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1.0 INTRODUCTION
Program SOM-LA (Seat/Occupant Model - Light Aircraft) combines a

lumped parameter model of an aircraft occupant with a finite ele-
ment model of the seat structure. Its intent is to aid in the
evaluation of the performance of aircraft seat and restraint sys-
tems in crash environments. Because the program has been written
for use primarily by engineers concerned with the design and anal-
ysis of seats and restraint systems, an effort has been made to
minimize the input required to describe the occupant. Character-

I istics of two standard occupants, one dummy and one human, are
• • included within the program, and an option is provided to simulate

other occupants by providing additional input data. The struc-
tural model can include both beam and plate elements and has a
maximum capacity of approximately 450 degrees of freedom, as de-
termined by array dimensions within the program. The beam ele-
ments can accommodate large plastic deformations and include the
capability for cross-section reduction due to local instabilities.
As an option to reduce both modeling complexity and execution
costs for cases where only the restraint system or cockpit con-
figuration is of concern, or for cases where the details of the
seat design may not yet be known, a rigid seat model, in which
seat pan and back planes defined by input are maintained in fixed
positions in the aircraft, is available.

The following sections of this report present instructions neces-
S sary for the use of Program SOM-LA and information to enable the

user to operate the program most efficiently.

Chapters 2 and 3 describe program input and output, respectively,
including options available to the user. Chapter 4 outlines an
efficient procedure for development of a mathematical model.
Chapter 5 then provides detailed descriptions of sample input
cases. Appendix A defines all inpat variables, line by line.
Appendix B provides examples of material properties and occupant
characteristics required as input data. Appendix C displays the
complete set of output data for the input listed in chapter 5 and
appendix A. Appendix D describes program organization and the

Sfunfunctions of all subroutines. Appendices E and F are listings of
the occupant and seat plotting programs, respectively.
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2.0 PROGRAM INPUT DATA

Input data are read by Program SOM-LA in the following seven
blocks:

1. Simulation and output control information.

2. Cockpit description (optional).

3. Cushion properties.

4. Restraint system description.

5. Crash conditions.

6. Occupant description.

7. Seat design information.

All input data, except those pertaining to the seat (block 7),
are read by subroutine INPT; the seat data are read by subrou-
tines SEATIN and READIN.

The coordinate system that is fixed to the aircraft at the floor
has the following positive directions:

X - Forward
Y - Left
Z - Upward

The basic input data deck consists of a minimum of 41 lines of
data for execution of Program SOM-LA. These are described in de-
tail in Appendix A. The basic case makes use of a rigid seat model,
specified by NSEAT - 0 on line 1. Modeling an actual seat with
the finite element analysis would change lines 40 and 41, and re-
quire a number of additional lines. Requesting the storage of
plot data on external files, unit 14 for the occupant and unit 20
for the seat, by setting NOPLOT > 0 or NSPLOT > 0 on line 2, re-
quires additional lines following line 2. The prediction of con-
tact between the occupant and aircraft interior, designated by
IOUT(4) = I on line 2, would require a description of the cock-
pit configuration on 11 lines inserted after line 3. Modeling a

nonstandard occupant requires an additional 12 data lines after
line 37.

The following sections of this chapter present descriptions of
each of the seven input data blocks, including more detailed de-
finitions of the above options. Line-by-line descriptions of in-
put data are presented in Appendix A.

2.1 SIMULATION AND OUTPUT CONTROL INFORMATION

2.1.1 Systems of Units. The NUNIT parameter on line 1 permits
the user to specify either the SI or English system of units for
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both input and output data. English units are presented throughout
the input instructions in this report and are used in the sample
input cases. In the SI system of units, all lengths are specified

-. in meters, masses in kilograms, and forces or weights in newtons.
2.12 Seat Options. The NSEAT parameter on line 1 allows the

"user to select either a rigid seat model or a finite element seat
".' model. The rigid seat model consists of two planes that represent

the seat pan and seat back. The positions of these planes are
"specified by the X and Z coordinates of their intersection (a la-
teral line) and two angles which specify their positions relative
to horizontal and vertical planes, respectively. The length of
the seat pan and the height of the seat back are used to deter-

* mine the limits of the surfaces within which the seat pan and back
can apply forces to the occupant. Cushions, of input-specified

* thicknesses, are included on top of the seat pan and seat back
*. surfaces.

