HEDIHG. 

(2) Store the tinw history data on output unit Ho. 8 by 
Subroutine OUTPUT to be later used by Subroutine POSTPB. 

(3) Generate plots of the tiae history data (specified on 
Cards I) by Subroutine POSTPB. 

Permissible values of HPBT(4) range froa -3 to ••'4 as follows: 

Supplied value for HPBT(4) 
•4 •3 •2 • 1 0 -1 -2 -3 

1 Control Cards 
Multiple output xinits yes no no yes yes no no no 
Output tin it Ho. 8 yes yes yes yes . no yes yes yes 

2 Card Input 
Cards B.l-HilO yes yes yes yes yes no no no » - - ;•.•,. 

Card H.ll no yes yes yes no yes yes yes 1 
Cards I no yes no yes no yes no yes 

3 Main Program Operation 
Integrate and/or restart yes yes yes yes yes no no no . - - • -r-
Call Subroutine POSTPB no yes yes yes no yes yes yes 

4 Print tiae histories 
Multiple output units yes no no yes yes no no no 
Priaary output unit no yes yes no no no yes yes 

5 Output unit Ho. 8 
Write (Sub OUTPUT) yes yes yes yes no no no. no 
Bead (Sub POSTPB) no yes yes yes no yes yes yes 

6 Generate plots (Cards I) no yes no yes no yes no yes 

Hote: If HPBT(4) is negative, input Cards B. 1-H. ,10 should not ! 
be supplied. 

A-7 Bev IV,0 
37 



Card A.'S (continua) 

3» A value of liFBT(8) > 2 will print tha daiignatad arrays 
before and after tha first call to Subroutine FSMSOL only. 

4« The valua of HPBT(18) controls tha printing of tha tabular • 
time histories not specified by tha H Cards. A valua of • 
NPBTdS) = 0 will result in tha printing of all tha tabular f 
tine histories, as in previous versions of tha modal, lone • 
of tha tabular time histories listed below will ba printed • 
for a valua of IPBT(18) - 16. Tha table below lists which • 
time histories that will ba printed for tha other values of • 
NPBTdS). Tha types of time histories are labeled with 'y' • 
for yes, indicating this tabular time history will ba • 
printed and 'n' for no, indicating it will not ba printed. • 

Supplied valua of NFBTdB) • 
0 1 2 3 4 5 6 7 8 10 11 12 13 14 15 16 • 

Plane/sag y n y y y y y n y y n - n y y n n n f 
Bait/sag y y n y y y y n n n y y y n n n n 
Harnass-balt y y y n y y y y n n y n y . n n • y • n • • -

Spring-dmprs y y y y n y y y y n y y n n - n n n • 
Sag/sag y y y y y n y y y y n n y n y n n • 
Airbag y y y y y y n y y n y y n n n n n • 
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Card A.'S (continua) 

5« NPBT(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 (IPBT(4) > 0.1 or 4), I 
the value of HPBT(2e) controls the frequency of the I 
output as follows: .1 

<0 - print one line every )IPBT(20)sOT) seconds; • 
0 - print one line every DT (from Card A.4) seconds; t 
1 - print at the end of each successful integration step;I 
2 - print at every intersmdiate time point of each step. I 
3 - print one line every DT (from Card A.4) seconds; • 
4 - no lines are printed; • 
5 - print at the end of each successful integration step;* 
6 no lines are printed. • 

(b) If output unit No. 8 is generated (NPBT(4) >0), I 
records are written to output unit No. 8 as follows: ! 

<0 - every ilffBT(28)»DTI seconds; • 
0 - at the end of each successful integration step; . f: 
1 - at the end of each successful integration step; I 
2 - at each intermediate time point of each step; i 
3 - every DT (from Card A.4) seconds; • 
4 - at the end of each successful integration step; * 
5 - no records are written (output unit No. 8 not used); • 
6 - no records are written (output unit No. 8 not used)'.-* 

(c) If the tabular time histories are printed from output 
unit No. 8 (NPBT(4) » +2,+3,-2 or -3), a value of 
NPRT(28) equal to: 

<0 - print one line every !NPBT(2e)»DTI seconds; • 
0 - print one line every DT (from Card A.4) seconds; 
1 - print at the end of each successful integration step; 
2 - print at every intermediate time point of each step; 
3 - print one line every DT (from Card A.4) seconds; • 
4 - no lines are printed; f 
5 - no lines are printed; • 
8 - no lines are printed. • 
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Card A.'S (continua) 

Hot*: Tb« rational for using tb« abov* options is as follows: • 
Prtvioua input dsoks will prodtjco tba saa* output, i.a. • 
HFBT(26) ' 0,1,2 rasponds as bafora. To raduca tba siza • 
of tba scratcb fila (output unit Ho. 8) usa HPBT(26) * 3 • 
or <0. Usa •PBT(20) > 4 to eraata a TAPS 8 fila tbat is • 
to ba savad and usad for a postprocassing run wfaara tba • 
tabular tima bistorias and/or plots will ba mada during f 
tba postprocassing run. HPBT(26) « S & 6 ara primarily $ 
for dabugging purposas. lota tbat if IPBT(26) « 3 or <0 $ 
and IPBT(4} > •l,-«-3,-l, or -3, (plots to ba cowputad) • 
tba data writtan to TAPS 8 will ba .01. DT«tlPBT(26)!, f 
banc* tba fraquancy of tba plots, HPBT(30), must ba .OS. f 
IHPBT(2e)l. • 

6» HPBT(28) controls tba fraquancy and amoxmt of barnass bait 
force output producad. Valuas of 0, 1, 2 and 3 ara allowad 
as follows: (aacb valua includas output for all lowar 
values) 

(0) - Produces a table of tba final barnass bait forces at 
aacb point in play at tba same time points as output 
is producad by Subroutina PBIIT as specified by 
MPBT(3). 

(1) - Prints a table of tba final barnass bait forces at 
aacb point in play at aacb time point of Subroutina 
HPTUBB. " 

(2) - Prints a table of tba barnass bait forces at aacb 
point in play for avary iteration step of Subroutine 
HPTUBB. 

(3) - Prints tba BHS,IJX and C arrays bafora tba call to 
FSMSOL at aacb iteration step at aacb time point of 
HPTUBB. 

7* HPBT(30) controls tba fraqtiancy of tba data points for 
plotting, as spacifiad by tba I Cards, and for usa in tba 
computation of tba HIC, CSX and HSI numbars, as spacifiad 
by Card H.ll. A valua of IPBT(30) equal to: 

0 - plot variable for avary successful integration step; 
>0 - plot variable avary IPBT(30)«DT seconds. 

Bote: HPBT(30) must ba .GE. •PBT(20) if plots ara to ba made. 
Bafar to tba note for l?BT(20) for further Information. 
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Card A.'S (continua) 

8* HPBTOl) 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 plots are f 
to be drawn on. For IPBTOl) eqtial to: 0 

0 - pages will be advanced. Required for drum plotters. f 
1 - pages will not be advanced. Required for terminals 0 

and single-sheet plotters. 0 

9* A nonzero value for MPBTOe) triggers Subroutine DRIFT to 0 
recompute the direction cosine matrices and angular 0 
velocity of adjacent segments connected by constrained 0 
Joints so as to prevent drift of the constrained Joint 0 
axes. No diagnostic output is produced. 0 
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B. Subroutine BIHPOT 

Card B.l 

HSBQ 

HJHT 

BDYTTL 

FOBMAT (216, 82, 5A4) 

The nuaber of aegaenta. The aaxiaua 
value for the aua of MSEQ, nuaber of 
airbaga (IIBA(3 on card D.l), nuaber of 
vehiolea defined on the C carda and one 
for the ground ia 30. A ainiaua of 1 
aegaent ia required. 

The nuaber of Jointa (aaxiaua <• 30). 

Deacription of the craah victia (20 
charactera). 
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Cards B.2.a FOBMAT (A4, IX. A1. 10F6.0. 14) 
(NSEG cards) 

Bach card (I) for I « 1. ISEQ will contain input data for tht 
Ith ssgmsnt. The segaent identifying nuabers (I) will be 
referred to on later input cards. 

SEQd) An abbreviation of the nomenclature of 
the Ith segment (4 characters). 

CGSd) The plot symbol of the segment center-of-
mass (1 character). ! 

Wd) The weight of the segment (lbs). 

PHKJ.I) ,J>1.3 The principal moments of inertia of the 
segment about the x. y. and z axes of the 
segaent (lbs-sec««2-in). There are no 
restrictions for the values of W(I) or 
PHKJ.I). they may be negative or zero. 
If any component is zero, it is assximed 
that the system is suitably constrained 
so that the system matrix is nonsingular. 

BU(J,I),J*1.3 The X. y. and z semiaxes of the segment 
I contact ellipsoid (in). 
i-

BD(J.I),J=4,6 The location of the center of the segaent 
contact ellipsoid, with respect to the 
center-of-mass of the segment, in the I 
local body segment reference(in). These 
primary contact ellipsoids are given the 
same identifying number as the segswnt. 
They may be redefined with an arbitrary 
orientation on Cards D.5. 

LPMId) An integer which, if non-zero, indicates 
that the principal axes for segment Ho. I 
are rotated from the local refererence ! 
axes. If LPMId) • 0. a B.2.b card must ! 
isMMdiately follow this Card B.2.a. If I 
LPMId) is zero or blank. Card B.2.b is I 
not required. 
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Hot*: To handle situations where the principle axes are not ! 
aligned with the local axes, set LPMI > 1. This indicates that ! 
the principal axes are rotated froa the local reference axes ! 
for segaent Ho. I and that an additional input Card B.2.b aust I 
iaaediately follow to specify the rotation. Since it is ! 
desirable that input defining points on a segaent be supplied I 
with respect to the local reference axes and, also, not to ! 
invalidate previous input decks, the prograa (Subroutine ! 
BOTATE) will transfora all data that has been defined with I 
respect to the local reference axes to the principal axes in a ! 
Banner that is transparent to the user. Also, all standard ! 
output, vdiere applicable, will be transformed back to the local I 
reference axes. < 

Cards B.2.b FOBMAT (122, 3F6.0) . ! 

TFBPUKJ,!), Jxl,3 The yaw, pitch and roll angles in degrees I 
of the principal axes with respect to the ! 
local reference axes of segment Ho. I. ! 
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If MJNT Is zero on Card B.l, Cards B.3 - B.5 are not required. 

Cards B.3.a. FGB1IAT(A4. IX, Al, 214, 0F6.0, 14, 2F6.0) • 

(HJNT sets of cards are required, 2 cards per set. The first I 
card (B.3.a) of each set is described below and the second ( 
card's (B.3.b} description follows.) ! 

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

JOINT(J) 

JS(J) 

JNT(J) 

An abbreviation of the noi 
joint (4 characters). 

•nclature of the Jth 

Plot symbol of the Joint location (1 character). 

Magnitude indicates the nvabw of the segment that 
is connected to segment J*l by Joint J. !JNT(J)! 
must be < J*l. Segannt 1 is always the reference 
segment for the first body of segments. If more 
than one body is used, segment J'i-1 is defined as 
its reference segment by setting JNT(J)«0. This 
defines Joint J as a null joint which does not 
link any segments. 

If JNT(J)<0, Joint J is associated with a flexible 
element (See B.7 cards). 
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Cards B.3.a (continued) 

IPIN(J) 0 - 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. I 

+2, -2 -
•3,-3 -
•4,-4 -

•5,-5,+6, 
-6,+7,-7 - joint is either an Euler joint or a slip 

joint depending on the input value of ISLIP 
as shown below. 

-8,-9,-10 - Euler joint. 

A slip joint allows linear motion between the 
joint's segments along the z axis of the JHKJ) 
joint coordinate system. Its angular freedom is 
specified by a co^ination of IPIH and ISLIP as 
follows: 

IPIH ISLIP 

-5 

•5,-5 +1,-1 

- 6 

•6,-6 +1,-1 

-7 

•7,-7 +1,-1 

Euler joint. 

slip joint with complete 
angular freedom. Angular 
motion is the same as for IPIM 
= 2, about the J+1 joint 
coordinate system. 

Euler joint. 

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

Euler joint. 

slip Joint with pin as the z 
axis of the joint coordinate 
systems. Torsional spring 
characteristics will be xised. 

Hon-zero values for IPIH may be supplied as 
positive or negative to indicate that the initial 
condition of the Joint is iinlocked (positive) or 
locked (negative) for angular motion. An Euler 
joint may use the globalgraphic option by 
specifying IGLOB * 1 on Card F.4.a. 
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Cards B.S.a (continued) 

An Euler Joint can have any of its rotation axes I 
locked or unlocked. This initial state is defined ! 
by IPIM and the prograa sets the value of lEULEB I 
based on the input value if IPIH as follows: ! 

IPIM lEULEB state 

4 8 free 
- 4 7 all axes locked 
- 5 6 spin free, others locked 
- 6 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 

idiere precession, nutation and spin are the 
rotations froa the JNT(J) Joint coordinate systea, 
to the J4-1 joint coordinate systea about the z 
axis, resultant x axis and resultant z axis 
respectively. 

SB(I,2»J-1),1-1,3 

SB(I,2»J),1=1,3 

Coordinates of location of joint J (in.) 
in the local reference systea of segaent 
JHT(J). 

Coordinates of location of joint J (in.) 
in'the local reference systea of segaent 
J+1. ' 

ISLIP(J) 1 - slip joint with unlocked linear action. 
0 - non-slip joint. 
-1 - slip joint initially locked for linear 

•wtion. 

CKJ) 

Note: A slip joint aay be locked or unlocked for f 
angular action (depending on the sign of IPIM) • 
regardless of the sign of ISLIP. • 

The aaxiauffl force (lbs.) (a negative value) • 
allowed for a linearly locked joint in tension. • 
If exceeded the joint will unlock. • 

C2(J) The aaxiauB force (lbs.) (a positive value) • 
allowed for a linearly locked joint in • 
co^ression. If exceeded the joint will unlock. • 
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Cards B.3.b FORMAT (14X, 9F6.0, 612) »• 

(One of these cards oust follow each B.3.a card described 
above.) 

y P B K I . J ) , 1 - 1 , 3 

YPB2(I , J ) ,1=1 ,3 

YPR3(I , J ) ,1=1 ,3 

The rotation angles (degrees) about the 
z, y and x axes, respectively, of the 
local reference axes of segment lo. I 
JIT(J) to specify the axes of Joint J. 
The sequence in iriiich these rotations are ! 
made is specified by IDTPB below. The z * 
axis defines the axis of linear slip for • 
slip Joints. • 

The rotation angles (degrees) about the 
z, y and x axes, respectively, of the 
local reference axes of segment Ho. J-fl i 
to specify the axes of joint J. The 
sequence in which these rotations are 
made is specified by IDTFB 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 g.lobalgraphic 
Joints with X as the reference axis. 

The center of symmetry (degrees) for 
Euler Joints (used only if IIPIN(J)i = 4) 
supplied in the order precession, 
nutation and spin. 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 (continuad) 

IDTPBd.J) ,1*1,3 Tba saquanc* in which the TPBl rotations 
are made. Values of 1. 2 and 3 
correspond to rotation angles about the 
X axis (TPBl(3.J)], y axis [TPBl(2,J)] 
and z axis [TPBl(1,J)] respectively. 
Zero or blank values will default to the 
order 3, 2 and 1 to specify the nornal 
yaw, pitch and roll sequence, i.e., 

yaw about original z :axis using TPB1(1,J), 
pitch about resultant y axis using TPBl(2,J), 
roll about resultant x axis using TPBl(3,J). 
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Two rotations about the same axis cannot I 
be specified consecutively. However, the I 
third rotation may be about the same axis ! 
as the first, provided it is supplied as < 
a negative nu^er, in which case the 
unused value of TPBl will be used about 
the indicated axis, e.g., values of 3, 1 
and -3 will specify the normal Euler 
rotations where TPBl is supplied in the 
order precession, spin and nutation to 
confute: 

precession (TPBl(1,J)) about original z axis, 
nutation (TPBl(3,J)) about resultant x axis, 
and spin (TFB1(2,J)) about resultant z axis... 

IDTPBd ,J) ,1=4,6 The sequence in vrttich the TPB2 rotations 
are made. Identical to the description 
of IDTPBd,J), 1*1,3. 



Cards B.4 FORMAT (2 (4F6.0, F12.0)) 

(HJNT sets of cards, one set for each Joint J. If Joint J 
not an Euler Joint, the set has one card containing the 
values for 3»J-2 and 3»J-1. If Joint J is an Euler Joint, 
the set has two cards with the second card containing the 
values for 3»J.) 

i s 

SPHIHG{I,3»J-2), 

SPRING(I,3«J-1), 
1 = 1,5 

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 characteristics for 
Joint J. If J is an Euler Joint, the 
spring'characteristics about the nutation 
axis. 

SPBI*G(I,3«J), 
1 = 1,5 

1=1 

1=2 

1=3 

1=4 

1=5 

AMGd.J) ,1 = 1,3 

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-lbs/deg»«2). 

Cubic spring coefficient (in-lbs/deg»»3). 

Energy dissipation coefficient 
(diisensionless variable between 0 and 1). ! 

A value of 1. specifies no loss. ! 
A value of 0. specifies maximua loss. i 

Joint stop location with respect to the 
center of syometry (deg). For a value of 
zero the routine will use only the linear 
spring coefficient and will apply the 
energy 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 EULBAO and need not be 
exact. The values are absolute and not 
relative to the center of sywsMtry. 
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Cards B.5 FOBMAT (5F6.0, 18X. 2F6.0) 

(HJHT s«ts of cards, ona sat for aacb Joint J. If Joint J is 
not an Eular Joint, tba sat bas ona card containing tba 
valuas for 3»J-2. If J is an Eular Joint, tba aat bas tbraa 
cards witb tba values for 3»J-1 on tba second card and for 
3*J on tba third.) 

Vised,3»J-2) , 
I»l,7 

Tba viscous cbaractaristics for Joint J. 
If J is an Eular Joint, tba viscous 
cbaractaristics about tba precession axis. 

Vised,3»J-1) , 
I»I,7 

Tba second card of aacb sat is required 
only if J is.an Eular Joint. Tba viscous 
cbaractaristics about tba nutation axis. 

Vised,3»J) Tba third card of aacb sat is required 
l«l,7 only if J is an Eular Joint. Tba viscous 

cbaractaristics about tba spin axis. 

1^1 Viscous coefficient (in-lb-sac/dag). 

I»2_ Coulomb friction coefficient (in-lb). 

1=3 Balativa angular velocity of tba joint at 
fdiicb full coulomb friction is applied 
(dag/sac). Must ba graatar than 0. 

1=4 Tl: Tba maximum torque (in-lbs) allowed' 
for a locked Joint (or locked Eular 
axisu. If axcaadad, tba joint will 
unlock. If Tl ' 0, tba test will not ba 
parformad and a locked joint will remain 
locked. Mote: If Joint J is locked and 
T1=0, lAan tba equilibrium option is 
usad, VISC(4,3«J-2) will ba sat by tba 
program (Saa equilibrium option 
description under Cards G.6). 

1=5 T2: Tba minimum torque (in-lbs) allowad 
for Joint J to remain unlocked. If T2 = 
0, tba test will not ba performed. 

1=6 T3: Tba minimum angular velocity 
(rad/sac) necessary for Joint J to remain 
unlocked. If T3 > 0, tba test will not 
ba parformad. 
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Cards B.5 (continuad) 

U 7 E: Whara E'(HU)/2 and U is tbs classical 
coafficiant of restitution to be used for 
the impulse option if the joint hits the 
joint stop (0<E<1 OR -KUOl). A value 
of E 3 0 means that the impulse option 
will not be exercised for this Joint. 
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Cards B.6 
(HSEG cards) 

FOBMAT (12Fe.O) 

Ths following cards are raquirsd for ths convtrgsncs tasts 
fdiich are parforsad in Subroutine DIHT on the resultant of the 
derivative vectors. Ths linear velocitiss and accelerations 
are computed only for reference segaents (i.e. segaent Ho. 1 
and those segaants I where JHT(I-l) > 0), therefore any test 
numbers supplied for linear velocities and accelerations of 
other segments will be ignored. The tests for convergence are 
perforaed in the following order: 

1) If the magnitude value is zero, no testing is done for 
that variable. 

2) If the magnitude of the resultant vector is less than the 
specified aagnitxide value, the routine has passed the 
convergence test for that variable. 

3) If the absolute error value is greater than zero, and the 
aagnitude of the absolute error (difference between the 
predicted and computed vector) is less than the absolute 
error value, the routine has passed the convergence test 
for that variable. 

4) If the relative error value is greater than zero and the 
aagnitiide of the absolute error divided by the aagnittide 
of the computed vector is less than the relative error 
value, the routine has passed the convergence test for 
that variable. 

SGTBST(1,1,1) 

SGTEST(2,1,I) 

SGTEST(3,1,I) 

SGTEST(J.2,I), 
J»1.3 

SGTEST(J,3,I), 
J*l,3 

SGTEST(J,4,I), 
J«l,3 

Magnitude value for the angular velocity 
test of segaent Ho. I (rad/sec). 

Absolute error value for the angular 
velocity test of segaent Ho. I (rad/sec) 

Belative error value for the angular 
velocity test of segment Ho. I 
(diaensionless). 

Same as above, but for the linear 
velocity of segaent Ho. I (in/sec). 

Same as above, but for the angular 
acceleration of segaent Ho. I 
(rad/sec*»2). 

Same as above but for the linear 
acceleration of segaent Ho. I 
(in/sec«<i2). 

— I 
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If JIT(J)<0 on any of the B.3 cards, Cards B.7 ars rtquired. I 

Card B.7.a FOBMAT (ltI4) 

Each flsxibla altMnt mist contain at laast thraa connactad ! 
sagmants. The first segment is the reference segment, folloived I 
by one or more interior segments and a terminating segment. I 
Each Joint in the flexible element must have a negative value I 
for JIT. I 

HFX The tetal number of Interior segments for ! 
all the flexible elements. I 

KIT(K) ,X»l,liFZ The interior segment identification 
numbers in the order specified on the B.3 ! 
cards. If the values of HFX and KIT are I 
not consistent with the negative values 
of JIT on Cards B.3, the program will 
terminate with an appropriate error 
message. 

Cards B.7.b FOIMAT (12Pf.O) ! 

(Four B.7.b cards for each interier segment (4eBFX) are I 
required, in the order as they are defined in the KIT :! 
vector.) , ~• I 

(HF(I,J,K),J>1,12) The coefficients of the quadratic form 
,1^1,4 ftmctlon used to define the orientation 

of interior segment KKT(K) with respect 
to the reference segment of the element. 

HF contains three 4X4 matrices; IF(I.J.X), HF(I.J*4,X) and I 
. HF(I,Ji-8,X). where I«l,4 and J>1,4. These matrices are used i 
to define the orientation of segment KIT(X) with respect to I 
its reference segment as folloms: I 

yaw of segment XIT(X) > 1/2 f.IFd.J ,X)V; 
pitch of segment XIT(K) - 1/2 7.1F(I,JM,X)V: 
roll of segment XIT(X) > 1/2 T.17(1.J^8,KIT; 

(I,J«1.4). 

Where V is a column vector with four components y, p, r and I 
1, and y, p, r are the yaw, pitch and roll angles in radians i 
of the terminating segment relative to the reference segment. ! 
V.HFT represents the dot product between vectors V and HFT. I 
Mote: The pitch is always > -90 degrees and < 80 degrees. ! 

B-13 Bev IV.0 
• 



C. Subroutine 7IHP0T 

The C cards are used to prescribe the motion of specified 
segments. A set of C cards is required for each prescribed 
motion. At least one set of C cards is required and a 
maximum of six 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 is 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. 

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

Option 1: Half sine wave deceleration impulse (HATAB = 0) 

Required inputs - Card C.l: all variables, ! 
Card C.3.a: AHGLEd) . AIGLE(2). VIPS, I 

VTIME, EC. HATAB'O. MSEG. I 

Option 2: Tabular unidirectional deceleration (HATAB > 0) 

Bequired inputs - Card C.I: all variables, ! 
Card C.2.a: AMGLE(l), AHGLE(2). VIPS, ! 

XO, HATAB>0, ATO, ADT, MSEG, _ . : ; f 
Cards C.3: all variables. — - --z:;:::::-!: 

Option 3: Six degree of freedom deceleration (HATAB < 0 and 
LTYPE =0) 

Bequired inputs - Card C.l: all variables, i 
Card C.2.a: AHGLEd), AHGLE(2) , I 

AHGLE(3), VIPS, XO, HATAB<0, ATO, I 
ADT, MSEG, I 

Card C.2.b: LTTPE»0, VM8G, I 
Cards C.4: all variables. I 

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

Bequired inputs - Card C.l: all variables, | 
Card C.2.a: HATAB<0, ATO, ADT, MSEG, ! 
Card C.2.b; LTYPE>0, LFIT, HPTS, I 
Cards C.S: all variables. t 
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C Cards (continued) 

These options and their required inputs have been established 
in such a manner that any previoxis 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 the 
multiple prescribed motion) were added. 

Card C.l FORMAT (20A4) *« 

VPSTTL Description of the crash vehicle 
deceleration (80 characters). 
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Card C.2.a 

AMQLS(I),1*1.3 

VIPS 

VTIME 

XOd) ,1*1,3 

VATAB 

FOBMAT (8F6.0, 18, 2Fe.O, 16) 

Options 1 and 2: AiaLId) and AMaLE(2) 
(dsg) art tha azimuth and alavatlon 
anglas of tha daoalaration impulse 
vector, froa 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 negative value 
may be supplied to indicate that the 
vehicle will accelerate from an initial 
velocity of zero to TIPS, the final 
velocity. 

Option 1: The time duration (sec) of the I 
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. 

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

If NATAB « 0 (option 1), the prescribed 
motion is an analytical half sine wave 
ftinction that decelerates the vehicle 
froa an initial velocity of VIPS to ZEBO 
if VIPS>0. If VIPS<0, the vehicle is 
accelerated from an initial velocity of 
zero to VIPS final velocity in VTIME sec. 

I 
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Card C.2.a (cont.) 

If VATAB > 0 (option 2). tha vabiola 
motion is unidirsctional and lATAB valuss 
of linsar dscslsration aro to ba supplied 
on Cards C.3. VATAB should be odd, 
maxiaua value is 00. 

If VATAB < 0 (options 3 and 4), the 
prescribed B»tion is specified on either 
Cards C.4 or C.S. Here MATAB > -VATAB 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.S, maximum value of MATAB is 501. 

ATO,ATD The first time point and fixed time 
interval (sec) for the table of 
acceleration data that is sxippliod 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 
siipplied on Cards C.S. The program 
initially calculates the vehicle 
acceleration time histories from the 
provided tabular data and integrates 
these accelerations to specify the 
vehicle motion during the simulation. 

MSEQ ' The segment number associated with this 
prescribed deceleration time history. If 
MSEQ is less than or equal to VSEG (Card 
B.l), the motion of segment Vo. MSIO as 
defined on Cards B.2 will be prescribed 
(note: extreme caution must be exercised 
in using this option.) If MSBG > VSIQ, 
the sets must be supplied in the order 
MSEQ-VSEO-i-l, VSB(H-2, etc., to prescribe 
the motion of secondary vehicle segments. 
The program assigns the segment number 
MSEQ to tha corresponding secondary 
vehicle. The last set of C cards must 
contain the prescribed motion for the 
primary vehicle and MSEQ must be zero. 
(This signals the end of the C card 
input.) The program assigns the segment 
nuiM>er VSEO * the number of secondary 
vehicles 1 to the primary vehicle. The 
primary vehicle segment nuiid>er can not be 
greater than 29. 
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Card C.2.b FOBMAT (316, 22X. 3F10.0) 

This card is rtquirsd only if HATAB < 0 (options 3 and 4). 
Bote: This card was addtd for Vsrsion IB of tbs ATB prograa 
to supply ths initial angular vslocity and was rsvissd for 
Version 19. A blank card should be inserted here for any 
previous input data decks that utilized the six degree of 
freedoa option on Cards C.4. 

LTIPE Option 3: A value of zero or blank 
specifies the six degree of freedoa 
option with required input on Cards C.4. 

Option 4: The value of LTYPE specifies 
the type of data contained in the C.5 
cards. 

If LTTPE-l, the C.5 input table is 
position data. 

If LT7FE-2, the first C.5 card is the 
initial position data, which is followed 
by the input table of velocity data. 

I , 

If LT7PE-3, the first C.5 card is the ! 
initial position data, the second card is ! 
the initial velocity data, lAich is I 
followed by the input table of . ! 
acceleration data. I 

LFIT Option 4: The degree of the polynowials 
to be spline fitted through the tiae - -
point data on Cards 0.5. A value of 0, 
1, 2 or 3 aay be used but the degree 
should be sufficient to produce 
continuity for the computed velocity 
values. Therefore: 

I ^ 

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. 

Bote if LFIT - 0, a constant value is 
assuaed froa the current tiae value to 
the next tiae value but round off errors 
in tiae eoaputations aay not produce the 
tiae desired. 
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Card C.2.b (continuad) 

MPTS Tha ntiabar of actual tima point data to 
ba suppliad on Cards C.5, aaximum value 
is 101. Mote: The nuiAer of C.5 cards 
•ust be equal to (LTYFE -1) * MPTS, idiera 
the (LTIPE -1) cards are the initial 
position and/or initial velocity data. 

TMEGd) ,1 = 1,3 The three components of the initial 
angular velocity (deg/sec) about the 
local X, y and z axes of the vehicle, 
lot required if the spline fit (option 4) ! 
is to be used. I 
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Cards C.3 FOBMAT (12F6.0) I 

Tbasa cards art raquirtd only if VATAB > 0 (option 2). 

OEC(I),I=1,HATAB Tba valuas of dacalaration (Q's) of tba 
vabicla for tba HATAB aqtially spaced time 
points as T(I), idiara: ! 

T(I) = ATO + (I-1)«ADT for I«l,HATAB. 

Supply 12 valuas par card, usa as many 
cards as necessary. Since a Simpson's 
integration is usad to cosputa velocity 
and position, tba valua of HATAB must ba 
odd. Tba program will integrate beyond I 
tba last time point assiiming a constant I 
dacalaration aqiial to tba valua of tba I 
last given point. ! 

Cards C.4 FOBMAT (lOX, CFIO.O) :l 

Tbase cards ara required if HATAB<0 and LTTFE'O (option 3). 

MATAB C.4 cards ara required wbara MATAB « -HATAB. Eacb card ! 
(I) will contain data for equally spaced time points T(I), 
iriiere: 

T(I) = ATO + (I-I)»ADT for I«l,MATAB. 

ATAB(J,I),J=1,3 Tba x, y and z components (g's)- of tba -
linear dacalaration of tba vabicla origin 
at time T(I). 

ATAB(J,I),J=4,6 Tba angular accelerations (dag/sac«»2) 
about tba local x, y and z axes of tba 
vabicla at T(I). 

Hota: Tba program will integrate for velocity and position 
beyond tba last time,.point, assuming a constant acceleration I 
eqiial to tba valua of tba last given point. Tba program will I 
print at input time a co^>lata table of tba integrated 
velocity and position from tba supplied acceleration data. 
Tbis integration procedure is not identical to tba program f 
integrator. 
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Cards C.5 FOBMAT (7F10.0) 

Tbssa cards art raquirsd if HATAB<0 and LTTPB>0 (option 4). 

(LT7PB-1) cards ars raquirsd first to sst initial conditions 
followad by HPTS cards containing tins point data. 

If LTYFE>1, the input table is position data for NPTS time 
points. 

If LT7FE*3, the first card is the initial position data, 
which is followed by the input table of velocity data for 
MPTS tine points. 

If LT7FE*3, the first card is the initial position data, the 
second card is the initial velocity 4iata, which is followed 
by the input table of acceleration data for HPTS tiae points. 

T(I) 

m(J,I) ,J«1,3 

m(J,I) ,J-4,6 

The time (sec) for the data on this card. 
If this card is for initial condition 
data, T(l) should be zero or blank. The 
tiaas should be in ascending order but do 
not have to be equally spaced. 

If position data, the x, y and z 
coordinates (in) of the vehicle origin in 
the inertial reference coordinate systea 
for tiae T(I). If velocity data, the x, 
y and z co^>onents (in/sec) of velocity 
of the vehicle origin in the inertial 
reference for tiae T(I). If acceleration 
data, the x, y and z components (Q's) of 
the deceleration of the vehicle origin in 
inertial reference for tiae T(I). 

If position data, ths yaw, pitch and roll 
(deg) of ths vehicle coordinate reference 
axes with respect to the inertial 
reference. If velocity data, the 
ooaponents of angular velocity (deg/sec) 
about the local x, y, z axas. If 
acceleration data, the coaponents of 
angular aocelaration (d#g/seo«»3) about 
the local x, y and z axas. 
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Cards C.5 (continuad) 

Mota: Whan LT7FE = 2 or 3. tha program will spline fit tha • 
NFTS data points for aach of tha six components independently. • 
For LT7PE « 1, the angular displacements are transformed to • 
quaternions and tha foxir quaternion components and the three * 
linear coiq>onents 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 M&TAB 
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 I 
velocities and positions from these generated acceleration i 
data. The integration procedure used is not identical to the • 
program integrator. The ̂ spline fit algorithm used in the • 
program can be used to calculate angular accelerations from • 
simultaneous multi-axis angular displacesMnts. • 
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D. Subroutine SINPUT 

Card D.l 

HPL 

HBLT 

MBAQ 

HELP 

HQ 

HSD 

HHBHSS 

HWIHDF 

HJHTF 

HFOBCE 

FOBMAT (1016) 

Tha nxiaber of planes describing contact 
panels (30 aaximum). 

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 HSEG • the number of vehicles • HBAG ! 
must be < 30). ( 

The number of contact ellipsoids or • 
hyperellipsoids to be supplied on Cards • 
D.5 (40 maximum). 9 

The nuid)er of constraints to be supplied 
on Cards D.6. Bach constraint, with I 
KQTTPB(J) « 5 on Cards D.6, will be I 
considered as two constraints requiring ! 
two sets of cards. (Hote: The program 
will later increment HQ by 1 for each 
HF(1) « 0 on Cards F.l.b and F.3.b. 
Final maximum on HQ is 12). 

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

Humber of harness-belt systems to be 
supplied on Cards F.8, may be zero or ! 
blank. Maximum value >5. I 

The number of wind force and drag • 
coefficient functions to be supplied on I 
Cards B.6, may be zero or blank. The I 
maximum > 50 if no other force functions ! 
are supplied. I 

The number of Joint restoring force 
functions to be supplied on Cards E.7, I 
may be blank or zero. The maximum > 50 ! 
if no other force functions are sxjpplied. ! 

The nuiAer of force and/or torque • 
functions to be supplied on Cards D.9 
(maximum * 5). I 
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If NPL it nonzero on Card D.l, NPL sets of Cards D.2 are 
rtquired. 

Card D.2.a 

J 

PLTTL 

FOBMAT (14, 4X, 5A4) 

The plane identification number, must be 
supplied as consecutive integers from 1 
to HPL. 

A 20 character description of the Jth 
panel. 

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

Pl(I) .I'l.S 

P2(I),I«1,3 

P3(I),I«1,3 

FOBMAT (3F12.0) 

The X, y and z coordinates of point PI in 
vehicle (or segment to idiich the plane is 
attached) reference (in). 

The X, y and z coordinates of point P2 in 
vehicle (or segment to which the plane is 
attached) reference (in). 

The X, y and z coordinates of point P3 in 
vehicle (or segment to lAich the plane is 
attached) reference (in). 

Where PI, P2 and P3 are three of the corners of a parallelogram 
such that the edge P1P2 is less than 180 degrees clockwise (as 
viewed from the external surface) from the edge P1P3. Mote: 
Any previous 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, P1P3. Contact 
with a plane must occur with the positive side. 
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If HBLT is nonzaro on Card D.l, MBLT sets of Cards D.3 ara 
raquirad. 

Card D.3.a 

BLTTTL 

FOBMAT (5A4) 

A 20 character description of the Jth 
belt. 

Card D.3.b 

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

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

FOBMAT (6F12.0) 

The X, y, and z coordinates, in vehicle 
(or segment to which belt is anchored) 
reference, of anchor point A for the Jth 
belt (in). 

The X, y, and z coordinates, in vehicle 
(or segment to which belt is anchored) 
reference, of anchor point B for the Jth 
belt (in). 

Bote: 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. 
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Card 0.3.C 

BBLTd.J) ,1-7,9 

BELT(10,J) 

BELT(11,J) 

FOBMAT (5F12.0) 

The X, y, and z coordinates, in the 
contact ellipsoid reference (not the 
local reference systea of the segaent), 
of the fixed contact point on the body 
segaent for the Jth belt (in). 

Currently not used by the program. 

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 geoaetric length, 
calculated froa the placeaent of the belt 
points. If BBLT(11,J) is negative.and 
its aagnitude is less than the initial 
geoaetric length, the geoaetric length is 
defined as the initial belt length with 
no slack. If BBLT(11,J) is negative and 
its aagnitude is greater than the 
geoaetric length, the value supplied will 
be defined as the initial belt lenth with 
slack. Mote that the belts do not allow 
pretensioning. 
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If NBAG ifl nonzero on Card D.l, NBAG sets of Cards D.4 are 
required by Subroutine AIBBGl. Note: All references to the 
vehicle refer to the primary vehicle, segment Ho. NVEH (NSEG * 
the number of vehicles supplied in the C cards. 

Card D.4.a 

BAGTTL 

NPANEL(J) 

FOBMAT (5A4, 14) 

A 20 character description of the Jth air 
bag. 

Number of vehicle contact panels that are 
allowed to interact with the Jth air bag 
(maximum « 4). 

Card D.4.b 

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

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

FOBMAT (6F12.0) 

The X, y and z semiaxes of the Jth air 
bag fAen fully inflated and undeformed 
(in). 

The X, y and z coordinates of the center 
of the air bag contact ellipsoid with 
respect to the air bag center-of-mass 
(in). 

Card D.4.C 

YB,PB,BB 

ZDEPd.J) ,1 = 1,3 

FOBMAT (6F12.0) 

The initial orientation (yaw, pitch, and 
roll) of the Jth air bag in the vehicle 
reference (deg). 

The X, y, and z coordinates of the 
deployment point of the Jth air bag in 
the local reference of the Ist panel on 
Cards 0.4.g and h (in). 
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Card D.4.d 

XBM(J) 

CYTD(J) 

CYPA(J) 

CYSP(J) 

CYTO(J) 

CYVO(J) 

FORMAT (SF12.0) 

itaight of air bag Mabrane and contents 
(lbs). 

Oas supply actuator firing tine after the 
start of vehicle deceleration (sec). 

Atmospheric pressure (psia). 

Initial gas supply pressure (psig). 

Initial gas supply tes^eratwe (deg B). 

Gas supply reservoir volume (in««3). 

Card D.4.e 

CYCD(J) 

CYX(J) 

CYB(J) 

CYAT(J) 

CYPV(J) 

CYCDO(J) 

FOBMAT (6F12.0) 

Sonic throat discharge coefficient 
(dimensionless). 

Ratio of specific heats of supply gas 
(dimensionless). 

Specific gas constant (in/deg B). 

Sonic throat area (in«»2). 

Tent pressure of the exhaust orifice 
(psig). 

Exhaust orifice discharge coefficient 
(dimensionless). 

D-6 Sev IV.0 
69 



Card D.4.f 

CYAO(J) 

SPBK{J) 

VSCS(J) 

CK(J) 

CMASS(J) 

FOBMAT (5F12.0) 

Exhaust orifice area (in»»2}. 

Spring constant of a linear spring used 
to sioulate attachmnt of the bag at the 
deployment point in the vehicle (lb/in). 

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

Parameter used to stabilize air bag 
niUMrical integration (sec««-l). 
Suggested value « 250. 

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

NPAHEL(J) sets of the following two cards are required to 
define the ellipsoids used to approximate the contact panels 
for the Jth air bag. The first panel is the reaction panel. 

Card D.4.g 

Bd.K.J) ,1=1.3 

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

FOBMAT (6F12.0) 

The X, y, and z seaiaxes for the Ktb 
panel for the Jtb air bag (in). 

The location of the center of the panel 
ellipsoid witb respect to its center-of-
mass (in). 

Card D.4.h 

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

YP,PP,BP 

FOBMAT (6F12.0) 

The X, y, and z coordinates in vehicle 
reference of the centar-of-mass of the 
Ktb panel of the Jtb air bag (in). 

Angular orientation; yaw, pitch and roll 
(deg.), of the Ktb panel witb respect to 
the vehicle. 
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If HELP is nonzero on Card D.l, HELP D.5 Cards are required. 

Hote: HELP is the number of contact ellipsoids and 
hyperellipsoids to be supplied here, not the total number of 
contact ellipsoids in the program. The first HSEG ellipsoids 
were supplied on Cards B.3. They may be replaced here and 
additional (hyper)ellipsoids may be added. 

Cards 0.5 
(HELP Cards) 

FOBMAT (16. 9F6.0.3F4.0) 

Pl(I) ,1=1,3 

P2(I),1=1,3 

P3(I).1=1,3 

P4(I),1=1,3 

Contact (hyper)ellipsoid ntimber, maximum • 
is 40. If M < HSEG * 1, data will • 
replace input supplied on Cards B.2. If I 
M is equal to a vehicle or the ground I 
segment number, it is associated with I 
that segment. Otherwise, M must be ! 
greater than HSEG the number of I 
vehicles * HBAG * 1. I 

The X, y, and z samiaxes of the contact 
(hyper)ellip8oid (in). • 

The X, y, and z coordinates of the • 
(hyper)ellipsoid offset from the segment • 
centsr-of-mass. . • 

The yaw, pitch and roll (degrees) of the 
contact (hyper)ellipsoid from the local • 
reference axis of the segment. . l-'. 

The powers of the (hyper)ellipsoid. I.e. • 
the values of Hi in the (hyper)ellipsoid • 
functional; (x/a)««Hl * (y/b)««H2 * » 
(z/c)««H3. 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(l)>0 and P4(2) or P4(3) are zero, • 
the zero valuefs) will be set to P4(l). • 
i.e. only P4(l) needs to be entered for • 
all equal powers. • 

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

Cards D.6 
(HQ Cards) 

KQTYPB(J) 

KQUJ) 

KQ2(J) 

BK1(I,J),I«1,3 

RK2(I,J),1=1.3 

FOSMAT (316, 6F6.0) 

Type Ho. of the Jth constraint 

1: Point speoified by BKl on segaent KQl 
will be constrained to be the same as 
the point specified by BK2 on segment 
KQ2. 

2: Point specified by BXl on segment KQl 
will be constrained to reauiin at an 
equal distance, D, (where D > 0) from 
the point specified by BK2 on segment 
KQ2. 

5: Tension element constraint connecting 
point RKl on segment KQl to point BK2 
on segaent KQ2 (requires two cards 
with the same KQTYPE, KQl and KQ2 on 
both). 

Segment identification nuaber of the Ist 
specified point. 

Segment identification.nuaber of the 2nd 
specified point. 

Coordinates of specified point in the 
local coordinate system of segaent KQl 
(in). If KQTTPE « 5, the second card 
will contain the effective masses UA, MB 
and MAE (lb.sec«»2/in) in place of BKl. 

Coordinates of specified point in the 
local coordinate system of segment KQ2 
(in). If KQTIPE « 5, the second card 
will contain the spring constant K 
(lb/in), the viscous da^>ing constant D 
(lb sec/in) and the reference length L 
(in) in place of BX2. 
Hote: If KQTYPE * 1 and XQ2 is the 
number for the vehicle, then Subroutine 
EQDILB will modify these values of BK2 
such that they will be equivalent to BKl 
in inertial reference for time zero (see 
description under Cards G.6.). 
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Card D.7 la all 
notion. 

kys required. Supply blank card for nornal 3D 

Card D.7 

NSTM(J).J-l.ISEQ 

HS71f(J) « 0 : 

MSYM(J) = J : 

HST)i(J) = K : 

HSIll(J) - -K 

FOBMAT (1814) If MSEa>18. use 2 cards. 

Controls syaaetry option of body segnents 
as follows : 

lornal three-dinensional notion for body 
segnsnt J. 

Motion of body segnent J will be 
restricted to a x-z plane parallel to tbe I 
inertial x-z plane with no lateral ! 
notion, hence it will be two-dinensional. 

Body segnents J and K are to renain 
syznetrical with no lateral notion. The 
notion of each will be replaced with . 
their average and restricted to a x-z I 
plane parallel to the inertial x-z plane. I 
IS7M(K) nust equal J. 

Body segnents J and K are to renain 
nirror sysswtrical with respect to a x-z I 
plane parallel to the inertial x-z plane. 1 
Equal but opposite lateral notion is 
pernitted. )ISYM(K) nust equal -J. 

Vote: In the above synnstry options, the user nust take 
extreoe care that all input will allow the sysnetry to exist. 
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If USD ia nonzaro on Card D.l, MSD D.8 Cards art required. 

Cards D.8 FOBMAT (213, 11F6.0) 
(HSD cards) 

MSDM(J) Segment identification numbers (M and H) 
MSDH(J) to which the Jth spring damper is 

attached. 

APSDM(I,J),I'1,3 Coordinates of attachment points in local 
APSDH(I,J),1*1,3 segment reference on segments M and H for 

the Jth spring damper (in.). 

ASD(I,J),1*1,5 Coefficients of quadratic functions. 
1*1 : DO (in) 
1-2 : A1 (lb/in) or integer I 
1*3 : A2 (lb/in«»2) 
1*4 : B1 (lb sec/in) or integer I 
1-5 : B2 (lb sec*«2/in»«2) 

The quadratic functions used to coi^ute the spring force (FS) 
and the viscous force (FD) for the Jth spring damper are 
defined by the following relations: 

FS- (D-DO)t(iAll • A3«ID-D0i) 
FD- D?s( B1 • B2tlD?l) 

vAere D and DV are the distance and its time derivative between 
the points APSDM and APSDI. 

The following options are available: 

(1) If AKO, this will act strictly as a tension element and I 
the program will set FS-O and FD-0 for (D-DOXO. I 

(2) If D0<0 and A2-0 or (D-IOOiXO 

a. If Al-0, program will set FS-O. 
If Alto, A1 will be a function number (a positive real 
integer) to indicate that FD will be evaluated as a 
function of (D-SDO!) using function Ho. A1 defined on 
Cards E. 

b. If Bl-0, program will set FD-0. 
If BIAO, FD will be co^>uted as FS above by function 
Mo. Bl. 
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If MFOBCE is nonzero on Cerd D.l, IFOBCK D.9 Carda are 
required. 

Card! D.e FOBM&T (216, 6F10.0) 
(MFOBCE cards) 

MFVSEa(J) 

MFVMT(J) 

X.Y.Z 

T.P.B 

The identification number of the segment 
to wbicb the Jth force function is to be 
applied. If M7TSBa(J} is negative, a 9 
time-dependent torque will be applied to 9 
the segment instead of a force. 9 

The identification number of the function 
on Cards I that defines the force (lbs) 
or torque (in-lbs) as a function of time 9 
(sec). - 9 

The coordinates (in) of the point in the 
local reference of segment MFVSSa at 
which the force or torque is to be 9 
applied. 