2.1.3 Occupant Degrees of Freedom. The NDIM parameter on line 1
permits selection of either two- (NDIM = 2) or three-dimensional
(NDIM = 3) occupant response. The three-dimensional occupant model
consists of 12 rigid segments, illustrated in figure 1, with rota-
tional springs and dampers at the joints. Each of the torso joints
possesses three rotational degrees of freedom, or, in other words,
is a ball-and-socket type joint. Because of the hinge-type motion

_ • at elbow and knee joints, the position of a forearm or lower leg
relative to an upper arm or thigh, respectively, is described by
one additional angular coordinate. In total, this occupant model

* possesses 29 degrees of freedom.

.. The two-dimensional occupant model specified by NDIM = 2 on line 1,
consists of 11 segments, as shown in figure 2. Beam elements in
the torso and neck are capable of flexural and axial deformation.

* Although restricted to two-dimensional response, this occupant
option does permit more direct evaluation of accident severity by
output of forces and moments in the spine and neck. Restrain,
system forces on the ellipsoidal contact surfaces are computed
three-dimensionally, but only the X- and Z-components are used.
Therefore, the two-dimensional model should be reserved for cases
in which both the impact conditions and the restraint system are
symmetrical.

2.1.4 Output Control Data. Ten blocks of program output can be
selected on line 2. The data include time histories of the fol-
lowing variables, which are stored during solution at predeter-
mined print intervals:

1. Occupant segment positions (X, Y, Z, pitch and roll).*

2. Occupant segment velocities (X, Y, and Z).

*Upper case X, Y, Z refer to inertial or aircraft-fixed coordinate
system; lower case x, y, z refer to segment-fixed coordinates.

3
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:',3Figure 1. Twelve-segment (three-dimensional) occupant model.

,.3. Occupant segment accelerations (x, y, z, and resultants).*

mf•4. Restraint system loads.

°•.•,.5. Cushion loads.

l5

S6. Aircraft displacement, velocity, and acceleration.

".•7. Injury cri.t~eria, including spinal forces and moments.

S8. Details of contact between the occupant and the aircraft

interior.

'[L' *Upper case X, Y, Z refer to inertial or aircraft-fixed coordinate
system; lower case x, y, z refer to segment-fixed coordinates.
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Figure 2. Eleven-segment (two-dimensional) occupant model.

9. Seat structure nodal forces.

10. Seat structure element stresses.

Printer plots are provided for occupant segment accelerations,
restraint system loads, and cushion loads. The option of two dif-
ferent filters is also provided for the occupant segment acceler-
ations and cushion loads.

If plots are requested for the occupant and/or seat on line 2,
* o .: then addiLional lines must be included to specify plot times (up

to eight) and viewing angles. As explained in the line-by-line
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Sinput data descriptions, if plots are requested, the job controllanguage must define external files 14 and 20 to be saved.

Program output data are described further in Chapter 3.

2.1.5 Solution Control Data. The occupant model utilizes an
Adams-Moulton predictor-corrector solution procedure with a vari-

. abli time step. Data on line 3 control the step size and error
bounds for the solution. The finite element seat analysis uses a
Newmark- B integration algorithm, whose time step is determined by
the occupant solution.

At every solution step, the system central processor time is checked
and compared with the TMAX parameter on line 3. Allowing time for
output, the solution will be terminated once system time reaches
TMAX, whether or not the final solution time, TF, has been reached.
Therefore, the permitted execution time in the job control language
should be at least TMAX seconds, in order to ensure that the solu-
tion is terminated in time to permit printing of the output already
computed and stored.

2.2 SECONDARY IMPACT OPTION

If secondary impact information is desired, it can be specified
by input of IOUT(4) a 1 on line 2. Additional lines must then be
provided after line 3 to supply the coordinates of points that
define cockpit geometry. An example of cockpit geometry is pre-
sented in section 5.4.

2.3 CUSHION PROPERTIES

Seat cushion forces applied to the occupant model are calculated
from cushion deflections based on an exponential relationship:

F - C(eB6 _ 1) (1)

Lines 4 and 5, and 6A if a headrest is included on the seat, re-
quire input of the C and B coefficients for this equation, along
with damping coefficients and thicknesses. The force-deflection
relationship for the seat cushion also includes compliance of the
occupant buttocks. Therefore, the relationship for an occupant sit-
ting directly on a hard seat pan would be the force-deflection curve
for the occupant buttocks. Several sample force-deflection curves
with their appropriate coefficients are provided in Appendix B.

2.4 RESTRAINT SYSTEM DESCRIPTION

Several restraint system configurations are available in SOM-LA:
lap belt only, lap with diagonal shoulder belt over either shoulder,
and double shoulder belt with or without a lap belt tiedown strap.
As specified on line 6, both the lap belt and shoulder harness
can be attached to either the airframe or the seat.

6
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The force-deflection char&cteristics of the restraint system web-
bing are provided by input of tables of forces and strains. Prop-
er--ties of representative webbing samples are included in Appen-

- dix B.

For a seat in which an inertia reel is mounted on the seat back
-.. and a length of inertia reel strap is passed along the seat back

to a -slot above the occupant shoulders, the XTRAL parameter on
line 10 defines the length of the shoulder strap behind the seat
back.

2.5 CRASH CONDITIONS

. Six components of the acceleration of the aircraft coordinate sys-
tern are provided on lines 11 through 34: X, Y, Z, yaw, pitch,
and roll. All of these lines must be included, even if blank.

S. For each acceleration component, two lines are included to allow
up to 16 points on an acceleration-time history, and the subse-
quent two lines provide the corresponding points in time. Acceler-

K.• ation components are directed in the aircraft-fixed coordinate
system.

2.6 OCCUPANT DESCRIPTION

- The IMAN parameter on line 37 identifies the type of occupant being
* • simulated. Data for the standard occupants, a 50th-percentile

U.S. male and a 50th-percentile (Part 572) anthropomorphic dummy,
are included within the program. For nonstandard occupants, addi-
tional data may be provided following line 38 to define segment
lengths, center of mass locations, weights, moments of inertia,
"contact surface radii, properties for the spine and neck, and com-
pliances for the chest and abdomen under restraint system loading.
Examples of these data are included in Appendix B.

The angular orientations of the torso, head, and arm segments are
provided as input, along with the X-coordinate of the heels. Sta-
tic equilibrium is then used to seat the occupant in the cushions.

2.7 SEAT DESIGN INFORMATION

2.7.1 Rigid Seat Option. For cases where the details of seat
response are not important or not worth the greater execution
costs that would be incurred by the use of the finite element
structural model, a rigid seat option is provided. Plane sur-
faces representing the seat pan and seat back support the cushions
and remain fixed in the aircraft coordinate system, except where
the energy-absorbing option is used.

2.7.2 Simplified Energy-Absorbing Seat Option. If the SEATM
parameter on line 40 is greater than 0, a simplified, two-degree-
of-freedom seat model is used. Intended for use in simulation of
a guided energy-absorbing seat, this model permits the stroking of
a rigid seat bucket in a prescribed direction. Because elastic
bending of the supporting frame has been observed in testing of

7
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such seats and may influence occupant response, the second degree

of freedom is added to simulate rotational elasticity of the frame.

Although the finite element analysis can provide a complete eval-
uation of a seat's crashworthy performance, the simple stroking
seat model can prove useful in other aspects of seat design. For
example, the two-degree-of-freedom model can aid in economically
estimating the optimum energy absorber limit load for protection
of occupants of various size, as well as in evaluating alternative
restraint system configurations.