The yaw, pitch and roll (degrees) of the 
force coordinate system with respect to 
the local reference of segment MFVSIO. 
The force is applied in the direction of I 
the positive x axis of this force I 
reference system. The force coordinate ! 
system is initially aligned with the ! 
segment local reference system. If a i ' 
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 positive x 
axis towards the origin. 
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E. Subroutine CIMFUT (fxinctione input) 

The functions defined by the E.l through E.4 cards are I 
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.dl, and by other 
variables on Cards D.8 and D.O. They are xised to define 
the force deflection, inertial spike, B (energy absorption) 
factor, Q (permanent deflection) factor, friction 
coefficient, rate dependent, stress/strain and other 
functions. 

Each function may be subdivided, if desired, into two 
separate parts, F1 and F2, idiere 

FKD) is defined for 0 .LE. DO .LE. D .LE. IDl! 

F2(D) is defined for IDlI .LE. D .LE. !D2!. 

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

F1 F2 DO D1 D2 

Constant 0 0 D2 « F1 1 

Tabular DO D1 .LT. 0 0 ! 

Polynomial DO D1 .GT. 0 0 ! 

Tabular Polynomial DO D1 .LT. 0 D2 .GT. 0 1 

Polynomial Tabular DO D1 .GT. 0 D2 .LT. 0 1 

Polynomial Polynomial DO D1 .GT. 0 D2 .GT. 0 1 

The routines assume: 1 

If D.aT.!D2! then F(D) * F(!D2!) for D2.EE.0. 

If D.GT.IDl! then F(D) > FdDll) for D2 = 0. 

If D.LT.DO then F(D) - F(DO). 1 

The case of both F1 and F2 being tabular is unnecessary. 
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A MXiBua of 50 funotions may bo suppliad to tbt program. 
Tboss functions may ba of tha typos dascribad on Cards E.l-
E.4. Cards E.6 or Cards E.7. 

Card E.l FOBMAT (14. 4X, 6A4) 

I Tba function identifying nu^er. These 
numbers need not be supplied in numeric 
order. If the same number is used more 
than once, a marning mill be printed and 
the last one supplied mill be used. The 
end of the function input is indicated by 
supplying a single card with I > 80. 

KTITLE A 20 character alphanuMric title 
describing the function. 
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Card E.2 FOBMAT (5F12.0) 

DO Tba lowar abscissa value of tbe first part 
(Fl) of tbe function. Units are dependent 
on usage of tbe function, i.e. in. for 
deflection, in./in. for stress-strain, 
in/sec for rate dependent functions, 
loraally a value of zero is used for force 
deflection functions. A negative value 
may be supplied for rate dependent 
functions. 

D1 Tbe magnitude of D1 is tbe upper abscissa 
value.of Fl and tbe lower abscissa value 
of F2, if any. D1 < 0 indicates Fl is 
tabular. 01 > 0 indicates Fl is a 
polynomial, and D1 > 0 indicates Fl = D2, 
a constant. 

D2 If D1 « 0, D2 is tbe constant value of Fl. 
Otherwise, tbe magnitude of D2 is tbe 
upper abscissa value of F2. If D2 « 0, F2 
is not defined: if D2 is negative, F2 is 
tabular; and if D2 is positive, F2 is a 
polynomial. 

D3 If tbe function is to be used for an 
inertial spike, D3 represents tbe abscissa 
value for wbich tbe inertial spike is to 
be ignored if unloading occurs after 
deflection exceeds D3. 

If tbe function is to be used for a 
coefficient of friction, a value of D3 = 0 
means tbat the impulse option will not be 
used for those contacts using tbis 
function. If tbe iapulse option is used, 
D3 ' (HU)/2 and U is tbe classical 
coefficient of restitution for tbe impulse 
option (0<D3<1 or -1<U<*1). 

If tbe function is to be used for a 
coefficient of friction for a 
globalgrapbic Joint, tbe value of D3 is 
used to specify tbe impulse. (See Card 
B.5.) 
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Card F.S.dl (continuad) 

D4 If tba function is to ba usad as a forca 
daflaction fxinction for plana-sagMnt 
contact D4, is a scalar that datarminas 
tha point of contact forca application. 
Tha point of application can ba anymfaara 
along a line batwaan tha point of •axiaum 
penetration and the center of the 
intersection area. Supply sero for the 
point of aaxiBum penetration and one for 
the center of the intersection area 
(0<D4<1). 

If 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 FI is a polynoaial, an E.3 card is required. If F1 is | 
tabular data, a set of E.4 cards is required. If F2 exists, an I 
E.3 card, for a polynomial F2, or a set of E.4 cards, for a I 
tabular F2, follows the cards defining Fl. I 

Card E.3 FOBM&T (6F12.0) 

A0,A1,A2,A3,A4,A5 Coefficients of a fifth-degree polynomial 

F > AO + AUX + A2«Xe«2 + A3»X««3 
+ A4«X«»4 + A5*Z«»S 

(Units are dependent on use of the 
function) 

Card E.4.a 

IPX 

FOBMAT (16) 

The number of data points to be supplied 
to identify the function if it is defined 
in tabular form. 

Cards B.4.b FOBMAT (6F12.0) 

(X(I),7(1),I-1,VPI) The abscissa and ordinate values of the 
data points tised to define the tabular 
form of the function. The program will 
linearly interpolate to determine 
intermediate valxies. Supply 3 points per 
card; use as many cards as required. 
Vote: Abscissa values must be sxipplied 
in ascending order, starting with the 
lower abscissa value, DO or Dl, and 
ending with the upper abscissa value, Dl 
or D2. 

(Units are dependent on iise of the 
function.) 

Vote: Always supply a Card E.l with a function number > 50 
after all functions are defined to signal the end of the 
function inputs. 
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Subroutine KIHPUT (wind force and Joint restoring force 
fiinetions) 

If HWIIDF'O on Card D.l, Cards S.6 are not required. 
Otherwise, IWIIDF sets of Cards E.6.a - S.O.d are required. 

Mote: 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 co^utes the wind force as a function of the 
relative velocity of a segment. It is based on inviscid, 
subsonic co^)ressible flow theory for a fluid in lAich the 
segments are completely immersed. Also, there is now the 
option of using a time dependent drag coefficient of the 
form: F * CD»P idtere P is the wind force press\ire 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 
segaent. 

Card E.6.a 

I,KTITLE 

FOBMAT (14, 4X, 5A4) 

Same as Card E.l. Each function nuaber 
(I) aust be less than 51 and must be 
distinct from those supplied on Cards 
E.l. 
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Mote: 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.6.b is required unless the orientation 
of the wind forces, FX. FT and FZ supplied on Cards E.C.d, are 
with respect to a segawnt other than the ground. In this 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.e.b FORMAT (3F12.0,2112) 

DO Ratio of specific heats of the compressible fluid 
in iriiich the segments are imnersed. Required when 
the wind force is calculated as a function of 
velocity. For time dependent wind force fxjnctions 
and drag coefficient functions must be zero or 
blank. (Dimensionless) 

D1 Speed of sound of the compressible fluid in which 
the segments are immersed (in./sec.). Required 
when the wind force is calculated as a function of 
velocity. Not used by time dependent wind force 
or drag coefficient functions. 

D2 Absolute pressure of the fluid in irtiich the 
segments are immersed (lbs./in.««2). Note that it 
is assumed constant, i.e. the change in altitude 
of the segment is assumed to be small. Required 
when the wind force is calculated as a fiuiction of 
velocity. Not used by time dependent wind force 
or drag coefficient functions. 

D3 Identification number of the segment irtiose 
velocity relative to reference segment D4 is used 
to compute the velocity dependent wind force. 
Required irtien the wind force is calculated as a 
function of velocity. Not used by time dependent 
wind force or drag coefficient fxmctions. 

D4 Reference segment identification number for the 
coordinate system that D3's velocity will be 
relative to if a velocity dependent wind force is 
selected. For time dependent wind force 
fxinctions, it is the reference segment number 
irttose coordinate system the coBq)onents of the wind 
force, FX, FT, and FZ (from Cards E.6.d-n) are 
with respect to. If zero or blank, default will 
be 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.O.b). • 

Card E.6.C FOBMAT (16) 

NTMPTS The number of time points or cards 
required to define the time dependent I 
wind force function on Cards E.O.d. I 

Not required for velocity dependent wind force functions (DO • • 
0 on Card E.O.b). • 

Cards E.O.d FOBMAT (4F12.0) 
(NTMPTS cards) 

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

FX,F7,FZ If a time dependent wind force fimction, i 
the X, y and z coaponents of pressxire I 

- [force per unit area (lbs./in.«»2)] due I 
to the wind blast at time T. The i 
components of the pressure vector are • 
with respect to the local coordinate # 
system of segiMnt D4 specified on Card 
E.O.b. The program will use linear 
interpolation on T. If the last value of 
T is exceeded, the corresponding last 
values of FX, FT and FZ will be tised for I 
the remainder of the run. 

If a time dependent drag coefficient 
function, FX is the drag coefficient 
(dimensionless) at time T, while FT and 
FZ are not used. 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 fxmction. 
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If HJNTF-O on Card D.l, Cards E.7 are not required. Otherwise, 
HJHTF (from Card D.I) sets of Cards B.7.a - E.7.d are required. 
The B.7 cards can be \ised to provide Joint flexural spring 
characteristics that are dependent on two Joint angles, 
flexwe, 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 PHI, for evenly spaced 
values of THETA. 

Card E.7.a 

I,KTITLE 

FOBMAT (14, 4E, 5A4) 

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

Card E.7.b A blank card is required. 

Card E.7.C 

HTHETA 

FOBMAT (210) 

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 
HTHETA 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 ('HTHETAI-l) order polynomial in 
(THETA-THETAO). 

HPHI The number of rows of the matrix of data 
to be supplied on Cards E.7.d-E.7.n. 
Each row represents eqxially 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(HPHI+1)-180 are the 
same as for PHI(D —180. Minimum - 1. 
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Cards B.7.d FOBMAT (5F12.0) 
(HPHI ssts of cards. Uss sxtra cards psr sst If IHTHETAI > 5.) 

THBTAO The valus of ths 'dead band' zont for 
this value of PHI (DEQBEBS). If tbe 
flexure angle (THBTA) is less tban 
THBTAO, tbe Joint restoring torque will 
be zero. 

F(J) ,J«2.1ITHETA For HTHBTA positive, tabular values of 
tbe Joint restoring torque (in-lbs) for 
flexure angles: 

THBTA(J) « (J-1)»180/(HTHBTA-1) degrees 

Values of zero should be supplied for 
THBTA < THBTAO. 

For HTHBTA negative, tbe coefficients of 
a polynomial for the joint restoring 
torque (in-lbs) in (THBTA-THBTAO) of 
order one less tban tbe magnitude of 
HTHBTA. F(J) is tbe coefficient of 
(THBTA-THBTAO)»»(J-I) where (THBTA-
THBTAO) is expressed in radians. 
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F. Subroutine FIXPDT (ellowed oontects) 

On many of the F Cards, a segment number to mfaioh 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 
niimber. The inertial or ground segment is assigned a segment 
number IGBHD. Where IGBID is equal to the sum of ISBG (Card 
B.l), the number of vehicles (Cards C), IBAG (Card D.l) and 
one. 

If IPL is nonzero on Card D.l, Cards F.l are required. 

Card F.l.a 

MllPL(J) ,J«1,1IPL 

FOBMAT (1814) If IPL)18, use 2 cards. 

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

I 
* 

For each plane J, 
supplied. 

MIPL(J) cards of the following must be 

Cards F.l.b FOBMAT (1014) 

IJ The plane number for which contact is 
allowed. U must correspond to J above. 
There must be HIPL(J) cards with this 
same M . If ia?L(J) - 0, no IJ « J 
should be present. 

13(1) The segment number to which plane J is 
attached. 

13(2) The segment number (determined by the 
card number I under Card B.3.a) for which 
contact with the IJth plane is allowed. 
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Cards F.l.b (continusd) 

18(3) Tbs nxxmbw of tho contact # 
(byp«r)«llipsold associatod with tbs • 
sogBMnt XS(2). If nogativs, tho contact • 
location printed in the tabular time • 
history for this contact will be in the $ 
local reference coordinate system of • 
segment HS(2). if positive, it will be • 
for segment 13(1). • 

HF(1) The fxmction lo. from Card E.l to define 
the force deflection fiinotion for this 
contact. 

1IF(2) 

If 17(1)>0, a roll-slide constraint will 
be exercised by the program for this 
contact which does not require 17(2), 
H7(3) or NF(4) but does require a 
friction coefficient function to be 
defined by 17(8). Also, the initial 
positions on Cards 0.2 must be such that 
there is no contact at time > 0. lots: 
The roll-slide option cannot be used with 
hyperel1ipsoids. 

If positive, the function Ho. from Card 
B.l to define the inertial spike function 
for this contact. If zero or negative, 
no inertial spike exists. 

I . 

If negative, the magnitude specifies the 
fxinction Ho. for 72 of the rate dependent 
functions described below. „. 

HF(3) If positive, the function Ho. from Card 
B.l to define the B (energy absorption) 
factor function. A value of B>1 
indicates that all energy is recovered 
(no loss) and B>0 indicates that no 
energy is recovered. If HF(3)>0, B«1 is 
assumed (default). 

If negative, the magnit\ide specifies the 
function Ho. for 73 of the rate dependent 
functions described below. 
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Cards F.l.b (continuad) 

IF(4) If poaitiva, tha function Vo. from Card 
E.l to define tbe G (permanent 
deflection) factor function. If VF(4)«0, 
G"0 is assumed (default). 

If negative, tbe magnitude specifies the 
function Vo. for F4 of the rate dependent 
functions described below. 

VF(5) The fxmction Vo. from Card E.l to define 
the friction coefficient function. If a 
roll-slide constraint is used for this 
contact (VF(1)«0), the value of D3 on 
Card E.2 for this function should be 0.5. 

Vote: By defining VF(2), VF(3) and VF(4) as 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 coi^ined deflection and rate dependent function 
is defined by: 

When D>0. F(D,0') « FKD) + F2(D)»F3(0') + F4(0') 

When D<0, F(0,D') • 0. 

Where D and 0' are the deflection and rate of deflection and 
Fl, F2, F3 and F4 are functions specified by VF(1), VF(2), 
VF(3) and HF(4), respectively. If VF(2). VF(3) or VF(4) is 
zero, the corresponding ftmction (F2, F3 or F4) is zero. 

Vote: There can not be a mix of positive and negative values 
for VF(2), VF(3) and VF(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 Fl(O), 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 G.S.b (continuad) 

IX Indicator for tha plana-sagMnt tdga 
effact option and infinite plane options: 

IX>0 - standard finite plane test. lo 
force is applied unless the 
center of the intersecting 
ellipse is within the plane 
boundaries. lo force is applied 
for coaplete penetration of the 
(hyper)ellipsoid. 

IX>0 - edge effect test. Iben 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. lo force is applied 
for coaplete penetration of the 
(hyper)ellipsoid. This option 
cannot be used with a 
hyperellipsoid that has unequal 
powers. 

IX"-1 - the plane is assumed infinite. 
Therefore no boundary test is 
aade. lo force is applied for : 
complete penetration of the 
(hyper)ellipsoid. 

IX>-2 - the plane is assumed infinite. 
Therefore no boundary test is 
aade. A force is applied for 
coaplete penetration of the 
(hyper)ellipsoid. 

IX<-2 - standard finite plane test. Ho 
force is applied unless the 
center of the intersecting 
ellipse is within the plane 
boundaries. A force is applied 
for coiq>lete penetration of the 
(hyper)ellipsoid. 
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If IBLT is nonzsro on Card D.l, Cards F.2 are required. 

Card F.2.a 

MNBLTCJ) ,J*1,)I6LT 

FOBMAT (814) 

For belt J, the number of segments for 
vdiioh segment-belt interaction is 
allowed. IBLT is the number of belts 
from Card D.l. Bach MBBLT may have a 
value of only 0 or 1. 

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

Cards F.2.b FOBMAT (014) 

IJ The belt n u ^ r to be contacted, must 
correspond to J above. There must be 
MBBLT(J) cards with the same VJ. If 
IBBLT(J) « 0, no IJ > J should be 
present. 

NS(l) The segment number to which belt IJ is 
attached. 

IS(2) The segment nuid>er (determined by the 
card number I under Card B.2.a) for 
which interaction with the Uth belt is 
allowed. 

IS(3) The number of the contact ellipsoid 
associated with the segment IS(2). Bote: 9 
Hyperellipsoids can.not be used with this 9 
option. 9 

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

IF(I),I>2,4 Same definition as on Card F.l.b above. 

IF(5) If non-xero, full belt friction is 
assumed, i.e., forces are computed for 
each half of the belt separately. If 
zero, zero belt friction is assumed, 
i.e., belt tension is the same at both 
belt anchor points. 

Bote: The use of rate dependent functions as defined under 
cards F.l.b is not permitted for belt-segment contacts. 
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Card F.S.a is always required. It may be blank to specify that 
no segment-segment forces are to be computed by the program. 

Card F.S.a FOBMAT (1814) If HSEa>18, use two cards. 

MNSEQCJ),J=1.ISEQ For segment J, tbe nuiMser of segments for 
iHiicb segmsnt-segment contact is allowed. 
MSEQ is tbe number of segments from Card 
B.l. Each segment contact, A versus B, 
may be inputted either way except where 
an interior contact is desired (see 
13(3)). 
Any or all values of MMSEQ may be zero. 
Tbe maximum value for eacb MISEO is 5. 
Tbe maximum total number of segment-
segment contacts is 40. 

For eacb segment J, MMSEQ(J) cards F.3.b must be supplied. 

I 

Cards F.3.b 

HJ 

>3(1) 

113(2) 

MS (3) 

FOBMAT (914) 

Tbe segment number to be contacted, it 
must correspond to J above.( There must 
be MISBa(J) cards witb tbis.same MJ. If . 
ia3Ba(J) > 0. no IJ « J should be 
present. ; 

Tbe nuiAer of tbe contact ' • 
(byper)ellipsoid associated witb segment • 
HJ. A byperellipsoid mtist have equal • 
powers. • 

Tbe segment number (determined by tbe 
card number I under Card B.2.a). for which 
contact witb tbe IJtb segment is allowed. 

Tbe number of tbe contact 
(byper)ellipsoid associated witb tbe 
segment >3(2). A byperellipsoid must 
have equal powers. If negative, an 
interior contact will be assumed witb 
ellipsoid >3(1) inside >3(3). 
Hyperellipsoids can not be used for 
interior contacts. 

HF(I).I«l,5 3 definitions as on Card F.l.b above. 

Mote: Tbe use of rate dependent functions, as defined under 
Cards F.l.b, is permitted for segment-segment contacts. 
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If IJHT is nonzero on Card B.l. Card F.4.a is required. Supply 
I0L0B>1 for globalgraphic option, otherwise supply 0 or 
blank. 

Card F.4.a FOBMAT (1814) If IJIT>18, use two cards. 

laLOB(J) ,J>l,HJliT For each Joint J. supply 1 for laLOB(J) 
if IPIKJ) is +3 or -3 on Cards B.3.a -
B.3.J; otherwise stq>ply zero or blank. 
One card F.4.J wust be supplied below for 
each J for which I^B(J) -1. 
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Cards F.4.b 

MJ 

NS(I),1=1.3 

BFd) 

HF(2} 

FOBMAT (914) 

The idantifioation nuabar for a 
globalgraphio joint, must correspond to J 
above and cards must be supplied in 
ascending order on IJ. 

Currently not used by program. 

The function number from Card E.l to 
define the torque-dcfleotion for this 
globalgrapbio Joint. The ordinate for 
this ftjnotion should be torque (in.-lb.) 
and the abscissa is the angular 
deflsotion (radians) into the stop. 

The function number from Card E.l 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). lormally 
they will be co^>uted by: 

HF(1),I«3,5 

TP 
• PI 
pr 

+ SP»P2 
• CP»P2 + SP*P2' 

where PI, P2 are the Sth degree 
polynomial evaluations of COS(PHI) 
using the two polynomials F1 and F2 
obtained by setting both Bl, D2 > 0 
on Card E.2: 

pr, P2' art their derivatives with 
respect to PHI; 

and CP, SP are COS(PHl) and SlM(PBl). 

If Dl, D2 are not both positive, T and TP 
will be evaluated as functions of PHI in 
radians (0 < PHI < 2kP1) as specified on 
Cards E.l - E.4 for function liF(2). 

SasM definitions as on Card F.l.b above 
except that the use of rate dependent 
functions is not permitted. 
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If IJHDO (Card B.l) and IJHTF>0 (Card D.l). Card F.S.a is 
required. 
If MJHT>0 and NJHTF-O, the program will set the JOINTF array to 
zero and Card F.S.a is not required. 

Card F.S.a FOBMAT (1814) use two cards if MJHT > 18. 

JOIMTF(J).J«1,NJBT For each Joint (J). the function 
identification number as supplied on 
Cards E.T.a to be used by Subroutine 
VISPB to coBq>ute the Joint restoring 
force by Function FITEBP. If zero, the 
values of SPBIMa(1.3«J-2) as supplied on 
Cards B.4.a will be used using Function 
EJOIBT. 

If MBAQ • 0. HBAQ cards of the following must be supplied. 
Since the air bag routines do not use the force-deflection 
functions, this input has different formats than for th« above 
allowed contacts. 

Cards F.6 

K V 

FOBMAT (214, 2012) 

The air bag number corresponding to the 
index J under Cards D.4 above. K must be 
in numeric order K * 1 to MBAO, idiere 
IBAO is the number of air bags defined on 
Card D.l. 

HK The nusAer of segments allowed to contact 
the Kth air bag. The maximum value is 
10. If IX « 0, the remainder of the card 
is blank. 

MBAa(2,I,X), 
MBAa(2,I,K),1-1,IX 

The segment numbers (determined by the 
card number I under Card B.2.a) each 
followed by the number of the associated 
contact ellipsoid for iriiich contact 
forces with the Xth air bag will be 
computed. Bote: Hyperellipsoids can not • 
be used with the airbag routines. • 
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If HWIliDF-O on Card D.l, Cards F.7 ara not raquirad and tha 
program will sat tha IMSEG array to zeros. Otherwise, Cards 
F.7 are required. 

Card F.7.a FOBMAT (1814) use two cards if HSEG > 18. 

lllfSEG(l,J) ,J>1.ISEG For each segment J, stipply zero if no 
wind force calculations are to be 
performed. Otherwise, supply a value of 

' one to indicate wind forces are to be 
- ^cosputed.' • 

Supply a Card F.7.b for each segment (J) where MHSEG(1,J) « 1. 

Card F.7.b FOBMAT (714,2212/281.813) 

JJ 

MlfSEG(2,J) 

MffSEG(3,J) 

The segment identification nuid>er from 
Cards B.2.a for which wind force 
calculations are to be perforiMd. Must 
correspond to J from Card F.7.a and be 
supplied in ascending order. 
If negative the wind force will be 
calculated using an overlaying grid, 
allowing for blocking by other segments, 
dote: This option may significantly 
increase run.time.) 

The number of the contact ellipsoid to be 
associated with segment number JJ. 
Hyperellipsoids can not be used with this • 
option. • 

The segment identification n u ^ r (MSBG+1 I 
for the vehicle associated with plane i 
number MNBEG (4,J). ! 
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Cards G.3.a (continued) 

iniSEa(4.J) 

lfllSEa(5,J) 

imsEa(6,j) 

l l lf3Ea(7.J) 

(M01ISBO(2K-1.J). 
IIO«SEa(2K,J)), 
X«1.IIRSE0(7.J) 

Tbe plane identification number from Card 
D.2.a through iriiich if segment J passes, 
wind force calculations will be 
performed. 

The function nu^er from Card E.6.a for 
the wind force function to be used. 

The function number from Card E.O.a for 
the drag coefficient function to be used. 
If zero or blank, 1.0 will be used for 
the drag coefficient. 

lumber of segments that may block segment f. 
JJ from the wind force. Only used if JJ • 
is negative. • 

The segment identification number and • 
contact ellipsoid number of the possible • 
segments blocking segment JJ from the f 
wind force. Used only if JJ is negative, f 
If m8Ea(7,J) >11. use a second card, • 
leaving the first field of 28 columns f 
blank. If IMSEOCT.J) » 11. a second f 
card, coq>letely blank should follow this • 
^card. • 

F-11 Bev IV.0 
96 



F.8 Subroutine HIHPUT - Card input for harness-belt systems. 

If HHBHSS t 0 on Card D.l, Cards F.8 must be supplied. 

Card F.8.a FOHIIAT (514) 

SBLTPH(I). lumber of individual belts for each harness 
I-l.VHEVSS Vo. I. May be zero or blank. Maximum value 

of the sum of all VBLTPH is 20. 

Card F.8.a is folloiMd by VHBVSS sets of Cards F.8.b - F.8.d. 

Card F.8.b F0BMAT(18I4) use two cards if VBLTPH(I)>18. 

HPTSPB(J), The number of reference points including 
J-1,VBLTHP(I) anchor points for belt Vo. J of harness Vo. I. 

Hay be zero or blank. The maximum value of 
the sum of all VPTSPB for all harness-belt 
systems is 100. The maximum value of the sum 
of all VPTSPB for any one harness belt system 
is 50. The maximum value of any individual 
VPTSPB is 25. 

Each Card F.S.b is followed by VBLTPH(I) sets of Cards F.B.c -
F.B.d. • : • " • • 

Card F.B.c 

MF(L).L-1.5 

XLOVa(J) 

FOBMAT (514, F12.0) 

The function ntimbers from Cards E.l to define 
the stress-strain of belt Vo. J. The 
definition of these functions are identical to 
those of VF(1) to VF(5) on Cards F.2.b, except 
that the use of rate dependent functions is 
permitted. VF(5) is currently not used by the 
program. 

The initial slack (in) of belt Vo.- J. A 
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 followtd by HPTSPB(J) pairs of F.B.dl and 
F.8.d2 cards to specify the reference points (K) for belt (J) 
of harness (I). 

Card F.B.dl 

KS 

KE 

IPD 

NDB 

FOBMAT (014, 3F12.0) 

The segment associated with reference point 
;(X). If a tie-point is being used, XS is the 
sum of this segoant number and 100«KTF, lAere 
KTP is a tie-point identification nurt)er. All 
points (X) 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 values for all other 
input. 

The identification number of the contact 
ellipsoid associated with reference point Ho. 
K. If no ellipsoid is specified (KE*0), the 
program will assume a unit sphere. 
Byperellipsoids can not be used with the 
harness belt option. 

Indicator for the preferred direction option. 
If a non-zerw integer is given, a non-zero 
vector must be specified for BAB(L,K), L" 10, 
12 on Card F.8.d2. The reference point will 
be allowed to move along the surface in a 
direction vriiich 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. 
IPO aust be nonzero if point Ho. K ii a tie-
point. lote: Specifying a preferred 
direction (HPD • 0) requires that the 
reference point be allowed to move (HDB i 0). 
If the belt is permitted to slip (IDE > 0). 
there must be no preferred direction option 
(HPD « 0). 

Indicator for the delta B option. If HDB * 0, 
belt (J) will be allowed to slip at reference 
point (X). If HDB t 0. belt (J) will not slip 
but reference point (K) will be moved along 
the nominal belt line. In both cases the 
slippage or motion is subject to the 
constraint i^>osed by the coefficient of 
friction given by D4 of function HF(5) below. 
HDB aust be non-zero for end reference (tie or 
anchor) points of the belt. 
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Card F.S.dl (continuad) 

)iF(L),L3l,4 Tba fiinction numbars from Cards E.l to define 
the force deflection function between belt (J) 
and reference point (K). If HF(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 
dependent functions, as defined iinder Cards 
F.l.b, is permitted. - - vx- ... 

MF(5) The function number from Card E.l to define 
the friction coefficients for belt (J) at 
reference point (K). Two constant values are 
to be defined on Card E.3 of this function by 
setting DD > D1 « D3 - 0. D3 is the 
coefficient of friction perpendicular to the 
nominal belt line along the surface and D4 is 
the coefficient of friction along the nominal 
belt line. If liF(5) « 0, infinite friction 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, MFCS) > 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 tmit sphere (K * 
0) because of penetration. If the anchor 
point is not to move at all, MFd) > 0 should 
also be supplied. 

BAB(L,K),L>1,3 The x, y and z coordinates (in) of reference 
point (K) of belt (J). If a contact ellipsoid 
is specified (X • 0 ), the vector is assumed 
to be orientated with respect to the local 
coordinate system XS, but translated such that 
its linear dimensions are with respect to the 
center of the contact ellipsoid KE. The 
supplied values will be ad J listed by the 
program to lie on the ellipsoid surface. If 
no contact ellipsoid is specified (X * 0), a 
nonzero vector, specified in the local 
coordinate system of XS, must be supplied. 
This vector specifies the direction of the 
normal in the perturbation coordinate system 
used to resolve the belt segment forces. The 
program 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 away from the surface, this point will be 
ignored if it is not a tie or anchor point. 
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Card F.8.d2 FOBMAT (0F12.0) 
•T 

BAB(L,X). If KB « 0, i.a. no contact allipsoid, tho x. y 
h'7,9 and z coordinatos (in) of tho offsot in tho 

local coordinate system of segment XS. This 
vector is added to the reference vector 
defined above (L>1,3) to determine the 
location of the reference point (X) relative 
to tbe oenter-of-mass of segment XS.. If XE • 

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

BAB(L,X), Tbe x, y and z coordinates of a vector in tbe 
L>10,12 local coordinate system of segment XS. Tbis 

vector is used for the preferred direction 
(see BPO above).. Tbis vector must not be 
parallel to the normal, coiqiuted from BAB(L,X) , 
for L«1,3 above. 
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a. Subroutine IHITAL 

Card G.l.a FOBMAT (3F10.0, 914) 

ZPLT(I),1=1,3 The x, y, and z printer plot coordinates I 
(for Subroutine PBIPLT) of the origin of ! 
the primary vehicle reference system. I 

0 < X-< 61 
0 '< Y '< 61 
0 < Z < 121 
0 < Y '< 61 

II ' A value of 15 is required to call 
Subroutine EQUILB and process Cards 0.4, 
0.5 and 0.6. 

J1 If non-zero. Card G.l.b is required to 
define scaling information for the 
printer plots. 

12,J2 Currently not used by the program. 

13 If zero, segment linear and angular ( 
velocities are not supplied on the 
following cards but ars set equal to the 
initial primary vehicle velocity. If I 
13 • 0, SEOLT and WMODBO must be supplied I 
on cards 0.2 and 0.3. I 
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If J1 is ztro or blank on Card G.l.a, tbs following Card G.l.b 
should not bo supplied and default values of 10.0, 6.0 and 1.0 
will be used for the SPLT array. 

Card G.l.b FOBMAT (3F10.0) 

SPLT(l) The nuaber of horizontal print positions 
per unit length for the output \mit that 
will print the printer plots produced by 
Subroutine PBIPLT (norwal value is 10.0 
for 10 spaces or colusms per inch). 

SPLT(2) 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 
uses only the ratio of SPLT(l) to SPLT(2). 

SPLT(3) Scale factor that represents the distance 
(inches or length unit on Card A.3) 
between vertical print lines for the 
printer plots. Bote: The printer plot 
was originally designed for 120X60 units 
(inches') along the z and x or y 
directions idiich may not be satisfactory 
for certain situations (e.g., metric 
units). 
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One Q.2 card must be supplied for each reference segment (i.e. 
segment No. I and for each segment J where JNT(J-1} = 0 on 
Cards B.3} in ascending segment number sequence. 

Cards G.2 

SEGLPd.J) .1 = 1,3 

SEQLVd.J) ,1 = 1,3 

FOBMAT (6F10.0) 

The initial and z coordinates of 
reference segment J in the inertial 
reference (in). —T 

The initial x,-y, and z coiiq>onents of 
velocity of reference segment J in the 
inertial reference (in/sec). These 
fields may be left blank if 13 - 0 on 
Card Q.l in idiich case the initial 
velocity of the primary vehicle will be 
-used." • .z..V---- • 

NSEG sets of cards G.3.a-a.3.b are required. 

Cards G.3.a 

YPBd.J) ,1 = 1,3 

WMGDEGd.J) ,1 = 1,3 

IDd,J) ,1 = 1,3 

FORMAT (6F10.0, 413) 

The initial rotation angles (degrees) of 
the Jth segment about the local z, y and 
x^axes of the segment given by ID(4,J) in 
the order specified by.ID(I,J),1=1,3 

-below.' .S-. • . - . ' 

The initial components of angular 
velocity about the local x, y and z axes 
of the Jth body segment (deg/sec). If 13 
= 0 on Card G.l, the initial angular 
velocity of the primary vehicle will be--
converted to the segment reference and 
used. 

Indicators used to specify the order of 
the axes of the rotations given in 7PB 
above. (See coiiq>lete 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 versions 
previous to ISA of the program). 

Values of 3, 2, 1 indicate that the 
standard yaw, pitch and roll sequence 
will be used. -
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Cards G.3.a (continued) 

Values of 3. 1,-3 indicate thkt 
precession, nutation and spin for Euler 
joints will be used. 

A negative value for ID(1,J) indicates 
tliat projections 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) The segment number to «rtiich the rotations 
given by YPB or by the angles on Card 
G.3.j2 are with respect to. A value of 
zero or blank will default to- the grotuid 
(llSEG+HBAG+2) or inertial reference. The ! 
primary vehicle may be specified by ! 
supplying MSEG+l, fdiere IISEG is either ! 
HSEG or the largest MSEG from Cards C.2a. ! 
Otherwise, the number of the segment 
must be less than J. A negative ntunber 
(-!JliT(J-l)! , as specified on Card 
B.3.al) may be used to define the 
rotation angles with respect to the joint ! 
axes as specified on Card B.3.a2. 

Note: The values of 7FB and ID are used to compute a direction 
cosine matrix B. The direction cosine matrix 0(J) of segment J 
is determined by the value of K = ID(4.J) as follows: 

K = 0: D(J) = B(J) ( K=0 or equal to HGBHD ) 
K > 0: D(J) = B(J)D(K) ( K<J or equal to HVEH ) 
K < 0: D(J) = H'(J)B(J)H(K)D(K) ( K « -IJHT(J-l); ) 

There are no restrictions on a ball or Euler joint. An Euler 
joint can be set to an initial precession(P), nutation(N) and 
spin(S) by specifying YPB = P, N, S and ID =3, 1,- 3, -!JHT(J-
1)1. To preserve the axes of a pin joint, the relative 
orientation of segments J and JNT(J-l) must represent a 
rotation about the pin axis only. (The pin axis is always the 
y axis of the joint axes as specified on Card B.3.a2.) This t 
can be assured by supplying YPB * 0, P, 0 and ID > 0, 0, 0, -
'iJNT(J-l)!, fAere 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 JliT(J-l) are parallel 
to the pin axis, the pin axis can be preserved by supplying 
values of YPB = 0, P. 0 and ID = 0, 0, 0, !JHT(J-1)! where P 
is the pitch of segment J with respect ot segment JNT(J-l). 
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A Card Q.S.b must follow ovory Card 0.3.a on vdiicb ID(1,J) is 
nsgativs. • • 

Cards a.3.b 

A1.A2.A3 

FOBMAT (6F10.0, 413) 

Spsciflss ths projection of the priiaary 
axis given by IX below. If II is 
negative, values will be the x, y and z 
co^)onents (in) in tbe projection 
reference system of a vector along tbe 
positive IX axis of segment Ho. J. If II 
is positive, Al, A2 (A3 not used) are tbe 
projection angles (deg) of the positive 
IX axis of segment number J in two of the 
projection reference planes specified by 
the value of II. 

B1,B2.B3 Specifies tbe projection of a secondary 
axis given by JX below. Tbe definition 
is identical to Al, A2, A3 above but uses 
JJ and JX instead of II and IX. 

II If II is negative, tbe coq}onents of a 
vector along tbe positive IX axis will be 
given by Al, A2, A3. If II is positive, 
a value of 1, 2 or 3 is used to indicate 
that tbe x, y or z axis is tbe common 
axis of tbe two projection reference 
planes tised to specify tbe two projection 
angles as follows: 

If II>1, Al in z-x plane, A2 in x-y plane. 
If 11=2, Al in x-y plane, A2 in y-z plane. 
If II»3, Al in y-z plane, A2 in Z-X plane. 

In tbe x-y plane, tbe angle is iwasured 
from tbe x axis, positive toward tbe y 
axis. 

In the y-z plane, tbe angle is measured 
from tbe y axis, positive toward tbe z 
axis. 

In the z-x plane, tbe angle is measured 
from tbe z axis, positive toward tbe x 
axis. 

Bestriction: SIKAl) »C0S(A2) cannot be 
zero. 
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Cards G.S.b (continuad) 

IK A valuo of 1, 2 or 3 to opacify that the 
X, y or z axis of segnent nuaber J is the 
prianry axis to be projected. 

JJ,JK Sane definition as for II, IK above but 
for a secondary axis of segnent ntmber J. 
The value of JK must be different than 
that of IK. - .. 
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Subroutine EQUILB 

Cards 0.4, 0.5 and 0.6 are required if II « 15 on Card 0.1. 

Card 0.4 FOBMAT (214) 

NVAB 

NCOH 

Mo. of independent variables supplied on 
Cards 0.2 and 0.3 'that are to be adjusted 
such that contact normal forces are equal 
to either Ox supplied 'on Cards 0.5 or 
constraint normal forces controlled by 
Cards 0.6 (max =10). . 

Ho. of constraints to be ioq)osed to 
cooqpute those constraint forces which 
will be satisfied by initial contact 
forces. If zero, the supplied values of 
Ox will be used, (max * 5).' 

Cards 0.5 
(HVAB cards) 

HTV(J) 

NIK J) 

HSO(J) 

OX(J) 

FOBMAT (314, 2F8.0, 814) 

Indicates type of Jth independent variable 
1 - SEOLF from Cards 0.2 
2 - 7PB from Cards 0.3 

A-value of 1,\2 or 3 .to indicate the x, y ' 
or z coordinate of SBOLP if HT\r(J)»l, or 
yaw, pitch or roll of YPB if HTV(J)»2. 

The segment number (as specified by index 
I of Cards B.2) for the Jth independent 
variable. ^ ^ 

The magnitude of the contact normal force 
for the Jth independent variable (lbs.). 
If this contact is to be controlled by a 
constraint on Cards 0.6 (i.e., 
J"IHDOX(I)). the supplied value of Ox 
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 Ox. 
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Cards G.3.a (continued) 

XDEV(J) The isaxiaum allowable deviation from the 
initial positions specified on Cards 0.2 
and 0.3 during the iteration of the Jth 
independent variable for the contact 
normal force to equal Ox. If exceeded, 
the program will terminate with an error 
message. If XDEV * 0, the tests will not 
,be perforswd. . _ " '"V 

JPL(J) The plane number corresponding to NJ on 
Cards F.l.b - F.l.n for the contact whose 
normal force is to be controlled by the 
Jth variable. 7 

JSa(J) The segment identification nusdier (as 
specified by index I of Cards B.2) 
involved in the contact with plane No. 
JPL(J). Note: A contact between this 
plane and segment must have been set up 
on Cards F.l.b - F.l.n. 

HAV(J) 

KSO(I,J),I=1,NAV 

No. of variables associated with the Jth 
independent variable. (Max* 5, may be 
zero.) 

The segment numbers (definition same as 
for NSa(J)) for the NAT(J) variables 
associated 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 such that the initial relative 
orientation will be maintained as 
specified on Cards 0.2 and G.3. 

G-a Bev IV.0 
108 



Cards 0.0 FOBMAT (414) 
(HCOH cards) 

IPL(I),ISO(I) Tha plant and sagmsnt ntimbars (dafinition 
Sana as for JPL(J) and JSa(J) above) for 
the Ith constraint to be imposed for 
initial equilibrium during the contact 
normal force to constraint normal force 
iteration. 

LTTPE(I) Indicates the type of the Ith constraint: 
3 - Boll constraint, 
4 - Slide constraint. 

IMBOXd) The index J (from 1 to HVAB) from Card 
O.S for which the contact normal force 
will be iterated to be equal to the Ith 
constraint normal force. May be zaro, 
but if IHDOZd) - J, then IPLd) and 
ISGd) must be equal to JPL(J) and 
JSa(J). 

Hote: Subroutine EQUILB will adjust tha initial position 
paramsters supplied on Cards 0.2 and 0.3. Ifŷ tha oonstrainta 
tsaporarily imposed by Cards 0.6 properly constrain all of the 
segments, zero accelerations will bs obtainad while the 
constraints are on. The itaration will produce normal and 
tangential contact foroas that will result in small (< 0.02 0) 
initial linear accelerations for all of the body segments. For 
the seated 'standard' fiftsen segment occupant, this can be 
achieved as follows: 

A. Look Joint P, «, HP. HP, BA and LA by sotting IPIH = -2 on 
Cards B.3. If ths maxisnim torque for a looked Joint (T1 for 
VlSC(4,3»J-2) on Cards B.S) is zero, then Subroutine EQUILB 
will set T1 for these locked Joints to 1.9 times the magnitude 
of the Joint torque finally produced at tisw zero. 

B. Constrain the arms by either setting up fixed point 
constraints (type « 1) for the BLA and LLA with tha vehicle on 
Cards D.6, or lock tha Joints BS, BE, LS and LE as in stop A 
above. If the constraints are imposed on Cards 0.6, Subroutine 
EQUILB will adjust the point on the vebicls (BK2 on Cards 0.6) 
for any type 1 constraint involving the vehicle so that it will 
coincide with the specified point on the body segment (BXl on 
Cards 0.6) as adjustments are made to the initial position 
parameters. 
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C. Set up allowed contaota and aesooiated force deflection 
functions on Cards F.I for the seat cushion plane with the LT. 
BDL and LDL segments, the seat back plane with the LT. CT and 
DT segments, and the floorboard plane with the BF and LF 
segments. 

0. Set up initial position paraiseters on Cards G.2 and G.3 
that are Just 'short of* or close to the final penetration 
distances for the segments with the contact planes. 

E. Set HVAB > 5 and HCON - 4 on Card G.4. 

F. Supply the following input parameters on Cards G.S: 

J HTV HIl HSG GX XDEV JFL JSG NAV KSG 

1 1 3" (LT) 90.0 1.0 '(seat cushion) (LT) 0 
2 1 I (LT) 5.0 1.0 (seat back) (LT) 0 
3 2 2 (UT) 10.0 5.0 (seat back) (UT) 4 (LT) . 

(CT). 
• • - • - • (M). 

(H) 
4 2 2 (BUL) 25.0 10.0 (seat cushion) (BUL) 1 (LUL) 
5 2 2 (BLL) 10.0 10.0 (floorboard) (BF) 1 (LLL) 

G. Supply the following input parameters on Cards G.6: 

I IPL ISG LTYPB INDGX 

1 (seat cushion) (LT) Z-i: 1 -
2 (seat back) (UT) 4 3:: 
3 (floorboard) (BF) 3 " s = 
4 (floorboard) (LF) 3 0 

Using the above input parameters. Subroutine EQUILB will adjust 
the X and z coordinates of the LT, the pitch angles 
(maintaining the initial relative orientation) of the UT, LT, 
CT, H and H segments, the BUL and LUL segments, and the BLL and 
LLL segments, and the initial normal contact forces (Gx) of the 
seat cushion with the LT, the seat back with the DT and the 
floorboard with the BF. 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 BUL contacts. 

G-lU Bev IV.0 
110 



H. Subroutine OnTPOT 

This subroutine provides input to control the desired time 
history output of selected total and angular accelerations, ! 
velocities, displacements, Joint parameters. Joint forces 9 
and torques, wind force data and total body properties. • 

H.l (K-1) Linear acceleration time history output. 

Card H.l.a 

NSa(K) 
FOBMAT (16, 213, 3F12.6) 

The number of selected points on the 
various body segments for which time 
histories are desired. The maximum value 
for HSa(K) is 20. If HSa(X) is 0, insert 
2 blank cards. If ISa(K) is 1, a single 
blank card should follow card H.l.K. 

KBEF(1,K) 

MSOd.K) 

The reference segnent 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. Mote that all previous input 
decks can be used without modification 
and will default to the local reference 
system of segnent MSG. If MSG is 
negative, XBBF is the initial 
accelerometer setting. In this case KBEF 
must be 0 or 1. If KBEF-0, there is no 
gravity vector offset; if KBEF-1, the 
initial accelerometer value > IG 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 system 
when MSG is negative. 

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 F.S.dl (continuad) 

XSGd , 1 ,K) ,1=1,3 The x, y, and z coordinates in the 
sagiNnt reference of the first point 
(inches). 

Followed by NSG(K)-1 Cards H.l.b (For J=2,NSG(K)). One H.l.b I 
card is always required. I 

CARDS H.l.b 

KREF(J,K) 

1ISG(J,K) 

XSGd,J,K) ,1 = 1,3 

FOBMAT (19, 13, 3F12.e) 

Sane as above but for the Jth point. 

Saiw as above but for the Jth point. 

Sane as above but for the Jth point. 

0 
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H.2 (X=2) Relative velocity time history output. 

Cards H.2.a FOBMAT (16, 213, 3F12.6) 

NSa(K) 

KBEF(1,X) 

MSa(l,K) 

Same description as for H.l. 

The reference segment nuiaber the point 
relative velocity is to be given in. If 
zero or blank, the default will be the 
vehicle. Mote that all previous input 
decks can be used without modification 
and will default to the primary vehicle 
reference system. 

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. 

f 

XSa(I,J,K),1=1,3 Same description as for H.l.a 

Followed by llSa(X)-l Cards H.2.b (For J*2.HSa(X)). One H.2.b 
card is always required. 

CARDS H.2.b 

XBEF(J,K) 

MSa(J,K) 

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

FOBMAT (10, 13, 3F12.6) 

Same as above but for the Jth point. 

Same as above but for the Jth point. 

Same as above but for the Jth point. 

! 

I 

I 

H.3 (X=3) Relative displacement time history output 

Cards H.3.a - H.3.b FOBMAT (16, 213, 3F12.6/ (10, 13, 3F12.6)) • 

Sane description as for Cards H.2.a - H.2.b except for relative ! 
displacesMnts. I 
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H.4 (K*4) Segment angular acceleration time history output 

CARD H.4 FORMAT (16, 22X3/ (10. 2113) ) 

HSa(K) The number of selected segments for which 
time histories are desired (maximum -
20). Supply blank card if none are 
desired. 

(KBEF(J,K), 
MSa(J,K)).J«1,KS0 
where KSa=HSa(K) 

KSQ pairs of numbers. The first number 
of a pair (KBEF) 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 KBEF is zero or 
blank, the default will be the segment 
ntimber, i.e. the local reference system, 
lote that all previous decks can be used 
without modification and will default to 
the local reference system. MSG is the 
segment number as determined by index I 
on Cards B.2. A vehicle or airbag may 
be specified by their segment nuiiM)er. If 
HSG(X) > 11, use the second card, leaving 
the first field of 0 columns blank. If 
HSG(K) - 11, a second card, coiqpletely 
blank should follow this card. 

H.5 (X-5) Segment relative angular velocity time history output • 

Card H.5 

NSG(K) 

(XBEF(J,X), 
MSG(J,X)),J=1,XSG 
where XSG=HSG(X) 

FOBMAT (16, 2213/ (19, 2113) ) 

Saste description as for H.4 

XSG pairs of numbers. The first number 
of a pair (XBEF) is the reference segment 
number the segment relative angular 
velocities are to be given in. The 
second number of a pair (MSG) is the 
number of the segment whose angular 
velocities are to be given. If XBEF is 
zero or blank, the default will be the 
vehicle. Vote 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. 
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H.6 (K=6) Segment relative angular displacement time history • 
output f 

Card H.6 FOBMAT (16, 2213/ (19, 2113) ) 

Same description as for Card H.S except for relative angular 
displacements. 

H.7 (K>7) Joint parameter time history output 

Card H.7 

MSa(K) 

FOBMAT (1216/ (112, 1016) ) 

The maber of selected Joints for ndiicb 
time histories are desired. Insert a 
blank card if none are desired (maxisnim 
20). . • : 

Msa(j.K),j«i,xsa 
where XSa«NSa(X) 

The joint numbers as determined by index 
J on Cards B.3. If ISO(X) > 11, use a 
second card leaving the first field of 6 
columns blank. If ISO(X) * 11, a second 
card, completely blank, should follow 
'.this card. 
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H.8 (K>8) Wind force tiae history output X 
(Note: These H.8 Cards are new as of Version III.2. What X 
was previously the H.8 Card (the card for the HlC, HSl and X 
CSl calculations is now Card H.ll). Previous input decks X 
will require a blank card at this point in the input deck X 
to be coipatible with ATB Version 111.2 input requirements. X 

Card H.8 

HSa(X) 

FOBMAT (16. 2213/ (19. 2113)) X 

The number of selected segotents for which X 
the wind force tabular tiow histories are X 
desired. Insert a.blank card if none are X 
desired (maximum > 20). X 

(KBEF(J,K), 
Msa ( j . x ) . j * i . x s a 
where XSQ=NSa(X) 

XSQ pairs of numbers. The first number X 
of a pair (XHEF) is the reference segment X 
number of the coordinate system the wind X 
forces are to be given in. The second X 
number of a pair (MSQ) is the segment X 
tdiose wind forces are to be given. If X 
XHEF is zero or blank, the default will X 
be ground. MSQ is the segment number as X 
determined by index I on Cards 8.2. If X 
HSa(X) > 11, tise a second card leaving X 
tha first field of 6 columns blank. If X 
ISQ(X) = 11, a second card, completely X 
blank, should follow this card. X 
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H.9 (K-9) Joint foroea and torquaa time history output X 
(Vote: These H.9 Cards are new as of Version 111.2. Any f 
previous input decks will require a blank card at this - X 
point in the input deck to be coiq>atible with ATB III.2'~ X 
input requirements.) The Joint forces are the forces X 
required (at the Joint location) to keep the Joined X 
segments from separating. The Joint torques are the X 
torques required to meet any angular constraint of the X 
Joint (e.g. for a pin Joint only one axis of rotation is X 
permitted) plus any torques transferred across the Joint. X' 
The Joint torques applied by the Joint fxinctions are a • X 
function of the relative position and relative velocity of X ~ 
the two Joint coordinate systems. A detailed break out of X" 
the Joint function torques is provided by the Cards H.7. X 
Bote: As of ATB III.4 the sign on the torques is reversed X' 
to be of the same sense as the forces. X 

Card H.9 FOBMAT (16. 2213/ (19. 2113)) X'J 

MSQ(K) 

(KBEF(J.K), 
MSa(J.X),J=l.KSa 
where KSa-BSa(K) 

The number of selected Joints for idiich X 
time histories are desired. Insert a X 
blank card if none are desired (mximum = X :: 
20). X-

KSG pairs of numbers. The first number X 
of a pair (KBEF) is the reference segment X 
number the Joint forces and torques are X -
to be given in. The second number of a 
pair (MSG) is the Joint irtiose forces and X : 
torques are to be given. If KBEF is zero X . 
or blank the default will be the vehicle. X 
MSG is the Joint number as determined by X 
index J on Cards B.3. If MSG(K) > 11. X 
use a second card leaving the first field X i-
of 6 columns blank. If BSG(K) - 11, a X 
second card, completely blank, should X 
follow this card. X 

H-7 Bev IV.0 

117 



H.IO Total body property time history output X 
(Hote: These H.IO Cards are new as of Version III.2. Any X 
previous input decks will require a blank card at this X 
point in the input deck to be compatible with ATB III.2 X 
input requirestents.) . X 

Card H.IO.a FOBMAT (16) 

MCS The number of bodies (collection of X 
segments) for «Aich time histories are X 
desired (max * 8). Bach time history X 
will'contain the center of mass, the X 
total linear and angular momentum, and X 
kinetic energy of the set of specified . X 
segments. If zero or blank, no Cards X 
H.lO.b are required. , X 

Cards H.IO.b 
"(MCQ cards) 

FOBMAT (2413) X 
X 

MCaB(J) The segment number of the segment to X 
idiich the center-of-mass is referenced. X 

MCGH(J) The nuidier of segments in the Jth set of X 
segments (body) for vdiich a tabular time X 
history of body properties (maximum > X 
22) is specified. X 

MCGS(I,J),I*l,MCqH The segment nuidiers of the MCGH segments X 
,̂,that are to be included in the Jth set of X 

^^ ^ ^ segments (body). X 
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H.n (Subroutine POSTPR) - HIC, HSI and CSI calculations. 
This card is required nfaenever Subroutine POSTPB is called 
as deterained by the value of IPBT(4) on Card A.5 (all 
values except 0 and 4). This H.ll card tias previously ! 
called the H.6 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. i 
If the nuiid>er of tine points is less than 25, the • 
calculation(s) will be skipped and a warning message ! 
printed. These calculations can be performed only if I 
NPBTOO) > 0 and (1/IPBT(30))«DT»HSTEPS < 1000 (it can not • 
be > 1000 because of time step 0), or IPBTCSO) * 0 and the f 
the number of successful integration steps is < 1000. If • 
MPSTOO) - 0, the data is written every successful 
integration step and the total number of points can not be 
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 nuidter of times Subroutine OUTPUT is called is equal to 
the the number of successful Integration steps idien 
HPST(26) -0, 1 or 4 and IPBT(4) > 0, i.e. output unit Ho. 
8 (Subroutine POSTPR) is used. Becall that NPBTOO) 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 
vrtiich data can be printed out and HSTEPS is the total 
number of integration steps the program is to make for a 
specific run. 

If the injury fxinctions are to be computed during a 
postprocessing run (IPBT(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 previoiis integration run. 
This means that there is no capability to use data at time 
points requested by the logic of HSTEPS, NPBT(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, HSTEPS and HPBT(30) such that only data that are 
at the time points that were written on TAPE 8 or some 
integer nultiiple of these time points are used in the 
coBq)utation of the injury fxmctions. 
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Card H.ll POBM&T (18X4) I 

JDTPTS(l) Tba index J on Cards H.1 corresponding to 
tbe head center-of-aass whose resultant I 
acceleration time history will be used to 
coiq>ute the head injury criteria (HIC) 
and head severity index (HSI). The 
computations- will not be done if 
JDTPTS(l) - 0 or blank. 

JDTPTS(2) "The index J on cards H. 1 corresponding to 
the point idiose resultant acceleration 
time history will be used to coa^ute the 
chest severity index (CSI). The 
coaqputations will not be done if 
JDTPTS(2) « 0 or blank. 

H-10 Rev IV.0 
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I. Subroutine POSTPB 

If IPBT(4) on Card A.5 ia an even integer. Cards I are not I 
required. (See note in Subroutine SLPLOT regarding program I 
changes that may be necessary on plotting facilities that do I 
not use a CalcoBq> graphics library.) I 

These cards essentially specify all of the arguments 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 outside 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 below 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 HPBT(30) > 
0 and (l/liPBT(30))«DT»ISTBPS. < 1000 (it can not be > 1000 9 -
because of time step 0 ) or MPBT(30) > 0 and the the number 9 -' 
of successful integration steps is < 1000. If HPBT(30) >0, 9 ̂  
the data is written every successful integration step and the 
total nnabzT ot points can not be 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 ELTIHB 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 BPBT(20) « 0, 1 or 4 and 
1IPBT(4) > 0. i.e. output unit No. 8 (Subroutine POSTPB) is 
used. Becall that NPBT(30) is the frequency the plotting 
data are to be written to the plot data arrays (a multiple of 
OT). DT is the time step for lAich data are to be printed 
out and NSTEPS is the total number of integration steps the 
program is to make for a specific riui. 

If the plots are to be made during a postprocessing run 
(liPBT(4) > -1 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 MSTEPS, HPBT(30) and DT of a postprocessing run idien data 
wore 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, HSTEPS and 
HPBTOO) such that data are plotted at the time points that 
were written on TAPE 8 or some integer multiple of these 
time points. 

I-l Bev IV.0 
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Card I.l 

NPLT 

HYP(K) ,K=1,IIPLT 

FORMAT (1814) 

The number of plots to be generated 
(•ax>20). (IF IPLT > 17, use two cards.) 

The number of y variables to be plotted 
vs. the same x variable for each of tbe 
IFLT plots. NPLT > sum of N7P is limited 
to 29. Note: The plotting algorithm 
assumes each of the NTP(X) y variables 
has tho same x value. Therefore, unless 
the x axis is tho time axis, iriiere each y 
value does have the same x value for each 
plotting point, the plots mill most 
likely be incorrect.' • ̂  

I ^ 

A set of Cards I.2-1.8 is required for each of the NPLT plots. 

Card 1.2 FOBMAT (1814) 

MXl(X),MZ2(X) 

M71(J,X),M72(J.X) 
for J*1,NYP(X) 

The page No. (MXl) and column No. (MX2) 
from the tabulated tims histories of the 
X (horizontal) variable for the Xth plot. 
These page Nos. start with 21 so MXl > 
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 tiste zero will be subtracted 
from all y values for plotting purposes. 

The page No. (MTl) and column No. (M72) 
for the N7P(X) y (vertical) variables to 
be plotted vs. the x variable specified 
by MXl and MX2 for the Xth plot. 
Definition of each MTl, MT2 sasm as for 
MXl, MX2 above. 
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Card 1.3 

IKK) 

XO(X) 

XH(X) 

XL(X) 

XS(X) 

FORMAT (14, 4X, 4F8.0) 

Tha number of intervals or plotting 
dsoremsnts along the x (horizontal) axis 
for the Xtb plot. Tbors will bt IKX}*1 
tic marks and numsrio annotations, the 
first will be for XO(X) and the last for 
XI(X). If IKK) is positive, the scale 
will be linear, and if nagative, the 
scale will be logarithmic. 

The value of the origin of the x axis for 
the Xtb plot. 

Ths valus of ths end of the x axis for 
tha Xtb plot. For IKK) positive. XI(X) 
should squal XO(X) * IKX)«OX, wbere DX 
is a reasonablt plot deoremant. If IXCX) 
is negative, both XO(K) and XKX) should 
be powsrs of ten, where: 

XKX) > XOCXlslOssilXCX):. 

The length (plotting inches) of the x 
axis for tha Xtb plot. XL(X} should be 
at least one inch lass than XSCX). 

Tha paper size (plotting inches) in the x 
direction for the Xtb plot. The plot 
will be centered within this dimension. 

Card 1.4 

HT(X).70(X),TI(X), 
YL(X) and 73 (X) 

FOBMAT (14, 4X, 4P8.0) 

SaM definitions as for.ths corresponding 
items on Card 1.3.X but for the y 
(vertical) axis for tha Xtb plot. Mote 
that each of the M7P(X) variables will be 
plotted on the same scale. 

1-3 Bev IV.0 
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Card 1.5 

HXLAB(K) 

XLAB(K) 

FOBMAT (14, 4X, 15A4) 

The number of characters in the label of 
the X axis for the Kth plot (max-60, may 
be zero). 

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 
MZLAB(K) characters beneath the x axis. 

Card 1.6 -

M7LAB(X), 
YLAB(X) 

FOBMAT (14, 4X, 15A4) 

Same definition as for Card I.5.X but for 
the label of the y axis for the Xth plot. 

Card 1.7 

HPLBl(X) 

PLBl(X) 

FOBMAT (14, 4X, 15A4) 

The number of characters in the upper of 
two lines of plot identification for the 
Xth plot (max « 60, may be zero). 

The alphanumeric information to be used 
in tha upper line of the plot 
identification for the Xth plot. Data 
should be left adjusted as input since 
the program will center the BPLBKX) 
characters beneath the x axis label. 

Card 1.8 

1IPLB2(X), 
PLB2(X) 

FOBMAT (14, 4X, 15A4) 

Same definition as for Card I.7.X but for 
the lower line of the plot 
identification. 

Bote: The 15A4 term in the format for Cards I.5-I.8 is to be 
used on computers sdiere a single precision word is equivalent 
to four alphanumeric characters. This term is the format for 
Subroutine POSTPB and should be set to 10A6 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. 
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5.0 NUMBERED STOPS WITHIN THE ATB COMPUTER PROGRAM 

There are mai^ program stops within the ATB program to signal both input 
and run-time errors. Some of the stops have an accompanying message 
printed in the main output file, others do not. 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 user is advised to check the output produced by the 
input routines (on logical unit 6) to determine at what point within the 
input file the error may have occurred. 

The following is a list of all stops within the ATB-17 Model program, 
the subroutine involved, the input card number (where applicable), the 
reason for the stop and possible corrective action. 

1. Main Program: Indicates the normal program stop. All activity 
requested by the user has been completed. 

2. Subroutine RSTART: Indicates an improper variable name, index 
or type was supplied when the restart option was selected (IRSIN itO) on 
Card A.2. Refer to the message written to output unit 6 that indicates 
which A.2 input variable was at fault. 

3. Subroutine BINPUT: Indicates an error in defining a flexible 
element on cards B.3. There must be at least two joints with a negative 
JNT per flexible element, one connecting the interior segment to the 
reference segment and the second connecting the interior segment to the 
terminal segment. 

4. Subroutine BINPUT: Indicates that the value of NEX, the total 
number of flexible el^ent interior segments specified on card B.7, does 
not agree with the value of NELX, the total number of interior segments 
computed from the number of joints with a negative NJT and connectivity 
of the segments, JNT(J), supplied on input cards B.3. Refer to output 
unit 6 for the values of NFX and NBLX. 
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5. Subroutine BINPUT: Indicates that the segment number defined 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 supplied 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 flexible element(s) are properly 
defined. Refer to the message written to output unit 6 for segment at 
fault. 

6. Subroutine VINFUT: Indicates that an improper value has been 
supplied for MSEC on card C.2. Allowable values are: zero or blank (to 
represent the primary vehicle); less than or equal to NSBG (to indicate 
prescribed motion for one of the specified segments); or a value one 
greater than the value of MSEC supplied on a previous C.2 card (to 
indicate a new vehicle). 

7. Subroutine VINFUT: Indicates that the number of sets of C cards 
is greater than the maximum allowed (currently 6) or that the total 
number of segments defined by the program (including the airbags, if 
any, and the ground) is greater than the maximum allowed (currently 30). 

8. Not used. 

9. Not used. 

10. Subroutine SINFUT: Indicates that the plane identification 
index (j) is in error on card D.2. Th^ must be supplied as consecutive 
integers. Refer to the message written to output unit 6 for the plane 
at fault. 

11. Subroutine KINFUT: Indicates that the function number on card 
E.6 is less than 1 or greater.than the maximum allowed (currently 50). 

12. Subroutine KINFUT: Indicates that the function number 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 FINFUT: Indicates that the supplied value for NJ 
(the first number on the line printed on unit 6) does not correspond to 
the index j supplied on input cards F.l, F.2, F.3 or F.4. 

15. Subroutine FDINIT: Indicates that a function number used on 
cards F.l, F.2, F.3, F.4 or F.8 has not been defined on input cards E. 

16. Subroutine FDINIT: Indicates that the size of the generated TAB 
array exceeds 4500 or the size of the NTAB array exceeds 1250. These 
arr^s 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 on cards 
F.5 has not been defined on input cards E.7. 

18. Not used. 

19. Not used. 

20. Subroutine FINPUT: Indicates that the air bag numbers k on 
cards F.6 have not been supplied in numeric order. 

21." Subroutine FINPUT: Indicates that the value of JJ on card F.7.b 
does not correspond to the index J of the nonzero elements read in on 
input card F.7.a. 

22. Subroutine PLELP: Indicates that the edge-effect option is 
being used with a hyperellipsoid with unequal powers, on cards F.l. 

23. Subroutine SBGSEG: The segment-segment contact is being used 
with a hyperellipsoid with unequal pcwers, on cards F.3. 
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2A. Subroutine INITAL: Indicates an input error for IYPR(4,J) on 
cards G.3. The supplied value is greater than J and less than or equal 
to NSEG. 

25. Subroutine INITAL: Indicates an input error for IYPR(4,J) on 
cards 6.3. The supplied value is negative and does not correspond to 
NJT(J-l). 

26. Subroutine EQUILB: Indicates a problem with input card G.4. G.5 
or G.6. The card number and contents in question are printed on logical 
xmit 6. 

27. Subroutine EQUILB: Indicates that the iteration for the listed 
variable did not converge within the specified range, on input cards 
G.5. 

28. Subroutine PLELP: Indicates that the roll-slide constraint is 
being used with a hyperellipsoid on cards F.l. 

29. Subroutine SEGSEG: Indicates that the roll-slide constraint is 
being used with a hyperellipsoid, on cards F.3. 

30. Not used. 

31. Subroutine DINT: Indicates that a negative square root has been 
detected in Subroutine PDAUX with the time step size of H-HMIN. This is 
usually an indication that extrane angular motion occurred. Unless 
there are other obvious errors, causing the extreme angular motion, it 
might be remedied by tightening the angular convergance tests specified 
by input cards B.6 or by decreasing the value for HMIN on input card 
A.3. 

32. Subroutine AIBBG3: Indicates a logical error in the program. 

33. Subroutine IMPULS: Indicates that there were improper arguments 
to Subroutine IMPULS indicating a program logic error. 
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34. Subroutine DAUX: Indicates that the value for NJ2 exceeded the 
array size for RHS and UK, meaning the size of the system to be solved 
is too big for the current arrey dimensions. 

35. Subroutine FSMSCL: Indicates that the maximum dimension of 600 
for the C array has been exceeded, meaning the size of the system to be 
solved is too big for the current arr^ dimensions. 

36. Function FNTERP: Indicates that improper arguments were passed 
to the FNTERF function as indicated by the error code as follows: 

1 - PHI less than - 180 deg -
2 - PHI greater than 180 deg 
3 - THETA less than zero deg 
4 - THETA greater than 180 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 SB6SEG: 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. 

V. . . 

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 DSMSOSL: Indicates that the matrix supplied to 
Subroutine DSMSOL (by Subroutine IMPLS2. SE6SEG. EDEPTH or INTERS) was 
singular. 

42. Subroutine HBPLAY: Indicates that there was an error in program 
logic while determining the points that are in play for harness-belt 
system. . 
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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 Cards D.2 and using 
different planes assignments on input Cards F.l. 

44. Subroutine ROTATE: Indicates that the listed hyperellipsoid 
nimber has been assigned to more than one segment on.input Cards F.l. 
The error can be eliminated by defining multiple identical (hyper) 
ellipsoids on input Cards D.5. 

45. Subroutine ROTATE: Same as STOP 44 except that the duplicate 
assignment was detected on input Cards F.2. 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. 

46. Subroutine ROTATE: Same as STOP 44 except that the duplicate 
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 original assignment may have heen made on input Cards F.l, 
F.2, F.3, F.6, F.7 or F.8. 

47. Subroutine ROTATE: Same as STOP 44 except that the duplicate 
assignment was detected for a second segment on input Cards F.3. 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. 

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.l, F.2, F.3, 
F.6, F.7 or F.8. 

49. Not used. 
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50. Subroutine ROTATE: Same as STOP 44 except that the duplicate 
assignment was detected 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 
original assignment may have been made on input Cards F.l, 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 abscissa is not time. 

54. Subroutine POSPR: Indicates that the total number of plot axes 
has exceeded the maximum (currently 25} and the abscissa is time. 

55. Subroutine OUTPUT: Indicates that the reference segment 
specified for a tabular time history on the H cards does not exist. 

56. Subroutine OUTPUT: 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 
NPIO'dS) 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 
plane/segment contacts is equal to the sum of the elements of the 
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MNPL(J) array as specified by Card F.l.a. This s m represents the total 
nianber of plane/segment contacts specified for all contact planes. 

58. Subroutine HBELT: Indicates that the total number of belts 
exceeded the maximtan (currently 20). The total number of belts consists 
of the total number of simple belts, NBLT on Card D.l (maximum currently 
8) plus the total number of harness belts, NBLTPH(I) on Card F.8.a 
(maximum currently 20). 

59. Subroutine CONTACT: Indicates that the number of. 
segment-segment contacts on Cards F.3 exceeded the maximum (currently 
40). 

60. Subroutine HINFUT: Indicates that a preferred direction was not 
supplied for either an anchor point or a tie-point, on cards F.8. 

61. Subroutine HINFUT: 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 being moved, on Cards F.8. 

62. Subroutine HINFUT: 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. 

65. Subroutine SINPUT: Indicates that the specified ninaber of 
contact planes on Cards D.l exceeds the maximum (currently 30). 



66. Subroutine SINPUT: Indicates that the number of specified belts 
on Card D.l exceeds the maximimi (currently 8). 

67. Subroutine SINPUT: Indicates that the number of specified air 
bags on Card D.l exceeds the maximum (currently 5). 

68. Subroutine SINPUT: Indicates that the number of 
(hyper)ellipsoids supplied by Cards D.5 "exceeded the maximum total 
number of contact (hyper)ellipsoids (currently 40). Note that this 
maximum is attainable only if some of the D.5 cards pertain to the 
contact (byper)ellipsoids automatically assigned to the segments and 
given the same number as the segment number. The total nvmber of 
contact (hyper)ellipsoids, consists of the contact ellipsoids 
automatically assigned to each segment on the B.2 cards plus any 
additional ones specified by the D.5 cards. 

69. Subroutine SINPUT: Indicates that the number of specified 
constraints on Card D. 1 exceeded the maximimi (currently 12). Note that 
Type 5 constraints (tension elements) are considered as two constraints 
when ccanputing the total number of constraints. 

70. Subroutine SINPUT: Indicates that the number of specified 
spring dampers on Card D.l exceeded the maximum (currently 20). 

71. Subroutine SINPUT: Indicates that the number of specified 
harnesses on Card D.l exceeded the maximum (currently 5). 

72. Subroutine SINPUT: Indicates that the number of specified wind 
force functions on Card D.l exceeded the maximum (currently 50 if no 
other force functions are used). If used in conjunction with any other 
previously defined force function, the total number of force functions 
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.l the maximum (currently 50 if no other 
force functions are used). If used in conjunction with other preceeding 
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force functions, the total ntanber of force functions including the joint 
function cannot exceed the maximum (currently 50). 

74. Subroutine SINPUT: Indicates that the number of specified 
force/torque functions on Card D.l exceeded the maximum (currently 5). 

75. Subroutine AIRBGl: Indicates that the total number of segments 
in the program exceeded the maximum (currently 30). The total number of 
segments consists of the segments specified by the B.2 cards (NSBG), any 
vehicle segments (as specified by the C Cards), at^ airbags (NBAG on 
Card D.l) and the ground. 

76. Subroutine AIBBGl: Indicates that more than 4 contact planes 
(ellipsoids) were specified for an airbag. 

77. Subroutine BINPUT: Indicates that the total number of body 
segments (NSEG) exceeded the maximtmi on Card 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 vehicle segment and 1 ground segment. If the 
maximum value for NSBG is used, there can be no airbags or secondary 
vehicles. 

78. Subroutine BINPUT: Indicates that the total number of joints 
exceeded the maximum (currently 30), on Card B.l. 

79. Subroutine VINPUT: Indicates that the total nimiber of points 
for the unidirectional input (option 2) exceeded the maximum (currently 
99), on Cards C. . 

80. Subroutine VINPUT: Indicates that the total nimiber of points 
for the 6 degree-of-freedom deceleration input (option 3) exceeded the 
maximum (currently 501), on Cards C. 
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81. Subroutine VINPUT: Indicates the total number of actual time 
points for the spline fit input (option 4) exceeded the maximum 
(currently 501), on Cards C. 

82. Subroutine VINPUT: Indicates that type 1 spline input data were 
specified but the order of the curve fit was specified to be less than 
2, on Cards C. 

83. Subroutine VINPUT: Indicates that type 2 spline input data were 
specified but the order of the curve fit was specified to be less than 
1, on Cards C. 

84. Subroutine OUTPUT: Indicates that the total number of tabular 
time histories on Card H.l, H.2 or H.3 has exceeded the maximum 
(currently 20). 

85. Subroutine CUTPUT: Indicates that the total number of tabtilar 
time histories on Card H.4, H.5, H.6, H.7 or H.8 has exceeded tbe 
maximum (currently 20). 

86. Subroutine OUTPUT: Indicates that the number of bodies 
specified on Card H.IO for which" the center-of-mass and related 
quantities are to be output as tabidar time histories has exceeded the 
maximisn (currently 5). 

87. Subroutine OUTPUT: Indicates that the number of segments to be 
included in a body on Cards H.IO has exceeded the maximum (currently 
22). 

88. Subroutine BELIG: Indicates that the location of the A anchor 
point of the simple belt (BELT(1,2,3;J), Card D.3.b) was in the interior 
of the contact ellipsoid to which the simple 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 location of the A anchor point. 
Refer to the message written on output unit 6 for the belt at fault. 
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89. Subroutine BELTS: Indicates that the location of the B anchor 
point of the simple belt (BELT(A,5,6;J), Card D.3.b) was in the interior 
of the contact ellipsoid to which the simple belt is attached. To avoid 
this situation, reposition the B 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 location of the B anchor point. 
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 Card H.ll with improper values of NPRT(26) and NPRT(30), on 
Card A.5. 

92. Subroutine POSTPR: Indicates that the chest severity index was 
requested on Card H.ll with improper values of NPRT(26) and NPRT(30). on 
Card A.5. 

93. Subroutine MAINA: The value for NPRT(26) on Card A.5 is greater 
than 6. Permitted values are -6 through 6. 

94. Not used. 

95. Not used. 

96. Subroutine SINPUT: Indicates that improper values were supplied 
for segments assigned to be symmetric, on Card D.7. 

97. Subroutine SINPUT: Indicates that a segment number supplied for 
symmetry option on ford D.7 exceeds the number of segments. 

98. Not used. 

99. Subroutine BINPUT: Indicates that the number of flexible 
elements exceeds the maximum (currently 8). 
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100. Subroutine BINPUT: Indicates that the HE array for a flexible 
element was improperly prescribed, on card B.7. 

101. Subroutine BINPUT: Indicates that the value for IDYPR is 
greater than 3, on Card B.3. 
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6.0 LOGICAL UNITS ASSOCIATED WITH THE ATB MODEL 

Execution of the ATB program requires the use of several FORTRAN 
input/output files. Except for the primary input and output files 
(FORTRAN unit Nos. 5 and 6), the use of each I/O file is controlled by 
input parameters contained within the program input file. It is 
therefore necessary that the job control stream for a ATB computer run 
contain those control statements required by the host ccmputer's 
operating system to access those I/O files that the run may use. 

The ATB program, like most FORTRAN programs, requires files to provide 
for input and output. However, because of the complexity of the ATB 
model and the potential for huge amounts of output from a single 
simulation, the ATB program was written so that not all possible files 
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 xiser sets a flag for the type and 
frequency of the desired output) and others are implicit (indirectly 
determined by the type and number of force deflection interactions, 
etc). 

A logical unit is the device or file from which or to 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/O). 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 
file 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 job control statements or implicitly with 
default file names) to put (create and then assign) files at the 
addresses of the logical units reqtu.red for a program every time the 
program is loaded (taken from disk memory and placed in the ccmputer's 
memory) and executed (run). 
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The ATB model has an open-ended nvanber of required logical units which 
depends on the amount of output requested hy parameters in the input 
file. All computer operating systems, on the other hand, do not have an 
open-ended ninnber of permitted logical units that can be associated with 
individual programs (and for that matter all programs being run at a 
particular time). The actual limit to the nimiber of logical units a 
particular program can have'is a function of the system specification 
where the user is running the ATB model. Factors that can affect this 
limit could be the computer type, type of operating system, sysgen 
parameters for the particular operating system, amount of system space, 
parameters set when the program was linked, parameters set when the 
program was compiled, ntnnber of jobs in the system when the ATB job is 
running and their logical unit requirements, size of the disk directory, 
amount of free disk space and others. If the user experiences problems 
with the nimiber of logical tuiits and the number of available logical 
units cannot be increased, the user will have to reduce the number of 
logical units required for the particialar run, usually by changing 
parameters associated with the tabular time histories. 

Table 2 summarizes all of the FORTRAN logical units that may be used by 
the ATB program. 
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T^LE-2 
fiummaty- of- ATB- Frogram- I/O- Files 

LOGICAL 
UNIT TYPE* DESCRIPTION 

GENERATING 
SUBROUTINE 

CONTRCâ LING 
PARAMETERS 

1 u Program VIEW Input UNITl NRPT(l) on Card A.5 
2 F Printer plots PRIPLT NRPT(5,6,7)on Card A.5 
3 U Restart output RSTART IRSOUT on Card A.l.a 
4 U Restart input RSTART IRSIN on Card A.l.a 
5 F.- Primary input several alw^s required 
6 F Primary output several alweys required 
8 U Time, histories OUTPUT NPRT(4) on Card A.5 
10 U CALCOMP plots POSTPR NPRT(4) on Card A.5 
21+ F . Time Histories OUTPUT NPRT(4) on Card A.5 

* l^pe is F for formatted, U for unformatted file. 

6.1 VIEW OUTPUT (Unit 1) 

Logical unit No. 1 is an unformatted (binary) output file designed to be 
used as input to the VIEW program (Ref. 6), the program that creates the 
graphics frequently associated with the ATB model. It is generated by 
Subroutine UNITl of the ATB program. 

The generation of this output file is controlled by the value of NPRT(l) 
that is supplied on input Card A.5. A blank or zero value for NPRT(l) 
will suppress the generation of output file No. 1, whereas a non-zero 
positive value will produce data records on output file No. I'that are 
equally spaced at every m*DT seconds of simulation time starting at 0 
time, where m is the integer value of NPRT(l) and DT is defined on input 
Card A.A. 

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 bo<fy segments. 
On those computer systems that use double precision computations within 
the ATB program, the data output on UNITl are converted to single 
precision prior to output. 
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6.2 PRINTER PLOT OUTPUT (Unit 2) 

Logical unit No. 2 is a formatted output file to be printed as optional 
program output. It contains printer plots generated by Subroutine 
PRIPLT depicting Y-Z, X-Z and X-Y plane views of the body segments, 
joints, belts, harness-belts and airbags. Their generation is 
controlled by-the values of NPRT(5, 6 and 7) supplied on input Card A.5 
for the Y-Z, X-Z and X-Y plane views, respectively. If"any value is -
zero or blank, the corresponding view will not be generated; if nonzero, 
the corresponding view will be generated every m*DT seconds, where m is 
the positive nonzero value of the NPRT indicator and DT is defined on 
input Card A. 4. 

These printer plots have also been called "stickman plots". Each view 
gives the location in the primary vehicle reference coordinate system of 
the following points: 

1.. The e.g. position of each body segment using the plot 
symbols defined by GSS(I) for I = 1 to NSB6 as supplied on input Cards 
B.2. • 

2. Each joint position using the plot symbols defined by JS(J) 
for J = 1 to NJNT as supplied on input Cards B.3. 

NOTE: It has been found to be much easier to visualize the 
printer plots by supplying values for CGS and JS variables 
for each of the "standard" 15 segments as depicted in Table 3. 
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TABLE-3 

Suggested- Printer Plot Symbols 

segment or joint H -HP - N -NP -UT - W -CT - P -LT 
GGS or JS 1 - 2 - 3 - 4 - 5 - 6 - 7 - 8 - 9 

segment or joint EH -RUL-RK -ELL-RA -RF 
OGS or JS A - B - C - D - E - F ' 

segment or joint LH -LUL-LK -LLL-LA -LF 
GSSorJS I - J - K - L - M - N 

segment or joint RS -RUA-RE -RLA 
OGS or JS P - Q - R - S 

segment or j oint LS -LUA-LE -LLA 
GGS or JS W - X - Y - Z 

3. The anchor points, tangent points and fixed point for each belt 
using the plot ^mbol".". 

4. Each point in play for the harness-belt systans using the plot 
symbol 

5. The center and semiaxes endpoints for each airbag using the 
plot symbols "S" for the center, for the endpoints of the Z axis and 
"l** for the endpoints of the X and Y exes. 

6. The origin of the vehicle reference coordinate system using the 
plot symbol "*". This origin (in X, Y, and Z plot coordinates) is 
specified by the values of ZPLT on input Card G.l.a, all plotted points 
are translated with respect to this origin, and those plot coordinates 
falling outside-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 general, the first or 
top line represents the plot Z axis and the first coltmin 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-clockwise direction, the printed page becomes more familiarly 
orientated, i.e., negative Z up and positive X to the right from the 
lower left corner. The first character of each line is filled with the 
symbol that serves as tick marks along the positive plot X axis. 
The distance between each of these tick marks is one length unit (UNITL 
on input Card A.3.) Distances or lengths in the plot Z direction are 
the same and are established by the supplied values of SFLT on input 
Card G.l.b. to accomodate printers that differ from default values of 10 
horizontal characters and 6 lines per inch. 

6.3 RESTART INPUT AND OUTPUT (Unite 3 and A) 

The ATB program has a built-in optional restart procedure that is 
versatile and independent of the computer and operating system being 
used. This option allows a simulation to be made as a base run, then 
program parameters can be changed and the simulation continued, as a 
restart run. 

To use the restart procedure, the following steps must be 
followed: 

1) Any computer simulation run (including a restart, run itself) 
may be a base run defining the restart output unit IRBOUT = 3 
on card A.I.A. 

2) To restart the base run, define the restart input unit as 
IRSIN = 4 and the restart time (RSTIME) on card A.l.A. and 
redefine the data and run description on cards A.1.A-A.1.C. 

3) Program parameters are modified on cards A.2 which permit the 
user to change any variables in the program labeled common blocks. 
No further input is required for the restart run. 



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 units. 

To use the restart procedure, the user should be aware of the following 
procedures, considerations and restrictions. 

1) The procedure consists of two subroutines (RSTART and SEARCH 
called by the main program) written entirely in FORTRAN IV and is 
therefore completely independent of the computer and operating 
system being used. 

2) The restart procedure is completely optional. Its use is 
controlled by three additional input parameters on the first input 
card in such a manner that blsmk or zero values deactivate the 
procedure. This permits its optional use without disturbing the 
organization of current input decks. 

3) Any computer simulation can be made a base run by setting 
IRSCUT = 3 on card A.l.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 
on the restart output unit containing all the information in the 
program labeled common blocks that were defined by the input and 
initialization portions 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 restart output unit. These records contain all information 
in the program's labeled common blocks that are time dependent 
and/or necessary to restart the program. The writing of the 
restart unit in no way disturbs the normal operation of the 
computer simulation. 
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6) To restart, the program is reloaded in the normal manner 
(program changes since the base run are permissible if the changes 
did not affect the format and contents of the restart unit.) 
Input cards A.l.A, A.l.B and A.l.C are required defining a new 
date, run description, the restart input unit nianber (IRSIN, a 
value of 4 is suggested) and the restart time (RSTIME, an integral 
multiple of DT). IRSOUT may be defined, if desired, to generate 
an additional restart output unit. Again make sure the proper 
control statements are included for units IRSIN and IRSOUT. 

7) The program reads the initial input record from the restart 
input unit described in step 4. The program then bypasses tbe 
remainder of the input and initialization steps. One set of A.2 
cards are then processed to modify any of the input or 
initialization data frcm the base run that is to apply to the new 
run. If the new value of IRSOUT is non-zero, step 4 is repeated 
for the new restart output unit with the input modifications, if 
any. 

8) The program then advances the computer simulation time in DT 
increments by reading the restart input unit records, instead of 
calling the integrating routine DINT, up to and including the 
restart time RSTIME. After each step, the main program performs 
ST^ 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 CUTPUT 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) Immediately preceeding the resumiption of normal operation at 
the restart time RSTIME, the second set of A.2 input cards is read 
allowing the user to change avy variable in the labeled common 
blocks to be used by the program during the succeeding normal 
operation of the program. 
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10) All variable modifications are made through the use of the 
input cards A. 2. TSao 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 prior to resumption of 
normal operation of the program. Through the use of these cards, 
the user has the capability of changing ar^ variable in the 
program labeled common blocks. The program merely makes the 
changes indicated by the user and no attempt is made to check the 
validity or consistenqr of the modifications. Variables that are 
useful to change include: 

1. NSTEPS, DT, to control the length of the run. 
2. Elements of NPRT array, to control optional output. 
3. HMIN,HMAX,NDINT,SGTEST, to control the integrator. 
4. Variables that define the position and characteristics 
of the planes and other contact devices. 

Some variable modifications should not be made including: 

1. Modifications that would cause abrupt discontinuities in 
the integration procedure. 
2. Geometrical dimensions of the body segments and joints 
used to compute segment positions 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 potential effects of 
restart modifications before prescribing them. 

6.4 STANDARD INPUT (Unit 5) 

The standard input file for the ATB. program is logical unit No. 5. It 
contains all the required input for a standard ATB simulation and is 
described in detail in Section 4.0. 
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6.5 PRIMARY OUTPUT (Unit 6) 

The primary output file for the ATB program is logical unit No. 6. It 
contains the following items: 

1. A labelled echo of the ATB program input data. 

2. Subroutine PRINT produces tables of segment linear and angidar 
position information, joint forces and torques, the stm of all external 
forces and torques acting on each segment, and constraint forces data. 
These data are generated by the main program at fixed time intervals of 
m*DT seconds, where m is the value of NPRT(3) supplied on input Card A.5 
and DT on input Card A.4, and by other subroutines for diagnostic 
purposes. In general, these tables are not as useful as the tabular 
time histories (to be discussed later),' and their generation may be 
ccmipletely suppressed by setting NPRT(3) equal to zero on input Card 
A.5. 

3. Tables of the ccanputer elapsed CPU time used by selected 
subroutines and the number of calls to these subroutines are generated 
by Subroutine ELTIME. They are printed at fixed time intervals as 
specified by DT on input Card A.4 at a frequency specified by NPRT(2). 
When NPRT(2) is zero the table is generated only once at the successful 
completion of a run of the ATB program. 

4. Diagnostic type output is produced at every call to various 
subroutines as controlled by the values supplied for NPRT(8) to (28) on 
input Card A.5. This output is intended for diagnostic or checkout 
purposes only, and, if used indiscriminately, can produce voluminous 
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. 

5. Short descriptions of changes in some of the conditions of a 
AIB run are produced as thsy occur. Th^ include: 
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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 occur if the integration step 
becomes too small. 

b. Changes in the lock conditions of joints as detected ly 
changes in the values of IPIN or lEULER for the various 
joints. The time, previous and new values of the indicator, 
and the identification number of nomenclature of the j oint 
involved are printed. 

c. Changes in the set of contact points in play for the 
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 injury 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 output 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 specified on input Cards H.l. 

c. Either JDTPTS(l) or (2) is nonzero as specified on input 
Card H.ll. 

7. The tabular time histories msy be generated on the 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. 

6.6.1 ! Control of Types- of Tabula-r Time-Hist-ory-Pages 

The tabular time histories are generated by Subroutine OUTPUT. The 
type and format of data produced is controlled by program input as 
follows: 

6.6.1.1 Optional.Pages Controlled By Input Cards H.l to H.IO. 
The output of the optional time histories is controlled by Caras H.l to 
H.IO. 

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. 

^ c. Output of the components and resultant of linear 
positions for points on segments is specified by input Cards 
H.S. These tables are printed out with three time histories 
per page. 
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d. Output of the components and resxiLtant 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 segments is specified by input Cards H.5. 
These tables are printed out with three time histories per 
page. 

f. Output of the components (yaw. pitch and roll) and 
resultant of angular rotations for segments 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 mcxnentum, and kinetic energy of sets of segments 
(bodies) is specified by input Card H.IO. 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 
Card A.5. 
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a. Output of contact forces data for the allowed contacts 
between planes and segments is specified by input Cards F.l. 
These tables contain two plane - segment contact time 
histories per page. 

b. Output of strain and anchor point forces for each 
allowed contact between belts and segments is specified by 
input Cards F.2. These tables contain two belt - segment 
contact time histories per page. 

c. Output of strain and endpoint forces for all belt 
sections of the harness belt systems from the points 
specified as endpoints is specified by input Cards F.8.d. 
These tables contain two belt section time histories per 
page. 

d. Output of the results of spring damper forces is 
specified 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 
per 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 Generating the TabtdaT Time- Hi-stories 

The ATB program contains two methods that may be used to generate the 
tabular time histories. These are controlled by the value supplied for 
MPRT(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 and HEDING to produce the tabular time histories on multiple 
secondary output files, commencing with logical unit No. 21 and using up 
to 65 consecutive unit numbers as required by the program input, with 
each new page type (as described in the previous section) assigned to 
the next higher logical unit number. This method requires control 
statements be included in the ATB program input stream to assign and 
print these multiple secondary output files as required by the host 
computer system. The maximum number of these multiple secondary files 
can be increased by changing the Stop in subroutine OUTPUT. 

The first page generated in the sequence described above will be 
assigned to logical unit No. 21" and identified as page 21.01. As new-
page types are required, they will be assigned to logical unit Nos. 22, 
23, etc. with the first printed page on each unit identified as page 
22.01, 23.01, etc. The heading 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 
input Cards A.l.b and c), the vehicle deceleration (VPSTTL from input 
Card C.1), crash victim identification (BDYTTL frcau input Card B.l), and 
a completely annotated description of the tabular columns 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 tabular 
data. Each page is numbered with a unique identification of the fonr. 
NT.XX where NT is the logical unit number and .XX is a decimal number 
commencing with .01 and incremented by .01 for subsequent pages of each 
file. Each page contains the complete heading information described in 
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the previous paragraph. Therefore, the pages frcan the different NT 
files and with the same .XX identifier, contain the tabular time history-
data for the same time points. 

The frequency of 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.5• 

6.6.2.2 Post-Processing Time History Data File (Units 6 and 
8). The data generated for the tabular time histories by Subroutine 
OUTPUT can be transmitted to an unformatted output file (logical unit 
no. 8) designed to serve as an input file for the post-processing 
features available in the AlB program. The generation of this time 
history output file and its use by the post-processing features is 
controlled by the value of NPRT(4) supplied on input Card A.5 as 
follows: 

a. NPRT(4) = 0 (default): The time history file (logical 
unit no. 8) is not created or accessed and the tabular time 
histories are produced on the multiple secondary output 
files as described above. 

b. NPRT(4) = 1, . . . , 4: The time history file is 
generated as an unformatted output file (logical unit no. 8) 
by Subroutine CUTPUT during the integration process portion 
of the ATB program. The frequency of data stored on the 
time history file is controlled by the supplied value for 
NPRT(26) on input Card A.5 and is identical to the use of 
NPRT(26) described 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 Subroutine POSTPR, which now uses the time history 
file as an input file to perform the required 
post-processing operations. Note that Subroutine POSTPR is 
not called for NPRT(4) = 4, this value operates essentially 
the same as for NPRT(4) = 0 except that a time history file 
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(logical unit no. 8) is generated for possible use by 
subsequent ATB runs. 

c. NPRT(4) = -1, -2, or -3: The time history file that was 
generated during a previous run is used as an input file for 
the post-processing operations (Subroutine POSTPR) of the 
current ATB run. In this case, the main program processes 
input Cards A. 1 to A. 5, bypasses the other input routines 
(input Cards B.l to H.IO) and integration process, and 
transfers to the end of the main program to call Subroutine 
POSTPR to perform the post-processing operations, using the 
time history file (logical unit no. 8) from a previous run. 

d. NPRT(4) = plus or minus 2 or 3: The tabular time 
histories will be produced on the primary output file 
(logical unit no.6) by Subroutines POSTPR and HEDING from 
the time history input file (logical unit no. 8) during the 
post-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 mtzltiple 
secondary output files above, except for the following 
conditions: 

/ 

(1) The output will be produced from single precision 
words rather than from double precision words except 
on those computer (CDC or Cyber) systems that do not 
require double precision computations for the ATB 
program. This means that any exponential formats will 
print with an E rather than with a D format. 
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(2) The individual pages will be ordered by time and 
not by file numbers, i.e., the page number sequence 
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. 

(3) The use of NPRT(26) = 2 to control the frequency 
of the printed lines will not be operational unless it 
was also used to generate the time history file 
(logical unit no. 8). 

e. NPRT(A) = plus or minus 1 or 3: Calcomp plots of data 
from the tabular time histories will be generated during the 
post-processing operations performed by Subroutine POSTPR at 
the end of an ATB run. These are discussed in more detail 
in the following section. 

6.7 CALCXDMP PLOT OUTPUT (Unit 10) 

One of the post-processing operations available in the ATB program is 
the capability to generate Calcomp plots from the data contained on the 
time history file (logical unit no. 8). The generation of these plots 
is controlled by supplying an odd value (plus or minus 1 or 3) for 
NPRT(A) on input card A.5; a positive value indicates the plots will be 
generated during the same run that computed the time history data, while 
a negative value indicates the plots will be generated from the time 
history file of a previous run; a magnitude 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 unit 
no. 10 as the Calcomp plot output file, the actual file assignment, the 
control statements required in the A!IB program job control stream and 
the procedures for the actual generation of the Calccsnp plots from tie 
Calcomp plot output file are a function of the host computer system. 
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The Calcomp plots are completely general in nature, with the general 
format, page and plot size, and the variables to be plotted supplied as 
program input. The capability 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 file (logical unit 
no. 8). The complete specifications for each plot are supplied on input 
Cards I.l to 1.8, following input Card H.ll. of the ATB program input 
file. Seven input cards are required for each plot to specify: 

1. The number of plots to be generated. 

2. The ntanber of dependent (Y) variables 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. For 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 a linear or logarithmic axis. 

c. the values at the origin and end of the axis, 

d. the length of the axis 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 a complete description of the required input parameters for 
the Calcomp plots, the user should refer to the input description 
for input Cards 1.1 to 1.8 contained in Section A.O.' In addition 
to plotting any variables from the tabular time histories against 
time, examples of other types of plots that have been generated 
include X-Z plots of the head C.G. positions and plots of force 
vs. deflection (or strain) that depict the actual loading and 
unloading characteristics that were experienced. Since it is 
possible to specify the size and scaling for each axis, plots may 
be generated for comparison with available experimental data. 