Input data for this seat model include the wight of the mov-
able part of the seat, the direction along which it will stroke,
the movement of inertia with respect to a lateral axis, force-
deflection characteristics, and unloading slopes.

2.7.3 Finite Element Structural Analysis. The finite element
seat model contained in Program SOM-LA uses beam, plate, and spring
elements. The beam elements can accommodate large, plastic defor-
mations and localized buckling of elements with hollow cross sec-
tions. The program has a capacity for 150 nodes and 450 degrees
of freedom. However, a more severe restriction is placed on the
size, N, of the master stiffness matrix, given by:

N = MEQ + MUD * (2 * MEQ - MUD - 1)/2 (2)

where MUD is the lengtA of the maximum upper diagonal of the banded

stiffness matrix given by:

MUD - 6 * (J + 1) - 1 (3)

MEQ equals the total number of degrees of freedom and J equals
the maximum difference between node numbers across elements in
the model, as illustrated in chapter 4.

As determined by array dimensions in Program SOM-LA, the quantity
N is limited to 11,500.

The finite element seat model in SOM-LA uses a Newmark- 3 implicit
solution algorithm, which is unconditionally stable. However,
stability does not necessarily imply convergence to the correct
solution, and solution accuracy will depend on the size of the
time step, a smaller time step yielding more accurate results.
Because the seat step size is governed by that for the occupant
model, reducing DMAX and DMIN on line 3 will produce a more ac-
curate solution. However, little improvement can be expected in
reducing the seat step size below that normally required for sta-
bility in the occupant solution.

8



Material properties, including a three-slope approximation to the
stress-strain curve, are provided on lines 42-44, which must be
repeated for each material used. (The number of materials is
specified as NUMMAT on line 40.) To assist in input of material
properties, summaries of input data for metals typically used in
seat frames are presented in Appendix B.

SBeam cross sections can be either open or closed, but a plastic
problem requires a closed cross section to generate all the terms
required by the tangent stiffness matrix. If plastic deformation
of an open "I" is anticipated, the cross section can be modeled
as a closed "box" beam, which is equivalent for one bending di-
rection, provided that the erroneous properties for other bending
directions can be tolerated.

The NUMDIS parameter on line 40 specifies the number of nodes that
are attached to the aircraft structure. Then, floor attachment
conditions are specified on line 52, one of which must be inserted
for each of the NUMDIS nodes. Element cross-sections are described
by data on lines 45 and 46, which must be repeated for each cross-
section, the number of which is specified by NSECT on line 40.

Nodal coordinates are provided on line 47, which is repeated
for each node in the model (NNODE on line 40) and for each beam
pointer node (NCOORD on line 40). As illustrated in Appendix A,
the pointer node is required to specify the initial orientation
of the y-axis of a beam cross section. A real node can be used as

i • a pointer node, or (NCOORD) additional nodes can be added solely
to serve as pointers.

9



• ;X. 3.0 PROGRAM OUTPUT DATA

Program SOM-LA output data are available from the following four
sources.:

1. Printer (unit 6)

2. Occupant position plots (unit 14)

3. Seat structure plots (unit 20)

4. Plots of other data (unit 26)

whK:h are described further in the following sections.

3.1 PRINTED OUTPUT

Printed data can be selected from the ten blocks listed in sec-
tion 2.1.4. The interval at which these data are printed is se-
lected in subroutine INPT, based on the total solution time. The
interval is sized to provide a maximum of 51 lines for each vari-
able. For example, a solution time between 0.100 and 0.150 sec
results in a print interval of 0.003 sec, a solution time between
0.250 and 0.300 sec, an interval of 0.006 sec, etc.

Accelerations, severity indices, vertebral forces and moments, and
restraint system forces are printed in tabular and graphical for-
mats. Other data are provided in tabular form only. Acceleration
output data are computed each 0.001 sec, equivalent to a 1 KHz
sampling rate. Input line 2 provides the option of applying Class
180 (300 Hz) or Class 60 (100 Hz) filter to the data prior to
their printing.