The frequency of the data points for plotting is controlled by 
NPRT(30) on Card A.5. This frequency cannot be greater than the 
data stored in output Unit 8 as specified ty NPRT(26). 
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APPENDIX A 

SLED TEST EXAMPLE 

This example ATB input and output is from a typical sled test 
simulation. It contains a 15.segment body restrained with a harness 
belt. A byperellipsoid is used to represent the dash. 

159 



2 SEPT 1988 0 0 0.0 
EXAMPLE 1: BASIC SLED TEST SIMULATION 
TWO BELT HABHESS WITH H7PEBELLIPS0ID FOB DASH BOABD 
IN. LB.SEC. 0.0 0.0 380.088 
4 40 0.002 0.0005 0.001.0000625 

1 040 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
15 14 95TH PEBCEHTILE MALE 

LT 134.7721.62801.01011.7954 5.168 7.436 3.778 0.000 
CT 213.0990.41600.23010.5857 4.809 6.673 4.145 0.000 
UT 353.6733.45252.78322.3509 5.220 6.906 7.314 0.000 
N 4 3.2890.02780.02780.0216 2.520 2.520 3.156 0.000 
H 511.9270.27080.30850.1584 3.984 3.125 5.836 0.000 
BUL 622.7252.01302.01300.2576 3.308 3.30812.652 0.000 
BLL 7 9.7630.49890.49890.0626 2.487 2.487 9.616 0.000 
BF 8 2.0790.04260.04120.0055 2.866 2.016 5.617 0.000 
LDL 922.7252.01302.01300.2576 3.308 3.30812.652 0.000 
LLL A 9.7630.49890.49890.0626 2.487 2.487 9.616 0.000 

B 2.0790.04260.04120.0055 2.866 2.016 5.617 0.000 
C 5.5420.17430.17430.0259 2.122 2.122 7.497 0.000 
D 5.9010.33310.33310.0214 1.871 1.87110.269 0.000 
E 5.5420.17430.17430.0259 2.122 2.122 7.497 0.000 
F 5.9010.33310.33310.0214 1.871 1.87110.269 0.000 

0.0 

0 0 0 0 0 0 0 0 0 0 0 

LF 
BDA 
BLA 
LOA 
LLA 
P 

0.000-0 
0.000-0 
0.000-0 
0.000 0 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 1 
0.000 0 
0.000 0 
0.000 0 
0.000 0 

072 
oi l 
872 
000 
000 
000 
000 
462 
000 

000 
462 
000 
000 
000 
000 

CABD AlA 

CABD A3 
CABD A4 
ICABD A5 
CABD 81 
.CABD B2A 
CABD B2A 
CABD B2A 
CABD B2A 
CABD B2A 
CABD B2A 
CABD B2A 
CABD B2A 
CABD B2A 
CABD B2A 
CABD B2A 
CABD B2A 
CABD B2A 
CABD B2A 
CABD B2A 

W 

HP 

HP 

BH 

RK B 

BA 

LH 

LK 

LA 

LS 

LE 

M 1 0 .0.00 0.00 -3.85 0.00 0.00 1.61 CARD B3A 
0.00 0.00 0.00 0.00 5.00 0.00 

H 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 

0 3 0 0.00 0.00 -8.19 0.00 0.00 0.64 CABD B3A 
0.00 0.00 0.00 0.00 10.00 0.00 

P 4 0 0.00 0.00 -0.64 0.00 0.00 5.84 CABD B3A 
0.00 0.00 0.00 0.00 10.00 0.00 

Q 1 0 0.00 3.42 -0.31 0.00 0.00 -8.64 CABD B3A 
0.00 0.00 0.00 0.00-45.00 0.00 

B 6 1 0.00 0.00 10.00 0.00 0.00 -6.97 CABD B3A 
0.00 0.00 0.00 0.00 60.00 0.00 

S 7 . 0 0.00 0.00 8.12 2.87 0.00 -2.66 CABD B3A 
0.00 90.00 0.00 0.00 10.00 0.00 

T 1 0 0.00 -3.42 -0.31 0.00 0.00 -8.64 CABD B3A 
0.00 0.00 0.00 0.00-45.00 0.00 

D 9 . 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 

V 10 0 ̂  0.00 0.00 8.12 2.87 0.00 -2.66 CABD B3A 
0.00 90.00 0.00 0.00 10.00 0.00 

W 3 0 0.00 6.24 -5.22 0.00 0.00 -5.37 CABD B3A 
0.00 0.00 0.00 0.00 -4.10 0.00 

X 12 1 0.00 0.00 5.42 0.00 0.00 -8.20 CABD B3A 
0.00 0.00 0.00 0.00-70.00 0.00 

Y 3 0 0.00 -6.24 -5.22 0.00 0.00 -5.37 CABD B3A 
0.00 0.00 0.00 0.00 -4.10 0.00 

Z 14 1 0.00 0.00 5.42 0.00 0.00 -8.20 CABD B3A 
0.00 0.00 0.00 0.00-70.00 0.00 
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.000 10.00 .00 0.70 20 .000 .000 10.00 .00 0.70 5 .OOOCARD B4 

.000 10.00 .00 0.70 20 .000 .000 10.00 .00 0.70 35.000CABD B4 

.000 5.00 .00 0.70 25 .000 .000 10.00 .00 0.70 35.00 CABD B4 

.000 5.00 .00 0.70 25.000 .000 10.00 .00 0.70 35 .00 CABD B4 

.000 10.00 .00 0.70 70 .000 .000 .800 .00 0.70 40.00 CABD B4 

.000 1.80 .00 0.70 60 .000 .000 .000 .00 .00 .00 CABD B4 

.000 7.00 .00 0.70 35 .000 .000 10.00 .00 0.70 26 .00 CABD B4 

.000 10.00 .00 0.70 70 .000 .000 .800 .00 0.70 40 .OOOCABD B4 

.000 1.80 .00 0.70 60 .000 .000 .000 .00 .00 .00 CABD B4 

.000 7.00 .00 0.70 35 .000 .000 10.00 .00 0.70 26 .00 CABD B4 

.000 10.00 .00 0.70 122 .500 .000 10.00 .00 0.70 65.00 CABD B4 

.000 1.80 .00 0.70 70 .000 .000 .00 .00 .00 .00 CABD B4 

.000 10.00 .00 0.70 122 .500 .000 10.00 .00 0.70 65 .00 CABD B4 

.000 1.80 .00 0.70 70 .000 .000 .00 .00 .00 .00 CABD B4 
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CABD B5 
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CABD B5 
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CABD B5 
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CABD B5 
0.1 0.0 30.0 0.0 0.0 0.0 • 0.0 CABD B5 
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CABD B5 
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CABD B5 
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CABD B5 
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CABD B5 
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CABD B5 
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CABD BS 
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CABD B5 
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CABD B5 
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CABD BS 
.01 .01 .01 .01 .01 .01 .10 .10 .10 .10 .10 .OICABD B6 
.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCABD B6 
.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCABD B6 
.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCABD B6 
.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCABD B6 
.01 .01 .01 .00 .00 .00- .10 .10 .10 .00 .00 .OOCABD B6 
.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCABD B6 
.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCABD B6 
.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCABD B6 
.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCABD B6 
.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCABD B6 
.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCABD B6 
.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCABD B6 
.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCABD B6 
.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCABD B6 

SLED ACCELEBATION - 200 PEAK 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15 0.0 0.010 OCABD C2A 
0.0 5.0 10.0 15.0 20.0 15.0 10.0 5.0 0.0 0.0 0.0 O.OCABD C3 
0.0 0.0 0.0 CABD C3 
12 0 0 3 0 0 1 0 0 0 CABD D1 
1 SEAT. 6 DEOBEE OFF HOBIZOHTAL • CABD D2A 

10.0 8.0 - 10.0 CABD D2B 



28.01 8.0 -11.89 CABD D2C 
10.0 -8.0 -10.0 CARD D2D 

2 BACK PANEL. 13 DEGBEE OFF VERTICAL. CARD D2A 
1.0 9.0 -48.97 CARD D2B 

10.0 9.0 -10.0 CABD D2C 
1.0 -9.0 -48.97 CARD D2D 

3 FLOOR. CARD D2A 
0.0 12.0 -1.3 CABD D2B 
60.0 12.0 -1.3 .CARD D2C 
0.0 -12.0 -1.3 CABD D2D 

4 HEAD PAD. 13 DEGR CABD D2A 
2.48 7.5 -47.26 CARD D2B 
4.96 7.5 -36.55 CARD D2C 
2.48 -7.5 -47.26 CABD D2D 

5" SEAT FRONT PANEL. CARD D2A 
28.01 8.0 -11.89 CARD D2B 
26.66 8.0 -4.40 CARD D2C 
28.01 -8.0 -11.89 CABD D2D 

6 BACK PANEL2. 13 DEGBEE OFF VERTICAL. CABD D2A 
1.0 9.0 -48.97 CARD D2B 
10.0 9.0 -10.0 CARD D2C 
1.0 -9.0 -48.97 CABD D2D 

7 : FIREWALL. CABD D2A 
60.0 12.0 -25.0 CABD D2B 
60.0 -12.0 -25.0 CABD D2C 
60.0 12.0 -0.75 CABD D2D 

8 T BIGHT SIDE SEAT/IN. CARD D2A 
8.-41 8.1 -6.86 CARD D2B 
8.70 8.1 -14.73 CABD D2C 
30.58 8.1 -6.64 CARD D2D 

9 LEFT SIDE SEAT/IN. CARD D2A 
8.41 -8.1 -6.66 CARD D2B 
30.58 -8.1 -6.64 CARD D2C 
8.70 -8.1 -14.73 CARD D2D 

10 BUDDEB PEDALS. CARD D2A 
49.992 9.0 -2.239222 CABD D2B 
52.992 9.0 -4.7565222 CABD D2C 
49.992 -9.0 -2.239222 CARD D2D 

11 LEFT SIDE PANEL. CARD D2A 
I.O -9.0 -48.97 CARD D2B 
10.9 -9.0 -6.10 CARD D2C 

-7.77 -9.0 -46.95 CARD D2D 
12 BIGHT SIDE PANEL. CABD D2A 

1.0 9.0 -48.97 CARD D2B 
-7.77 9.0 -46.95 CARD D2C 
10.9 9.0 -6.10 CARD D2D 

22 4.5 3.0 3.0 0.0 4.0 -3.5 0. 0 0.0 0. 0 CARD D5 
23 : 3.2 6.0 8.0 0.0 0.0 -7.0 0. 0 0, ,0 0. 0 CABD 05 
24 6.0 15.0 5.0 38.0 0.0 -28.0 0. 0 0, .0 0. 0 20. 20. 20.CARD D5 
0 ' 0. 0 0 0 0 ; 0 0 0 0 0 0 0 0 0 CARD D7 
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SBaMEMT-SEGMEHT FCH. 
0.0 -5.0 0.0 0.0 1.0 

CABO El 
CABO E2 
CARD E4A 

0.0 0.0 1.0 470.0 2.0 890.0CABO E4B 
3.0 1220.0 4.0 1470.0 5.0 1580.0CABO E4B 

6 COMSTAIIT, F«0.0 CARD El 
0.0 0.0 0.0 0.0 0.0 CARD E2 

7 B FACTOR. CARD El 
0.0 0.0 0.7 0.0 0.0 CARD E2 

13 STIFF SURFACES CARD El 
0.0 -4.0 0.0 0.0 1.0 CARD E2 

8 CABO E4A 
0.0 0.0 0.1 5.0 0.2 20.0CABD E4B 
0.3 40.0 0.4 60.0 1.0 860.0CABD E4B 
2.0 2400.0 3.0 4000.0 CARD E4B 

14 FBICTIOH FUNC. CARD El 
. 0.0 0.0 0.5 0.0 1.0 CARD E2 

19 CF*.25,CBEST=.25 CARD El 
0.0 0.0 0.25 0.0 0.0 CARD E2 

20 DAMPING COEFF. C=900 CARD El 
0.0 1.00 0.0 0.0 1.0 CARD E2 
0.0 900.0 0.0 0.0 0.0 O.OCABD E3 

21 BATE OF DEFLEC. CARD El 
-40.0 -150.00 • 0.0 0.0 1.0 CARD E2 

21 CARD E4A 
-40.0 0.000 -30.0 0.000 -20.0 O.OOOCABD E4B 
-10.0 0.000 0.0 0.000 5.0 l.OOOCABD E4B 
10.0 1.000 20.0 0.990 30.0 0.965CABD E4B 
40.0 0.928 50.0 0.860 60.0 0.690CABD E4B 
70.0 0.475 80.0 0.340 90.0 0.260CABD E4B 
100.0 0.200 110.0 0.180 120.0 0.090CABD E4B 
130.0 0.060 140.0 0.025 150.0 O.OOOCABD E4B 

22 DAMPING COEFF. C=35 CARD El 
0.0 1.00 0.0 0.0 1.0 CABO E2 
0.0 35.0 0.0 0.0 0.0 O.OCABD E3 

24 DAMPING COEFF. C=0.8 CARD El 
-1000.0 -1000.0 0.0 0.0 1.0 CABO E2 
4 CABO E4A 
-1000.0 0.6 -1.0 0.6 0.0 l.OCABD E4B 
1000.0 1.0 CARD E4B 

25 DAMPING COEFF C=1100 CARD El 
0.0 1.00 0.0 0.0 1.0 CARD E2 
0.0 1100.0 0.0 0.0 0.0 O.OCABD E3 

26 STIFF SUBFACES-LL CARD El 
0.0 -4.0 0.0 0.0 1.0 CARD E2 

8 CARD E4A 
0.0 0.0 0.1 5.0 0.2 20.0CARD E4B 
0.3 40.0 0.4 60.0 2.0 860.0CABD E4B 
3.0 2400.0 4.0 4000.0 CARD E4B 

31 HARNESS FDF CARD El 
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0 . 0 

0 . 0 
0.03 
1.00 

-4.0 

0.0 
450.0 

35000.0 

0 . 0 

0.01 
0.05 
4.00 

0 . 0 

150.0 
850.0 

140000.0 

0.0 

0.02 
0.10 

32 HABHESS FSICTIOH 

O.OCARD E2 
CARD E4A 

300.0CARD E4B 
3500.0CARD E4B 

CARD E4B 
CARD El 

0 .0 0.0 0.2 0.0 0.2 CARD E2 
34 HABHESS FRICTION CARD El 

: 0 .0 0.0 0.9 0.0 0.2 CARD E2 
9099 — CARD El 

3 3 2 1 0 0 0 0 0 2 0 0 CARD FIA 
I 16 1 1 13 -20 -21 0 14 I CARD F18 
1 16 6 - 6 13 -25 -21 0 : 14 CARD FIB 
1 16 9 9 13 -25 -21 0 14 1 CARD FIB 
2 .16 1 1 13 -20 -21 0 • 14 CARD FIB 
2 16 2 2 13 -20 -21 0, 14 1 CARD FIB 
2 16 3 3 13 -20 -21 0 14 1 CARD FIB 
3 46 8 8 13 -22 -21 0 14 -1 CARD FIB 
3 : 16 11 11 13 -22 -21 0 14 -1 CARD FIB 
4 16 5 ̂  5 13 -22 -21 0 14 CARD FIB 
10 16 8 8 13 -22 -21 0 14 1 CARD FIB 
10 16- 11 11 13 -22 -21 0 14 CARD FIB 
0 2 - 0 0 0 1 0 0 1 0 0 0 1 0 1 CARD F3A 
2 . - 2 . 13 13 3 • 0 7 0 19 CARD F38 
2 21 15 15 3 0 . 7 0 .. 19 CARD F38 
6 - 13 13 3 0 7 0 19 CARD FSB 
9 - 9 r 15 " 15 3 - 0 " 7 0 19 CARD FSB 
13 13 " 16 ' 24 13 -22 -21 0 14 • CARD FSB 
.15 15' 16 24 13 -22 -21 0 •14 CARD FSB 
0 0 0 0 0 ' 0 0 0 0 0 0' 0 0 ' CARD F4A 
2 CARD F8A 
12 15 CARD FSB 
31 0 0 ' 0 0 0.0 CARD F8C 
16 0 1 1 0 .0 0 0 • 0 13.000 

2.4 
8.0 
22.0 

-10.300CBD F8D1 
-0.3CRD F8D2 

1 0 1 0 0 0 0 34 -1.178 7.075 -0.781CRD F8D1. 
CRD F8D2 

.1 ' 0 1 0 0 0 0 34 -0.029 6.796 -1.534CRD F8D1 
CRD F8D2 

V 1 • 0 1 0 - 0 0 0 34 0.910 5.778 -2.283CRD F8D1 
CRD F8D2 

• 1 • 0 ; 1 0 0 0 0 34 2.228 2.355 -3.192CR0 F8D1 
CRD F8D2 

23 0 : 0 0 0 0 0 2.957 0.00 3.059CBO F8D1 
CRD F8D2 

1 0 0 0 0 0 34 3.07 -.08 -4.41CRD F8D1 
CRD F8D2 

- • 1 0 ; 0 0 0 0 •34 1.785 -2.325 -3.343CRD F8D1 
CRD F8D2 

' i 0 0 0 0 0 34 ̂  0.011 -5.145 -2.72aCRD F8D1 
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1 1 0 1 0 0 0 0 34 -0.880 -5.789 -2.282CBD F8D1 
CRD F8D2 

1 1 0 1 0 0 0 0 34 -2.460 -6.099 -1.200CRD F8D1 
CBD F8D2 

16 0 1 I 0 0 0 0 0 13.000 -8.0 -10.300CBD F8D1 
2.4 22.0 -0.3CBD F8D2 

31 0 0 0 0 0. .0 CARD F8C 
16 0 1 1 0 0 0 0 0 13.000 -8.0 -10.300CBD F8D1 

0.7 17.5 -21.3CBD F8D2 
1 1 - 0 1 0 0 0 0 32 -2.445 -6.101 -1.213CRD F8D1 

CRD F8D2 
1 1 0 1 0 0 0 0 32 -0.96 -6.0 -2.50CRD F8D1 

CBD F8D2 
1 -23 0 1 0 0 0 0 0 0.00 -5.7 3.80CBD F8D1 

CBD F8D2 
1 1 0 1 0 0 0 0 32 0.01 -4.0 -4.50CBD F8D1 

CBD F8D2 
2 : 0 1 0 0 0 0 32 1.818 -5.439 -1.820CBD F8D1 

CBD F8D2 
2 . 2 0 1 0 0 0 0 32 2.50 -2.5 -1.50CBD F8D1 

CBD F8D2 
3 3 0 1 0 0 0 0 32 3.00 -1.5 6.50CBD F8D1 

CBD F8D2 
3 3 0 1 0 0 0 0 32 4.487 -0.133 3.734CBD F8D1 

CBD F8D2 
3 . 3 0 1 0 0 0 0 32 4.421 3.319 -1.662CBD F8D1 

CBD F8D2 
3 3 0 1 0 0 0 0 32 0.879 4.202 -5.672CBD F8D1 

CBD F8D2 
3 22 0 0 0 0 0 0 32 0.30 0.2 -2.80CRD F8D1 

CBD F8D2 
3 3 0 1 0 0 0 0 32 -1.00 4.3 -e.OOCBD F8D1 

CBD F8D2 
3 3 0 1 0 0 0 0 32 -2.50 4.3 -4.00CRD F8D1 

CBD F8D2 
16 0 1 1 0 0 0 0 0 0.000 5.00 -35.200CBD F8D1 

0.7 17.5 -21.3CBD F8D2 
0.0 0.0 0.0 0 0 0 0 0 CARD QIA 

14.3810 0.0 -13. ,7500 0, .0 0.0 0.0 CARD 02 
0.0 12 .90 0.0 0 .0 0.0 0.0 3 2 1 OCABD a3A 
0.0 12.95 0.0 0, ,0 0.0 0.0 3 2 1 OCABD 03A 
0.0 13 .28 0.0 0, .0 0.0 0.0 3 2 1 OCABD GSA 
0,0 13 .46 0.0 0, .0 0.0 0.0 3 2 1 OCABD G3A 
0.0 13 .46 0.0 0. .0 0.0 0.0 3 2 1 OCABD GSA 
0.0 92. 900 0.0 0. .0 0.0 0.0 3 2 1 OCABD G3A 
0.0 48.650 0.0 0, .0 0.0 0.0 3 2 1 OCABD GSA 
0.0 128 .80 0.0 0, .0 0.0 0.0 3 2 1 OCABD GSA 
0.0 92.900 0.0 0, .0 0.0 0.0 3 2 1 OCABD G3A 
0.0 48.650 0.0 0, .0 0.0 0.0 3 2 1 OCABD GSA 
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0.0 128.80 0. 0 0.0 0.0 0.0 3 2 1 OCASD G3A 
0.0 24.50 0. 0 0.0 0.0 0.0 3 2 I OCABO G3A 
0.0 85.00 0. 0 0.0 0.0 0.0 3 2 . . I OCABO G3A 
0.0 24.50 0. 0 0.0 0.0 0.0 3 2 1 OCABD G3A 
0.0 85.00 0. 0 0.0 0.0 0.0 3 2 . 1 OCABD G3A 

3 3 0.0 0.0 0.0 CABD HIA 
1 • •5 0.0 0.0 0.0 CABD HIB 

- 16 5 0.0 0.0 0.0 CABD HIB 
3 3 0.0 0.0 0.0 CABD H2A 

5 0.0 0.0 0.0 CABD H2B 
3 5 0.0 0.0 0.0 CABD H2B 

3 3 0.0 0.0 0.0 CABD H3A 
5 0.0 0.0 0.0 CARD H3B 

3 : 5 0.0 0.0 0.0 CABD H3B 
3 3 5 16 5 CABD H4 
3 3 5 5 5 CABD H5 

, 3 5 3 5 CABD H6 
2 3 * CARD H7 
0 CARD H8 
1 ,5 ' 4 CABD H9 
1 CBD HlOA 

16 15 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 CBD HIOB 
2 1 CARD Hll 
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U M UTictniTED M A BODI (BTI) UDEL EIGE 

DETEUrEB IT CaSEll COIT., KD. KB «D«, IDEfllO H M125 
UD IT JIJ TECBBOLOGIES IK., OKHUO EBU, IT U121 

FOB THE BIB FOKE BBKTNK UBOSFBCE lEBICa USEBKI 
UBOUTOBT, niOHT FBTTEISOl BIB FOKE BBSE 
IIDEI COBTBBCTS F3MIS-7SC-9M2,-7K-9il« BIB -BBC-B5II7 

BIB FOB THE IBTIOIB!. HIGHIBT TIBFFIC SBFni BDMIISTUTIOI, 
I.I. DEFBITIIEn OF TUISFOBTBTIOI, OIOEI COITUCTS 
FI-ll-7S9a. IS-053-2-BBS. iS-t-01300 BID iS-O-OUIO. 

FKGUH DOCDICnBTIOI: IHTSB lETOn KS. 00T-IS-I01-S07 
TRIOOGH 510 (FOncaT CILSFBI lEPOIT K. ZQ-SIBO-L-II. 
ilBllULE FKIITIS (ICCESSIOI HI. ri-24IBS2.3.t BHD 5), 
irniDins i-j to the inti (buiubie fboh cilsfui, 
BIB UrOBT HS. Bim-TI-TS-It (ITIS N. BB-10i( III), 
irua-TMO-M (ITIS K. BB-BOII 02BI, BIB 
BFiJaU.-Ti-B3-073 IHIS H. U-I07P 1811. 

nOGIBH BTB-IT, EnmiTEB 01 TEE IBKBl/BI (MKDIIEn 
3259 (NIFilTEI. nKKT-NTTEBSOl Bfi, OHIO 

2 SEFT I08B IISII' 0 IBEOOT' 0 KTIIE • 0.0000 CBHOS B 

EIBVU I: laiC SIEB nST SIKLBTIOI 
rn lEiT U1K5S itri iiruEUirsoiB fob bbsh kbib 

n i a > II. DIITI < LB. Dim > sec. OUTITT IECTOI ' ( 0.0000, 0.0000, 385.0980) 0 < 3BS.0IS0 

IBin > ( ISTEFS ' (0 OT >0.002000 HO >0.090509 BUI >0.991000 Bill >0.000053 

iririRiiT 
I 7 3 < 5 5 7 I 0 10 II 12 13 U 75 15 II 15 10 20 21 22 23 2( 25 25 27 25 20 30 31 32 33 3( 35 35 
1 0 «0 2 0 0 0 9 0 0 0 0 0 9 0 0 0 0 9 9 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 1 
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CBlSa TICTlll 85TH fUtOEniLS MALI 15 5EGEIITS U J O i m 

HIKIFIL B E I T S OE l E I t U S E G E E C O m C T ELIIFSOIO 

S E O E E E I O E ( IB.-SEC.iiJ- II.) SEKIUES ( II.)' ' • CEEEE I II.) 

I ST* rWT ( LI.) I I Z Z 1 Z I T Z 

I IT 

J CT 

i E 

4 I 

5 I 

9 IGL 

7 lU 
8 tf 
9 LOI. 
10 LU, 1 
11 IF B 

17 101 
13 111 
14 LOi 

15 l U 

34.T7J 

13.000 

53.673 

3.080 

11.007 

00.705 

0.703 

0.070 

00.705 

0.703 

0.070 

5.540 

5.001 

5.540 

5.001 

1.0080 

0.4100 

3.4505 

0.0078 

0.0708 

0.OI3O 

0.4080 

0.0400 

0.0130 

0.4080 

0.0408 

0.1743 

0.3331 

0.1743 

0.3331 

I.OIOI 

0.0301 

0.7830 

0.0078 

0.3085 

0.0130 

0.40H 

0.0410 

0.0130 

0.4880 

0.0410 

0.1743 

0.3331 

0.1743 

0.3331 

1.7854 

0.5857 

0.3508 

0.0010 

0.1584 

0.0570 

0.0008 

0.0055 

0.0570 

8.0000 
0.0055 

0.0058 

0.0014 

0.0050 

0.0314 

5.108 

4.808 

5.000 

0.500 

3.884 

3.308 

0.487 

0.806 
3.308 

0.487 

0.800 
0.100 

1.871 

0.100 

1.871 

7.438 

0.073 

0.800 

0.500 

3.105 

3.308 

0.487 

O.OlO 

3.308 

0.487 

0.010 

0.100 

1.871 

0.100 

1.871 

3.778 

4.145 

7.314 

3.150 

5.830 

10.050 

8.810 

5.017 

10.050 

8.010 

5.017 

7.487 

10.008 

7.487 

10.008 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
o.ooo 

0.000 

o.ooo 

0.000 
0.000 
0.000 
0.000 
o.ooo 

0.000 
o.ooo 

0.000 
0.000 
o.ooo 

0.000 
0.000 
0.009 
0.000 
0.000 

-0.070 

-O.OII 

-0.870 

0.000 
0.000 
o.ooo 

0.000 

1.400 

0.000 
0.000 
1.400 

0.000 
0.080 

0.000-
0.000 

FIGI 0 

ClilO 8.1 

CAIOS 8.0 

rillCiriL UES IDEGI 

Til riKI toil 

0.00 
0.00 
0.00 
o.oo 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

o.oo 

o.oo 

0.00 
0.00 

0.00 

0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0 . 0 0 
0.00 
0 . 0 0 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

join LOCITIOII II.) - SEGUE) 

J SIN HOT J E ril I T z 

CIRDS 8.3 

lOCITlOK II.) - SEGUM) Fill. UIS(DEG) - SEGUE) Fill. IIIS(DEG) - SEGUOI 

1 F N 1 0 o.ooo 

3 1 1 3 0 o.ooo 

3 E 0 3 0 o.ooo 

4 BF F 4 0 0.000 
5 I I Q 1 0 0.000 
0 U 1 0 1 0.000 
7 I I S 7 0 0.000 
8 11 T I 0 o.ooo 

8 11 B 8 I 0.000 
10 LI I 10 0 o.ooo 

11 IS N 3 0 0.000 
13 .IE I 10 1 0.000 
13 LS I 3 0 0.000 
14 LE Z 14 1 0.090 

O.OOO 

o.ooo 

0.000 
0.000 
3.400 

0.000 
0.000 
-3.400 

0.008 
O.OOO 

0.040 

0.000 
-0.040 

0.000 

-3.850 

-1.040 

-8.180 

-0.040 

-0.310 

10.000 
8.100 

-0.310 

10.000 
8.100 

-5.330 

5.400 

-5.000 

5.430 

I T z TIN FITCB iOLL TIN FITCB loa 

0.000 0.000 1.010 0.60 - 0.00 0.00 0.00 5.00 o.oo 

o.ooo 0.000 8.440 0.00 0.00 0.00 0.00 5.00 0.00 

0.000 0.000 0.040 0.00 0.00 0.00 0.00 10.00 0.00 

0.000 0.000 5.840 0.00 0.00 0.00 0.00 10.00 0.00 

0.000 0.000 -8.040 0.00 0.00 - 0.00 0.00 -45.00 0.00 

0.000 o.ooo -0.870 0.00 0.00 0.00 0.00 00.00 0.00 

0.870 8.000 -O.OOO 0.00 oo.oo 0.00 o.oo 10.00 0.00 

0.000 0.000 -8.040 0.00 0.00 0.00 0.00 -45.00 0.00 

0.000 o.ooo -0.870 0.00 0.00 0.00 0.00 00.00 0.00 

0.878 0.000 -O.OOO 0.00 80.00 0.00 0.00 10.00 0.00 

0.000 0.000 -5.370 0.00 0.00 0.00 0.00 -4.10 0.00 

0.000 o.ooo -O.OOO 0.00 0.00 0.00 0.00 -70.00 0.00 

0.000 6.000 -5.370 0.00 0.00 0.00 o.oo -4.10 0.00 

0.000 o.ooo -8.000 0.00 0.00 0.00 o.oo -70.00 0.00 
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JOIN TORQOE CBAUCTEBISTICS 

FUNIJU. sriiis CBIUCTEIISTICS 

spiiiG COEF. I I I . u./Dcanji EIETAR j o m 

JOin IIIEII QOIDUTIC COBIC DISSIFITIOI STOP 

(J>LL IJ>]I (JO) COEF. (DEO) 

TOBSIOIIL SPllia CBIUCTEIISTICS 

FIGI 9 
CIIOS B. I 

SPBIBO COIR. ( I I . U./DEQIIJ) EIEBOT JOM 
LIBEU 90IDUTIC CUBIC DISSIPITIOI STOP 
IJ>I) IJ'T) (J>3I COEF. IDEGI 

1 P 0.000 10.000 0.000 0.700 70.000 0.000 10.000 0.000 0.700 5.000 

J V 0.000 10.000 0.000 0.700 70.000 0.000 10.000 0.000 0.700 35.000 

3 IIP 0.000 5.000 0.000 0.700 75.000 0 . 0 0 0 10.000 1.000 0.700 35.000 

( HP 0.000 5.000 0.000 0.700 25.000 0.000 10.000 0.000 0.700 35.000 

5 M 0.000 10.000 0.000 0.700 20.000 9.000 0.000 0.000 0.700 40.000 

S U o.ooo l.lOO o.ooo 0.700 50.000 0.000 0.000 o.ooo 0.000 0.000 

7 U 0.000 T.eoo 0.000 0.700 35.000 o . o o o 10.000 0.000 0.700 20.000 

1 LI 0.000 10.000 o.ooo 0.700 70.000 0.000 0.000 0.000 0.700 40.000 

0 U o.ooo I.SOO 0.000 0.700 50.000 o . o o o 0.000 0.000 0.000 0.000 

10 U o.coo T.flOO o.ooo 0.700 35.000 0.000 10.000 0.000 0.700 20.000 

n IS 0.000 10.000 0.000 0.700 122.500 0.000 lO.OOO - o.ooo 0.700 05.000 

17 IE 0.000 I.SOO 0.000 0.700 70.000 0.000 0.000 - 0.000 0.000 0.000 . 

13 LS 0.000 10.000 0.000 0.700 122.500 0.000 ' 10.000 0.000 0.700 05.000 

14 LE 0.000 l.lOO o.ooo - 0.700 .70.000 0.000 0.000 0.000 0.000 0.000 

c m s 0.5 

Join IISCOOS ciiiicrnisTics i n LOCI-DILOCK coniTiois 

IISCOOS cooioia FULL FIICTIOI U I TOIOOE FOI III TOIOOE FOI III. i n . TELOCITT IIPDLSE 

join COEFFICIEn FIICTIOI COEF. IIGDLII TELOCITT 1 LOCKED join UILOCIED join FOI OILOCKED JOin lESTITUTIOI 

( I I . U.SEC./DEOI 1 II. LI.) (DEO/SEC.) 1 II. U . ) ( II. LB.) (UD/SEC.) COEFFICIEn, 

1 r O.LFLO 0.00 30.00 0.00 0.00 0.00 0.000 

1 a 0.100 0.00 30.00 0.00 0.00 0.00 O.OOO 
3 IP 0.100 0.00 30.00 0.00 0.00 0.00 o.ooo 

4 BP O.IDO 0.00 30.00 0.00 o.oo o.oo 0.000 

5 U 0.100 0.00 30.00 0.00 0.00 0.00 0.000 

1 n O.LOO 0.00 30.00 0.00 o.oo o . o o 0.000 

7 u 0.100 0.00 30.00 0.00 o.oo 0.00 0.000 

1 LB 0.100 0.00 30.00 0.00 0.00 o.oo 0.000 « LK O.lOO 0.00 30.00 0.00 0 . 0 0 0.00 o.ooo 

10 LI 0.100 0.00 30.00 0.00 0.00 0.00 0.000 

II IS 0.100 0.00 30.00 0.00 0.00 0.00 0.000 

12 IE O.lOO 0.00 30.00 0.00 o.oo 0.00 0.000 

13 LS 0.100 0.00 30.00 0.00 0.00 0.00 0.000 

14 LE 0.100 o.co 30.00 0.00 0.00 0.00 0.000 

169 



SEGKEVT 
10. SIV 

IT 
CT 
trr 

I 
J 
3 
< I 
S I 
9 IDL 
T ILL 
9 IF 
t LUL 

LU 
1 LF 

IDI 
ILI 

l< LDl 
LLl 

SEGICn inEGIITICI COnEIGEICI TEST IIFDT 

IIGDLII TELOCITIES 
(IAD/SEC.) 

UG. 
TEST 

0.010 
0.010 
0.010 
0.010 ' 
0.010 
0.010 

0.010 
0.010 
0.010 

0.010 
0.010 

0.010 

0.010 
0.010 

0.010 

IBS. 
EUOl 

0.010 

0.010 
0.010 

0.010 

0.010 

0.010 

0.010 

0.010 

0.010 

0.010 

0.010 

0.010 

0.010 

0.010 

0.010 

la. 
EIIOI 

0.0100 
0.0100 
0.0100 
O.OlOO 
0.0100 
0.0100 
0.0100 
0.0100 
0.0100 
0.0100 
0,0100 
O.OlOO 
0.0100 
0.0100 
0.0100 

Limi TELOCITIES 
( ll./SEC.) 

UG. us. la. 
TEST' EUOl EUOl 

0.010 
0.000 
0.000 
0.000 
0.000 
o.ooo 
0.000 
0.000 
0.000 
0.000 
o.ooo 
0.000 

0.000 
0.000 
0.000 

0.010 
0.000 
0.000 
0.000 

o.ooo 
0.000 
0.000 
o.ooo 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 . 0 0 0 

0.0100 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0 . 0 0 0 0 
0.0000 
0 . 0 0 0 0 

UGOLII ICCELEUTIOIS 
Iiu/SEC.II}) 

HAG. ABS. lEL. 
TEST EUOl EBBOi 

0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
O.lOO 
0.100 
0.100 
o.ico' 
0.100 
0.100 
O.lOO 
0.100 

0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 

0.1000 
O.IOOO 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 

PiGI 1 
CUBS B.O 

Linil iCCELEBATIOIS 
I ll./SEC.II]) 

BAG. ABS. BEL. 
TEST EBBOI EBBOI 

0.100 

0.000 
0.000 

' 0 . 0 0 0 
0.000 
o.ooo 
0.000 
0 . 0 0 0 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.100 

0.000 
0.000 
0.000 
0.000 
0.000 
o.ooo 
0.000 
0.000 
0.000 
0.000 
0.000 
o.ooo 
0.000 
0.000 

0.0100 

O.ODOO 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
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Tuiai oiciuuTioi inuTS mi s 
CIRDS C 

SUD ICCEIEUTIOI • }00 EEU 

Til riTCR loLi Tirs niic lo(i) IO(T) IO(Z) imi iro IDT ICEG 
O.OOO D.OGO 0.000 0.000 0.000 0.000 O.OOO 0.000 IS 0.000000 0.010000 0 

iniDllECTlOliU, TEBICU TOSITIOI TIEUS 

THE ICC TEWCJTT miTIOl 
(ICEC) (01 ( ll./SEC.) ( II.) 

0.00000 o.oo o.oooo 0.00000 
10.00000 5.00 -»,«5« •0.03317 
10.00000 10.00 •31.0011 •0.35730 
30.00000 15.00 •10.1691 •0.I6IT0 
10.00000 30.00 •151.1353 •3.05011 
so.ooooo 15.00 •333.0000 •3.05710 
eo.ooooo 10.00 •310.3016 •0.13110 
70.00000 5.00 •309.3163 •0.30830 
10.00000 0.00 •301.1701 •13.35163 
00.00000 0.00 •301.1701 •15.11353 
lOO.OOOOO 0.00 •308.1701 •18.53333 
IIO.OOOOO 0.00 •301.1101 •31.63003 
I20.00000 o.oo •306.1101 •31.70003 
130.00000 0.00 •301.1701 •37.70831 
IIO.OOOOO 0.00 •306.6701 •30.68701 

THE jct mociTT rosnioi 

(KECI (G) ( II./SEC.) ( II.) 
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iPL iBiT iBiG m r iQ ISD lUBiiss niiDr u n r IFOICI 
II 0 . 0 3 0 0 1 0 0 0 

riGi t 
CiSD S.I 

ritK inoTS ctaos D.] 

H U E *0. I - SUr. I DEfiSEE OFF I 

r o i i T I 
F o m I 

Fom J 

I . 
10.0000 
la.oloo 

10.0000 

T 
1.0000 

a.oooo 

•a.oooo 

z 
-lO.OOOO 

• i i . a s o o 
•10.0000 

FLUE 10. 1 IICE FUEL. 13 DEGl 

F o m J 
FOIIT I 
F O m 3 

E 
1.0000 

10.0000 
1.0000 

T 
0.0000 
0.0000 

•o.oooo 

z 
-la.oToo 

-10.0000 

-<a.o700 
F L U E 1 0 . FLOOI. 

F o i n 1 
F O I R t 
F 0 I R 3 

I 
o.oooo 

00.0000 
0.0000 

T 
11.0000 

ll.OOOO 

-12.0000 

z 
-1.3000 

-1.3000 

-1.3000 

FUIE 10. 1 REIO FIO. 13 OEOI 

F O I R 1 
F O I R l 
F O I R 3 

F U I E f O . 

1 
1.4000 

f.OSOO 

i.iaoo 

T 
7.5000 

7.5000 

-7.5000 

Z 
-47.1000 

-30.5500 

-47.1000 

SEIT F W R F U H . 

F O I R I 
F O I R 1 
F O I R 3 

I 
la.oioo 

la.cooo 

la.oioo 

I 
a.oooo 

a.oooo 

-a.oooo 

z 

-ii.aooo 

-4.4000 

-ii.agoo 

F U I E 1 0 . 0 aici F U H l . 13 OEGI 

F O I R 1 
F O I R 1 
F O I R 3 

I 
1.0000 
lO.OOflO 

1.0000 

T 
9.0000 

0.0000 

-o.oooo 

z 
-40.0700 

-10.0000 
-48.0700 

FLUE 10. flUIUL. 

F O I R 1 
F O I R 1 
F O I R 3 

I 
00.0000 

oo.oooo 

00.0000 

r 
11.0000 

-ll.OOOO 

12.0000 

z 
-15.0000 

-25.0000 

•0.7500 
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n u i i i m s MGS 7 CIRDS D.R 
r U I E 10. 8 Rlcn S t D I SEIT/ll. 

roin I 
romT 1 

roin 3 

I 

8.4100 

8.TOOO 
30.S800 

T Z 

8.1000 -8.8000 

8.1000 -14.7300 

8.1000 -8.8400 

miE 10. 8 LEFT SIDE SEIT/II. 

rOIlT I 

rom t 
f0IIT3 

I 

8.4100 

30.5800 

8.7000 

I 

-8.1000 
-8.1000 
-8.IOOO 

Z 
-0.8800 

-8.8400 

-14.7300 

njUE 10. 10 RUDDEI rEDELS. 

rom 1 
torn i 
rom 3 

I 
40.0930 

53.0038 

40.0038 

T 

9.8000 

0.0000 

-O.OOOO 

Z 
-3.3303 

-4,7585 

-3.3303 

run 10. M LEFT SIDE rilTEL. 

rom I 
rom 3 
rom 3 

I 
1.0000 

10.0000 
-7.7700 

T 

-0.0000 

-0.0000 

-0.0000 

Z : 
-48.0700 

-8.1000 
-40.0500 

r u n H . It iisir SIDE rini. 

rom I 
rom 3 

rom 3 

t 
1.0000 

•7.7700 

lO.DOOO 

r 
O.OOOO 
0.0000 

O.OOOO 

z --
-48.0700 

-48.0500 

-6.IOOO 
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IDDITIOIM. ILLIRSDID IIFDT 

10. 
SEvims < II.) 

X T Z 
OFFSET ( I I.) 

I T Z 

PAGE 8 
CUDS D.5 

lOTiTIOX (DEG) 

Ml riTci Boa 
FOffil 

1] 4.S00 3.000 3.000 

13 3.100 8.000 8.000 

14 6.000 15.000 5.000 

0.000 4.000 -3.500 

0.000 O.OOO -7.000 

38.000 0.000 -26.000 

BOOT SEC1EIT STUIETIT INUT 

SEON. ) 1 3 4 5 0 T I 0 10 I I 12 13 14 IS 

i s n i j ) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 
0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 
0.000 0.000 O.OOO 

0 . 0 . 0 . ' 
0. 0. 0. 

JO. • 20. 30. • 

CiBO D.7 
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NGE V 
fnCTIOI 10. 3 StOMT-SEGlEIT fCI. TM 3) • I CMOS I 

03 M 
O.OOOO I.IOM • 

00 01 07 
0.0000 -s.oooo 0.0000 

n t s r o u r OF FOKTIOI • 0 r u o i i i Foms 

» n i l 
0.000000 0.0000 
1.000000 470.0000 
1.000000 ooo.oooo 
3.000000 1110.0000 
4.000000 1470.0000 
s.oooooo uao.oooo 

fBICTtW». « COISTm. f '0 .0 ITK 0) • U CJIDS E 

DO • 01 01 03 04 
O.MOO 0.0000 0.0000 0.0000 0.0000 

m c f i o i IS COISTUT 0.000000 
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FIG! 

FOICTIOI 10. 7 IFICtOl. H K 7) « 74 HBDS I 

DO Dl 07 0] 04 

O.OOOO 0.0000 0.7000 0.0000 0.0000 

roicTioii IS coosTin 0 . 7 0 0 0 0 0 

FOICTIOI M . 13 STIFF SOOflCES ITIII3I » 70 C4B0S E 

00 01 07 . 03 04 

0.0000 -4.0000 O.OOOO 0.0000 1.0000 

FIIST FIIT OF FOICTIOI - B TABDUI FOIITS 

0 FIOI 

o.oooooo 0.0000 

0.100000 s.oooo 

0.700000 70.0000 

0.300000 40.0000 

0.400000 00.0000 

1.000000 >60.0000 

7.000000 7400.0000 

3.000000 4000.0000 

176 



FDICTIOI n . I< FIICTIOI FOK. nilM) > SI 
r i G i 

CHIOS I 

00 

0.0000 

01 
0.0000 

01 
0.5000 

03 . 
0.0000 

01 
1.0000 

FDICTIOI IS COISTUT 0.500000 

FOKTIOI n . 10 CF'.15.CUSr>.}5 n i n o i > 59 

00 01 o : 03 .00 
4.0000 o.oooo 0.1500 0 . 0 0 0 0 O.OOOO 

rOICTIOI IS COISTilT 0.150000 

C l U S t 
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me 12 
FUKTIOI » . M D m i l O COEFF. C ' J M r i U O ) • J1 CARDS I 

DO Dl 02 03 Di 

0.0000 1.0000 0.0000 O.OOOO 1.0000 

F U S T FIST OF FMCTIOI - 518 DEOUE fOLTIOllIlL 

10 Al A] A3 14 15 

0.000000 OOO.OOOOOO O.OOOOOO 0.000000 O.OOOOOO 0.000000 

F D K T I O I I O . 21 I I T E O F O E a E C . nil21l ' 22 CARDS E 

DO 01 02 03 04 

-40.0000 -150.0000 O.OOOO O.OOOO l.OOOO 

F U S T r U T OF FDICTIOI • 21 TABDIU FOIITS 

D • F(D1 

-40.000000 0.0000 

-30.000000 0.0000 

•20.000000 0.0000 

•10.000000 0.0000 

O.OOOOOO O.OOOO 

5.000000 1.0000 

10.000000 1.0000 

20.000000 O.OOOO 

30.000000 0.0650 

40.000000 0.9260 

50.000DOO 0.6600 

60.000000 0.6900. 

70.000000 0.4750 

BO.000000 0.3400 

90.000000 0.2600 

lOO.OOOOOO 0.2000 

110.000000 0.1800 

120.000900 0.0900 

130.000000 0.0600 

140.000000 0.0250 

150.000000 O.OOOO 
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mt M 
FIKTIOI 10. ]} DIVIK COOT. COS ni(3}l > 130 CINS E 

DO Dl D3 03 D« 

O.OOOO ^ 1.0000 0.0000 0.0000 I.IOOO-

FiisT r m or nucTioi • s n DEQUE roLnoniL 

u II 13 u 11 n 
O.OOOOM 3S.DOOOOO 0.000000 0.000000 o.oooooo o.oooooo 

r m c r i o i » . i i DIVIIC COOT, C^O.I RIISII > 1 3 1 ' c m s E 

DO " 01 D3 D3 D< -

•1000.0000 -leoo.eooo o.oooo o.oooe i.oooo 

rtisT rm of r n c r i o i • < moui roms 
0 F(D> 

•1000.000400 0.4000 

•1.401404 4.1000 
O.OOION 1.0000 

1000.000000 1.0000 
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PAGE 
FGICTIOIIO. IS DIVIIO COEFF M100 ITlllS) > 145 CARPG I 

DO D1 D2 D3 D4 
O.OOOO I.OOOO 0.0000 0.0000 1.0000 

FIIST FUT OF FtnCTIOl • STB OEOIEE FOLDIOIIUl 

10 II IT 1] 14 IS 
0.000000 IIOO.OOOOOO 0.000000 O.OOOOOO 0.000000 0.000000 

FDIKTIOI M. 26 STIFF SOBFlCES-a HI (261 • 1S6 CARDS E 

tlO 01 01 OS 04 
0.0000 -4.0000 O.OOOO 0.0000 I.OOOO 

FIRST FUT OF FDICTIOI - 8 TUDUI FOIHS 

1 FID) 
0.000000 0.0000 
0.100000 s.oooo 
0.200000 10.0000 
O.JOOOOO 10.0000 
0.400000 60.0000 
1.000000 660.0000 
s.oooooo 2400.0000 
4.000000 4000.0000 
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PAGE 

FHKTlOin. 31 l A U E S S m mlSlI ' 171 CABOSI 

N Dt S7 D3 II 
I . M M - t . e o o o 0.0000 0.0000 I.OOOO 

FUST FAIT OF FOKTIOI - I TABDlll FOIITS 

D F(0» 
t.oeoooo I.OOOO 

l.tlOOOl ISO.MW 

i.eioooo 300.0000 
1.030001 lU.tOOO 

e.ONOOO 150.0000 

t.100001 3500.0000 

1.000000 35000.0000 

4.000000 140000.0000 

niCTIOI K . 31 lAUESS FIICTIOI RII31) > 1 0 0 CARDS E 

DO - II ' 01 D3 14 • 

0.0000 1.0000 0.1000 0.0000 0.1000 

nicnof IS coisrm o.iooooo 
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FDICTIOI iO. 34 BUIESS FIICTIOI NI(34) ' 20S 
PAGE IS 

CABDS E 

DO 
0.0000 

DL 
0.0000 

01 
O.OOOO 

03 
O.OOOO 

04 
0.3000 

FDICTIOI IS COISTIVT 0.000000 
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iiLoiiD eonuTS ud ISSOCIITH) roicnois 

run SEGKR ROKT DEFUCTIOI 

I- 18 I- I 13 
niT. 8 DEOm OFT I IT STIFF SDIFICES 

1-18 8- 8 13 
SMT. 8 DEGtn OFFI KR. STIFF SWICES 

I- 18 8 - 8 • 13 
SUT. 8 DEOUE OFF 1 LOL STIFF SNFUES 

M 8 I- I 13 
iKirmi. I3SEGI IT nirrssvuEs 

T- 18 , J- T - 13 
Mcirtni. tsDin CT STIFF snncEs 

M 8 J- J ' 13 
UEIPUA. I3KGI BT STIFF snncts 

3- 18 
FIDOI. 

3- 18 
FUM. 

18 
K U FID. 13 KGI 

18- 18 
UDKIFEOIU. 

18- 18 
IBBMI FEDIU. 

8-8 13 
V STIFF 3IIFICES 

II- II 13 
IF fflFF SOIFICES 

8-8 13 
I STIFF SBlfSCES 

8- 8 13 ' 
IF STIFF SOVICK 

II- It 13 
IF STIFF SDIFECES 

iniTiii. sriii I FICTOI 

-JO - -II 
DUTliO COEFF. C'FOO UTt OF DEFUC. 

-18 -II 
DIVIM COEFF C'lIN UTS OF DEFUC. 

-IS * -II 
DUriiO COEFF CM 108 W l OF DEFUC. 

• M - - - i .JJ 

Duiriia COEFF. c*ooo u n OF DEFUC. 

-M -11 
DUeiH COEFF. C>898 UTt OF DEFUC. 

-10 - • • -II 
DllffllO COEFF. C>«00 UTI OF DEFUC. 

-II -II 
DIVIIG COEFF. C>38 UTI OF DEFUC. 

-M •II 
DUffllO COEFF. CMS UTt OF DEFUC. 

-II -II 
DUfflH COEFF. CMS U n OF DEFUC. 

-II -II 
DIVIIG COVF. CMS UTE OF DEFUC. 

-II -II 

0 ricToi 

FAGE 17 

CUDS F.l 

FIICTIOI COEF. OPT 
j 

DIVIIQ COEFF. C>3S UTt OF DEFUC. 

H 
FIICTIOI FDIC. 

U 
FIICTIOI FDW. 

It 
FIICTIOI FOIC. • It -
FIICTIOI FOK. 

14 
FIICTIOI FOK. 

? 14 
FIICTIOI FDK. 

14 

niCTIOI FDIC. 

14 

FIICTIOI FOK. 

14 

FIICTIOI FDK. 

14 

FIICTIOI FDIC. 

14 
FIICTIOI FDK. 

I 

1 -

I 

-I 

-I 
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SEGICR SEGHEIT FOICE DEnECTIOl I K I T U I SPIKE 

1- J 

CT 

3- 3 

CT 

6- S 

la 
{. g 
IDl 

13- 13 

lU 
15- 15 

° as 

I FICTOI' 

13- 13 3 

111 SEGKEKT-SEGIIEn FCI. 

15- 15 3 

L U SEGSEIIT-SEGIIER FCI. 

13- 13 3 

111 S E G U n - S E G S E R FCI. 

15- 15 3 

U 1 S E G K R - S E G K R FCI. 

16- 34 13 -33 

1 FICTOI. 

I FICTOI. 

I FICTOI. 

I FICTOI. 

-31 

IE! STIFF SOIFICES OIUPIIG COEFF. C»35 IITE OF DEFLEC. 

18- 34 13 -33 -31 

VEB STIFF SOIFICES DIVIIG COEFF. C'35 U T E OF DEFLEC. 

ClIOS F.3 

G FICTOI FIICTIOI COEF. Oft 

0 19 0 

CF».35,CUSTs.35 

8 18 8 

CF=.35.CIEST».35 

8 19 0 

CF».35.CIEST».35 

8 19 8 

CF'.35.CREST=.35 

9 14 8 

FIICTIOI FOKC. 

0 14 8 

FIICTIOI FOKC. 
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BMIKMIIT STETII IITDT 
10. OF MIHSSES < I 

K. OF BELTS FEB BBBBESS ' 1 

FOB LUNSS 10. I 10. OF FOURS FEB BELT ' 13 15 

UUESS N. I BAR so. I FDKTIOI IOS. BI O O - O 

FAGE IB 
CIBDS F.B 

0 UninCE SLACK > 0.000 II. 

I IS IE n - IFD ni FOKTIOI MS. CAMS F.B.O 

16 

0 too 1 1 0 0 0 . 0 
1 115 0 I 0 0 0 34 
1 131 0 - I 0 0 0 34 
1 137 0 I 0 0 0 34 
1 133 0 I 0 0 0 34 
33 130 0 I . 0 0 0 0 
I 145 0 • I 0 0 0 34 
I 151 . . 0 - I •: 0 0 6 34 -
I 157 0 I 0 0 : 0 34 
1 103 0 - I 0 0 0 34 
1 180 - 0 • 1 • 0 0 0 34 -
0 - I I 0 0- 0 , 0 , 

USE lEFEKKE I IM 
I I : 

13.100 
-i.ni 
-0.030 
0.110 
3.33( 
3.05T 
3.030 
1.TI5 
O.OIt 
-O.BBO 
-3.460 
13.000 

B.OOO 
T.IT5 
6.706 
5.771 
3.355 
O.OOO 
-O.OU 
-3.325 
-5.145 
-5.769 
-6.000 
-6.000 

•10.300 
-0.7II 
-1.534 
-3.3U 
-3.113 
3.050 

-4.410 
-3.343 
-3.T3B 
-3.3B3 
-1.300 

•10.300 

UUDSTED LEFEUKI I II.) 
I 7 Z 

13.000 
-I.17B 
-0.030 
0.010 
3.338 
3.057 
3.344 
1.765 
O.OII 

-O.BBO 
-3.460 
13.000 

B.OOO 
7.075 
6.705 
5.T7I 
3.355 
0.000 

-0.061 
•3.335 
-5.145 
-5.7B0 
-6.00B 
-1.000 

-10.300 
-0.7II 
-1.534 
-3.3B3 
-3.103 

' 3.050 
•3.387 
-3.343 
-3.73B 
-3.313 
-1.200 

-10.300 

OFFSN I II. I 
I I . 

rUFEUED DIUCTIOI I II. I 
I 7 Z -

O.OOO 
I.OOl 
0.000 
0.000 
O.OOO 
0.000 
0 . 0 0 0 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
O.OOO 
0.000 
O.HO 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
-0.072 
-0.073 
•0.072 

• -0.072 
-7.000 
-0.072 
•0.072 
-0.072 
-0.072 
-0.072 
0.000 

2.400 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
2.400 

22.000 
0.000 
O.OOO 
0.000 
0.000 
0.000 
0.000 
0.000 
O.OOO 
0.000 
0.000 

32.000 

-0.300 
0.000 
0.000 
0.000 
O.OOO 
0.000 
0.000 
O.OOO 
O.OOO 
0.000. 
0.000 

-0.300 
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ARUSS 10. 1 BELT 10. 2 FDICTIOI LOS. 31 0 0 0 

1 IS IE IT UD IDI FDICTIOI LOS. 

13 10 0 187 1 1 0 0 0 0 0 
M 1 1 193 0 1 0 0 0 0 32 
IS 1 1 109 0 1 0 0 0 0 32 
10 1 23 205 0 1 0 0 0 0 0 
IT 1 1 211 0 1 0 0 0 0 32 
18 2 2 217 0 1 0 0 • 0 0 •32 
10 2 2 223 0 1 0 0 0 0 32 
20 3 3 220 0 1 0 0 0 0 32 
21 3 3 235 0 1 0 0 0 0 32 
22 3 3 241 0 1 0 0 0 0 32 
23 3 3 247 0 1 0 0 0 0 32 
21 3 22 253 0 0 0 0 0 0 32 
2S 3 3 259 0 1 0 0 0 0 32 
20 3 3 265 0 1 0 0 0 0 32 
27 IS 0 271 1 1 0 0 0 : 0 0 

0 UFEIEICE SUCK < 0.000 U. 

CUDS F.E.D 

SUE UFEIEICE ( II.) 
I r Z 

IDJDSTED UFEIEICE I II.) 
I T Z 

OFFSET ( II.) 
I T Z 

PUFEIBED DIBECTIOI I II.) 
I I Z 

13 13.000 -6.000 -10.300 13.000 -8.000 -10.300 0.000 0.000 0.000 0.700 17.500 -21.300 

14 -2.445 -6.101 -1.213 -2.445 -6.101 -I.2I3 0.000 0.000 -0.072 0.000 0.000 0.000 

15 -0.060 -0.000 -2.500 -0.906 -5.601 -2.359 0.000 0.000 -0.072 0.000 0.000 0.000 

18 0.000 -5.700 3.800 0.000 -5.367 3.528 0.000 0.000 -7.000 0.000 0.000 0.000 

17 0.010 -4.000 -4.500 0.001 -3.061 -3.443 0.000 0.000 -0.072 0.000 0.000 0.000 

18 1.616 -5.430 -1.820 1.118 -5.430 -1.120 0.000 0.000 -0.011 O.OOO 0.000 0.000 

10 2.500 -2.500 -1.500 3.307 -3.397 -2.038 0.000 0.000 -0.011 0.000 0.000 0.000 

20 3.000 -1.500 8.500 2.777 -1.368 6.016 0.000 0.000 -0.872 0.000 0.000 0.000 

21 4.487 -0.133 3.734 4.407 -0.133 3.734 0.000 0.000 -0.872 0.000 0.000 0.000 

22 4.421 3.310 -1.662 4.421 3.310 -1.662 0.000 0.000 -0.672 0.000 0.000 0.000 

23 0.820 4.202 -5.672 0.870 4.202 -5.672 0.000 0.000 -0.872 0.000 0.000 0.000 

24 0.300 0.200 -2.800 0.320 0.213 -2.085 0.000 4.000 -3.500 0.000 0.000 0.000 

25 -1.000 4.300 -0.000 -0.955 4.105 -5.728 0.000 0.000 -0.872 0.000 0.000 0.000 

20 -2.500 4.300 -4.000 •2.012 4.402 -4.170 0.000 0.000 -0.872 0.000 0.000 0.000 

27 0.000 5.000 -35.200 0.000 5.000 -35.200 0.000 0.000 - 0.000 0.700 17.500 -21.300 
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SDiiooTiH m m iiruT 

ZFLTIII 

0. 
ZFLT(I) ZrLTIZI 

0. 
11 
0 

Jl 
0 

12 
0 

J2 
0 

13 
0 

SFLTd) 

10.00 
SUTILL 

0.00 
sriTiJi 

1.00 

FAGE 
CARD C.I 

m i i i L rosiTiois IIIHITIAL UFEIEICEI CARDS 0.2 

SEGICn LIIEU POSITIOI 1 11.1 LIKAI TELOCITT 1 II./SEC.I 

n . SEG I T Z I T z 

1 IT 14.31)00 0.00000 -)3.7SOOO 0.00000 0.00000 o.ooooo 

2 CT 13.16001 o.ooooo -10.07186 o.ooooo o.ooooo 0.00000 

3 HT 11.31363 o.ooooo -76.03708 0.00000 0.00000 o.ooooo 

4 II 0.263S3 o.ooooo -3S.S3I37 0.00000 0.00000 0.00000 

5 B T.77521 0.00000 -41.63336 0.00000 o . o o o o o o . o o o o o 

t lUl 22.04073 3.42000 -14.46930 o.ooooo 0.00000 o . o o o o o 

7 m 36.16072 3.42000 -10.30046 0.00000 o.ooooo 0.00000 

t IF <8.12710 3.42000 -l.lSSOl 0.00000 0.00000 o.ooooo 
0 I E 22.01073 -3.42000 -14.46030 0.00000 o . o o o o o 0.00000 

10 ILL 36.16072 -3.42000 -I0.3904S 0.00000 o.ooooo o.ooooo 

11 LF (6.I27I0 -3.42000 •4.<SS0I o.ooooo o.ooooo 0.00000 

12 IDl 12.34164 6.24000 •27.13166 0.00000 o.ooooo o.ooooo 
13 E l 22.7S606 6.2IOOO -21.46S7I 0.00000 o . o o o o o 0.00000 

14 LDl 12.31164 -6.21000 -27.13166 0.00000 0.00000 0.00000 

IS l U 22.7S608 -6.24000 -21.46321 0.00000 0.00000 0.00000 

IIITIll IIGOUl lOTATIOl U D mOCITT CUDS 0.3 

SEGCff UIIIIUI lOTlTIOl lOEGl I I G E U TELOCITT lOEG/SEC.) 

W . SEG T H riTci lOLl I T : - ITFB 

t LT 0.00000 12.00000 0.00000 O.OOOOO 0.00000 0.00000 3 2 1 0 

2 CT 0.00000 12.0SOOO O.OOOOO 0.00000 0.00000 o.ooooo 3 2 1 0 

3 IT 0.00000 13.26000 O.OOOOO 0.00000 O.OOON 0.00000 3 2 1 0 

4 1 o.ooooo I3.46000 0.00000 O.OOOOO 0.00000 0.00000 3 2 1 0 

S 1 0.00000 13.46000 O.OOOOO 0.00000 o.ooooo 0.00000 3 2 t 0 

6 I E 0.00000 92.00000 0.00000 0.00000 o.ooooo 0.00000 3 2 I 0 

7 E l 0.00000 46.6SOOO 0.00000 0.00000 o.ooooo 0.00000 3 2 1 0 

8 IF 0.00000 126.10000 0.00000 0.00000 o.ooooo 0.00000 3 2 J 0 

0 L E o.ooooo 02.00000 0.00000 o.ooooo 0.00000 o.ooooo 3 2 t 0 

10 U l 0.00000 46.6SOOO o.ooooo o.ooooo o.ooooo o.ooooo 3 1 1 0 

11 u 0.00000 126.60000 0.00000 0.00000 0.00000 o.ooooo 3 2 1 0 

12 IDl o.ooooo ll.SOOOO o.ooooo o.ooooo 0.00000 .0.00000 3 2 1 0 

13 lU o.ooooo IS.OOOOO 0.00000 0.00000 0.00000 0.00000 3 2 1 0 

14 IDt o.ooooo 24.SOOOO o.ooooo 0.00000 0.00000 0.00000 3 2 1 0 

IS U 4 0.00000 IS.OOOOO 0.00000 6.00000 0.00000 0.00000 3 2 1 0 

LIIEAI IID IIGEII TaOCITIES UTE BEEI s n EQDE TO TBE IIITIE TEBICU TElOCtTIES. 

HBFUT TIKE 0.000 KSEC. IB.II.IFTS 1 1 11 103 

Elll* t 2 3 4 s 6 8 ' 0 10 -- M 12 

61 > 4.124 1.402 1.S74 3.270' -2.337 . 2.6S8 3.368 1.187 1.940 4.238 

EBFUT TIBE • o.ooo EEC. iB.n.ms n < i 2 7 181 

Ell)< 13 14 16 21 22 23 27 

» ' 4.7(6 ; 1.301 6.642 6.406 S.423 10.820 
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TIBDIU Tlffi BISTOKT COHBOL riBIBETESS 

TTTE ESQ SEUC7I 

I.I 3 3 •5 5 

•EE 0 1 IS 

1.7 3 3 5 S 

lEF 0 0 3 

1.3 3 3 5 5 

lEF 0 0 3 

l.« 3 3 5 5 

lEF e 0 IS 

I.S 3 3 S i 
lEF 0 0 S 

I.S 3 3 S 5 

lEF 0 0 3 

I.T 7 3 4 

lEF 0 0 

a.8 0 

lEF 

B.B 1 4 

lEF 5 

I.IO IS 1 7 3 

U F IS 

S g 7 B g 10 11 17 13 M IS 
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UIHO FDICTIOIS FOI TIKE' 0.000 VSEC FACE 30 
(inOTIAL) 

AIGDIAI lOTATIOl (DEO) 
, (LOCAL) 

AIGOUl (ELOCITI (lAO/SEC.) 
(LOCAL) 

AVGGLAI ACCELEUTIOI (IAD/SEC.••]) 
SEGiEirr TAB FITCI lOLL 1 T ' z 1 t z . 

1 LT 0.0000 13.0000 0.0000 0.00000 0.00000 0.00000 o.oooooo •10.134640 ' 0.000000 
1 CT 0.0000 13.0500 0.0000 0.00000 0.00000 o.ooooo 0.000000 40.304145 o.oooooo 
3 or 0.0000 13.3100 O.OOOO o.ooooo o.ooooo 0.00000 o.oooooo •0.150459 o.oooooo 
A 1 o.oooo 13.4800 0.0000 - 0.00000 0.00000 ' o.ooooo 0.000000 13.037048 o.oooooo 
5 H o.oooo 13.4600 0.0000 o.ooooo o.ooooo 0.00000 - 0.000000 •1.165343 0.000000 
1 IDL 0.0000 03.0000 0.0000 o.ooooo o.ooooo 0.00000 o.oooooo -1.405146 o.oooooo 
7 ILL 0.0000 41.6500 0.0000 0.00000 0.00000 0.00000 0.000000 - -11.115660 0.000000 
1 IF 0.0000 131.1000 o.oooo o.ooooo 0.00000 0.00000 0.000000 66.316107 o.oooooo 
0 LUL 0.0000 01.0000 0.0000 o.ooooo o.ooooo 0.00000 0.000000 -3.405140 o.oooooo 

)0 LLL 0.0000 41.1500 0.0000 0.00000 0.00000 - o.ooooo ,0.000000 -11.115660 o.oooooo 
)l LF 0.0000 111.1000 0.0000 o.ooooo 0.00000 0.00000 o.oooooo 56.318107 o.oooooo 
13 iUA o.oooo . 14.5000 o.oooo 0.00000 0.00000 o.ooooo . o.oooooo -6.017594 o.oooooo 
13 l U 0.0000 15.0000 o.oooo o.ooooo o.ooooo 0.00000 0.000000 -34.711447 0.000000 
14 LDA 0.0000 14.5000 0.0000 0.00000 o.ooooo o.ooooo 0.000000 -6.017594 o.oooooo 
IS LU 0.0000 15.0000 o.oooo o.ooooo o.ooooo 0.00000 . 0.000000 -34.711447 o.oooooo 
11 FEB 0.0000 ' • 0.0000 o.oooo • 0.00000 0.00000 0.00000 o.oooooo 0.000000 o.oooooo 

SEGKEIT 
(IIERIAL) 

LIIEU FOSITIOI ( II.) 
I T Z 

(IIEITIAL) 
LinU TELOOIT 1 )I./SEC.) 
I T Z 

OKITIAL) 
LIHAI ACCELEMTIOIS (G'S) 

1 r Z 
• 1 LT 14.3110 0.0000 -13.7500 O.OOOOO o.ooooo 0.00000 0.017611 o.oooooo -0.086444 
1 CT 13.1607 o.oooo -19.0719 0.00000 o.ooooo o.ooooo 0.114863 0.000000 -0.II0SI9 
3 OT 11.3136 0.0000 -16.0380 O.OOOOO o.ooooo 0.00000 -0.038031 o.oooooo -0.075446 
4 1 0.1635 0.0000 -35.5314 0.00000 0.00000 0.00000 -0.041174 o.oooooo -0.074373 
5 B 7.7751 0.0000 -41.6334 0.00000 0.00000 0.00000 -0.047117 0.000000 -0.073111 
0 lUL 11.9407 3.4100 -14.4693 0.00000 o.ooooo o.ooooo 0.011648 0.000000 •0.039408 
7 ILL 36.1601 3.4300 -10.3004 0.00000 o.ooooo o.ooooo -0.100994 0.000000 0.116166 
6 IF 48.1171 3.4100 •4.4560 0.00000 0.00000 0.00000 -0.117500 0.000000 -0.183567 
0 LUL 33.0407 -3.4100 -14.4803 o.ooooo 0.00000 0.00000 0.04IS4B 0.000000 -0.030408 

10 LLL 31.1601 •3.4100 -10.3004 0.00000 o.ooooo o.ooooo -0.100904 0.000000 0.188168 
11 LF 48.1171 -3.4100 -4.4560 0.00000 o.ooooo 0.00000 - -O.I87500 0.000000 -0.113517 
11 lOA 11.3416 6.1400 -17.1310 o.ooooo 0.00000 . 0.00000 -0.114174 0.000000 -0.031115 
13 ILA 11.7511 6.1400 -11.4851 o.ooooo • 0.00000 o.ooooo -0.100015 0.000000 0.730700 
14 LDA 11.3416 •6.1400 -17.1310 o.ooooo 0.00000 0.00000 -0.114374 0.000000 -0.031115 
15 LLA 11.7561 -6.1400 -11.4651 o.ooooo o.ooooo 0.00000 -O.IOOOIS o.oooooo 0.730700 
10 FEB 0.0000 0.0000 0.0000 0.00000 0.00000 - o.ooooo 0.000000 o.oooooo 0.000000 
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u u u i HIT iicDiTS roi Tin • 0.000 nic. riOI 72 

l a T STUIf ( l o c a 01 n i i rso iDi ( i n i T t a i FHITUTIOI 
r o w row s i a u n u s o r e i n i 0 7 LOSS U F I U K I row 1 I I . ) l a T roicis ( L I . ) i n i o i LOSS 
H . IIDH 10, - ( I I . ) ( I I . LI.) I T z 1 T z ( I I . LB.) 

l a T n . 1 07 UUISS 10. 1 
1 1 to - 0.000 0.000 13.000 0.000 -10.300 . 0.060 0.000 o.ooo 0.000 
7 7 4.174 0.000 -1.171 7.075 -0.711 0.000 0.000 o.ooo 0.000 
3 3 1.407 0.000 -0.070 6.700 -1.534 - 0 . 000 0.000 ' 0.000 o.ooo 
4 4 1.574 0.000 O.OiO 5.771 -7.753 0.000 0.000 0.000 0.000 
5 $ 3.770 0.000 7.771 7.3H -3.107 0.000 o . o o o 0.000 ' 0.000 
0 1 7.557 0.000 7.H7 0.000 3.000 0.900 0.000 0.000 0.000 
7 1 7.050 0.000 ) . 7 » -7.37! -3.343 0.000 0.000 o . o o o 0.000 
1 9 3.301 0.000 O.OII -5.145 -7.770 0.000 o.ooo 0.000 0.000 
0 10 1.107 0.000 -o.ooo -5.709 -7.707 o.ooo o . o o o 0.000 • o . c o o 

10 11 1.940 0.000 -7.400 -0.001 -1.700 0.000 0.000 0.000 0.000 
11 17 10 4.730 0.000 13.000 -0.000 -10.300 0.000 0.000 0.000 0.000 

Tora l a T m n r loss o.ooo 0.000 

OUT V ) . 7 or UIIISS H . I 

17 13 10 • 0.000 0.000 I3.000 -1.000 -10.300 o . o o o o.ooo 0.000 0.000 
13 14 1 4.741 0.000 -7.440 -0.101 -1.713 0.000 0.000 0.000 0.000 
14 II 7 7.304 0.000 l . l l l -5.431 -1.170 0.000 0.000 0.000 0.000 
15 71 3 0.047 0.000 4.417 -0.133 3.734 o.ooo 0.000 0.000 0.000 
10 77 3 6.400 0.000 4.471 3.310 -1.007 0.000 0.000 o.ooo 0.000 
17 73 3 5.473 0.000 0.170 4.707 •5.677 0.000 0.000 0.000 0.000 
11 77 10 10.179 0.000 0.000 5.000 -35.700 0.000 o.ooo o.ooo 1.000 

To i a l a T imt iT LOSS 0.000 0.000 

TOTa uiiiss inur uss 0.000 0.000 

w o n ITII • 10 IT Tin • lO.OOO E t c . DIIKU • 0.010537 scat • I.OOOOOO 

WDU m i • 10 IT Tin • 10.000 EIC. o a u i • 0.000737 scat • 1.000000 

w o n t r n > 10 IT Tin ' 19.000 EIC. oaiui > 0.009077 scat • 1.000000 

W W m i • to IT Tin • 70.000 EIC. DlUttl* O.OIOOSO seal • I.OOOOOO 

W W m i • 10 IT Tin • 71.000 EIC. DHJUi • O.OIOIIO scat • 1.000000 

nruT Tin • 77.000 SIC . IH.n.WS IT' I 7 1 III 
a ( u > 

Bl -« 
13 14 II 71 77 73 74 77 

4.740 7.304 0.047 0.405 0.473 0.491 10.331 

W W m i • 10 « T i n • 77.000 EIC. saui • 0.017040 icai • 1.000009 
W W 1711 • 10 IT Tin • 73.000 EIC. taut • O.OIISIT scat • I.OOOOOO 
W W m i • 10 IT Tin • 74.000 EIC. oaui • 0.011734 scat • 1.000009 
W W ITU • 10 IT Tin • 7S.OOO Etc. DIUUI' 0.011500 scat' 1.000000 
BPTW m i • 10 IT Tin > 70.000 Etc. DILUI • 0.017370 scat • I.OOOOOO 
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tK'ii 9iB'» so»'s o r g h v l m ' > > ii 

u n cc u II II CI M n i i 

III 1 t ! 'U sia'u'u '3ia ooo'ci • n i ; iruia 

oooooo'i > I1T3S smio'o • i m i o 'sisi ooo'ti • n u u oi > iiii n o u B 

oooooo'i • m a s iiuto'o • m u a -aiai ooo'ii > u u n oi > lut m u i 

ooDooo'i • m a s omio'o- • nim(i 'aisH ooo'oi • m x a oi > lui s u u e 

ODiooo'i • m a s isciico • nriia 'aiss ooo'ec • n u a oi • lui n o u i 

oooooo'i • m a s tsino'O • iimiii 'aisi OM'IC • H U X T O I • UXI sinxxi 

OOUOO'i > m a s citsico > NRAA 'aiai OOI'ic • m x XT OI • lui IUXXB 

OOOOOO'I • m a s iiotico • ZRMA 'aim ooo'oc > nix XT OI • iixi nax<i3 

oit ii ssi'o xii'i tort tia o locx iix i • is 

Ll - It CL tt U I I I I tl •(1)11 
I I I I f I ' U sxxf'u 'u ' a m ooo'oc • nix i r u i B 

oooooo't • m a s ittito'o • n r a o ' a m ooo'sc • nix xi oi • uxi l u x a 

(co'ii lift Mi'o tifo loc'x iix'i > n 

. xt It • tt It • II II Cl >(1)11 

III X t I 'Xi sxa'u'u ' a m ooo'tc • nix xrixm 

OOOOOO'I • m a s cioiio'o • m m o ' a m ooo'ic • nix xi oi • iixi IUXXB 

SOI'OI OlfO NO'S MI'O tll'S lOC'X SIX'I • 18 

xt It K tt It - I! II . Cl •IIITI 

l i t 1 t I 'XI sxa'u'u ' a m ooo'ic • nix i n x u 

OOOOOO'I > mas ouoco'o • nrua 'am ooo'tc • nix xi oi • nxi uaxa 
s i n i no'C MI'S tii'o locx iix'i • ca 

xt tt tt It II I! Cl i(l)1l 

III X t I 'U sxa'u'u ' a m ooo'cc • nix irusH 

OOOOOO'I • m a s xisoio'o • m n i o ' a m ooo'tc • nix XT oi • iixi n o x a 

Ctl'OI OOfO NO'C HI'I tll'l LOC'X tlX'l ' 88 
xt It Ct tt It II II Cl '(Ull 

III I - t I >u s x a ' u ' u ' a m ooo'tc •nixiruaa 

ONOOO'I • m a s iicito'o > INRAA ' a m ooo'ic • nix XT OI • uxi n n x a 

IXI'OI tXC'C OOI'C tll'O LOC'X IIX'I • ' » 

xt It tt It II II Cl >11)11 

III X t I > 0 sxa'u'u ' a m ooi'ic • nix xrusa 

OOOOOO'I > m a s xioiio'o • m m o ' a m ooo'oc < nix XT OI > iixi a u x a 

OOOOOO'I • m a s isitio'o • m m o 'aisiooo'ot ' n i x x T o i • i i x i n n x a ' 

OOOOOO'I 'iiTas iCNto'o 'iTimo 'amooo'it • n i x x T o i • u x i c u i a 



iTTOU irii • 19 ir riv • n.m eic. oiuui • s.osjiio sciu • i.oooooo 

BiaiT TIM • «.009 MIC. H . n . i m R « I 1 I 181 

m i l ' i] It 18 11 11 » It IT 

88 • i.TtI T.Jtt 8.811 6.408 4.408 0.078 11.881 

ETTIIU ITIi • 10 IT TIM • 44.000 EEC. OIUUI • 0.013031 SCUi • I.OOOOOO 

m O U ITEI • 10 IT TIM • 4S.OOO EEC. O I U U > 0.0I20T4 ICIU • 1.000000 

SBTUTTIM* 40.000 EEC. n , I I , m s R ' I 1 T III ' 
nllJ- 13 . 18 11 1 1 - 3 3 14 17 -

IB • 11.143 6.842 6.400 4.408 0.058 11.701 

BrTOlB ITEI • 10 iT TIM • 48.000 EEC. OEUUI • O.OIIIOI SCIU • I.OOOOOO 

EirUT TIM • 47.009 EEC. n . R . R T S R ' 1 1 10 103 

IKII' I 3 4 8 8 I 8 18 II 12 

88 . • 8.518 1.574 3.770 3.557 3.059 3.388 1.187 1.040 4.738 

STTUU ITEI • 10 » TIM • 41.000 EEC. OlUlU • 0.018983 SCIU • I.OOOOOO 

EirUTTIM' 40.000 EEC. n.n.RTS R ' 1 2 8 181 

m i l " 13 18 11 11 14 37 

83 • 13.143 8.841 0.408 4.534 11.718 

VTOIIITII • 10 IT T I M * 48.000 EEC. OEIMU • O.OOITTT SCIU* I.OOOOOO 

nruTTiM* 40.000 Etc. n.ii.im R' i i 7 iii 
nil)* 13 18 11 11 33 14 27 -

11 • 12.143 8.842 8.408 4.101 0.045 11.015 

i r m i ITEI * 10 IT TIM * 49.000 EtC. OIUUI * 8.0I001T SCIU * I.OOOOOO 

R T D U ITEI * 10 IT TIM * 50.090 EEC. OIUUI * O'.OIOIIS SCIU * I.OOOOOO 

R T n i ITII ' 10 IT TIM * 51.000 E K . O n i U * 9.011303 SCIU ' 1.000000 

m n i T TIM * 51.000 Etc . IB.n.iPTI R * I I 0 III -

nil)* )3 )l 2) 11 II IT 

U * )1.I4S 8.841 8.408 4.311 tl.OlO 

mm ITEI • 10 IT TIM • 51.000 EEC. DflJUI * 0.055553 SCIU * I.OOOOOO 

m U U I T E l * 10 IT T I M * 53.000 Etc. Oiuiu * 0.035481 SCIU* I.OOOOOO 

EBrilTTIU* 54.000 Etc. n.n.RTS R * ) ) 8 103 ' 

n O ) * ! 3 . 4 8 8 8 0 10 11 

88 * 5.538 1.5TI 3.771 1.557 1.658 3.318 I.I8T 8.878 

EPTDII ITII > 10 IT TIM * 54.000 EEC. OEUUI * 'O.OIIIOI SCIU * I.OOOOOO 

BPTDU ITEI * 19 IT TIM * 55.000 EEC, OIUUI * 0.015878 SCIU * 1.000008 

i n U U ITEI * 10 IT TIM * 59.000 EEC. OIUUI * 0.011489 SCIU * I.OOOOOO 

m U T TIM • 57.000 EEC. R.n.IRS R > I 1 T 181 

m i l * 13 18 10 I I 11 14 17 
IB > 11.143 1.887 4.055 0.400 3.880 11.371 
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E M M i m • to AT TIU • JT.OOO m c . DOIU • o.ussot SCAU • O.JSOSJ] 

HIFUT TIU > SI.OOO UIC. n . n . lTTS n > 1 1 I III 
a l l ) ' 13 II 10 30 31 33 34 37 
IS > 13.143 I.117 I.IIT 3.130 1.409 3.SI0 13.373 

HFTNU ITN • 10 AT T IU • 31.000 UIC. OILIIU • 0.443051 SCAU • 0.335300 

EirUT TIU • 30.000 UIC. n.H.ITTS U ' I 3 I III 
am- 13 la - ii lo - 30 31 33 34 -- 37 
IB • T.LIE 4.353 I.MT I.IIT 3.130 1.405 3.074 I3.3TT 

HFTOUITI I ' 10 AT T I U * 50.000 UEC. DEXU • 0.053001 SCAU* I.OOOOOO 

EiaAT TIU • 00.000 UIC. n .n . iPTS n * i 3 i i i i 
a l l ) ' 13 )S )0 30 3) 33 34 3T . 
IB > )3.143 t.llT I.B)T 3.)30 B.40B 4.0IB )3.)S5 

EFTDU ITU • 10 AT TIU • 00.000 UIC. OaUI • 0.057B0I SCai > I.OOOOOO 

E E a A r f i u * 51.000 UIC. I E , n . i m IT* i 3 T lai 
a m * 13 . 18 30 II 23 34 37 
BE • 13.143 3.T03 3.130 8.405 4.158 13.008 

ETTDU ITEI • 10 AT TIU • 01.000 UIC. OaUX * 0.0I5I73 SCAU * I.OOOOOO 

imm ITI I * 10 AT TIU * 63.000 UIC. OaUI * 0.033130 SCAU * I.OOOOOO 

i m m ITU * ID AT TIU * 63.000 UIC. SlUUX * 0.0IS337 SCai • I.OOOOOO 

EBTUT TIU * 64.000 U K . U.U.ITTS U* I 3 I III 
a l l ) * )3 )B 30 3) 33 37 
BB • )3.)43 3.703 3.)39 0.40S >6.353 

ETTOU i m • to AT TIU • 64.000 UIC. OlUttl • O.OII06T SCAU * I.OOOOOO 

EBTUT TIU • 60.000 UIC. n.U.im n* 1 I I 103 
a m * I 3 4 3 6 I B 13 
11 S.S36 1.574 3.770 3.557 3.056 3.381 T.BB5 

Emm ITU * 10 AT TIU * 07.000 UIC. o a i u * 0.01 IIS3 SCAU * 1.000000 

' Emm m i * to AT T IU * oo.ooo u t c . o a u i * 0.013154 SCAU * i.000000 

D i n c o n . TIST 73.000 I A N T a 33.5S 0.30531-03 0.11701-03 0.10001-03 O.I000I-O3 0.10001-03 

TEST rAIUO AT T IU * 0.073000 TOE I * O.OOIOOO 

Din con . TEST 73.000 I AHia '33.16 • 0.36341-03 O.I5I6I-03 0.10001-03 O.IOO0I-O3 0.I000I-03 

TEST TAIUD AT TIU • 0.073000 TGI I > O.OOIOOO 

Din con. TIST 74.000 I ALOTA 30.11 0.30301-03 0.II04I-03 0.I0OOI-O3 0.I00OI-03 0.10001-03 

TUT TAIUD AT TIU • 0.074000 TCI I • O.OOIOOO 
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u i u D nncTiois rot T m - lo.ooo e i c riQI 23 
i i n i T i u i IIOCU) (LOCIL) 

INDLU lOTlTIOl (DtO) UODLU TUOCITT lUD/OEC.) UODLU ICCtUUTlOl (lU/SIC.iU) 
s : ( c s n Til riTci l o a I 7 • z • I 7 Z 

LT lO.IOTi 40.4010 -1.5137 •3.50101 6.77176 3.01701 -7)1.515841 -923.319110 •314.890900 
1 CT S.IOII i . s m -35.0010 •11.70011 38.13661 16.31711 1069.113703 4603.705051 714.439120 
3 DT 22.0903 18.1070 4.1073 -4.85000 •1.33111 11.10470 •933.160019 •740.530145 14.730107 
« 1 1.1131 •u.3210 0.0111 3.10468 •11.11480 11.01141 -414.510280 •1359.101188 818.451347 
5 1 -H.TOST -01.0004 10.8481 16.00835 •81.33103 0.04809 321.009009 •381.050910 151.135050 
e IDL ii.oioa 100.4701 10.8730 -0.16913 -3.91113 •1.89110 •91.760970 •790.101103 00.971057 
T l U •-J.007I 53.0000 •3.1440 •1.05151 9.15191 •I.IOOIT 11.275715 •19.117047 70.111111 
1 i r •1.1125 148.0433 i . i n i 3.41634 I.0S53T -1.50501 •92.195130 747.017191 -13.910550 
9 IDL 4.3001 101.T91T 4.4010 -0.3T1M •3.33511 •0.44435 •100.100111 •979.958031 510.101870 

10 L a -0.9201 48.3407 •1.1001 •0.87508 B.ONEI 0.90398 179.T60Sn •4.508408 510.718814 
II ir •9.5010 150.0010 1.0050 1.79139 9.13195 •0.89000 - •177.810404 1109.578330 108.035307 
11 IDI •15.0050 70.5057 -10.1033 •9.13117 •4.I41II •1.93954 144.397019 •3181.031891 •108.345870 
IS ILI . •11.0534 51.1004 -SI.OITI •6.11958 t . l l lOI 1.79409 113.038110 3417.011774 -303.100000 
II LDl •17.8551 01.4704 •13.3043 •1.9559$ • i . o o m 8.49149 V 311.014000 -1131.181300 809.101117 
15 l U -10.0400 00.3073 •11.7744 •1.T3B8I •15.15913 5.ST3S4 441.700349 ' 4148.740559 110.011015 
10 TE8 O.OOOO 0.0000 - 0.0000 - 8.99000 o.eooot V 9.90090 - 9.000099 - 9.090900 O.OOOOOO 

( i i i n i u ) ( i i m i u ) ( i n n i i L ) 
U l U I K9ITI0I ( II .) LI8U1 TtLOCITT I II./SIC.I Ll iUI UCIUUTIOn (O'll 

SKHR I I z I • I z . . I 7 z 

1 17 0.0377 0.0791 •13.0395 •T34.05071 -1.91IM -91.11172 i . n o u o -3.110795 •11.141371 
1 CT 3.5111 •1.5083 •17.1897 •403.10531 -03.30301 •39.81111 -7.411991 9.305303 •13.341359 
3 07 1.5003 -1.7104 •14.7057 •300.18403 •115.11111 •10.93141 •1.955005 3.101484 -10.077152 
4 1 •0.4011 . -1.8041 -33.1681 -310.40157 •111.31509 •39.84033 10.009901 •4.901509 -11.093311 
5 1 4.II0I •1.0001 -38.0084 •178.47710 •09.13431 117.90171 •10.280111 -19.703550 1.134151 
0 IDL 13.0013 3.3050 -14.9331 -348.17071 •4.32311 •59.10991 ^ 1.100911 •1.910709 -14.015031 
7 l a 10.0739 3.6313 •11.9201 -309.78311 11.94109 -73.10930 • 3.915938 0.910091 6.154301 
i tf 30.4000 3.1714 •1.4488 •151.91171 13.90991 •I3T.1IT1I 1.I73I90 9.901740 -0.915709 
1 UL 18.0441 -3.3400 •14.8110 •SK.USIl 1.19111 •00.18031 1.374509 3.000791 -3.334001 

10 IXL 19.7634 •3.3014 •11.0014 •179.91100 10.83011 •17.30311 9.158147 9.479010 13.511011 
II U 30.1701 -3.3118 •7.8097 •141.93311 11.09051 .•91.30011 4.801140 9.194379 1.501047 
11 IDI 3.1574 3.4013 •19.0140 •419.99951 •199.81711 •31.94197 •1.043045 9.759758 0.500I70 
13 l U 15.1710 8.0980 -14.3530 •419.84081 •28.93839 •40.54970 13.110917 3.951914 0.119011 
14 LDl 7.1098 •0.0300 •17.9171 •III.USOO •79.35080 •10.71951 •9.113170 1.019399 17.059174 
15 LU 10.1594 -0.1444 •11.8004 •343.10788 •13.89190 71.90751 11.107109 -10.319519 -11.311190 
19 TIB •11.3511 O.OOOO 0.0000 •301.17010 9.90090 9.I0099 9.090009 9.000090 0.000000 
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PJGI ]« 

SEO)SR 

I LT 
1 CT 
3 R 
4 I 
5 1 
8 IDl 
7 ILL 
8 V 
9 LOL 

)0 ILL 
II LI 
11 lot 
13 l U 
14 LOI 
15 LU 

(imrm) 
01 HUT ( II./SIC.ii]) 

i n i u i L L i n u xccniuTiois 
I T ^ 2 

-0.300S0I0S 
0.3500OIO] 
-o.oogio'os 
fl.OOMDiM 
0.00000*00 
0.m<0)0s 
0.00000*00 
0.00000*00 

•o.miD*o( 
0.00000*00 
0.00000*00 
0.00000*00 
-0.80030*01 

0.00000*00 
-0.M90D*0< 

0.13500*01 

-0.51100*03 

-0.14300*03 

0.00000*00 

0.00000*00 

-0.11810*01 

0.00000*00 
0.00000*00 
0.14110*04 

0.00000*00 

0.00000*00 
0.00000*00 
-0.40040*01 

0.00000*00 

•0.11180*04 

l u c i u 
01 IlUT (UO/SEC.III) 

i n i U l L UOOUi tCCIUUTIOK 
I I I 

-0.18080*05 

-0.01040*03 

0.44110*03 

0.38010*03 

0.SUID*03 

0.54180*01 

0.38810*03 

0.38010*03 

0.18450*04 

0.38810*03 

0.38810*03 

0.38010*03 

0.71010*03 

0.30010*03 

-0.37400*04 

-0.003080*03 

0.884»0*04 

-0.000100*03 

-0.100840*04 

-0.351150*03 

-0.130300*01 

-0.011700*01 

-0.100110*03 

-0.108530*03 

-0.80(800*01 

-0.100800*03 

-0.444830*01 

0.311000*01 

-0.103000*03 

0.101750*04 

-0.170170*04 

0.038180*04 

-0.154550*03 

0.104110*05 

1.018550*03 

0.518840*01 

-0.144130*03 

0.111100*04 

-0.110160*04 

-0.173010*03 

0.811010*03 

-0.700770*04 

0.344410*04 

-0.001730*03 

0.700000*04 

-0.}»7i0*03 

0.714440*03 

0.105130*01 

1.515450*03 

1.151130*03 

-0.103540*01 

-0.155980*03 

-0.758800*03 

-0.310010*03 

-0.140110*03 

-0.711140*01 

' 0.704030*03 

-0.873710*01 

0.561510*01 

0.114700*04 

i t m i 

i i n r i c iiEiGT 
( 18.- II.» 

UOOlll 

0.511000*04 

0.180100*04 

0.110310*05 

0.504010*03 

0.184070*04 

0.381110*04 

0.111340*04 

0.131070*03 

0.301510*04 

0.101500*04 

0.104870*03 

0.140110*04 

0.143110*04 

0.811710*03 

0.947110*03 

TOTIL 
0.383080*05 

0.413080*01 

0.541500*03 

0.181110*03 

0.330800*01 

0.503050*03 

0.105070*01 

0.110310*0] 

0.177430*00 

0.113010*01 

0.800040*01 

0.007080-01 

0.491510*01 

0.885930*01 

0.114780*01 

0.403190*01 

lOOT IIVETIC 
0.154540*04 

TOTIL 

0.540700*04 
0.340480*04 
0.173140*05 
0.507330*03 
0.141040*04 
0.301870*04 
0.113550*04 
0.131950*03 
0.303050*04 
0.103400*04 
0.184040*03 
0.140710*04 
0.143700*04 
0.013800*03 
0.067440*03 

IIEIOT 
0.370130*05 

(l i lRIlL) 
j o m lOtCIS ( LO.i 

(IIEITIILI 
JOIR TOIOCES ( I I . LB.) lEUTin UGOLU 

JOIR irii I - 1 z 1 : T r Z w TOOCITI lUO/StC.) 

1 r 0 • -0.4780*03 0.1560*03 -0.1100*04 0.14370*04 0.17300*04 -0.45410*03 47.000 

1 f 0 -0.3730*03 0.1340*03 -0.9100*03 -0.11810*04 -0.65810*03 0.79030*03 83.400 

3 ir 9 -0.1940*03 -0.1440*03 0.9140*01 -0.11780*03 0.55140*03 0.54450*01 4.853 

4 er 0 -0.3400*03 -1.1180*03 9.1510*01 -0.80350*01 0.14710*03 9.400!D*01 41.841 

5 u 0 0.9480*01 -0.3740*01 -9.1780*03 0.15490*01 0.40410*01 9.19940*91 11.110 

8 u 1 8.3830*01 9.7310*01 0.4830*01 -0.91100*11 -0.73770*01 1.41080*01 13.004 

7 u 0 0.3800*00 0.1150*01 -0.3980*01 0.60570*11 0.45030*01 0.00110*01 8.104 
8 LB 9 0.3100*03 0.1740*01 -0.1080*03 -0.10490*01 0.54001*01 9.11950*01 10.800 

9 LI I 0.0900*01 0.0300*01 0.1130*03 -0.17390*03 -0.49590*01 9.13850*03 8.313 

10 U 0 0.0580*01 9.3410*00 0.1170*0) 0.80970*01 0.33330*01 9.31519*01 8.037 

It IS 0 0.1130*03 9.6090*01 0.7700*01 0.13199*01 •0.39430*0! 0.14910*09 9.115 

11 I I I 0.1380*03 0.1340*01 0.4050*01 -0.50870*01 0.10900*04 -0.43110*03 5.353 

13 LS 0 0.1030*03 0.3780*00 0.1340*03 -0.18980*01 -0.57110*01 0.37550*01 11.111 

14 U 1 9.1140*03 -0.1110*01 -0.1530*01 -0.18009*03 0.14400*03 0.99890*03 15.150 

196. 



riQi K 
rosTUocKSoi contoi ruuETiis 

lie 1 Hsi roin csi win 
M l 3 > 

- f. 