3.2 OCCUPANT POSITION PLOTS

If specified in input line 2, data for up to eight plots of occu-
pant position, like that shown in figure 3 can be stored on exter-
nal file 14. The times for these plots are defined on input line
2A. Viewing angles, illustrated in figure 4, are defined on line
2B. The right-side view of figure 3 was obtained using an angle
of zero degrees.

The job control language used in executing SOM-LA must define ex-
ternal file 14 as a permanent file to be saved. The plotting pro-
gram listed in Appendix E can then be executed using this same
permanent file as input (unit 5).

3.3 SEAT STRUCTURE PLOTS

Just as described in section 3.2 for occupant position, data for
up to eight plots of the seat structure can be requested on line 2.
As shown in figure 5, nodes are indicated and numbered. The

10.
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PROGRAM SM-LR OCCUPANT MODEL

CAMI! SERFIES 2 - LOW DECELERATION

. YTIME - 0.0000 SEC.

.Figure 3. Occupant plot at T = 0 sec for case no. 1.
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T Y (left)

ViewingViewing angle =a

Position

Figure 4. Definition of plot viewing angle.

viewer position for the Beat structure is defined by both eleva-
tion and aximuth angles, 8 and 6, respectively, as shown in fig-
ure 6. The view of figuire 5 was obtained with e - 20 degree and
0 45 degree.

The job control language must save external file 20 as input to
the plotting program listed in Appendix F.

3.4 ADDITIONAL DATA FOR PLOTTING

Although the printer plots of accelerations and forces are prob-
ably satisfactory output for most purposes, there may be cases
where plots with a higher level of resolution are desired. Also,
pen-drawn plots may be required for use in reports. To meet these
needs, 32 variables are written on external file 26 at input-
selected intervals. The input parameter DTPLT on line 2 specifies
this interval in seconds, and is assumed to be 0.001 sec if DTPLT
is left blank. The data are written in either F10.3 or F10.5 for-
mat anid are arranged as illustrated in figure 7.

12



.* . . . . . .

PROGRRM SCM-LA SEAT STRUCTURE MODEL

CAM1 SERIES 2 - LOH DECELERATION

PLOT NO. 1, TIME - 0.0000 SEC.
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Figure 5. Seat plot at T - 0 sec for case No. 1.
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Viewing position

i - __I
Z/

y /

/ Center of the imaginary
A workbox which encloses

the model
x

e = Azimuth angle in X-Y plane in degrees (-180' < e < +180)

S= Elevation angle in degrees (-9 0 ' < +900)

Figure 6. Angular coordinates for viewing position
for seat plots.
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4.0 INSTRUCTIONS FOR INPUT DATA PREPARATION

This chapter is intended to guide users of Program SOM-LA through
an efficient process of preparing input data. The recommended
procedure is summarized in table I. It is suggested that, if
time permits, the sample case described in detail in chapter 5 be
run initially in order to be certain that the program runs prop-
erly on a particular computer system. Storage of plot data on
permanent files and subsequent access of these files using the
related occupant and seat plot programs should be attempted first
with the sample case to assure that the plotting programs are com-
patible with the computer system and that the job control language
is structured properly.

TABLE 1. SUMMARY OF INPUT DATA

1. On sketch of seat, locate aircraft floor and coordinate
system. If cockpit interior surfaces are to be repre-
sented, they should be located on the same sketch.

2. Locate restraint system anchor points.

3. Locate footrest and/or heel position (at Z = 0).

4. Estimate initial position angles for occupant upper torso,
head, and arms.

5. Prepare input data foi and run rigid seat case for short
time.

6. Plot occupant initial position and check whether it appears

reasonable.

7. Add seat structure input.

8. Run short case with complete input data.

9. Check plot of seat structure at initial time.

10. Run complete case.

The essential starting point for any simulation case is a sketch
of the seat of interest, on which the aircraft floor and aircraft
coordinate axes can be located. On this sketch the restraint sys-
tem anchor points, which can be fixed to either the seat or the
aircraft structure, can be located, as can the position of a foot-
rest or pedal, if applicable. The required seat design data for
a rigid seat case, i.e., the locations and dimensions of the seat
pan and back, can then be determined. Both the seat cushion and
back cushion are assumed to be plane surfaces parallel to the seat
pan and back surfaces. Using an average cushion thickness in the
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area of contact between the occupant and the seat, the cushion sur-
faces can now be added to the sketch.