197. 



DITI: ] Sin toil 

IDI DtSCIiniOl: l i u m i l : lUIC SLED TEST SimiTIOl 
TlO aiLT s u n s s I IT I imtELLirsoio roi DISS NUO 

TEIICU DICIUUTIDI: ILED ICCEIUTIOI - TOO H U 

CUSB TICTU: SJTB FEICiniLI U U 

r o i n TOTIL ICCIUUTlOi (Q'SI 

rial 28 
rial: 21.01 

rem ( 0.00, o.oo, o.oo) oi 
sEoisn n . 3 • or 

rom I 0.00, o.oo, o.ooi oi 
SIOIIT M. -5 - I 

roin ( 0.00, o.oo, o.ooi oi 
SEOUn K . S - I 

TIE 11 BT TNILEKI 1CCEUI0ETE6 (101 11 7E6 UFEIEKI 

(EEC) 1 T Z - U S I T Z U S I . T Z US 

o.ooo -0.020 O.OOO -0.062 0.084 -0.282 0.000 0.600 0.928 -1.042 0.000 -0.073 0.087 

2.000 -0.014 o.ooo -0.107 0.108 -0.280 0.000 0.605 0.003 -0.051 0.000 -0.008 O.lll 

4.000 -0.007 0.000 •0.170 0.170 -0.251 0.000 0.703 0.134 -0.067 0.000 -0.188 O.IBI 

8.000 •0.006 •0.003 -0.247 0.217 -0.280 0.000 0.725 0.774 •0.003 o.ooo -0.232 0.250 

1.000 -0.019 -0.012 -0.314 0.315 -0.308 -0.002 0.651 0.725 •0.144 -0.002 -0.280 0.323 

10.000 -0.081 -0.023 -0.366 0.391 -0.370 -0.006 0.580 0.808 -0.233 -0.005 -0.342 0.413 

12.000 -O.OOI -0.032 -0.464 0.474 -0.475 -0.006 • 0.507 0.805 -0.344 -0.008 -0.308 0.525 

14.000 -0.009 •0.023 •0.547 0.556 •0.487 -0.006 0.425 0.846 •0.375 -0.008 -0.474 0.004 

18.000 -0.132 -0.024 -0.623 0.638 -0.508 -6.007 9.SII 0.814 -0.411 -0.007 -0.544 0.882 

18.000' -O.lll -0.005 -0.710 0.727 -0.510 -0.003 0.253 0.570 -0.437 -0.003 -0.835 0.771 

20.000 -0.133 -0.001 -0.701 0.602 -0.525 -0.002 0.181 0.555 •0.408 -0.002 -0.701 0.844 

22.000 -9.107 -0.016 -0.151 0.676 -0.551 -0.005 9. lit 0.584 -0.509 -0.008 -0.756 0.011 

24.000 •0.362 -0.003 -1.317 1.373 •0.682 -0.129 -0.342 0.787 -0.724 -0.129 -1.170 1.305 

28.000 -0.300 -0.112 -1.208 1.356 -6.605 -0.231 •0.314 0.788 -0.730 -0.231 -1.147 1.384 

28.000 -0.352 0.558 -1.188 1.310 -0.662 -0.014 -O.lll 0.705 -0.705 -9.014 -I.OlO 1.230 

30.000 -0.438 0.816 -1.218 1.553 -0.202 0.035 -0.156 0.741 -0.742 0.035 -1.087 1.317 

32.000 -2.733 -0.635 -0.481 2.605 •1.271 -0.211 0.528 1.412 -1.108 -0.220 -0.140 1.137 

34.000 -2.166 -0.420 -0.403 2.203 -1.208 -0.210 0.862 1.307 -1.025 -0.210 -0.070 1.051 

30.000 -3.145 •0.474 -0.313 3.108 -1.(81 -0.353 0.641 1.743 -1.252 -0.357 0.150 1.312 

38.000 -4.176 •0.580 -1.221 4.301 •1.613 -0.700 0.133 1.070 -1.780 -O.TIO -0.467 1.083 

40.000 -5.137 '0.304 -1.250 5.209 -2.004 -0.530 0.260 2.091 -1.807 -0.533 -0.207 1.003 

42.000 -6.636 1.302 -2.251 7.334 -2.366 -0.543 -0.300 2.420 -1.417 -0.540 -0.865 2.830 

44.000 •14.410 -3.743 0.130 14.020 -4.007 -1.242 3.603 5.787 -3.227 -1.300 3.674 5.024 

48.000 -18.621 -1.780 -0.518 18.222 -4.375 •1.075 3.474 5.880 -3.833 -1.143 3.228. 4.001 

48.000 -2I.S3S 0.722 0.832 21.558 -4.411 -0.601 5.515 7.088 -3.372 -0.744 5.100 8.234 

SO.OOO -41.704 -14.755 8.482 44.707 -6.303 -3.205 16.145 20.201 -5.470 -3.856 11.124 10.321 

52.000 -46.007 -12.754 8.800 48.835 -6.650 -2.015 24.106 25.844 -5.884 -2.006 24.033 24.877 

51.000 -50.500 -16.177 14.142 83.107 - -11.072 -2.612 40.775 42.580 -8.224 -4.940 40.403 41.815 

SO.OOO -80.(33 -15.422 13.472 83.608 -11.283 -2.043 48.226 40.710 •0.708 -5.676 47.308 48.737 

SS.OOO -73.471 -17.078 -2.410 75.827 -11.630 -4.111 45.004 46.121 -12.503 -i.aio 43.310 45.027 

80.000 -03.022 -15.885 14.009 98.382 -10.667 1.243 64.120 85.718 -18.338 -5.515 82.411 84.752 

82.000 -30.308 -7.513 -3.263 40.247 •1.456 0.365 80.073 50.783 -18.781 -5.749 48.585 40.8(8 

64.000 -13.418 -3.242 -10.200 12.525 -4.065 0.413 34.119 34.583 -13.561 -4.374 30.511 33.874 

06.000 2.637 -2.587 -20.041 20.408 -4.308 ' -0.971 17.136 17.710 -9.978 -3.561 13.108 18.020 

06.000 12.171 -3.027 -20.353 31.021 -8.574 -2.266 10.550 12.8(7 -10.387 -3.608 5.108 • 12.105 

70.000 12.617 -4.431 -27.755 30.001 -8.001 -2.721 11.612 13.093 -11.004 •4.658 4.803 13.817 

72.000 6.622 -2.677 -78.335 27.021 -5.142 •2.316 12.020 13.878 -11.510 -4.865 5.172 13.481 

74.000 3.362 -1.720 -32.415 32 .'884 .-5.818 -2.456 13.102 15.111 -13.307 -5.108 4.223 14.607 

76.000 -2.964 1.211 -32.702 32.801 -8.355 -2.150 21.202 22.312 -10.858 -7.418 8.458 27.003 

78.000 -4.104 3.346 -30.087 31.417 •5.258 -1.701 28.452 27.215 -24.105 -0.144 7.173 10.032 

60.000 -0.706 4.666 -21.528 22.081 -3.003 -1.154 32.157 32.(64 -20.258 -10.704 8.134 32.107 
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DITI: I HPT IJBI 
i n DISCimiOl: l U U L I I: IISIC SUD TtST SIMIUTIOI 

n o KIT u i n s s n i s n r i u L i i r s a i D ro i D K I bouo 
i n i a i DICILIUTIOI: SLD KCILUITIOI - JOO f U l 

CIASH TICTIH: >5T1 KICUTILI MILI 
r o i n l a . m o c i T i ( i i . / s i c . ) 

r to i n 

nai: ]].Di 

TIV 
IIEICI 

0.000 
' 1.000 

4.000 

0.000 
1.000 

10.000 
11.000 
14.000 

10.000 
10.000 
11.000 
11.000 
14.000 

10.000 

11.000 

00.000 
31.000 

34.000 

30.000 

31.000 

40.000 

41.000 

44.000 

40.000 

41.000 

00.000 
51.000 

54.000 

50.000 

SO.OOO 
00.000 
01.000 
04.000 

00.000 

01.000 

70.000 

71.000 

74.000 

70.000 

78.000 

10.000 

W i n I 0.00, 0.00, O.OO) ci 
noiin 10. 3 - OT 
11 KI UnUKI 

I . T Z us 

0.000 
0.357 
1.411 
3.301 
0.010 
I.391 

13.501 
II.300 
13.900 
30.310 
37.410 
45.154 
53.014 
01.770 
71.700 
13.404 
04.000 

101.109 
IIO.SIO 
117.711 
130.133 
149.450 
155.111 
157.710 
150.090 
141.110 
III.195 
04.373 
03.040 
17.037 

•40.705 
-77.547 
•00.010 
-87.050 
-81.108 

-73.848 
-00.108 
-07.003 
-74.111 
-83.500 
-00.414 

0.000 
0.000 
0.000 

-O.OOl 
-0.010 
-0.614 
-0.040 
-0.073 
-0.090 
•0.110 

-0.130 
-0.173 
-0.111 
-0.194 
-0.170 
0.351 
0.535 
0.071 

-0.400 
-1.014 
-1.101 
-0.000 

-0.030 
-3.080 
-4.504 

-13.041 
-14.411 
-38.751 
-51.830 
-88.881 
-89.387 

-101.119 
-107.303 
-100.580 
-110.814 
•111.141 
-113.510 
-114.780 
-110.051 
-110.413 
-115.111 

• 0.000 

-0.004 
-0.108 
-0.319 
-0.534 
-0.791 
-1.000 

-1.401 
-1.885 
-1.309 
-1.013 
-3.495 
-4.417 
-5.197 
-0.137 
-0.915 
-7.140 
-7.134 
-7.177 
-7.101 
-0.715 
-0.479 
-4.740 
-1.115 
3.913 

10.831 
31.108 
54.114 
78.311 
09.150 

131.584 
145.351 
145.030 
135.430 
115.013 
00.401 
08.101 
45.140 
10.340 
-1.040 

-10.031 

0.000 
0.301 
1.491 
3.384 
8.034 
9.415 

13.540 
18.418 
14.040 
30.411 
37.539 
45.389 
53.800 
03.001 
71.008 
83.890 
04.309 

105.138 
118.737 
117.013 
130.400 
140.501 
155.887 
157.754 
150.113 
141.808 
118.719 
115.535 
114.009 
113.894 
107.178 
193.355 
101.303 
104.758 
179.570 
101.084 
148.019 
140.705 
130.107 
143.101 
147.810 

Win ( 0.00 , 0.00 , 0.00) oi 
sioianio. 5 - I 
iim uranci 

I I z u s 

o.ooo 
0.349 
1.483 
3.331 
5.044 
9.175 

13.190 
18.037 
13.510 
19.701 
30.747 
44.477 
51.114 
81.919 
71.793 
81.451 
03.717 

105.004 
118.133 
131.300 
145.087 
158.571 
170.TT4 
181.175 
101.001 
199.730 
100.070 
111.070 
113.707 
114.085 
100.550 
103.000 
100.040 
100.197 
103.531 
189.111 
183.180 
I77.000 
100.505 
150.707 
130.393 

0.000 

8.000 
0.000 
0.000 

-0.001 
-0.005 

- 0 . 0 1 0 
-0.018 
-0.011 
-0.018 
-0.034 
-0.043 
-0.157 
-0.307 
-0.410 
-0.398 
-0.413 
•0.033 
-0.984 
-1.474 
-1.807 
-1.137 
-1.711 
-3.707 
-4.378 
-0.831 
-0.011 

•11.180 
-18.571 
-11.715 
-15.037 
•30.570 
-34.144 
-37.048 
-39.800 
-43.170 
-40.871 
-50.470 
-55.141 
-01.731 
-09.134 

- 0.000 
- -0.001 

-0.103 
-0.310 
-0.519 
-0.704 
-1.048 
-1.388 
-1.781 
-1.139 
-1.754 
-3.311 
-4.115 
-5.089 
-5.907 
-o.uo 
-T.llO 
-7.300 

. -7.495 
-7.573 
-7.440 
-7.518 
•8.337 
-3.183 
0.057 

13.451 
19.010 
50.071 
91.114 

110.800 
109.000 
109.855 
138.403 
154.173 
101,153 
104.497 
108.190 
171.958 
170.104 
181.159 
187.803 

0.000 
. 0.355 

1.471 
- 3.347 

5.907 
9.307 

13.338 
18.090 
13.593 
10.845 
80.851 
44.001 
51.983 
81.118 
71.037 
01.711 
93.097 

105.859 
118.474 
131.533 
145.100 
158.705 
170.913 
101.743 
191.953 
100.301 
109.017 
118.970 
131.899 
149.707 
170.875 
193.988 
311.451 
313.179 
317.480 
318.001 
318.190 
318.435 
317.105 
315.049 
313.519 

W i n ( 0.00, 0.00, 0.00) oi 
SKUEn 10. 5- I 
II.E UFlUm 

X - I z us 
0 .000 

-0.608 
-0.010 

-0.037 
-0.007 
-0.110 
-0.111 

-0.331 
-0.451 
-0.571 
-0.097 
-0.798 
-0.031 
-0.885 
-0.945 
-0.088 
-0.370 

9.710 
1.711 
3.590 
5.849 
9.079 

14.055 
13.690 
35.308 
57.515 
81.311 

111.157 
141.171 
171.000 
130.301 
151.303 
140.301 
137.419 
110.010 
100.518 
181.488 
107.008 
158.313 
143.815 
118.150 

0 .000 
6.000 
O.OOO 
0.001 
0.008 
0.019 
0.038 
0.057 
0.074 
0.090 
0.104 
0.130 
0.005 

-0.011 
-0.141 
-0.740 
-0.957 
-0.700 
-0.585 
-0.474 
-0.710 
-1.085 
-1.100 
-1.111 
-0.701 

5.185 
11.314 
18.900 
13.077 
10.531 
18.911 
15.198 
19.440 
13.U7 
9.150 
0.748 
4.010 
1.701 

-1.407 
-8.980 

•10.910 

.0.000 
o.ooo 
0.000 
0.000 
0.600 
0.000 
o.ooo 
0.000 

-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
0.003 
0.010 
0.019 
0.041 
0.097 
0.197 
0.404 
0.710 
1.115 

I.198 
4.001 
8.593 

II.814 
11.803 
37.179 
58.509 
88.144 

110.308 
154.004 
183.055 
107.580 
130.003 
151.981 
173.349 
105.044 
310.191 
343.115 
300.089 

O.OOO 
0.008 
0.010 
0.037 
0.008 
0.111 

0.114 
0.330 
0.458 
0.579 
9.704 
0.808 
0.835 
9 .H5 
0.975 
1.138 
1.019 
1.000 
1.830 
3.043 
5.937 
9.315 

15.103 
14.001 
35.917 
59.103 
85.900 

119.701 
154.873 
193.948 

.108.591 
198.984 
310.304 
315.073 
318.801 
311.881 
318.145 
340.001 
350.408 
371.145 
381.017 
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om: 
IDI DCCIimoi: 

TIBtCLt DICIUUTIOI: 

CUSS TICTIH: 

} Sm 19SS 
I i u r i i I: USIC SLID nST 8IWIITI0I 
n o KIT E i m s s IITI IHEUUirSOID roi disi boud 
SLID ICCIUUTtOi • lOO TIU 
QSTl rUCIRIU KlU 

r e m UL. L i i i u DisrucnoT ( i i . i 

Mat 38 
MOI: 33.01 

TIM 
(EIC) 

0.000 
3.000 
1.000 
8.000 
1.000 

10.000 
ij.ooo 
H.OOO 
10.000 
18.000 
30.000 
33.000 
31.000 
30.000 
31.000 
30.000 
31.000 
3<.(H» 
30.000 
31.000 
(0.000 
41.000 
44.000 
48.000 
48.000 
80.000 
91.000 
54.000 
58.000 
58.000 
00.000 
01.000 

04.000 
08.000 
08.000 
10.000 
71.000 
74.000 
70.000 
78.000 
80.000 

r e m ( 0.00, o.oo, o.ooi oi 
SIOIEIT 10. 3 • 07 -

II m u n u i c t 

f o i n ( 0.00, o.oo, o.ooi oi 
SIOfR H . 5 - 1 

II m unuKi 

11.314 
11.314 
11.318 
11.330 
11.330 
11.349 
11.308 
11.400 
11.441 
11.400 
11.804 
11.840 
II.T4S 
II.IOI 
It.OOO 
13.151 
11.330 
11.510 
I3.T50 
11.805 
13.101 
13.551 
I3.85T 
H . m 
14.488 
11.184 
15.048 
15.108 
IS.«4 
15.510 
18.403 
18.381 
18.103 
15.817 
14.841 
14.803 
14.851 
14.417 
11.115 
14.118 
13.044 

T 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

•O.OOI 
-O.OOI 
-O.OOI 
-0.801 
-0.001 
-0.003 
-0.003 
-0.001 
-O.OOI 
-O.OOI 
-0.003 
-e.oos 
-O.OOT 
-0.007 
-0.011 
-0.010 
-0.037 
-0.0T5 
-0.138 
-0.130 
-9.340 

-0.50T 
-0.000 
-O.OOO 
-l .I lf l 
-I.34T 
-1.580 
-1.708 
-1.014 
-1.155 
-1.487 
-1.710 

-18.038 
-18.038 
-18.038 
-18.030 
-16.040 
-18.041 
-18.043 
-18.045 
-15.040 
-18.053 
-18.055 
-18.065 
-18.071 
-18.081 
-18.001 
•17.007 
-17.011 
-17.030 
-17.050 
-17.005 
-17.070 
•17.001 
-17.101 
-17.110 
-17.107 
-17.087 
-17.039 
-18.053 
-18.811 
•18.841 
-16.411 
-18.130 
-15.837 
-15.554 
-15.301 
-15.008 
-14.038 
-14.814 
-14.750 
-14.741 
•14.788 

U S 

10.117 
10.110 
10.110 
10.111 
10.115 
10.131 
10.143 
10.157 
10.177 
10.301 
10.334 
10.371 
10.410 
10.4T4 
10.930 
10.015 
10.701 
10.108 
10.008 
30.813 
30.151 
30.101 
30.441 
30.500 
30.735 
30.050 
30.044 
30.0T9 
38.040 
30.034 
30.014 
30.310 
10.007 
10.801 
10.388 
10.113 
10.010 
18.771 
11.888 
18.505 
10.551 

T.TJ5 
7.715 
T.777 
T.T81 
T.TOl 
7.108 
T.838 
T.800 
T.OOl 
T.054 
8 . 0 1 1 
8.10! 
1 . 1 0 0 
0 . 3 1 4 
0.(47 
0 . 0 0 1 
0 .7TT 
0 . 0 7 7 
0 . 1 0 0 
0.(50 
O . T I S 

10.030 
10.380 
lO.TIl 
11.018 
11.471 
11.864 
11.30! 
11.717 
13.150 
13.570 
13.003 
14.305 
14.700 
15.180 
15.553 
15.038 
18.107 
18.811 
18.851 
17.141 

t 
0 . 0 0 0 
8.000 
0.009 
O.OOO 
9.000 
0.000 
0.000 
O.OOO 
0.000 
0.000 
0.000 
0.000 
0.090 

-O.OOI 
-0.001 
-0.003 
-9.003 
-0.004 
-0.000 

•0.008 

-0.811 

-0.018 
-8.811 

-O.OIT 
-0.035 
-0.048 
-0.081 
-0.013 

-o.m 
-0.1(0 
-0.107 
-0.153 
-0.318 

• -0.308 
-0.400 
-0.540 
-0.030 
-0.737 
-0.041 
-0.050 
-1.000 

-41.133 
-41.033 
•41.134 
-41.034 
-41.035 
-41.838 
-41.831 
-41.140 
-41.844 
-41.848 
-41.853 
-41.850 
-41.888 
-41.878 
-41.887 
•41.100 
-41.013 
-41.010 
-41.043 
-41.050 
-41.073 
-41.000 
-41.001 
-42.011 
-41.014 
-41.001 
-41.050 
-41.073 
-41.118 
-41.507 
-41.114 
-40.831 
-40.381 
-30.817 
.-38.371 
-38.815 
-31.313 
-37.771 
-37.125 
-38.887 
-38.001 

US 
41.850 
41.550 
42.550 
42.551 
42.554 
41.598 
41.584 
42.571 
42.583 
41.507 
42.814 
42.838 
41.881 
41.003 
41.730 
41.773 
41.111 
42.078 
41.040 
43.000 
43.005 
43.100 
43.191 
43.358 
43.451 
43.541 
43.800 
43.843 
43.814 
43.543 
43.304 
43.184 
41.172 
41.543 
41.100 
41.051 
41.500 
41.145 
40.714 
40.411 
40.010 

TOIR ( 0.00, 0.00, O.OOI 01 
SEOISR 10. 5 • g 
II R i v i i n c i 

-0.012 
•9.011 
-0.012 
•0.013 
-0.013 
-0.011 
-0.011 
-0.011 
-0.010 
-0.017 
-0.019 
-O.lll 
-0.005 
0.003 
0.814 
0.017 
8.8(4 
0.081 
8.10! 
0.147 
9.100 
0.178 
0.3TI 
0.408 
0.850 
0.880 
1.144 
1.407 
1.030 
1.440 
1.001 
3.541 
4.101 
4.833 
5.1M 
S.SII 
S.88T 
8.110 
8.400 
8.577 
8.884 

T 

6.000 

O.OOO 
0 . 0 0 0 
0.000 
0.000 
0.000 
0.000 
0.000 
0.001 
0.001 
O.OOI 
0.001 
0.004 
0.008 
1.018 
0.024 
0.031 
0.041 
0.058 
0.081 
0 . 1 1 ! 
0.140 
O.IOI 
0.148 
0.307 
0.380 
0.470 
O.SOl 
0.045 
0.714 
0.751 
0.007 

- 0.505 
0.430 
0.185 
0.131 

-O.OII 
-0.150 
-O.IBI 
-0.301 
-0.401 

-15.310 
-15.310 
-15.310 
-15.310 
-15.310 
-15.310 
-15.310 
•15.310 
-15.310 
-15.310 
-15.310 
-15.310 
-15.310 
-15.310 
-15.310 
-15.310 
-15.310 
-15.310 
-15.309 
-15.308 
-15.308 
-15.303 
-15.108 
-15.308 
-15.173 
-15.347 
-15.301 
-15.118 
-15.010 
-14.138 
-14.008 
-14.313 
-13.078 
-13.570 
-13.141 
-11.000 

-11.144 
-11.001 
-11.038 
-10.451 
•0.151 

U S 

15.310 
15.310 
19.310 
15.310 
15.310 
15.310 
15.310 
15.310 
15.310 
15.310 
15.310 
15.310 
15.310 
15.310 
15.310 
15.310 
15.310 
19.310 
15.300 
15.300 
15.301 
15.300 
15.303 
15.201 
15.100 
15.370 
15.351 
15.211 
15.148 
15.054 
14.018 
14.771 
11.570 
14.354 
14.101 
13.815 
13.400 
13.147 
11.767 
11.355 
11.015 

200. 



OlTt: 

101 D i s c i i m o i : 

TniCLI O K I i n i T l O l : 
CUSI TIC7II: 

I s m l o i i 
l U V L I 1: IISIC (LIS TIST SIKUTIOI 
n o HIT l u i i s s iiTB m m a i r s o i D r o i D IS I K U O 

SLID i c c a i u T i o i • 100 r i u 
» » H I C i n i U tULI 

n e t 19 

r iGI : 11.01 

S t O B R U O O L U ICCIUUTIOI lUT/SIC.iUI 

T i n 

(lEICI 1 

0.000 0.000 

1.000 I.OOl 

4.000 9.000 

8.000 -9.004 

1.000 -0.030 

10.000 -0.000 

11.000 -O.IIO 

14.000 -0.003 

10.000 -9.U7 

lO.OOO 0.000 

10.000 0.037 

11.000 -0.010 

14.000 -0.800 

10.000 -0.114 

10.000 -1.001 

30.090 -1.411 

31.000 -5.510 

34.000 -5.700 

30.000 -10.136 

31.099 -17.100 

40.009 -11.000 

41.000 -30.400 

44.000 -31.107 

40.009 -11.041 

40.000 -10.701 

50.000 -40.305 

51.000 10.009 

54.000 11.075 

50.000 15.700 

50.000 -70.050 

00.009 113.357 

61.000 00.479 

04.000 44.445 

00.000 -14.113 

90.000 -31.438 

70.000 -31.031 

71.000 -98.193 

74.000 -13.056 

70.000 -108.013 

70.000 -133.100 

00.000 -131.606 

jioen M. J - DT 
II DT lEFIIEKI 

T 

-0.I3T 
•0.011 
0.010 
0.117 

o.eos 
i . i t i 
I.Oll 
i.oo 
1.100 
l.SIO 
I.9TJ 
3.007 
7.157 
7.150 
0.137 
7.015 

10.500 
M . 3 ( l 
10.115 
10.091 

I I ,003 
18.151 
50.105 
37.571 
-1.030 
37.031 

a . i i i 
51.015 
11.170 

-73.015 
-181.895 
-13.341 
-31.808 
-83.981 
-14.SSI 
-85.118 

-115.779 
-111.701 
•153.734 
-151.790 
-117.180 

0 .000 
0.001 
0.015 
0.040 
0.119 
0.177 
0.410 
0.457 
0.835 
0.884 
0.048 

I.419 
4.790 
4.950 
5.335 
5.091 

II.114 
10.997 
11.879 
17.134 
10.091 
14.119 
40.090 
41.159 
40.577 
01.431 
77.489 

109.909 
104.114 

-113.105 
310.874 

17.140 
-03.105 

-141.181 
-71.335 
•38.947 
-40.970 
-33.834 
-11.130 

3.154 
3.938 

U S 

0.137 
0.043 
0.043 
0.151 
0.878 
1.113 
1.809 
1.907 
1.541 

I .873 
3.110 
3.070 

I I .171 
13.353 
O.OU 
9.011 

11.301 
10.977 
15.007 
41.140 
37.101 
40.113 
01.585 
07.714 
45.731 

101.704 
00.090 

178.711 
167.130 
137.035 
477.194 
95.430 
84.713 

155.645 
64.111 
14.910 

136.110 
ISl.iOS 

166.101 
101.787 
177.457 

s i t a e r l o . 5 - i 
II I I I T I U K I 

I T X 

-6.165 
-6.051 
-0.067 
-9.177 
-0.365 
-0.411 
-6.104 
-0.130 
-1.430 
-1.610 
-1.115 
-3.004 
-7.307 
-1.144 
-7.018 
-1.546 

-10.701 
-11.116 
-31.611 
-51.630 
-57.711 
-71.015 

-136.106 
-140.630 
-140.031 
-301.110 
-310.670 
-431.401 
-411.043 
-417.000 
-311.330 
-300.005 
-163.414 
•115.808 
-170.067 
-166.511 

-76.047 
-104.065 
-134.173 
-116.334 

-55.061 

0.600 
0.000 
0.000 

-0.001 
-0.601 
0.001 
0.016 
6.010 

0.443 
0.060 

0 . 0 1 0 
0.100 
9.103 
0.340 
0.460 
0.504 
8.701 
1.107 
1.455 
1.003 
I.414 
1.800 
3.803 
5.035 
7.474 
II.108 
15.401 
i i . e i o 
10.100 
30.740 
30.400 
41.503 
40.100 
31.341 
30.100 
3 7 . m 
30.363 
35.013 
36.017 
37.667 
40.143 

U S 

0.115 
0.051 
0.067 
0.170 
0.300 
9.530 
0.414 
0.104 
1.401 
I.OIT 

I .119 
3.100 

10.666 

II.041 
7.074 
0.70! 

3O.0IO 
10.537 
40.017 
00.006 
01.043 
15.113 

145.301 
155.361 
151.055 
333.100 
331.500 
455.100 
444.404 
475.117 
301.100 
303.070 
180.078 
135.006 
101.450 
103.473 
100.417 
131.417 
103.308 
140.140 
15.141 

SEOKEIT 10. 5 - 1 
I I TU I D I I U C I 

0.000 
-0.001 
-o.ooo 
0.010 
6.104 
0.115 
0.318 
0.101 
0.303 
0.151 
0.118 
0.101 
7.500 
l.lll 
0.114 

-1.705 
0.434 
0.900 

15.010 
10.008 
11.000 

11.054 
50.113 
44.064 
14.010 

130.700 
07.017 

110.141 
113.170 
104.444 
-58.304 
-13.440 
-18.390 

14.564 
87.705 
00.035 
34.101 
30.041 
40.113 
34.375 
-0.345 

T 

-0.105 
-9.051 
-0.007 
•0.177 
-0.305 
-0.401 
-0.184 
-0.130 
-1.430 
-I.OlO 
-I.IIS 
-3.004 
•7.307 
-0 .143 
-7.010 
-0.540 

-10.703 
-10.117 
-30.013 
-61.010 
-57.717 
-71.037 

-138.170 
-140.665 
-150.030 
-301.155 
-310.090 
-430.851 
-410.795 
-410.004 
•300.003 
-301.770 
-107.171 
-131.014 
-100.059 
-174.339 

-88.035 
-114.114 
-145.580 
-133.481 

-70.117 

0 .000 
0.000 
0.001 

-0.005 
-0.017 
-0.050 
-0.081 
-0.930 
-0.010 
0.018 
0.054 
0.041 

-1.016 
-1.011 

0.180 
1.017 

-1.143 
-1.045 
-1.117 
-5.111 
-1.070 
-1.441 
-0.335 
-5.701 
-0.413 

-10.074 
-0.573 

-11.113 
•4.350 

3.000 
-8.137 

1.110 
10.005 
10.057 
39.904 
47.000 
54.000 
51.110 
57.501 
50.010 
40.045 

U S 

0.105 
0.051 
9.067 
0.170 
9.300 
0.530 
O.lll 
0.784 
1.401 

I.OIT 
1 . 1 1 1 
3.106 

19.666 

II.011 
7.074 
0.701 

38.101 
10.537 
40.017 
80.000 

01.043 
15.113 

145.301 
150.391 
151.055 
333.100 
331.500 
155.100 
441.404 
415.117 
301.100 
303.010 
100.178 
135.008 
101.450 
103.473 
100.417 
131.417 
103.300 
140.040 
05.041 
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DATI: 3 Sm I0A9 
ini DUCliniOl: IIAULI I: lAStC SLID TUT SIHUTIor 

n o l a r u i n s s n r a n r m u i r s o i D rot DASI BOAU 
nsicu oicanArioi: SLID Acciuurioi • 3oo rux 

GUSI l i a i B : o s n rOCUT IL I K l U 

rial 30 

TIIS 

SIiaEIT UL. AHDIU TUOCITT (UT/SCC.) 

sioicn H. 3 - or 
I I m i m i n c i 

S IOKIT N . S - 1 
II m unuKi 

lUIC) I I Z US I 7 Z IIS 

0.000 0.000 0.000 0.000 O.OOO 9.000 9.000 0.009 0.000 
3.000 0.000 0.000 0.000 0.000 0.000 0.009 9.000 0.000 
4.000 O.OOO 0.000 0.000 0.000 O.MO 0.000 O.OOO 
O.OOO 0.000 0.000 O.OOO 0.000 0.000 •0.001 0.000 9.001 
1.000 0.001 0.000 0.001 9.000 -0.001 0.000 0.001 
10.000 0.000 0.003 0.001 0.003 0.001 -0.003 9.000 9.003 
12.000 0.000 0.000 0.003 0.000 0.001 -0.003 0.000 9.003 
14.000 0.000 0.003 0.010 0.003 -0.004 O.OOO 0.004 
10.000 0.000 0.014 0.004 0.014 0.003 -0.008 9.000 0.000 
11.000 0.010 0.005 0.019 0.003 -0.009 0.000 0.008 
30.000 0.000 0.034 0.000 0.035 0.004 -9.013 0.000 9.013 
32.000 0.031 0.009 0.033 0.005 -0.911 -0.601 0.019 
34.000 0.044 0.031 0.050 o.eio -0.031 -0.003 0.035 
39.000 0.050 0.033 0.073 0.033 -0.040 -0.007 0.057 
31.000 -0.030 0.073 0.040 0.003 9.040 -0.003 -0.009 0.077 
30.000 -0.030 0.005 0.095 0.108 0.044 -0.078 -0.007 0.089 
33.000 0.113 0.075 0.139 0.045 -4.II4 -0.000 0.133 
34.000 0.140 0.103 0.103 0.007 -0.174 -0.019 D.II7 
34.000 0.180 0.133 0.330 0.105 -0.336 -0.010 0.351 
30.000 0.331 0.174 0.311 0.159 -0.331 -0.025 . 0.387 
40.000 0.277 0.313 0.370 0.300 -0.430 -0.031 0.411 
43.000 0.330 0.300 0.453 0.339 -0.505 -0.035 0.914 
44.000 -fl.IOO 0.400 0.341 0.571 9.385 -9.700 -0.041 9.III 
40.000 0.504 0.400 0.738 0.385 -1.050 -0.050 1.135 
41.000 0.530 0.507 0.809 0.447 -1.355 -0.000 1.438 
SO.OOO 0.080 0.811 1.079 9.053 -1.033 -0.093 3.043 
53.000 0.738 0.093 1.340 0.850 -3.558 -O.IIO 3.898 
54.000 -0.050 0.003 1.343 I.OIf 1.071 -3.411 -0.144 3.571 
59.000 I.03I 1.700 1.080 1.390 -4.399 -O.lfll 4.493 
50.000 0.050 0.085 1.759 3.014 I.58I -S.I49 -9.103 5.389 
90.000 0.350 3.155 3.374 1.585 -8.117 -0.179 0.331 
02.000 0.383 3.314 3.480 1.553 -0.804 -9.100 7.040 
04.000 0.343 3.317 3.450 1.491 -7.390 -O.ITI 7.443 
00.000 0.340 3.030 3.378 1.477 • -7.553 -0.134 7.000 
OO.OOO 0.147 1.805 3.095 1.503 -7.100 -0.073 1.014 
70.000 0.000 1.817 1.908 1.700 -1.338 0.013 0.413 
73.000 0.700 -0.148 1.772 1.938 1.134 -8.539 0.110 8.733 
74.000 -0.414 1.730 1.008 -0.077 0.333 8.081 
70.000 0.904 -0.733 1.717 1.903 1.971 -1.900 9.338 9.180 
71.000 -I.104 1.783 3.131 3.058 -9.358 0.445 9.493 
80.000 -1.420 1.039 3.347 3.089 -9.441 0.553 9.093 

net: 35.0! 

S i o u n H . 5 - I 
I I I i i n u K i 

T • Z US 

0.000 O.OOO 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 

-9.001 0.000 0.001 
-0.061 0.000 0.001 
-0.003 0.009 0.007 
-0.003 0.000 0.003 
-9.004 0.000 : 0.004 
-0.000 0.000 0.009 
-0.009 0.000 0.000 
-0.013 0.000 0.013 
-0.911 0.001 0.019 
-0.031 0.001 0.030 
-0.040 0.001 0.057 
-0.003 0.003 0.077 
-0.078 0.003 0.000 
-0.114 0.004 0.133 
-0.174 0.009 O.IBT 
-0.338 0.000 0.350 
-0.331 0.013 0.387 
•0.438 0.017 0.401 
-0.585 0.073 0.014 
-0.700 0.039 0.010 
-1.050 0.038 1.135 
•1.355 0.051 1.438 
-1.933 0.009 3.043 
-2.558 0.090 3.098 
-3.411 0.133 3.571 
-4.307 0.II3 4.493 
-5.144 0.340 5.389 
-0.109 0.335 8.331 
-8.857 0.408 7.040 
-7.371 0.497 7.413 
-7.534 0.570 7.090 
-7.831 0.043 1.014 
-1.184 0.710 0.413 
-8.458 0.704 0.723 
•8.588 9.091 8.081 
-0.149 0.030 9.180 
-9.130 1.013 9.403 
-9.385 1.090 9.092 

202. 



BITI: I S W IWa 
IDI DKCIimOl: l U n U I: BI3IC SUD TUT SIUUTIOI 

v n BUT u u u s r iT i i r r i u u i r s o i o m DUi K m 
n i l C U inOIUTIOI : SUD KCIUIiTIOl - 100 r i u 

c i u i iiCTii: t s n r u c i n i L i k i l i 

rioi 31 
riQX: 10.01 

s i o v n m. u o B u i Disrucmn (sio) 

T i n 
(EIC) 

0.000 
1.000 
4.000 
0.000 
o.ooo 

10.000 
11.000 
14.000 
10.000 
10.000 
10.000 

11.000 

14.000 
10.000 

10.000 
30.000 
31.000 
34.000 
30.000 
30.000 
40.000 
41.000 
44.000 
40.000 
40.000 
50.000 
01.000 
04.000 
00.000 
5B.OOO 

60.000 
01.000 

04.000 
0 0 . 0 0 0 
01.000 
70.000 
71.000 
74.000 
70.000 
71.000 
10.000 

s i o n n » . 3 - DT 
I I TU u n u K i 

Ti l m c l K U u s 

SIOWT n . 5 • I 
lira umnci 

Tlf riTCi K U u s 

0.000 
0.000 
O.KO 
0.000 
0.000 
0.001 
0.001 
0.003 
0.000 
0.000 
O.OII 
O.OII 
0.017 
0.043 
0.007 
0.007 
0.130 
0.193 
9.100 
0.351 
0.470 
0.017 
0.797 
1.001 
I.3I3 

I.137 
7.440 
3.701 
4.370 
5.730 
7.190 
9.010 

10.107 
17.014 
14.370 
10.101 
17.340 
II.753 
70.091 
71.304 
17.000 

13.700 
13.710 
13.710 
13.780 
13.700 
13.701 
13.704 
13.700 
13.700 
13.310 
13.370 
13.340 
13.377 
13.409 
13.450 
13.513 
13.517 
13.075. 
13.791 
13.939 
14.173 
14.341 
14.001 
14.935 
15.315 
15.754 
10.703 
10.153 
17.540 
10.781 
11.710 
18.094 
19.035 
10.097 
19.070 
10.005 
10.100 
11.447 
17.900 
17.140 
10.188 

0 .000 
0 .000 
0.000 
0.000 
0.000 
0.000 
0.600 

1.000 
0.000 
1.000 
0.000 
0.001 

-0.003 
-0.017 
-0.047 
•0.009 
•0.095 
-0.177 
-0.175 
-0.743 
-8.330 
-9.449 
•0.507 
-0.739 
•0.905 
-1.003 
-1.713 
-1.779 
-1.775 
-1.070 
-0.790 
-0.107 
0.590 
1.309 

1.170 
7.777 
3.344 
3.800 
4.177 
4.171 
4.707 

13.700 
13.710 
13.700 
13.700 
13.700 
13.701 
13.714 
13.790 
13.191 
13.310 
13.315 
13.345 
13.377 
13.409 
13.450 
13.513 
13.503 
13.077 
13.795 
13.940 
14.130 
14.304 
14.030 
14.997 
15.414 
10.917 
10.515 
17.747 
11.107 
19.737 
70.111 
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40.000 0.100 11.30 10.05 13.81 15.015 -3.415 11.030 

41.000 0.179 10.80 8.45 11.89 15.150 -3.411 11.003 

44.000 0.147 11.03 8.91 13.45 18.130 -3.405 11.003 

40.000 O.lll 0.17 3.43 7.08 10.435 -3.300 11.715 

48.090 0.080 3.00 1.00 4.46 18.100 -3.350 11.759 

SO.000 0.058 1.70 1.30 3.11 17.008 -3.371 11.785 

51.000 0.051 58.03 10.40 85.88 17.010 -3.355 11.788 

54.000 0.079 14.08 41.04 04.01 19.048 -3.335 11.747 

50.000 0.137 138.11 00.00 154.41 10.015 -3.313 11.081 

58.000 O . l l l 105.89 11.10 185.14 15.311 -3.191 11.807 

00.000 0.353 148.11 74.09 195.80 14.005 -3.180 11.533 

01.000 9.511 357.14 178.57 399.30 13.010 -3.180 11.401 

84.000 0.084 018.47 343.14 707.50 13.449 -3.190 11.411 

00.000 0.810 1148.33 813.10 1393.44 13.155 -3.301 11.380 

88.000 0.005 1009.17 049.04 1900.51 11.004 -3.313 11.394 

70.000 0.914 758.55 370.17 848.01 11.931 -3.311 11.357 

71.000 0.888 710.49 355.13 794.31 11.930 -3.339 11.358 

74.000 0.114 811.08 305.99 084.11- 11.001 -3.333 11.303 

70.000 0.713 477.89 138.03 534.18 13.009 •-3.334 11.374 

71.000 0.591 314.11 157.11 351.30 13.109 -3.333 11.303 

80.000 0.450 118.58 83.11 141.50 13.510 -3.333 11.410 

r U I L 1 (UCI F U I L . 13 OIQII fS. S I O M R I ( LT ) 

ICTIOI FOICI FOKI FOKI ( U I U F U I I C I I 

1 I I . I ( U . l ( U . l 1 u . l I I z . 

0.055 1.77 9.00 1.77 0.381 0.000 -11.074 

0.055 1.70 0.40 1 .71 9.381 0,000 -11.074 

0.954 1 .01 0.07 1.05 0.381 0.000 •11.075 

0.058 1.51 1.15 1.10 0.383 0.000 -11.070 

0.044 1 .11 I.OO 1.44 0.381 0.000 -11.677 

0.033 1.85 0 .13 1.15 0.381 0.000 -11.080 

0.017 9.88 0.43 0.90 0.380 0.000 -13.084 

-0 .000 0.00 0.00 0.00 0.000 0.000 0.000 

-0 .038 0.00 0.00 0.00 0.000 0.000 0.000 

-8 .077 0.00 0.00 0.09 0.000 0.000 O.OOO 

-0 .118 0.00 0.00 0.00 0.000 0.000 O.OOO 

-0 .101 0.00 0.00 0.00 O.OOO 0.000 0.000 

-0.100 0.00 0.00 0.00 0.000 0.000 0.000 

-0 .301 0.00 o.oo 9 .09 0.000 0.090 0.000 

-0 .471 O.OO 0.00 0.00 0.000 0.000 0.000 

-0 .001 0.00 0.00 0.00 0.000 0.000 0.000 

-0 .740 0.00 0.00 O.OO O.OOO 0.000 0.000 

-O.OII 9.00 0.09 0.00 0.000 0.000 0.000 

- l . lOO 0.00 0.00 0.00 O.OOO 0.000 0.000 

- I . 3 I T 0.00 0.00 0.00 0.000 0.000 0.000 

-1 .548 0.00 0.00 0.00 0.000 0.000 0.000 

-1.704 0.00 6.00 0.00 0.000 0.000 0.000 

-1 .058 o.oo 0.00 0.00 0.000 O.OOO 0.000 

-1 .311 0.00 o.oo 0.00 0.000 0.000 0.000 

- I . 8 9 I 0.00 0.00 0.00 0.000 0.000 0.000 

-1.884 0.00 0.00 0.00 0.000 0.000 O.OOO 

-3.104 0.00 0.00 0.00 0.000 0.000 0.000 

-3.311 0.00 0.00 0.00 0.000 0.000 0.000 

-3.470 0.00 0.00 0.00 O.OOO 0.000 0.000 

-3 .000 0.00 0.00 0.00 0.000 0.000 0.000 

-3 .695 0.00 0.00 0.00 0.000 0.000 0.009 

-3 .747 0.00 0.00 0.00 0.000 0.000 0.000 

-3.784 0.00 0.00 0.00 0.000 9.000 0.000 

-3 .811 0.00 0.00 0.00 0.000 0.000 0.000 

-3.118 0.00 0.00 0.00 0.000 0.000 0.000 

-3 .137 0.00 o.oo 0.00 O.OOO 0.000 0.000 

-3 .831 0.00 9.00 0.00 0.000 0.000 0.000 

-3 .131 0.00 0.00 0.00 0.000 0.000 0.000 

-3.811 0.00 0.00 0.00 0.000 0.000 0.000 

-3 .703 0.00 o.oo 0.00 0.000 0.000 0.000 

-3 .781 0.00 0.00 0.00 0.000 O.OOO 0.000 
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Dm: : sm itsi " " " 
101 DBCiiniOl: luiiru 1: lUIC SLID TCT IIKIUTIOf 
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run. 1 (iici run,, U DMD IS. snaen i ( a ) run t (BICI run. U Dion is. siaian j (OR) 

Tin laioi FOiCI FOKt FOKI (ni uruiKii KTIOI FOICI Fom FOKI m UFIIIKI) 
(EfC) (11.) ( LB.) ( U.) ( LI.) X I 2 - (11.) 1 LB.) ( LI.) ( U.) I I • Z ; 

0.000 •0.312 0.00 0.00 0.00 0.000 0.000 0.000 0.133 0.90 0.00 o.eo 8.151 0.000 -28.005 
1.000 -0.311 0.00 0.00 0.00 o.ooo l.lOO 0.000 0.132 0.17 0.00 0.87 8.151 0.000 -18.085 
4.000 -0.314 0.00 0.00 0.00 0.000 o.ooo 0.000 0.131 1.81 0.75 8.04 8.151 0.000 •18.885 
0.000 -0.320 1.00 0.00 (.00 0.000 o.ooo f.OOO o.in I.M 1.74 0.07 8.151 0.000 •18.084 
1.000 -0.330 0.00 0.00 0.00 0.000 0.000 0.000 O.IIT 7.52 2.55 7.04 8.152 o.ooo -28.683 

10.000 -0.347 0.00 0.00 o.oo 0.000 0.000 0.000 0.102 5.25 1.42 5.77 8.152 0.000 •18.881 
11.000 -0.372 0.00 0.00 o.oo o.ooo 0.000 0.000 0.079 3.15 1.08 4.42 8.153 o.ooo -28.851 
14.000 -0.408 0.00 o.oo 0.00 o.ooo 0.000 0.000 0.041 1.31 ).ie 2.88 6.154 0.000 -28.854 
10.000 -0.452 o.oo 0.00 0.00 0.000 0.000 0.000 0.008 0.30 0.15 0.33 8.155 0.000 -28.840 
11.000 -0.510 0.00 6.00 0.00 0.000 0.000 0.009 -0.041 0.00 8.00 0.00 0.000 0.000 0.000 
10.000 •0.583 0.00 O.M 0.00 0.000 0.000 0.000 -o.lll 0.00 e.flo 0.00 0.000 0.009 0.000 
11.000 -0.821 0.00 0.00 0.00 o.ooo 0.000 0.000 -O.IH 0.00 0.00 0.00 0.000 0.000 0.000 
14.000 -0.178 0.00 O.OO 0.00 0.000 0.000 9.000 -0.194 0.00 o.oo 0.00 0.000 0.000 0.000 
19.000 -O.OOI 0.00 0.00 0.00 0.000 0.000 9.000 -0.400 0.00 o.oo 0.00 0.000 0.000 9.000 
18.000 -1.045 o.oo 0.00 o.oo 0.000 0.000 0.000 -0.542 • o.eo 0.00 0.00 1.000 0.000 0.000 
30.000 •I.2II o.oo 0.00 0.00 0.000 o.ooo 0.000 -0.809 0.09 0.00 0.00 0.800 0.000 0.000 
31.000 -1.400 0.00 0.00 o.oo 0.000 o.ooo o.ooo •0.112 6.00 9.00 0.10 0.000 0.000 0.000 
34.000 -1.611 0.00 0.00 0.00 o.ooo 0.000 o.ooo -1.08T 0.00 9.00 o.eo 0.000 0.000 0.009 
38.000 -1.140 0.00 0.00 0.00 0.000 0.000 0.000 -1.181 0.00 0.00 0.00 0.000 0.000 O.OOO 

38.000 -2.no 0.00 0.00 0.00 0.000 o.ooo 0.000 -1.523 0.00 0.00 0.00 0.000 0.000 0.000 
40.000 -2.307 0.00 0.00 0.00 o.ooo 0.000 0.000 -1.783 o.oo 0.00 0.00 0.000 0.000 0.009 
41.000 -2.707 o.oo 0.00 0.00 o.ooo 0.000 0.000 -1.084 0.00 o.oo 0.00 0.000 o.ooo O.OOO 

44.000 -3.034 0.00 0.00 0.00 0.000 0.000 0.000 -2.381 0.00 0.00 0.00 6.000 0.000 0.000 
48.000 -3.370 0.00 ' 0.00 0.00 0.000 0.000 o.ooo -2.881 0.00 0.00 0.00 o.ooo 0.000 O.OOO 

48.000 -3.701 0.00 0.00 0.00 0.000 0.000 0.000 -1.980 0.00 0.00 0.00 0.000 o.ooo 0.000 
50.000 -4.012 o.oo 0.00 0.00 0.000 0.000 o.ooo •3.231 0.00 0.00 0.00 0.000 1.000 O.OOO 
52.000 •4.278 0.90 0.00 0.00 0.000 9.000 9.000 •3.473 0.00 0.00 0.00 o.ooo o.ooo 0.000 
54.000 •4.477 o.oo 0.00 0.00 0.000 9.000 0.000 -3.852 0.00 0.00 0.00 0.000 0.000 0.000 
50.000 -4.808 0.00 0.00 0.00 o.ooo 9.000 0.000 -3.257 0.00 0.00 0.00 0.000 0.000 o.ooo 
58.000 -4.861 0.00 0.00 0.00 o.ooo 1.000 9.000 -3.717 0.00 o.eo 0.00 0.000 o.ooo 0.000 
80.000 -4.587 0.00 0.00 0.00 0.000 0.000 0.000 -3.889 o.oo 6.00 0.00 0.000 0.000 0.000 
02.000 -4.378 0.00 0.00 0.00 0.000 9.000 0.000 -3.471 0.00 0.00 0.00 o.ooo 0.000 o.ooo 
84.000 -4.140 0.00 0.00 0.00 o.ooo 0.000 0.000 -3.225 0.00 0.00 0.00 0.000 0.000 0.000 
80.000 -3.915 0.00 0.00 0.00 0.000 0.000. 0.000 -1.985 0.00 0.00 0.00 0.000 0.000 0.000 
88.000 -3.889 0.00 0.00 0.00 0.000 0.000 0.000 -2.220 0.00 0.00 0.00 0.000 o.ooo o.ooo 
70.000 -3.470 o.oo 0.00 0.00 0.000 0.000 0.000 -2.409 0.00 o.oo 0.00 o.ooo 0.000 0.000 
22.000 •3.281 o.oo 0.00 o.oo 0.000 0.000 0.000 •2.303 0.00 0.00 0.00 0.000 0.000 0.000 
74.000 •3.001 0.00 0.00 0.00- ..0.000 , o.ooo 0.000 -2.122 0.00 0.00 0.00 0.000 0.000 0.000 
76.000 -2.921 0.00 0.00 0.00 0.000 ' ' o.ooo 0.000 -1.960 0.00 0.00 0.00 0.000 o.ooo 0.000 
71.000 -2.744 0.00 0.00 0.00 0.000 0.000 8.000 -1.791 0.00 0.00 0.00 0.000 o.ooo o.ooo 
80.000 -7.581 0.00 0.00 1.00 0.000 I.ODO 0.000 -1.811 o.oo 0.00 o.oo 0.000 o.ooo 0.000 
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noi: 33.01 

cm: J SW U88 
801 CUC8irTI08: 8UV1J I: 8UtO SUO TIST OIWUTIOI 

Tn 8aT Eiinss nn nriuairsoic ro8 oisi soiis 
nHtCLI DICIUUTIOI: OLD ICCIUUTIOB - 700 tiU 

CllSB TICTIV: OSH rUCDTIU UU 
conicT Foms • oiowr ruiu TO. siaan 

Fini 3 (F1008. I n. S IMn 8 l V ) FUIU 3 (F1008. ) TO. SIflWT II ( LF I 
Dia- 808IUt F8ICTI08 IISOLTUT COmCT LOCiTIOF ( II. 1 DIFL- K8MII. FIICTIOI IKILTin COniCT LOCITIOI ( 18.1 

Tim 
(Etc) 
c.occ 
I.OCC 
1.000 
1.000 
0.000 
10.000 
17.000 
M.OOD 
10.000 . 
II.000 
70.000 
77.000 
74.000 
70.000 
70.000 
30.000 
37.000 
34.000 
30.000 
31.000 
40.000 
47.000 
44.000 
40.000 
41.000 
50.000 
57.000 
54.DOO 
50.000 
50.000 
00.000 

02.000 
04.000 
00.000 
08.000 

70.000 
77.000 
74.000 
70.000 
70.000 
80.000 

tCTIOI FOKI 
( ll.l ( L8.) 

rotct Fotci 
( LI.) I LI.) 

(7U UFIUKI) ICTIOI FOKt FOKI FOKI 
t T Z ( II-) ( U.) ( U.) ( LI.) 

1718 UFIUKI) 
I 7 Z 

0.000 
0.007 
0.007 
(.007 
O.OOl 
0.001 
9.001 
0.097 
9.095 
0.092 
0.080 
0.083 
0.077 
0.009 
9.000 
0.041 
0.037 
0.017 
0.004 

-0.071 
-0.057 
-0.097 
-0.140 
-0.199 
-0.701 
-0.348 
-0.440 
-0.543 
-O.OOl 
-0.790 
-0.900 
-1.145 
-1.351 
-1.570 
-1.017 
-7.071 
-7.335 
-7.000 
-7.083 
-3.100 
-3.434' 

4.17 
4.01 
4.97 
5.05 
5.02 
4.90 
4.00 
4.83 
4.75 
4.11 
4.47 
4.17 
3.15 
3.40 
1.99 
7.40 
1.15 
1.17 
0.19 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
O.OO 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

0.00 
0.00 

0.00 
0.97 
7.11 
7.52 
7.51 
7.40 
7.44 
7.47 
7.37 
1.31 
7.71 
7.00 
1.97 
1.73 
1.59 
1.73 
0.93 
0.50 
0.19 
9.99 
0.09 
9.90 
0.90 
0.09 
0.99 
O.OO 
0.09 
0.99 
0.09 
0.99 
0 .00 
9.00 
0.09 
0.00 
0 .00 
0.00 
O.OO 
0.00 
0.00 
0.00 

o.oo 

4.12 
4.90 
0.40 
0.04 
5.01 
0.40 
0.40 
0.41 
0.31 
O.IO 
4.14 
4.00 
4.39 
3.00 
3.35 
7.75 
7.07 
1.70 
0.21 
0.00 
0.09 

.0.00 
9.09 
9.00 
1.00 
9.00 
0.09 
0.09 
1.00 
9.09 
0.09 
9.99 
9.00 
9.00 
0.09 
9.09 
9.09 
0.09-
0 . 0 0 
0.00 
0 .00 

40.590 
40.590 
40.597 
40.091 
40.099 
40.970 
40.031 
40.007 
40.093 
40.734 
40.184 
40.144 
40.110 
48.008 
47.092 
47.199 
47.310 
47.441 
47.503 
9.090 
0.000 
0 .000 
0.000 
O.OOO 
0.000 
O.OOO 
0 .000 
0.000 
0.000 
o . o o o 
0.000 
o . o o o 
0 . 0 0 0 
o.ooo 
o.ooo 
9.000 
0.000 
9.000 
o.ooo 
0 . 0 0 0 
0.000 

3.470 
3.470 
3.470 
3.470 
3.470 
3.470 
3.420 
3.420 
3.420 
3.470 
3.470 
3.470 
3.470 
3.470 
3.470 
3.479 
3.479 
3.470 
3.410 
9.099 
9.009 
0.000 
0.009 
0.099 
9.009 
0.909 
9.000 
0.099 
0.009 
0.000 
0.900 
0.000 
0.099 
0.009 
0.009 
0 . 0 0 0 
0.990 
,0.000 
0.000 
O.OOO 
0.009 

-1.300 
-1.300 
-1.300 
-I.SOO 

-1.309 
-1.390 
•1.300 
•1.309 
-1.300 
-1.300 
-1.309 
•1.300 
•1.300 
-1.300 
-1.309 
-1.390 
-1.390 
-1.300 
-1.300 
9.999 
0.009 
0.909 
0.090 
9.000 
0.099 
9.909 
0.099 
9.909 
9.909 
9.000 
0.999 
9.000 
0.900 

• 9.090 
9.000 
0.009 
0.009 
0.000 
0.099 
0 . 0 0 0 
0.909 

0.090 
9.097 
0.907 
9.097 
9.098 
0.991 
0.000 
0.097 
0.095 
9.093 
0.089 
0.014 
0.078 
9.079 
0.001 
0.051 
0.940 
0.017 
0.913 

-0.094 
-0.074 
-0.047 
•0.071 
-0.191 
-9.137 
-0.103 
-0.745 
-0.330 
•0.434 
-9.554 
- 0 . 0 0 0 
-9.130 
-0.174 
-1.177 
-1.777 
-1.440 
-1.925 
-1.017 
-7.095 
-1.199 
-7.317 

4.07 
4.81 
4.98" 
5.05 
5.03 
4.11 
4.09 
4.14 
4.70 
4.03 
4.44 
4.19 
3.10 
3.00 
3.05 
7.54 
1.91 
1.30 
0.05 
0.99 
0.09 
0.90 
0.09 
0 . 0 0 
9.99 
0.09 
0 . 0 0 
9.09 
0.09 
9.99 
0 .00 
0.09 
0.09 
0.09 
0.99 
0.09 
0 .00 
0.09 
O.OO 
O.flO 
0 .00 

0.09 
0.97 
1 . 1 1 
1.57 
1.51 
7.40 
7.44 
7.41 
7.30 
7.31 
7.77 
1.10 
1.94 

1.75 
1.57 
I.7T 
9.09 

0 . 0 0 
0.31 
0.09 

9.00 

9.90 

0.00 

0.00 
0.00 
0.00 
0 . 0 0 
0 .00 
0.00 
0.09 

0.00 
0.00 

0.90 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

4.07 
4.91 
5.40 
5.01 
9.02 
5.41 
5.40 
0.41 
0.37 
5.17 
4.97 
4.00 
4.34 
3.91 
3.41 
1.03 

7.71 
1.57 
0.73 

0.00 

O . O O 
0.09 
0.00 
0.00 
0.00 
O . O O 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 

o.oO 
0.00 

0.00 
0.00 
0.00 

40.990 
40.590 
10.597 
40.001 
40.009 
49.070 
49.030 
40.082 
40.094 
40.734 
40.104 
40.149 
<0.910 
40.999 
47.093 
47.701 
47.377 
47.450 
47.997 

0 . 0 0 0 
0.000 
0.000 
o.ooo 
0 . 0 0 0 
0 . 0 0 0 
9 . 0 0 0 
0 . 0 0 0 
0 . 0 0 9 
0 . 0 0 0 
9 . 0 0 9 
0 . 0 0 0 
o.ooo 
0 . 0 0 0 
o.ooo 
o.ooo 
0.000 
0 . 0 0 0 
0 . 0 0 0 
0.000 
0.000 
9 . 0 0 0 

-3.470 
-3.470 
-3.470 
-3.470 
•3.470 
-3.410 
-3.470 
-3.420 
-3.470 
-3.470 
-3.470 
-3.470 
-3.470 
-3.470 
-3.470 
-3.470 
-3.470 
-3.470 
-3.470 
0.000 
O.OOO 
0.000 
0.000 
0.000 

0.009 
0 . 0 0 0 
0 .000 
0.000 
0.000 
0.000 
0 . 0 0 0 
0.000 
0 . 0 0 0 
0.000 

9.000 
o.ooo 
o.ooo 
0.000 
0.000 
0.000 
0 . 0 0 0 

•1.300 
-1.300 
-1.300 
-1.300 
-1.300 
-I.300 
-1.300 
-I.300 
-1.300 
-1.300 
-1.300 
-1.300 
-1.300 
-1.300 
-1.300 
-1.300 
•1.300 
-1.300 
-1.300 

0.000 
0.000 . 

0 . 0 0 0 
0.000 

0 . 0 0 0 
0.000 

0.000 
0 . 0 0 0 
0.000 
0 . 0 0 0 
0.000 
0 . 0 0 0 
0.000 
0.000 
o.ooo 
0.009 
0.000 
o.ooo 
0.000 

0.000 
0.000 

0.000 
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F u a 4 (KID FJD. 13 DIM ) TS. S I « n 5 ( 1 ) FUtt 10 (lODOIl FIOIU. I IS. SIGHK L ( IF 1 

TIH ICTIOI Fom FOKI FOICI IFEI 
(ICECI ( 11.) (U.) (U.) ( U.) I 

9.000 0.050 1.48 0.00 1.48 3.935 
1.000 0.049 1.47 0.01 1.47 3.935 
4.000 0.048 1.38 0.19 1.30 3.935 
9.000 0.043 1.15 0.41 1.19 3.935 
9.000 0.034 1.70 0.55 1.79 3.935 

10.000 0.019 0.95 0.41 1.03 3.039 
ll.OOO -0.003 0.00 O.OO 0.00 9.000 
14.000 -0.034 0.00 0.00 0.00 0.000 
19.000 -0.075 0.00 9.00 0.00 O.OOO 
11.900 -0.118 0.00 0.00 0.00 • 0.000 
10.009 -0.194 0.00 0.00 0.00 0.000 
11.000 -0.174 0.00 0.00 0.00 0.000 
14.000 -0.371 9.09 fl.flO 0.00 0.000 
19.000 -0.484 0.00 0.00 0.00 0.000 
11.000 -0.917 0.09 0.00 0.00 0.009 
30.000 -0.770 0.00 0.00 0.00 o.ooo 

31.000 -0.045 0.09 0.00 0.00 0.000 
34.000 -1.141 0.00 0.00 0.00 0.000 
39.000 -1.393 0.00 0.00 0.00 0.000 
31.000 -1.010 0.09 0.00 0.00 0.000 
40.000 -1.881 0.00 0.00 0.00 o.ooo 
41.000 -1.181 0.00 0.00 0.00 o.ooo 
44.000 -1.505 0.00 0.00 0.00 0.000 
40.000 -1.849 0.00 0.00 0.00 o.ooo 
49.000 -3.111 o.oo 0.00 0.00 0.000 
50.090 -3.584 0.00 0.00 0.00 0.000 
51.000 -3.990 0.00 0.00 0.00 0.000 
54.000 -4.318 0.00 0.00 0.00 0.090 
56.000 -4.975 0.00 0.00 0.09 0.000 
51.000 -4.989 0.00 0.00 0.00 0.000 
90.000 -5.154 0.00 0.00 0.00 o.ooo 
91.000 -5.458 0.00 0.00 0.90 0.900 
94.000 -5.809 o.oo 0.00 0.00 0.000 
99.000 -5.714 0.00 0.00 0.00 0.000 
98.000 -5.817 0.00 0.00 0.00 0.000 
70.000 -5.804 0.00 o.oo 0.00 0.000 
71.000 -5.993 o.oo • 0.00 0.09 0.000 
74.000 -9.031 0.00 0.00 0.00" •0.000 
78.000 -9.105 0.00 0.00 0.00 0.000 
78.000 -9.178 0.00 0.00 0.00 0.000 
80.000 -8.153 0.00 0.00 0.00 0.000 

t 
0.000 
0.009 

0.000 
fl.flOO 
o.ooo 
9.000 

O.OOO 
0.000 
0.000 
0.000 
o.ooo 
9.000 
0.000 
0.000 
o.ooo 
0.000 
o.ooo 
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 
o.ooo 
0.000 
0.000 
o.ooo 
0.000 
o.ooo 
0.000 
0.000 
0.000 
o.ooo 
0.000 

•40.971 

•40.970 

•40.971 

-40.977 

-40.070 

-40.974 

O.OOO 
o.ooo 
0.000 
9.000 

0.009 

9.000 

0.000 
0.900 

0.000 
0.000 
9.000 

t.ooo 
9.000 

0.000 
0.009 

O.OOO 
O.OOO 
0.000 
o.ooo 
9.000 

0.000 
0.000 

0.000 
9.000 

o.ooo 
9.000 

0.000 
• 0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
o.ooo 

ICTIOI Fom FOKI FOtCI (TU KFIKICI) 
(11.) (U.) ( U.) ( U.) X 1 - X 

O.OOl 0.08 0.00 0.08 51.139 3.410 -3.189 
0.001 0.07 0.91 0.07 51.139 3.410 -3.189 
0.001 9.11 9.04 0.11 51.139 3.410 -3.185 
0.005 9.19 0.14 0.31 51.340 3.410 -3.187 
0.019 0.75 9.37 0.83 51.145 3.410 -3.191 
0.019 1.59 0.80 1.78 91.354 3.410 -3.198 
0.031 1.89 1.33 1.98 51.199 3.410 -3.309 
9.048 4.09 1.05 4.51 51.184 3.419 .-3.313 
0.070 5.91 1.99 8.81 51.308 3.410 -3.341 
0.099 8.17 4.08 9.13 51.334 3.410 -3.395 
0.118 13.99 8.83 15.18 51.397 3.410 -3.393 
9.185 19.41 10.11 11.81 51.409 3.410 -3.419 
0.105 18.17 14.09 31.50 51.494 3.410 -3.474 
0.149 38.47 19.14 43.01 51.490 3.410 -3.499 
0.109 49.19 14.84 55.19 51.503 3.410 -3.507 
0.343 80.44 30.11 97.58 51.511 3.410 -3.514 
0.391 71.13 35.91 80.31 51.518 3.410 -3.518 
0.440 118.19 81.09 143.31 51.810 3.410 -3.511 
0.477 178.75 89.37 199.85 51.511 3.410 -3.511 
0.499 104.91 101.49 119.11 51.519 3.410 -3.511 
0.498 101.03 95.51 113.58 51.515 3.410 -3.517 
0.491 181.80 91.30 104.15 51.508 3.419 -3.511 
0.481 198.81 84.41 198.75 51.501 3.419 -3.505 
0.470 153.91 78.99 171.08 51.494 3.417 -3.499 
0.490 139.81 09.91 159.31 51.489 3.415 -3.495 
0.450 119.95 93.33 141.90 51.488 3.413 -3:405 
0.441 114.18 57.14 iii.n 51.494 3.410 -3.499 
0.430 100.59 50.30 111.47 51.507 3.409 -3.510 
0.415 79.31 39.88 88.73 51.531 3.401 -3.531 
9.388 57.90 18.90 84.49 51.577 3.398 -3.599 
0.348 49.17 14.59 54.88 51.979 3.394 -3.954 
6.189 37.73 18.89 41.11 51.811 3.391 -3.797 
0.115 13.94 11.51 15.75 51.978 3.393 -3.904 
0.115 8.81 4.41 9.89 51.183 3.400 -4.077 
0.010 0.99 0.49 1.19 51.440 3.417 -4.194 

-0.191 9.00 0.00 0.09 O.OOO 6.000 0.000 
-0.131 O.OO 0.00 O.OO 9.000 0.000 0.000 
-0.397 O.OO 0.00 0.00 1.000 9.009 0.000 
-0.510 0.00 0.00 O.OO 0.000 O.OOO 0.000 
-0.955 0.00 0.00 0.00 0.000 0.000 0.900 
-0.800 9.00 0.00 0.00 9.000 0.000 0.000 
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s m : 1 sin 1088 

101 DESCIiniOl: l U R L I 1: BASIC SUO TIST SIIOUTIOI 

n o M R mass N N i m u u i r s o i o m mi BQIU 
m i C L I DSCSUUTIOI: SLD ICCtUUTlOl • 300 n i l 

CliSI TICTIV: 05TI T t K I R I U U l l 

coRicT roicES - s i a u T r u l u n . s i o K i n 

riGI 40 

UOI: 35.01 

f t m 10 (looon r i o i u . ) IS. SIQIUT 11 ( L T ) 

Dia- K U U l FItCTlOl U S D l i m CORICT IDCUIOI ( II.) 

Tiia ICTIOi 70ICI FOICI roKi ira U F U S K I ) 

(eici ( If.) ( U.) ( U.I { U.I I r z 
0.000 0.001 0.08 0.00 0.08 51.130 -3.410 •3.188 

1.000 0.001 0.07 0.01 8.07 91.130 •3.419 •3.188 

4.000 O.OOl 0.11 0.04 0.11 51.139 •3.410 •3.185 

1.000 0.005 0.10 0.14 1.32 51.140 •3.110 -3.117 

8.000 0.010 0.75 0.3T 1.13 51.145 •3.410 •3.101 

10.000 0.010 1.90 0.10 1.71 91.154 -3.410 -3.109 

13.000 0.031 1.07 1.33 1.98 91.108 •3.410 -3.309 

14.000 0.048 4.10 1.05 4.59 51.184 •3.419 •3.313 

10.000 0.070 9.03 1.00 8.83 91.308 •3.410 •3.341 

11.000 0.008 1.18 4.00 9.15 91.334 •3.410 •3.385 

30.000 0.128 13.70 0.15 15.31 91.388 •3.410 •3.303 

21.000 0.I8S 10.47 19.13 11.11 51.408 -3.410 •3.415 

11.000 0.108 10.18 14.13 31.59 51.484 •3.410 •3.474 

20.000 0.150 30.51 10.19 43.14 51.480 •3.410 •3.498 

28.000 0.109 40.45 14.13 55.29 51.503 •3.410 •3.507 

30.000 0.344 80.80 30.34 87.95 51.511 -3.410 •3.513 

33.000 0.301 71.70 38.14 80.17 51.919 •3.410 •3.519 

34.000 0.444 133.80 88.80 140.37 51.519 •3.410 •3.510 

30.000 0.483 188.00 04.05 210.29 51.519 •3.410 •3.520 

38.000 0.507 119.74 100.11 245.81 51.915 •3.410 •3.518 

40.000 0.514 119.05 101.03 241.55 51.508 •3.410 •3.511 

42.000 0.515 113.01 100.51 231.18 51.407 •3.411 •3.501 

44.000 0.514 111.01 I09.00 237.03 51.411 -3.411 •3.400 

40.000 0.514 111.10 105.95 138.99 51.405 -3.413 •3.475 

48.000 0.514 111.07 109.04 137.10 51.448 •3.415 •3.459 

50.000 0.511 107.70 103.85 131.11 51.415 -3.417 •3.441 

52.000 0.408 100.37 05.18 111.83 51.309 •3.430 •3.410 

54.000 0.471 155.81 77.10 173.97 51.381 •3.431 -3.381 

50.000 0.430 107.01 53.08 110.88 81.308 •3.435 •3.341 

58.000 0.305 50.01 10.50 85.R 51.188 -3.437 •3.310 

80.000 0.353 50.53 15.17 58.50 51.150 •3.438 •3.301 

62.000 0.307 41.43 20.71 48.31 51.180 •3.431 •3.317 

84.000 0.188 33.84 18.11 37.81 51.317 •3.438 -3.409 

88.000 9.134 18.00 13.45 30.87 51.514 •3.431 -3.518 

88.000 0.100 10.05 10.01 21.41 51.657 •3.425 •3.837 

70.000 0.150 13.00 8.05 15.54 51.113 -3.413 -3.787 

73.000 0.111 8.75 3.37 7.55 51.971 •3.393 •3.901 

74.000 0.050 1.80 1.40 3.)3' 51.118 .-3.308 •4.031 

78.000 •0.008 0.00 0.00 8.00 O.OOO 0.000 0.000 

78.000 •0.077. 0.00 0.00 0.00 0.000 0.000 0.000 

80.000 -0.141 0.00 0.00 O.OO 0.000 0.000 0.000 
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Din: 
101 DlSClimoi: 

naicu DEcniuTioi: 
CUSI riCTII: 

t sin 1081 
NUFFU I: IISIC SLID TIST SIIRUTIOI 
na MR uuiss WN ETTiuaiTsoii LOI WSI BOIID 
SIN ICCILIUTIOI - ICQ TUI 
tsn ruciniu uu 

rioi 41 
rioi: 39.01 

U M S J STSNN BUT NOTOIN ROICIS 
l a r 10. 1 or luiEss 10. 1 . BUT 10. 1 or UUISS lo. i 

roin 10. 1 r o m K . 11 r o m N. 13 • r om 10. 17 

r m STUII roKi STUll roici n u l l roKi STUII roici 

(EIC) ( II./ II.) I LI.) 1 II./ II.) { U.) ( 11./ 11.) ( U.) 1 11./ 11.) ( Ll.) 

0.000 8.000000 8.00 0.000000 8.00 o.OOOOOO 0.00 O.OOOOOO 0.00 

3.000 0.000015 0.37 8.000017 0.15 I.OOOOI4 9.11 I.OOOOI8 0.17 

4.000 O.OOOI18 1.70 0.000065 0.01 1.000057 0.95 0.000151 1.17 

1.000 e.oooii! 4.11 0.000150 1.15 1.000114 1.18 1.000470 7.04 

a. 000 0.000513 7.15 0.000170 4.15 O.OOOlll '3.19 0.00I0I8 15.17 

10.000 8.00085( 11.11 0.000138 0.57 0.000330 5.04 0.001803 17.04 

13.000 0.001013 )5.34 0.000411 7.11 0.000344 5.10 0.001454 30.81 

14.000 8.001310 19.10 0.000515 7.72 0.000433 1.50 0.003108 47.51 

18.000 0.001071 15.09 0.000551 8.17 9.000490 7.44 0.003850 57.84 

11.000 8.001410 11.30 0.000400 6.00 9.000404 9.00 0.003417 51.41 

10.000 0.001831 17.40 0.000484 7.18 1.000408 7.40 9.004178 84.13 

11.000 0.001383 35.45 0.000817 0.18 0.000643 9.15 0.005470 81.18 

14.000 0.003085 40.17 0.000877 13.15 0.000011 13.11 0.110008 185.11 

18.000 1.004040 80.01 0.001115 18.11 0.001184 19.16 0.011038 315.53 

18.000 0.006003 90.05 0.001714 15.85 6.001788 18.51 0.017340 410.10 

30.000 0.000471 141.09 0.001156 33.13 0.001410 38.44 0.035707 584.14 

31.000 0.113070 101.09 0.003149 41.73 0.004371 65.51 0.013071 355.08 

34.000 0.010700 190.15 0.004754 71.30 0.001491 116.01 0.010805 311.97 

30.000 0.076148 391.10 0.007114 100.80 0.011334 175.01 0.015015 375.38 

38.000 0.837100. 404.00 0.010831 101.40 0.030109 453.17 0.830301 830.04 

40.000 0.037109 OOO.I7 0.011013 315.35 0.940141 654.11 0.050100 1171.50 

41.000 0.043093 711.17 0.030015 570.40 0.050145 183.00 0.075150 1181.99 

44.000 0.048343 1)0.85 0.053158 1054.49 0.000530 1401.57 0.004807 1930.53 

46.000 0.053817 1051.14 0.071518 1090.44 0.071148 1010.17 0.084515 1070.14 

48.000 0.055171 1110.35 0.087363 1830.13 0.050456 1161.15 0.103787 3031.84 

50.000 0.058800 1310.41 0.098307 3410.17 0.085766 . 1085.80 9.093183 3175.81 

51.000 9.004710 1019.01 0.008088 3430.48 0.068516 1831.10 0.107114 3751.15 

54.000 0.071110 1011.35 0.087901 1863.58 0.074577 1151.51 0.001631 3100.84 

50.000 0.070008 1131.50 0.071009 1988.17 0.075155 1183.10 0.080018 1917.04 

58.000 0.074407 1141.31 0.049510 840.31 0.009780 1898.81 9.084438 1075.13 

00.000 0.001093 1415.81 0.010359 395.38 0.081583 1578.81 0.063383 3148.11 

01.000 0.047014 790.48 0.005150 77.34 0.831040 490.10 0.080107 1783.80 

04.000 0.018117 417.86 0.000000 0.00 0.014400 387.48 0.005353 1003.71 

06.000 0.007038 105.57 0.000000 0.00 0.00013) 83.48 0.051787 044.69 

08.000 O.OOOOOO 0.00 0.000000 0.00 O.OOOOOO 0.00 9.037007 609.15 

10.000 0.000000 0.00 0.000000 O.OO 0.000000 9.00 0.011501 337.51 

11.000 O.OOOOOO 0.00 o.oooooo 0.00 0.000000 0.00 0.011711 190.87 

74.000 O.OOOOOO 0.00 •0:000000. 0.00 O.oooooo 0.00 0.006159 91.39 

70.000 o.oooooo 0.00 o.oooooo 0.00 O.oooooo 0.00 0.000000 0.00 

78.000 0.000000 O.OO o.oooooo 0.00 0.000000 0.00 0.000000 0.00 

80.000 o.oooooo 0.00 0.000000 0.00 0.000000 O.OO O.OOOOOO 0.00 
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Din.-
101 DISCIlRtOI: 

n a i a i otcniUTioi: 

cusa tlCTIB: 

} sin 1019 

lURLI I: BISIC SLID TIST SIlfllUTlOi 
TN LAT B u n s s IITS npiuLLirsoio roi oisi KUO 
siio iccaiuTioi - TOO rut 
osTB r u c i n i u U L I 

c o n c T fotcis • s E o a n lo. I ( CT I TS. S I A A N M . U ( ai> 

nicTioi u s E T i n conicT LOCITIOI I I I . I 

MOI n 

T I B ICTIOI FOICI r o K i FOKI SEo. 1 L c c a u n u i c i SIO. 13 LOCIL U F I U K I 

( B I O 1 I I . ) ( LB.) 1 LI . ) I LB.) I 7 z I • T Z ; 

O.OOO O.OOO 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000 

1.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 O.OOO o.ooo 1.000 

4.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000 

1.000 0.000 o.oo 0.00 o.oo 0.000 0.000 9.000 o.ooo 0.000 o.ooo 

1.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.100 0.000 0.000 

10.000 o.ooo 0.00 0.09 0.00 0.090 0.900 0.000 o.ooo o.ooo 0.000 

11.000 0.000 0.00 0.00 0.00 9.000 0.000 0.000 0.000 0.000 0.000 

14.000 0.000 0.00 0.00 0.00 0.000 0.000 0.009 o.ooo 0.000 9.000 

lO.OOO o.ooo 0.00 0.00 0.00 9.000 0.000 0.000 0.900 0.000 0.000 

tl.OOO 9.000 0.00 0.00 0.00 0.000 0.000 0.000 o.ooo 9.000 o.ooo 

10.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 o.ooo 0.000 

11.000 0.000 0.00 0.00 0.00 0.000 0.000 o.ooo 0.000 0.000 0.000 

14.000 0.000 0.00 0.00 o.oo 0.000 0.000 o.ooo o.ooo 0.004 0.000 

19.000 0.000 0.00 0.00 0.00 o.ooo 0.000 0.000 0.000 0.044 o.ooo 

IS.OOO 0.000 0.00 0.00 0.00 0.000 0.000 0.000 o.ooo 0.004 0.000 

30.000 0.000 0.04 0.00 0.00 0.000 0.009 0.000 0.000 0.040 0.000 

31.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 o.ooo 

34.000 0.000 0.00 o.oo o.oo 0.000 0.009 0.000 0.000 o.ooo o.ooo 

38.000 o.ooo 0.00 0.00 9.00 0.000 0.000 0.000 o.ooo 9.090 0.000 

38.000 o.ooo 0.09 0.00 0.00 0.000 0.000 0.000 o.ooo 0.000 0.000 

40.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 o.ooo 0.000 

41.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 o.ooo 

44.000 0.009 4.30 I.IO 4.51 i.oia 5.385 -1.740 •0.175 -0.809 •7.008 

40.090 0.010 3.81 o.oo 3.73 1.038 5.380 -1.730 -9.181 -0.803 -7.003 

4B.OOO 0.000 0.00 0.00 o.oo 0.000 0.000 0.600 0.000 0.000 0.000 

89.000 0.000 0.00 0.00 0.00 0.000 o.ooo 0.000 9.004 0.000 0.000 

51.000 0.000 0.00 0.00 0.00 0.000 o.ooo 0.000 9.040 0.000 o.ooo 

54.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.004 0.000 o.ooo 

56.000 o.ooo 0.00 0.00 0.00 0.000 0.000 0.000 0.004 1.000 o.ooo 

58.000 0.000 0.00 0.00 0.00 0.000 0.000 9.000 1.044 0.640 0.000 

80.000 o.ooo 0.00 0.00 0.00 0.000 0.000 0.000 0.040 o.ooo o.ooo 

61.000 0.000 0.00 0.00 0.00 o.ooo 0.000 0.000 4.444 0.000 0.000 

04.000 0.000 • 0.00 0.00 0.00 0.000 9.000 0.000 0.404 0.000 0.000 

80.000 0.000 0.00 0.00 0.00 o.ooo 0.000 o.ooo 4.004 0.000 0.000 

88.000 o.ooo 0.00 0.00 0.00 0.000 0.000 0.000 0.004 0.000 0.000 

70.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 o.ooo 0.040 0.000 

71.000 0.000 0.00 0.00 0.00 0.000 o.ooo 0.000 0.000 9.000 0.000 

74.000 0.000 0.00 • 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0 . 0 0 0 

70.000 0.000 0.00 0.00 0.00 • 0.000 , , 0.000 0.000 o.ooo 0.000 o.ooo 

78.000 0.000 0.00 ,0.00 o.oo 0.000 0.000 0.000 o.ooo 0.000 0.000 

80.000 0.000 0.00 0.00 o.co 0.000 0.000 0.000 0.000 0.000 0.000 

nai: 3T.0I 
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wTi: : sm m "" 
101 oisciimoi: tiuru i: aisic sin TIST SIKEITIOI 

no lET mnsj n n ITMIIU.IFSOID roi oisi MUD MO: 
nBIOl DtCILUiTIOl: sm ICtlUUTIOI - lOO FtU 

CUSI TIAII: 9SN RNCDTILI LUI 

conicT fOKis - srain M. 8 ( IE» TS. siotn M. IS I LUI 

OUl- lOllUL FliniOI IISETUT conia LociTioi (ii.) 
Tin latoi FOKI FOtCI FOKt SEfl. SLociLiminci n a . 13 lOClL UFIUKI 
(EEC) (II.) ( LI.) ( U.) ( U.) I T z I T z 

0.000 0.000 0.00 0.00 0.00 0.000 0.000 f.OOO l.OOO 0.000 0.000 

8.000 0.000 0.00 o.oo 0.00 0.000 0.000 1.000 f.OOO 0.000 o.ooo 
4.000 0.000 0.00 0.00 0.00 o.ooo 0.000 0.000 f.OOO 0.000 9.000 

6.000 0.000 0.00 0.00 0.90 1.000 1.000 0.000 f.OOO 0.000 0.000 

L.OOO 0.000 o.oo 0.00 9.00 1.009 o.ooo 0.000 0.000 0.000 o.ooo 
10.000 0.000 0.00 0.00 o.oo o.ooo 0.000 l.OOO l.OOO 0.000 0.000 

18.000 0.000 0.00 0.00 0.00 o.ooo 0.000 0.000 1.009 0.000 0.000 

I4.000 0.000 0.00 0.00 0.00 o.ooo 0.000 o.ooo 1.000 o.ooo 0.000 

18.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000 

18.000 0.000 0.00 0.00 0.00 0.000 0.009 0.000 0.000 0.099 o.ooo 
80.000 0.000 0.00 o.oo 0.00 0.000 o.ooo o.ooo 0.000 0.000 0.000 

88.000 o.ooo 0.00 0.00 0.00 0.000 9.000 0.000 1.000 0.000 o.ooo 
14.000 0.000 0.00 0.00 0.00 o.ooo 0.000 0.000 9.000 0.000 0.000 

18.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 o.ooo 0.000 

18.000 o.ooo 0.00 0.00 0.00 0.000 0.000 0.000 9.000 0.000 0.000 

SO.OOO 0.000 0.00 0.00 0.00 o.ooo 0.000 0.000 1.000 0.000 9.900 

31.000 o.ooo 0.00 o.oo 0.00 0.000 0.000 0.000 l.OOO 0.000 0.000 

34.000 0.000 0.00 0.00 0.00 0.000 0.000 9.000 0.000 0.000 0.000 

38.000 0.000 0.00 0.00 o.oo 0.000 0.000 0.000 0.000 0.000 9.000 

31.000 0.000 0.00 0.00 0.00 o.ooo 0.000 0.000 0.000 0.000 0.000 

40.000 o.ooo 0.00 0.00 0.00 0.000 o.ooo 0.000 o.ooo 0.000 0.000 

41.000 0.000 0.00 0.00 0.00 0.000 o.ooo 0.000 0.000 0.000 0.000 

44.000 0.000 0.00 0.00 0.00 o.ooo o.ooo 0.000 0.000 0.000 0.000 

48.000 o.ooo 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 o.ooo 
48.000 0.000 o.oo 0.00 0.00 o.ooo 0.000 0.000 0.000 0.000 0.000 

M.OOO 0.000 0.00 0.00 0.00 0.000 0.000 0.000 o.ooo 0.000 0.000 

51.000 o.ooo 0.00 0.00 0.00 o.ooo 0.000 0.000 0.000 o.ooo 0.000 

54.000 0.000 0.00 o.oo o.oo 0.000 0.000 0.000 0.000 o.ooo 0.000 

58.000 o.ooo 0.00 0.00 0.00 0.000 0.000 0.000 1.000 o.ooo 0.000 

58.000 0.000 0.00 0.00 0.00 0.000 0.000 l.OOO 0.000 9.000 0.000 

80.000 0.000 0.00 0.00 0.00 o.ooo 0.000 0.000 0.000 0.000 0.000 

82.000 o.ooo 0.00 0.00 0.00 o.ooo o.ooo O.OOO 0.000 0.000 0.000 

04.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000 

80.000 0.000 0.00 0.00 0.00 o.ooo 0.000- 0.000 0.000 o.ooo 0.000 

08.000 0.000 0.00 0,00 0.00 0.000 0.000 0.000 0.000 9.000 o.ooo 
70.000 0.000 0.00 0.00 o.oo 0.000 0.000 0.009 0.000 0.000 0.000 

72.000 o.ooo 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000 

74.000 o.ooo 0.00 0.00 o.oo • 0.000 . 0.000 0.000 9.900 9.000 0.000 

78.000 0.000 0.00 o.oo 0.00 0.000 0.000 o.ooo o.ooo 0.000 0.000 

78.000 0.000 0.00 0.00 0.00 o.ooo 0.000 0.000 0.000 0.000 0.009 

80.009 0,000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0,000 o.ooo 
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D i n : 1 n r r loei 
i n sisciimoi: i i u r u i: BASIC SUO nsr SIIDUTIOI 

no BUT BAuiss nn imuuirsoio foi DASH HOAID 
nS ICL I DICIUUTIOI: SUO ICCIUUTIOI - loa r i u 

CUS I TicTiM: o s n r i B c i n i u u u 

COUACT Foicis - sKant M. 13 (lU) n. siauiT lo. is (ni) 

riGI 40 

not : 41.01 

Din- KUIL ntCTlOi USOITAIT COniCT LOCATIOI ( II.) 
TIU ICTIOI FOUl roici rotci SIO. 13 LOCAL UTIUKI no. 16 LOCAL UniEKI 
(etc) ( 11.) ( U.) ( U.) ( U.) 1 T Z 1 T Z V 

0.000 O.OOO O.OO 0.00 0.00 0.009 0.009 0.000 0.009 0.000 0.000 
1.000 o.ooo O.OO 6.00 O.OO O.OOO 0.600 6.000 . 0.000 0.000 9.000 
4.000 0.900 O.OO 0.00 0.00 0.000 0.600 9.000 0.000 o.ooo 0.000 
1.000 0.000 0.09 0.00 O.OO O.OOO 0.000 0.000 1.000 0.000 0.000 
o.ooo 0.000 9.00 0.00 0.00 0.000 0.000 0.000 o.ooo o.ooo 0.000 

10.000 0.000 0.00 0.00 0.00 O.OOO 0.000 0.009 0.000 0.000 9.000 
11.000 o.ooo 0.00 0.00 9.09 0.000 0.000 0.600 1.000 o.ooo o.ooo 
14.000 9.000 0.00 0.00 0.00 0.000 •0.000 O.OOO 0.000 0.000 9.900 
lO.OOO o.ooo 0.00 9.00 0.00 0.000 0.009 0.009 9.000 0.000 0.009 
II.OOO 0.000 O.OO 0.00 O.OO 0.000 0.000 0.000 1.000 0.000 0.000 
10.000 o.ooo 0.00 6.00 O.OO 0.000 0.006 0.009 0.000 0.000 0.000 
11.000 0.000 0.09 O.OO 0.00 0.000 0.000 0.000 o.ooo o.ooo o.ooo 
14.000 o.ooo 0.00 0.00 O.OO 0.000 0.000 0.009 o.ooo o.ooo 0.000 
16.000 9.000 0.00 0.00 0.00 o.ooo 0.001 0.000 0.000 0.000 0.009 
18.000 0.009 0.00 0.00 0.00 0.000 0.000 9.000 0.000 o.ooo 0.009 
30.000 0.000 0.00 0.00 0.00 0.000 0.000 0.009 0.000 0.000 O.OOO 
31.000 o.ooo O.OO O.OO 0.00 0.000 0.000 0.000 0.000 0.000 0.000 
34.000 0.000 0.00 O.OO O.OO O.OOO 0.009 0.009 1.000 0.000 0.000 
30.600 0.000 0.00 0.00 9.00 0.000 0.000 0.000 0.000 0.000 0.000 
31.009 0.000 0.00 0.00 9.00 0.000 0.000 O.OOO o.ooo 0.000 0.009 
40.000 0.000 O.OO 0.00 0.00 0.000 o.ooo 0.000 0.900 o.ooo 0.000 
41.000 0.000 0.00 0.00 0.00 0.000 9.000 0.009 1.000 0.000 0.000 
44.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 o.ooo 0.009 
40.000 o.ooo 0.00 O.OO 0.00 o.ooo 0.000 o.ooo o.ooo o.ooo 0.000 
48.000 0.000 0.00 6.00 0.00 0.000 0.000 0.000 l.OOO 0.009 0.009 
60.000 0.000 O.OO O.OO 0.00 o.ooo o.ooo 0.000 l.OOO o.ooo 0.000 
51.000 0.000 0.00 O.OO 0.00 0.000 0.000 0.000 o.ooo 0.000 0.000 
54.000 0.000 0.00 0.00 O.OO 0.000 0.000 o.ooo 0.000 o.ooo 0.000 
58.000 0.000 0.00 0.00 O.OO 0.000 0.009 0.000 o.ooo 9.000 0.000 
59.000 o.ooo 0.00 O.OO 0.00 0.000 0.000 0.000 o.ooo 0.000 0.000 
60.000 0.000 0.00 O.OO 0.00 o.ooo 0.000 0.000 0.000 o.ooo 0.000 
61.000 0.000 0.09 0.09 0.00 0.000 0.000 0.000 o.ooo 9.000 0.000 
04.009 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 o.ooo 
06.009 0.000 0.00 O.OO 0.00 o.ooo 0.000 0.000 0.000 o.ooo 0.000 
66.000 0.117 14.70 11.30 17.71 1.714 0.433 1.758 31.371 6.599 -13.111 
70.000 0.406 103.03 00.31 115.11 1.651 0.418 3.110 31.411 6.106 -13.310 
71.000 0.671 444.63 111.41 407.33 1.601 0.401 3.504 31.546 6.810 •13.401 
74.000 0.617 361.71 181.36 405.53 . 1.587 0.388 3.850 31.511 0.011 •13.301 
76.000 0.410 87.00 43.50 07.17 1.600 0.370 4.164 31.400 7.003 -13.310 
71.000 0.110 13.00 11.05 16.71 1.911 0.354 4.440 31.311 7.071 -13.140 
80.000 0.103 5.46 1.73 6.19 1.606 0.341 4.711 31.156 7.143 -13.100 
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Bin: I m r ua i 
IDI BCCIiniOl: l U V U 1: IISIC SUD TIST SIIRUTIOI 

n o l a r u i n s s i i r s n r i u u t r s o i D roi o u i sous 
n s i c u DiciuuTioi: SUB iccatuTioi - TOO r u i 

CUSI TICTU: tSTI mcUTlU U U 

c o m a roKis • s i o e n w. is ( l u ) .is. SIOIIT M. n ( M ) 

UOI 47 

OEa- HUU, FIICTIOI USOITUT COmCT lOClTIOI 1 II.) 
Tin ICTIOI /OKI FOKI rOKE SEO. 15 uxa UflUKI SEO. to lOCiL UmZKI 
lEECI (II.) ( U.) 1 U.) ( U.) I T z I I z 

0.000 0.000 0.00 0.00 0.00 0.000 O.OOO O.OOO 0.000 6.000 O.OOO 
1.000 0.000 0.00 O.OO 0.00 O.OOO O.OOO 0.000 O.OOO 0.000 0.000 
4.000 0.009 0.00 0.00 0.00 O.OOO 0.000 0.000 0.000 0.000 0.000 
t.OOO 0.000 0.00 9.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000 
8.000 0.000 O.OO 0.00 o.oO" 0.000 O.OOO 0.000 0.000 0.000 0.000 

10.000 0.000 0.00 O.OO 0.00 0.009 0.009 O.OOO 0.000 0.000 0.000 
11.000 O.OOO 0.00 9.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000 
14.000 O.OOO 0.00 O.OO 0.00 0.000 9.000 O.OOO 9.000 0.000 0.000 
10.000 0.000 0.00 0.00 0.00 0.000 0.000 9.000 0.000 0.000 O.OOO 
18.000 0.000 0.00 0.00 0.00 0.000 0.009 O.OOO O.OOO 0.000 0.000 
10.000 O.OOO 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000 
11.000 0.000 0.00 O.OO 0.00 0.000 0.009 O.OOO 0.000 0.000 9.000 
14.000 0.000 0.00 O.OO 0.00 0.000 O.OOO 0.000 9.000 0.000 0.000 
10.000 0.000 0.00 0.00 0.00 0.000 0.000 0.009 0.000 0.000 0.000 
18.000 O.OOO 0.00 0.00 0.00 0.000 0.000 0.009 0.000 0.000 0.000 
30.000 0.600 0.00 0.00 0.00 0.000 0.000 0.000 O.OOO 0.000 0.000 
31.000 0.000 O.OO 0.00 0.00 0.009 0.000 0.000 O.OOO O.OOO 0.000 
34.000 0.000 O.OO 0.00 0.00 0.000 0.000 O.OOO 0.000 0.000 9.000 
30.000 0.000 0.00 9.00 0.00 0.000 0.000 0.000 0.000 O.OOO 0.000 
31.000 0.000 O.OO 0.00 0.00 0.000 0.000 0.009 O.OOO 0.000 0.000 
40.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 O.OOO O.OOO 0.000 
41.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 O.OOO 0.000 O.OOO 

44.009 0.000 0.00 0.00 O.OO 0.000 O.OOO 0.009 0.000 O.OOO 0.000 
40.000 9.000 0.00 0.00 0.00 0.000 0.000 0.000 9.000 0.000 0.000 
48.000 0.000 0.00 0.09 0.00 0.000 0.000 0.000 0.000 0.000 0.000 
SO.OOO 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000 
51.000 0.000 O.OO O.OO 0.00 0.009 0.000 0.000 O.OOO 0.000 0.000 
54.000 0.000 O.OO 0.00 0.00 O.OOO 0.000 O.OOO 0.000 0.000 0.000 
50.000 0.000 O.OO 9.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000 
58.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 O.OOO 0.000 
00.000 O.OOO 0.00 9.00 0.00 0.000 0.000 1.000 O.OOO 0.000 O.OOO 

01.000 0.000 0.00 O.OO 0.00 O.OOO O.OOO 0.000 0.000 0.000 0.000 
04.000 0.000 0.00 9.00 0.00 0.000 O.OOO 0.009 0.000 O.OOO 0.000 
00.009 0.000 0.00 0.00 0.00 0.000 0.000 0.000 9.000 9.000 O.OOO 

00.000 0.000 0.00 9.00 0.00 0.000 O.OOO 0.000 0.000 O.OOO 0.000 
70.000 0.000 0.00 9.00 0.00 0.000 0.000 0.000 O.OOO 0.000 0.000 
71.000 0.514 110.73 113.37 153.40 1.755 0.307 0.851 31.915 -6.110 -13.311 
74.000 0.804 010.11 30S.10 681.13 • 1.711 0.198 0.537 31.731 •0.130 -13.430 
70.000 0.007 730.13 398.00 813.01 1.009 0.181 0.417 31.764 -0.147 -13.480 
70.000 0.708 500.10 195.10 050.80 1.710 0.183 0.104 31.004 -0.178 -13.450 
00.000 0.583 303.74 151.87 339.00 1.758 0.144 0.157 31.574 -9.114 -13.388 

riOI: 41.91 
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lie, Dl UD esi iisDin n a u 

n u l u n r ciimioi 

l i e • I92.M TIM DDIiTIOf • ST.OOO TO OS.OOO DIC 
IITI n i o USOLTUTS > » . I U UD U.<94 O'S 

i n u a n u USHTUT rot TIM DOUTIOI > 40.9T4 O'S 

D u s i m m i n n 

BI • 14S.19 

KU m i USOITUT • 05.TII O'S IT 09.000 DIC 

cnsT imiiTT lion 

CII . 73J.04 

U I CUST USDLTUT • 149.473 O'S IT 50.000 E t C 
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lUFSID CW TIE > 111.45 SXCOIOS 
JOB CILU TIE I 

uino 1 155 0.53 
iirn I 305 1.05 
CBill 484 831 1.85 
uoin 484 10 0.10 
Dtn 41 885 3.04 
?DM 581 nil 3.81 
DIDX 485 1058 3.91 
SITWl 485 789 1.93 
COfTCT 485 444 1.51 
rixiF 5511 1144 7.70 
stosta 18» 1010 8.98 
BSaT 1072 4385 15.05 
Tisri 483 1911 9.59 
snEi 483 157 0.54 
DIOXIl 483 1591 5.39 
DIBIII 483 978 1.33 

' DlEll 483 370 1.17 
FSBOl. 1071 3988 13.98 
onm 88 707 1.43 
UrDlTI 85 53 0.18 
mm 85 3891 13.15 
m 481 455 1.59 
rosTTi 1140 3.94 

TOTIL 19145 190.00 

rioi 49 
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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 
EXAMPLE 2: D7HAMIC JOIIIT TEST 
SLIP JOINT / 600 KNOT WIND 
IN. LB.SEC. 0.0 0.0 386.088 
4 20 0.002 0.0005 0.001 .000063 

1 020 2 0 0 0 0 0 0 0 0 0 0 0 0 016 0 0 0 0 0 0 0 
1 95TH PEBCENTILE MALE 

5.901 .3331 .3331 .0214 1.871 1.87110.269 0 

0 . 0 

1 0 0 0 1 0 0 0 0 0 
2 

LABM L 
UABM n 
ELBW E 

5.542 .1743 .1743 .0259 2.122 2.122 7.497 
1 5 0.00 0.00 8.20 0.00 0.00 -5.42 

0.00 0.00 0.00 0.00-67.19 0.00 

000 0.000 
000 0.000 

1 0.00 

0 .000 
0.000 
0.00 

CABD AlA 

CABD A3 
CABD A4 
ICABD A5 
CABD 81 
CABD B2A 
CABD 82A 
CABO B3A 

.00 .00 .00 .00 .00 .00 .00 .00 .00 .OOCABD 84 
0.0 0.0 30. 0.0 0.0 0.0 0.0 CABD 85 
.00 .00 .00 .00 .00 .00 .01 .01 .001 .001 .001 .00ICABD 86 
.00 .00 .00 .00 .00 .00 .01 .01 .001 .00 .00 .OOCABD 86 

CONSTANT WIND VELOCITY OF 600 KNOTS 
0.0 0.0 0.012161. 0.00 0.00 0.00 0.00 -3 0.0 2. 30 OCABD C2A 
2 1 3 CABD C2B 
0.000 0.000 0.000 0.000 0.000 0.000 0. 000 CABD C5 
0 .000 0.000 0.000 12161.000 0.000 0.000 0. 000 CABD C5 
2.300 0.000 0.000 12161.000 0.000 0.000 0. 000 CABD C5 
4 .600 0.000 0.000 12161.000 0.000 0.000 0. 000 CABD C5 
1 0 0 0 0 0 0 1 0 0 CABD Dl 

1 WIND PLANE CABD D2A 
10.0 10.0 5.0 CABD D2B 

-10.0 10.0 5.0 CABD D2C 
10.0 -10.0 5.0 CABD D2D 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CABD D7 
999 CABD El 

1 WIND FOBCE CABD E6A 
1.4000 13404.0000 14 :.6960 1 3 CABD E6B 

0 CABD FIA 
0 0 CARD F3A 
0 CABD F4A 
1 1 CABD F7A 

-1 1 3 1 1 0 1 2 2 CABD F7B 
-2 2 3 1 1 0 1 1 1 CABD F7B 

0.0 0.0 0.0 0 0 0 0 1 CABD QIA 
0.66000 0.00000 -18. 98000 0.0 0.0 0.0 CABD G2A 

0.00 -2.00 0.00 0.00 0.00 0.00 3 2 1 OCABD a3A 
0.00 -2.00 0.00 0.00 0.00 0.00 3 2 1 OCABD G3A 
0 CABD HIA 

CABD HIB 
0 ^ CABD H2A 

CABD H28 
3 2 1 0.0 0.0 8.20 CABD H3A 

1 2 0.0 0.0 -5.42 CABD H3B 
4 2 0.0 0.0 0.0 CABD H3B 

0 CABD H4 
0 CABD H5 
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0 CARD H6 
1 1 CARD H7 
2 0 1 0 2 CARD H8 
1 1 1 CARD H9 
0 CARD HIO 

CARD HI 1 
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M I L IITICUIITED TOTIL LODT UTB) B O A riGE I 

DEniOFED BI CILSMI COE.. F.O. BOX 400, BEfllO E 14115 
i n IT J t J TECHIOIOOIES IXC.. OKHUO M U , I I 14117 

FOI THE I I I FOKE 111611010 lEIOSFlCE EDICIL lESEUCB 
IIBOMTDIT, niGBT FinEISOl I I I FOBCX USE 
DIOEI COnUES F}]B15-75C-5001,-7tC-051l UO -B0C-05117 

i n FOI TE IITIOIIL IIOBHF lUFFIC SIFETT n i n i l E l l T I O I . 
g.s. DEFiiTicn OF T i i n n n i T i o i , o n E t c o n u n s 
FH-ll-7581. K-053-1-485, K-8-01300 i n IS-8-01410. 

NOGIAH DOCmniTIOi : IBTSl UFOIT BOS. DOT-BS-BOI-507 
TiaOOGB 510 (FOIBEIir CILSPII lEfOE n . Z(J-5180-L-1I. 
i n i U B i E FBI n i s uccEssioi n s . rB-i4ioo}.3,4 i n si, 
i r rEni iES i -J TO T E I I O E IITULIBLE FION c iLs r i i i . 
i n u r o E n s . IIRL-TI-TS-II I E I S n . lo - io i i iioi, 
lFlUL-TI-80-14 (EIS 10. 10-1088 019). UO 
lfiaL-TI-83-073 ( E I S 10. 10-1079 184). 

fMOIlH ITB-It, TXECEEO 08 T E U B U B B COKOUEE 
3150 COEEEB. WIGE-FINEBOL 1F8. 0810 

FEB. 4, 1088 m i l ' 0 IISOE' 0 iSTlE > 0.0000 

EILELE 1: ormrc JOIE TEE 
SLIF JOIE / 800 HOT HID 

c m s 1 

E17L > II. BIIITII > IB. E i n < SEC. GUTITT lECTOi > ( 0.0000, 0.0000, 3BB.OBBOI 0 < 385. 

n i E > 4 ISTEFS > 10 DT 'O.OOIOOO HO >0.000500 HBII >0.001000 E l l >0.000003 

iPE m i T 

1 1 3 4 5 > 7 B 9 10 11 II 13 1115 10 17 18 10 10 11 11 13 14 15 IB 17 IB 19 30 31 31 33 34 35 38 

1 0 10 1 0 0 0 0 0 0 0 0 0 0 0 0 0 16 0 0 0 0 9 0 0 1 0 0 0 1 0 0 0 0 0 1 
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M S B ticTu S5IG F E K I N A I M I J SECKEIITS I JOIITS 

riiiciriL KiEiiTs or iiEnii 

SeCKST lEIGBT { It.-SlC.i'i- I I .) 
I SIV riOT I LB.) I T Z 

I LIBB L 5.001 0.3331 0.3331 O.OIM 

1 DUI 0 5.SU 0.1143 0.IT43 0.0250 

sEGBEn coBTicT EairsoiD 
SEBIUES I 11.1' CEHEI ( II.) 

I.Ill I.171 10.109 

1.151 J . M 7.407 

I T • Z 

0.000 0.000 0.000 
0.000 0.000 0.000 

UGE 2 
CABD B.l 
CIBOS B.l 

FIIIClrAL AXES IDEGI 
TAV riTCB BOLL 

0 . 0 0 
0.00 

0.00 
0.00 

0.00 
0.00 

JOIIT 

J STI PLOT JIT ril 

CLIDS B.3 
LOCATIOII II.) - SEO(JN) LOCATIOK II.I - SEO(JM) Fill. IIIS(DEG) - SEO(JIT) PHII. IXISIDEG) - SEOUM) 

X T 2 I T z R « n i c a s o u i u FITCH BOLL 

0.00 0.00 0.00 0.00 -07.10 0.00 1 ELBI E I 5 O.OOO 0.000 B.200 0.000 0.000 -5.420 

DILOCX COIDITIOIS FOB SLIP JOIITS 
join TEISIOI COIPIESSIOI 

( LB.) ( LB.I 

I 0.000 0.000 
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JOM ToiQoi camcrnisTtcs 

nam. sriiio cHuicrntsTics 

mi 3 
cms S.4 

Toisioia sriiio CUUCTHISTICS 

SFIIIO COEF. 1 11. U./DIOIIJ) EKIOT Join SrillO COEF. ( 11. LI./DEOiiJ) EIEIGT join 

join LIIEM QDIDUTIC COBIC OISSIUTIOI STor LllEll ODIDUTIC CDIIC DISSIFITIOI sTor 

(J<l) (J'll (JOI COEF. (DEO) (J'l) (J'll (JO) COEF. (DEOI 

1 ail 0.000 0.000 0.000 0.000 0.000 O.OOO 0.000 0.000 0.000 0.000 

mn nscm CMIKTEIISTICS JIC IOCI-BIWW COWITIOK 

IISCOOS COOLOB FOU FIICTIOI 

Join COEFFICIEn FIICTIOI COEF. UGOUI TELOCITT 
( II. LI.SEC./DEOI I I I . Ll.l (OEO/SEC.I 

1 A » 0.000 (.00 30.00 

U I TOlOtn FOI 

I LOCIEO join 

I II. LI.) 

0.00 

I I I TONOI FOI 
OILOCKED JOIN 

( II. ll.l 

0.00 

III. 110. TELOCITT 

FOI OILOCKED JOIIT 

(UD/SEC.) 

0.00 

CUDS 1.5 

inOLSE 
BESTlTDTIOf 
COEFFICIEn 

0.000 
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SEGKn irEGUTlOI COnEKEICE TEST lirUT 
net < 

ciaos 8.9 

SEGKEIT 
10. STB 

I LiBV 
] OtM 

iiooiii rcLoctrtES 
(MO/SEC.) 

BAG. IBS. lEL. 
TEST EIIOI EiSOi 

UBEAi raoctriES 
( li./SEC.l 

BAG. ABS. l a . 
TEST EBIOl ElEOl 

O.OOO 
0.000 

0 .000 0 .0000 
0.000 0.0000 

ueaiti •tccatwiDis 
(IAD/SEC.••]) 

BAO. ASS. lEL. 
TEST EIIOI EUOl 

0.000 
0.000 

0.000 0.0009 
0.000 O.OOOO 

0.010 

0.010 

0.919 0.0010 
0.010 0.0010 

LIBEAI ACCailATIOIS 
( IB./SEC.nOl 

BAO. ABS. AEl. 
TEST EIIOI EIIOI 

0.001 
O.OOO 

0.001 0.0010 
O.OOO 0.0000 
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1EBICU DICElEBiTlOl lirDTS 

coisTirr viiD niociTT OF OOO HOTS 

FIGE 
CUDS C 

Tl« UTca loa Tirs niiE lO(I) I0(T) IO(ZI lATAB ITO m BEG 
0.000 o.ooo 0.000 12101.000 0.000 0.000 0.000 0.000 -3 0.000000 2.300000 0 

SrillE FJT TilUUI IirDT 

LTTFE • J IFIT • J ms» 3 

IIITIIL LllEll roSITIOl ( U.) llITtAl lIGDlll rOSlTIOl (DEG) 
rilEISEC.)' 0.0000 I> 0.000 r» 0.000 Z' o.ooo r« 0.000 T' 0.000 Z» 0.000 

MIEll nUKlTJ I U./SEC.) UGOUl niOCITI (DEO/SEC.) 
TIIEISEC.I I T 2 I I z 
0.00000 O.OOO 0.000 12161.000 0.000 0.000 0.000 
1.30000 0.000 0.000 12161.000 0.000 0.000 0.000 
4.60000 0.000 0.000 12161.ooo 0.000 0.000 o.ooo 
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HBtCLC lIKU TIU ilSTOIT COISUE niB TELOCITI OF 000 HOTS 

FIGI 

FIGE 10. I 

TIK Lrnil OECELEIITIOFS (O'SI LIEU FFIOCITIES ( II./SIC.I LIEU Disniciens i ii.i 
IBECI I T z I T Z I I z 
0.000 0.000 0.000 0.000 0.000 0.000 I1I9I.OOO 0.000 0.000 0.000 

1300.000 0.000 9.000 0.000 0.000 0.000 11101.000 0.000 0.000 17010.300 
(000.000 0.000 0.000 0.000 0.000 0.000 11191.000 0.000 0.000 959(0.000 
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TEBICLt l i m i l T i n IISTOIT COBSTin I I IO T t lOClTT Of BOO HOTS 

n n UGOlil iccotunois <0£fl/SEC.iiT) ilSOUt TEWCiriES (OEO/SEC.) 

FACE 
riGE 10. I 

IIGDIAI DISPlACEnnS IDEGI 
(EECI I T z I T 2 IA» fircB LOLL 

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
HOC. 000 O.OOO 0.000 0.000 0.000 o.ooo 0.000 0.000 0.000 0.000 
lOOO.OOO 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
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IFL 
1 

IBLT 
0 

lUG * i i i r 
( 

r u n inoTS 

am n. i niD am 
I T 

a m I iB.oooo lo.ooto 
a n T } -lo.tooo lo.oooo 
a m 1 10.0000 -lo.oooo 

MOT siaeiiT s i m r i T iiroT 

SEQ 10. I 1 

i s m J ) 0 I 

19 ISO lai isE n i i o r u n r n o a i 
0 0 0 1 0 0 

z 
5.0090 
5.0000 
5.0000 

riGE 
CUD D.l 

CUDS D.l 

CUD D.7 
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niD roBci a i cT io i lo. i i t n roici n i ( I ) ' I riGE 9 
CUDS E.9 

sr ie . uiT MTio soiic ni. us. riEss. 
1.4000 13404.0000 14.0000 

sEoun ur. sEGun 
HUH 3TEB 
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mono conint UO issocimo FOIOTIOIS 
FIGE to 
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t i c n n HID roicts 

S E G S n - E U t r S O I D S E G S n - r L U E 

-1-1 3-1 
U U TEi -fin ruiE 

•1 - } 3-1 
D I U H E -tin ruiE 

riGE II 
c m s F.7 

l i n FOICE FDICTIOl 

I 
t i n FOKE 

I 
tin FOKE 

DUO COEFFICIEn BLOClin 
FDICTIOl . SEGEEnS-ELlIFSOID 

J- 1 

I- I 
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SDBIOUTIII IIITIL LIROT 

ZfLTII) ZfLTfl) ZrLT(Z) 11 
0. 0. «. 0 

Jl II J1 13 SfLTdl .SPLTdJ SFLTIS) 
0 0 0 1 10.00 0.00 1.00 

r*GE !! 
CAM 0.! 

iiiTUL rosiTiDis iinnia IEFEIIKEI 

SEGUEn LIIEII FOSITIOI ( II.) 
10. SEG I T Z 
I UKH 0.90000 O.OOOOO •IS.9I000 
} DUV 0.18407 O.OOOOO -5.36030 

IIITIIL tIGGUI lOTlTIOl US TEUKITT 

SEGSEIT UGOUl lOTlTIOl ISEGl 
M. SEG H« FITCH MU. 
1 Ull 0.00000 - 7.00000 O.OOOOO 
] 0111 0.00000 -1.00000 O.OOOOO 

CUDS 0.1 

UIEU niOCITT ( ll./SEC.) 
I T • Z 
0.00000 O.OOOOO 0.00000 
0.00000 0.00000 O.OOOOO 

IIGOUI TaoCITT ISEG/SEC.l 
I 
O.OOOOO 
O.OOOOO 

T 
0.00000 
O.OOOOO 

z 
0.00000 
0.00000 

CUDS G.3 

iTPI 

1 I 
1 I 

TUDUl TIKE BIS70IT COniOl FUlKnElS 
TTFE ISO SELECTED SECKEnS 01 JOIIITS 
B.l 0 
lEF 

8.7 6 
lEF 

8.3 3 17 1 
lEF 1 1 4 

1.4 0 
lEF 

8.5 0 
BEF 

1.8 0 
lEF 

8.7 1 
BEF 

8.8 1 17 
BEF 0 0 

8.0 I 
BEF 
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utno nicTiois rot nn* o.ooo eic 

(inmu.) 
UOOLLI lOTlTlOl (DEO) 

n e t I] 

SECIEn 

1 usv 
2 OUI 

(LOCIU 
ilGDUI KUXIV (UO/SEC.) 

(LOCAL) 
AtGOLlI ICCELEUTIO) (llD/SEC.ii2) 

SEGien TAI FITCH loa I T 2 I T - . 2 

1 LIU 
2 O I U 
3 TEB 

O.OOOO 
0.0000 
0.0000 

-7.0000 
-7.0000 
0.0000 

0.0000 
O.OOOO 

O.OOOO 

o.ooooo 
0.00000 
1.00000 

0.00000 
0.00000 
0.00000 

fl.flOflflO 

o.ooooo 
0.00000 

0.000340 
-0.000202 
0.000000 

7.240952 
22.750331 

.. 0.000000 

•0.000315 
0.000000 
0.000000 

SEOlCn 

(IIEITIAL) 
Linu rosiTioi i ii.) 
I T 2 

LIIEAI 
I 

(IIEITIAL) 
nUXlTI I ll./SEC.) 

I 2 
LIIEU 

I 

UIEITIIL) 
ICCELEUTIOIS IG'S) 

! • 2 

1 U U 

2 D A U 
3 TEB 

O.BOOO 

0.1817 
0.0000 

0.0000 
0.0000 
0.0000 

•10.0800 
-5.3083 
O.OOOO 

0.00000 
0.00000 
0.00000 

O.OOOOO 0.00000 
0.00000 o.ooooo 
o.ooooo 12101.00000 

0.123040 
-0.131900 
O.OOOOOO 

0.000002 
-0.000002 
0.000000 

1.323803 
22.212334 
O.OOOOOO 

IIIERIIL) (LOCAL) 
01 AlUT ( ll./SEC. 112) 

EREUa LtlEAl ICCELEUTIOIS 

O.OOOOOtOO 

O.OOOODIOO 

O.OOOOD'OO o.;ooiD>o3 
O.OOOOOlOO 0.857IDI04 

02 ABUT (UO/SEC. 112) 
EREBIU AIGDLII ACCEUIITIOIS 
I T 2 

0.5700)0-03 -0.)077»Di02 -0.315)00-03 
-0.1l4650-)3 -0.383070-14 -0.32I40D-14 

LIIEU 

XIIETIC EIEEGT 
( LB.- II.) 
AIQOLAl TOTAL 

O.OOOOODtOO O.OOOOOO'OO O.OOOOOO'OO 

0.000000)00 O.OOOOODIOO 0.000000)00 

TOTAL BOOT KIIETIC EIE8GT 
0 . 0 0 0 0 0 0 ) 0 0 0 . 0 0 0 0 0 0 ) 0 0 0 . 0 0 0 0 0 0 ) 0 0 

Join irii 
1 ELBI 5 

Din con. TEST 

IIIEniALI 
join F08CES I LB.) 

t I 2 

-0.7310)00 -0.0410-05 -0.7550-01 

1.000 LAU AN ICC 3004. 

(llfEITIAL) 
Join TOBQDES I II. LB.) 
X I 2 

lELITITE AIGDIAI 
FELOCITT (UO/SEC.I 

0 . 0 0 0 0 0 ) 0 0 0 . 0 0 0 0 0 ) 0 0 0 . 0 0 0 0 0 ) 0 0 0 . 0 0 0 

0.45I4E-02 0.1473E-05 O.IOOOE-03 O.IOOOE-03 O.lOOOE-05 

TEST FAILED AT TIKE > 0.001000 FOI B > 0.000500 
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u i n o rvKTiois rot TIIO' IO.OOO EEC riGi M 
(iKtrtiLi 

UGEII lOTlTIOl lUO) 
(IGCIL) 

UOEll TELOCITT (lili/SEC.l 
(LOCAL) 

lEGEAA ACCELEBATIOI IIAD/SEC.uTI 
SEGlCn TAI FITC8 ROE 1 T Z I I Z 

1 LARK 
2 OARM 
3 ng 

0.0000 
O.OOOO 
0.0000 

-4.0311 
1.9884 
0.0000 

-0.0023 
0.0050 
0.0000 

-0.00364 
0.00880 
0.00900 

-2.40889 
2.42703 
0.00000 

0.00000 
-0.00004 
0.00000 

-0.100497 
0.0)2329 
0.000000 

-60.844370 
-40.752471 
0.000000 

0.000000 
-O.OOOOO! 
0.000000 

SEGSn 

(iniTIALl 
LIIEU FEITIOI ( 
I T 

Il.l 
Z 

LIIEU 
I 

(inniALi 
HLOCITT ( II./SEC.) 

r z 

(IfflTIALl 
LtlEAR ACCELEIATIOIS (G'S) 

I T Z 

1 Lllll 
2 OUl 
3 TEH 

0.5275 
0.3157 
0.0000 

0.0001 
-O.OOOl 
O.OOOO 

-13.0804 
-3.0569 
488.4400 

-7.03222 
8.12803 
O.OOOOO 

0.01244 255.94443 
-0.01310 70.35888 
O.OOOOO 12191.00000 

-0.811510 
0.804080 
0.000000 

0.001280 
-0.001363 
O.OOOOOO 

17.010222 
3.074510 
0.000000 

SECVEn 

(iimiJL) 
II lUlT I II./SEC.IITI 

EnElliL Linu ACCEIEUTIOIS 
I I Z 

(LOClL) 
0] IRUT (UD/SEC.iil) 

EITEIIAL AIGOLII ACCaEUTICIS 
X T Z LIIEAI 

KIIETIC EIEEGT 
( LI.- II.) 
IIGEII TOTIL 

1 LIIV 0.J55J0-0J -0.07750-00 0.5595D>0I 
} OIU 0.49090-03 -0.I771D-0S 0.l5070i04 

j o i n i r i i 

1 ELBI 5 

imiTiJU 
jom FORCES ( LR.l 

I I Z 

0.591000-07 -9.891470-10 0.110740-13 
0.145770t00 0.9M500t0J -0.883560-00 

( i n n i i L i 
JOin TOIODES I 11. L8.1 
I T Z 

0.501060)03 0.904830)00 0.507020)03 
0.456740)02 0.513700)00 0.461880)02 

TOTAL BOOT XIIETIC EIERGT 
0.546730)03 0.I47650)0( 0.548210)03 

RELATIIE AIGEAR 
TELOCITT (RAO/SEC.1 

0.4790)01 -0.7550-07 0.3860)00 0.00000)00 8.00000)00 0.00000)00 4.835 
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DITI: riB. 4, 1088 
JUB DESCIIFTIOI: EUVLE 3: ONABIC JOIH TEST 

s i i r J o i n / 600 KIOT H I D 

lEHICLE DECELEWTIOI: COISTin H I D rELOCITT OF 000 WOTS 

CUSB TICTII: 85TH FEKEITIIE U L E 
FOin lEL. L i n U DISPLICEBEIIT ( U.l 

PIGE 16 

PIGE: 11.01 

TIME 

(EECI 

0.000 
O.SOO 
0.T50 

1.000 

I.500 

1.000 

3.000 

4.000 

5.000 

6.000 
T.OOO 
8.000 

0.000 
10.000 

I I . 0 0 0 
11.000 

13.000 

14.000 

15.000 

16.000 

17.000 

18.000 

10.000 

10.000 

1 1 . 0 0 0 

13.000 

13.000 

14.000 

15.000 

16.000 
17.000 

18.000 

10.000 

30.000 

31.000 

31.000 

33.000 

34.000 

35.000 

39.000 

37.000 

38.000 

39.000 

10.000 

r o i n ( 0.00, o .oo, a . i o i o i 
SEGKER 10. I • l U K 

I I OtBI lEPERElCE 
I T Z lES 

0 . 0 0 0 
O.OOO 

0 . 0 0 0 
0.000 

0 .000 
0 .000 
0.000 
0 .000 
0.000 
0 .000 
0 . 0 0 0 
-O.OOI 

-O.OOI 

-0.001 

-0.003 

-0.003 

-0.005 

-O.OOO 

-O.OOB 

-O.OII 

-0.013 

-0.017 

-0.021 

-0.010 

-0.031 

-0.038 

-0.015 

-0.053 

-0.003 

-0.073 

-0.085 

-0.098 

-0.113 

-0.139 

-0.140 

-0.165 

-0.185 

-0.109 

-0.134 

-0.301 

-0.180 

-0.330 

-0.353 

-0.389 

0 . 0 0 0 
0 .000 
0 .000 
0 .000 
0.000 

0.000 

0.000 

0.000 

O.OOO 
0.000 

0.000 

0.000 

0.000 

0.000 
0.000 

O.OOO 
O.OOO 
0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

O.OOO 
0.000 

0.000 

0.000 

0.009 

0.000 

0.000 

0.000 

O.OOO 
0.000 

0.000 

0.000 

0.000 

0.000 

9.000 

0.000 

0.000 

0.000 

0.000 

-5.430 

-5.430 

-5.430 

-5.419 

-5.417 

-5.414 

-5.405 

-5.397 

-5.375 

-5.354 

-5.379 

-5.399 

-5.360 

-5.138 

-5.185 

-5.138 

-5.087 

-5.031 

-1.973 

-4.909 

-4.840 

-4.768 

-4.691 

-4.610 

-4.534 

-4.435 

-4.341 

-4.342 

-4.140 

-4.033 

-3.031 

-3.807 

-3.887 

-3.563 

-3.435 

-3.303 

-3.164 

-3.032 

-3.876 

-2.724 

-3.568 

-3.407 

-3.241 

-l.JTl 

5.430 

5.410 

5.410 

5.419 

5.417 

5.414 

5.405 

5.391 

5.375 

5.354 

5.310 

5.109 

5.109 

5.118 

5.185 

5.138 

5.087 

5.031 

4.973 

1.909 

4.840 

4.708 

4.691 

4.610 

1.514 

4.435 

4.341 

4.143 

4.140 

4.034 

3.913 

3.808 

3.689 

3.565 

3.438 

3.308 

3,170 

3.030 

1.885 

1.737 

7.584 

2.418 

1.369 

3.107 

POIR I 0.00, 0.00, -5.421 01 

SEGIER 10. 3 - O U I 

II Ltni lEPEIEICE 

I 7 Z lES 

0.000 

0.000 
O . O O O 
0 . 0 0 0 
0.000 
0 .000 
0.000 
0.000 
0.000 
0.000 
0 . 0 0 0 
0.000 
0.000 

0.000 
O . O O O 
0.000 
0 . 0 0 0 
0.000 
0 . 0 0 0 
0.000 
0 . 0 0 0 
0.000 
0.000 
0.000 
0.000 
0.000 
0.009 
0.000 
O . O O O 
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 

0.000 

0.000 

0.000 

O . O O O 

O . O O O 

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 

0.009 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.009 

0.000 

8.100 

0.100 

8.100 

8.100 

8.107 

8.104 

8.185 

8.171 

8.155 

8.134 

8.109 

8.070 

0.040 

8.008 

7.965 

7.018 

7.807 

7.811 

7.751 

7.686 

7.820 

7.548 

7.471 

7.389 

7.304 

7.114 

7.139 

7.011 

9.910 

0.811 

8.700 

0.584 

6.464 

8.339 

0.109 

0.075 

5.037 

5.793 

5.045 

5.402 

5.333 

5.170 

5.001 

4.820 

6.100 

8.100 

8.300 

8.199 

8.197 

8.104 

8.185 

6.171 

8.155 

8.134 

8.109 

8.079 

8.049 

8.009 

7.965 

7.918. 

7.887 

7.811 

7.751 

7.886 

7.610 

7.54! 

7.471 

7.389 

7.304 

7.114 

7.130 

7.011 

0.918 

8.811 

8.700 

0.584 

8.464 

8.339 

6.109 

6.075 

5.937 

5.793 

5.045 

5.401 

5.333 

5.170 

5.001 

1.819 

POIR I 0.00. 0.00. O.OOI 01 

SEGKER 10. 3 - OIWI 

I I QUID lEFEBEICE 
r r z lEs 

0.185 

0.185 

0.185 

0.185 

0.185 

0.185 

0.185 

0.I8S 

0.187 

0.187 

0.188 

0.190 

0.191 

0.102 

0.104 

0.190 

0.108 

0.100 

0.101 

0.104 

0.107 

0.110 

0.113 

0.110 

0.119 

0.113 

0.337 

0.131 

0.135 

0.139 

0.114 

0.148 

0.154 

0.159 

0.164 

0.170 

0.170 

0.181 

0.289 

0.196 

0.303 

0.310 

0.318 

0.326 

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 

0.000 

0.000 

0.000 

O . O O O 
0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

O . O O O 
0.009 

0.000 

0.000 

0.000 

0.000 

0.000 

•5.368 

-5.368 

-5.387 

-5.366 

-5.385 

-5.362 

-5.356 

-5.347 

-5.338 

-5.311 

-5.308 

-5.158 

-5.268 

-5.145 

-5.111 

-5.104 

•5.160 

-5.130 

-5.103 

-5.069 

-5.031 

-4.993 

-4.053 

-4.910 

•4.865 

-4.810 

-4.770 

-4.719 

-4.067 

-4.6IT 

-4.555 

-4.400 

-4.430 

-4.373 

-4.300 

-4.143 

-4.175 

-4.105 

-4.035 

-3.962 

-3.889 

-3.813 

-3.735 

-3.657 

5.371 

5.371 

5.370 

5.370 

5.368 

5.366 

5.359 

5.350-: 

5.339 

5.315 

5.300 

5.191 

5.171 

5.149 

5.124 

5.198 

5.170 

5.130 

5.107 

5.073 

5.030 

4.098 

4.957 

4.015 

4.870 

4.824 

4.775 

4.715 

4.873 

4.818 

4.562 

4.503 

4.443 

4.381 

4.317 

4.251 

4.184 

4.115 

4.045 

3.073 

3.900 

3.625 

3.740 

3.071 
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DITI: rts. «, i m 

m m c m i o i : 

TEBICW DECaElATIOl: 

ClASB TICTtM: 

EIAWIE I: PIIAHIC J O I H TEST 
SLir JOIIT / 900 UOT HID 
COISTAn HID TELOCITI OF 000 HOTS 
05TB FEtCEITILE ULE 

FACE 17 
FACE: 30.01 

join FAIAIETEIIS 

Join 10. 1 • ELBI 

TIKE STATE JOin IIGLES 
(isEci trii n i m t m m s 

0.000 5. 

0.509 5. 

0.750 5. 

1.000 5. 

1.500 5. 

3.000 5. 

3.000 5. 

4.000 •5. 

5.000 5. 

O.OOO 5. 

7.000 5. 

8.000 5. 

0.000 5. 

10.000 5. 

11.000 5. 

12.000 5. 

13.000 5. 

M.OOO 5. 

15.000 5. 

10.000 5. 

17.000 5. 

18.000 5. 

10.000 5. 

30.000 5. 

31.000 5. 

32.000 5. 

23.0.00 5. 

24.000 5. 

25.000 5. 

20.000 5. 

27.000 5. 

30.000 5. 

30.000 5. 

30.000 5. 

31.000 5. 

33.000 5. 

33.000 5. 

34.000 5. 

35.000 5. 

30.000 5. 

37.000 5. 

38.000 5. 

39.000 5. 

40.000 5. 

07.100 

97.180 

97.118 

(7.118 

(7.U0 

97.173 

97.MO 

97.118 

67.073 

07.031 

80.050 

00.880 
08.808 

(0.730 

00.633 

80.517 

60.403 

00.380 

00.140 

60.010 

05.862 

05.708 

05.543 

05.300 

05.100 

05.001 

84.005 

04.001 

04.300 

04.171 

63.045 

03.713 

03.474 

03.730 

03.060 

03.734 

93.404 

63.300 

01.034 

01.600 

61.395 

01.133 

00.847 

60.570 

110.000 

180.000 

-180.000 

•180.000 

-180.000 

-180.000 

-180.000 

-180.000 

-180.000 

-180.000 

-180.000 

-180.000 

-180.000 

-180.000 

-180.000 

-180.OOO 
-180.000 

-180.000 

-180.000 

-180.000 

-180.000 

-180.000 

-180.000 

-180.000 

-180.000 

-180.000 

-180.000 

-180.000 

•180.000 

-180.000 

-180.000 

-180.000 

-170.900 

-179.090 

-170.000 

-179.000 

-170.008 • 

-170.998 

-170.098 

-170.098 

-170.097 

-179.097 

-170.997 

-179.000 

IDEGI TOTAL TOIOOE ( II. LB.I 

rOESIOl SFIIIO riscoos IE5. 

0.000 0.000 0.000 9.000 

0.000 O.OOO 0.000 0.000 

0.000 0.000 0.000 0.000 

0.000 0.900 0.000 O.OOO 

0.000 0.000 0.000 O.OOO 

0.000 0.000 O.OOO 0.000 

0.000 0.000 0.000 0.000 

9.000 0.009 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 O.OOO 

0.000 0.000 0.000 0.000 

0.000 0.000 0.000 O.OOO 

0.000 O.OOO 0.000 0.000 

0.000 0.000 0.000 0.000 

0.000 O.OOO 0.000 O.OOO 

0.009 0.000 0.000 0.000 

9.099 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 

9.990 0.000 0.000 O.OOO 

0.099 O.OOO 0.000 O.OOO 

0.000 O.OOO 0.000 0.000 

0.000 0.000 0.000 0.000 

0.000 0.000 0.000 O.OOO 

9.009 0.000 0.090 O.OOO 

0.009 0.000 0.000 0.000 

0.000 0.000 0.009 0.000 

0.009 0.000 O.OOO O.OOO 

0.000 0.000 0.000 O.OOO 

-0.001 0.000 0.000 0.000 

-0.001 0.000 9.000 O.OOO 

-0.001 0.000 0.009 0.000 

•0.002 0.000 O.OOO 0.000 

-0.002 0.000 O.OOO 0.000 

-0.003 0.000 0.000 O.OOO 

-0.003 0.000 . 0.000 O.OOO 

-0.003 0.000 0.000 O.OOO 

-0.003 0.000 O.OOO 0.000 

-0.004 0.000 0.000 0.000 

-0.004 0.000 O.OOO 0.000 

-0.004 0.000 O.OOO 0.000 

•0.005 0.000 0.000 0.000 
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D17I: 
BDI DESCIIPTIOI: 

lEBICL! DECEiniTlOI: 

CUSU IICTIB: 

FEB. (. I9B8 

EI4BLE I: OIFABIC JOIKT TEST 

SLIf JOIKT / 600 KIOT KIKD 

COKSTilT KIKD lElOCITT OF 600 KKOTS 

9STH PERCEnilE KALE 

. FACE IF 

TIKE 

leECI 

SEGKEKT KIKD FORCE ( LB.) 

SEOKEKT KO. 1 - LARK 

IK GRKD REFEREiCE EES 
SEGKEKT ID. 1 - DARK 

II ORKD REFEREKCE 

0.000 0.000 0.000 1.885 1.885 O.OOO o.ooo 

0.500 0.000 0.000 92.330 92.336 0.000 0.000 

0.750 0.000 0.000 92.311 92.311 0.000 0.000 

1.000 0.000 0.000 92.288 92.288 O.OOO 0.000 

1.500 0.000 0.000 92.242 92.242 0.000 0.000 

1.000 0.000 0.000 92.198 92.198 0.000 0.000 

3.000 0.000 0.000 92.112 92.112 0.000 0.000 
4.000 0.000 0.000 92.032 92.032 0.000 0.000 

5.000 o.ooo 0.000 91.958 91.958 0.000 0.000 

6.000 0.000 0.000 91.888 91.888 0.000 0.000 

7.000 0.000 0.000 91.825 91.825 0.000 0.000 

8.000 0.000 0.000 91.768 91.766 0.000 o.ooo 

9.000 0.000 0.000 91.713 91.713 0.000 0.000 

10.000 0.000 0.000 91.886 91.666 0.000 0.000 

11.000 0.000 0.000 91.624 91.624 0.000 0.000 

11.000 0.000 0.000 91.589 91.589 o.ooo 0.000 

13.000 0.000 0.000 91.560 91.560 o.ooo 0.000 

14.000 o.ooo 0.000 91.538 91.538 0.000 o.ooo 

15.000 0.000 o.ooo 91.523 91.523 0.000 0.000 

16.000 0.000 0.000 91.518 91.516 0.000 0.000 

17.000 0.000 ° 0.000 91.516 91.516 0.000 0.000 

13.000 0.000 0.000 91.524 91.524 o.ooo 0.000 

19.000 0.000 0.000 91.541 91.541 0.000 0.000 

10.000 0.000 0.000 91.567 91.567 0.000 0.000 

11.000 0.000 0.000 91.607 91.607 0.000 0.000 

11.000 0.000 0.000 01.048 91.648 0.000 0.000 

23.000 0.000 0.000 91.704 91.704 0.000 0.000 

24.000 0.000 0.000 91.777 01.772 0.000 0.000 

15.000 0.000 0.000 91.852 91.652 0.000 0.000 

10.000 0.000 0.000 91.944 91.044 0.000 o.ooo 

17.000 0.000 0.000 92.050 92.050 0.000 0.000 

18.000 0.000 0.000 92.169 92.169 o.ooo 0.000 

10.000 0.000 0.000 92.303 92.303 0.000 0.000 

30.000 0.000 0.000 91.451 92.451 o.ooo 0.000 

31.000 0.000 0.000 92.815 92.615 0.000 0.000 

32.000 0.000 o.ooo 97.796 92.796 0.000 0.000 

33.000 0.000 o.ooo 97.994 97.994 0.000 0.000 

34.000 0.000 0.000 93.709 93-. 709 0.000 0.000 

35.000 0.000 0.000 93.447 93.442 0.000 0.000 

38.000 0.000 0.000 93.693 93.693 0.000 0.000 

37.000 0.000 0.000 93.963 93.963 0.000 0.000 

38.000 o.ooo 0.000 94.254 94.254 0.000 0.000 

30.000 0.000 0.000 94.566 94.566 o.ooo 0.000 

40.000 0.000 0.000 94.900 91.900 0.000 0.000 

117.584 

18.763 

58.775 

18.768 

18.751 

18.735 

28.701 

18.667 

16.631 

18.595 

13.798 

13.765 

13.733 

13.699 

13.666 

13.632 

13.597 

13.563 

13.519 

23.494 

13.460 

13.417 

23.394 

13.361 

13.330 

23.109 

13.160 

13.140 

13.113 

13.187 

23.162 

20.815 

10.806 

10.789 

10.773 

10.758 

16.136 

16.127 

16.119 

16.113 

16.108 

16.103 

10.100 

16.097 

RES 

117.584 

18.783 

18.775 

28.768 

18.751 

18.735 

28.702 

18.667 

28.631 

28.595 

13.798 

13.785 

13.733 

13.609 

13.666 

13.631 

13.597 

13.563 

13.519 

13.404 

13.460 

13.417 

13.394 

13.301 

13.330 

13.199 

13.169 

13.140 

13.113 

13.187 

13.161 

10.615 

10.606 

10.780 

20.773 

10.758 

16.136 

16.117 

16.119 

10.113 

16.108 

16.103 

16.100 

10.097 

PACE: 23.01 
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oat: 
101 D E S C i i m o i : 

TEBICLE OECELEIITtOI: 

C U S B ItCTIM: 

m . (. lOBB 
E l l E L E 1: D T U m C J O I E TEST 

SLIT J O I E / BOO E O T H I D 

COISTAE H I D TtLOCITT OE JOO W O T S 

OSTfl TEBCEEtLE U L E 

EAGE JO 

TAGE: 21.01 

ELBf J O I E EOSCES i T O B O E S 01 O A U II lABN UEEtEICE 

T I E J O I E EOBCE I LB. 10»il) 

(EECI I T Z 

J O I E T O M U E ( II.- U . 10"J1 

I T Z 

0 . 0 0 0 
o.soo 
0.7S0 

l.OOO 
1.500 

l.OOO 
3.000 

1.000 

5.000 

0.000 
1.000 

8.000 

0.000 

10.000 

11.000 

11.000 

13.000 

14.000 

15.000 

19.000 

17.000 

18.000 

10.000 

10.000 

11.000 

11.000 
13.000 

11.000 

15.000 

10.000 

17.000 

19.000 

10.000 

30.000 

31.000 -

33.000 

33.000 

31.000 

35.000 

30.000 

31.000 

38.000 

30.000 

10.000 

•0.007 

0.011 

0.027 

0.011 

0.011 

0.013 

0.013 

0.013 

0.013 

0.033 

0.011 

0.011 

0.012 

0.011 

0.013 

0.023 

0.013 

0.011 

0.021 

0.015 

0.015 

0.010 

0.017 

0.017 

O.OIB 

0.030 

0.030 

0.030 

0.031 

0.031 

0.031 

0.033 

0.031 

0.035 

0.039 

0.03S 

0.031 

0.030 

0.039 

0.010 

0.011 

0.011 

0.010 

0.018 

0 . 0 0 0 
0 . 0 0 0 
0.000 

0 . 0 0 0 
0 . 0 0 0 
0.000 
0 .000 
0 .000 
0 .000 
0 . 0 0 0 

o.ooo 
0.000 
0 . 0 0 0 
0.000 
0.000 
0 . 0 0 0 
0 . 0 0 0 
0 . 0 0 0 
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 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 . 0 0 0 
0 . 0 0 0 
0 . 0 0 0 
0 . 0 0 0 
0.000 
0.000 
0.000 
0.000 
0.000 
0 . 0 0 0 
0.000 
0.000 

0.000 
0.000 
0.000 

0 . 0 0 0 
0 . 0 0 0 
0.000 

o.ooo 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
o.ooo 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
o.ooo 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
o.ooo 
0.000 
0.000 

O.OOODtOO 

O.OOODIOO 

0.0000*00 

0.0000*00 

0 . 0 0 0 0 * 0 0 

0.0000*00 

0 . 0 0 0 0 * 0 0 

0.0000*00 

0 . 0 0 0 0 * 0 0 
0.0000*00 

0 . 0 0 0 0 * 0 0 
0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 
0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

O.OOODIOO 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

9.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

°0.-000D*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

O.OOOD'OO 

0.0000*00 

0 . 0 0 0 0 * 0 0 
0.0000*00 
0 . 0 0 0 0 * 0 0 

0.0000*00 

0.0000*00 

0 . 0 0 0 0 * 0 0 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0900*00 

0.9900*00 

0.0900*00 

0.9000*00 

0.0900*00 

0.0000*00 

0.0000*00 

0.9000*00 

0.0900*00 

0.9000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0900*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0900*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 
0.0000*00 

0 . 0 0 0 0 * 0 0 

0.0000*00 

0.0000*00 

0 . 0 0 0 0 * 0 0 
O.OOODIOO 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 
0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

O.OOODIOO 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 

0.0000*00 
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lursED cro Tin < 30.01 StCOIDS 

SDB CALLS Tin I 

HAIUD AT 1.S7 
UPBT 1.12 
CEAII 37 1.70 
Ejom 3 0.10 
DIKT H3 4.03 
roAoi 173 3.98 
DAUI to 7.78 
SETliri AO 1.49 
COITCT 77 0.71 
HIDT 7109 08.13 
1ISPI 77 7.33 
SETBP7 0 O.IB 
DADIll 31 1.00 
DAUI17 1 0.03 
DADIll 9 0.79 
FSEOL 71 O.TI 
OlfffttT 79 2. SO 
UPDATE 3 0.10 
DZf A7 1.30 
fOSTPI 1 ISO 5.37 

TOTAL 3091 lOO.OO 

PAGE 70 
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