Initial angular positions of the torso, head, and arm segments
are required. The torso segments can be assumed parallel to, or
one or two degrees forward of, the seat back. The position of
the head, in a normal seated position, would range from vertical
to several degrees forward of vertical, as illustrated in the
chapter 5 sample case.

In order to be certain that the occupant initial position is rea-
sonafle for the configuration being studied, it is wise to run a
short rigid seat case prior to adding the seat structure input.
Starting with a small value of final time, TF, on line 3, such as
0.010 sec, the initial position and accelerations of the occupant
segments and the external forces can be checked prior to initi-
ating a more expensive case. The plot data saved on unit 14 by
SOM-LA can then be input to the occupant plot program and the ini-
tial position of all the occupant segments reviewed. If the occu-
pant's initial position, as calculated by subroutine INITIL, is
geometrically impossible, the program will be stopped and informa-
tive messages printed. An example of this type of error, commonly
encountered in initially running a case, is in attempting to lo-
cate the heel position beyond the reach of the legs. If the input
parameters yield a geometrically feasible initial position and
NOPLOT > 0 on line 2 and TPLOT - 0 on line 2A, then data for a
plot of the initial position will be stored.

Once the desired initial position has been achieved for the occu-
pant, the input data for the finite element seat structure model
can be added. The NSEAT parameter on line 1 should then be
changed from 0 to 1 to signify modeling a nonrigid seat. Once
again, prior to running a complete simulation, a case with a small
TF should be run in order to check the seat structure plot at the
initial time.

When it has been determined that both the occupant initial posi-
tion and the seat structure configuration are as desired, a com-
plete simulation case can be run. The user should take care that
the TMAX parameter in decimal seconds on line 3 corresponds to the
time allotted for the run in the job control language (which may
be an octal number). Within the program, an allowance is made for
printing of the stored output data. Should the run be terminated
at TMAX prior to the solution reaching completion at TF, the out-
put data already generated will be printed, including the final
generalized coordinates, which can be used in restarting the solu-
tion.

4..-
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5.0 SAMPLE SIMULATION CASES

In this ci6apter are presented descriptions of input data prepara-
tion for simulation of impacts involving three different seats.
The first case involles testing of a simple seat structure, which
was used as part of the validation of the SOM-LA structural model.
Preparation of input data for this first case is covered in de-
tail, and a second case, which involves a more complex production-
type general aviation seat, focuses on data for the seat model.
Then, simulation of an energy-absorbing helicopter seat with the
NSEAT = 0 option is described. Finally, input data for the se-
condary impact option are described.

5.1 CASE NO. 1: DYNAMIC TEST OF STRUCTURALLY SIMPLE SEAT

Two series of deceleration sled tests were performed at the FAA
Civil Aeromedical Institute (CAMI) to provide data for validation
of Program SOM-LA. The tests utilized an Alderson VIP-50 dummy
in forward-facing test seats. The test program is described in
reference 1, which includes a summary of measured data.

The first series of tests used a rigid seat pan and seat back as-
sembly, supported by solid, rectangular cross-section legs and
seat back hinges. The second series of validation tests used a
similar rigid seat pan and back, braced at a 90-degree included
angle, as illustrated in figure 8. The seat legs were 1-in.
diameter, 0.068-in. wall thickness steel tubing, pin jointed at
the bottom, and fixed at the seat. Cushions were 1-in. thick
Ensolite pads on the seat pan and back, and the restraint system
consisted of a conventional nylon lap belt attached to the seat
pan with a double shoulder belt that was anchored to the seat back
and fitted to the buckle at the center of the lap belt. For all
tests, the belts were adjusted to a snug fit with all slack removed.
Fcr each of these seat designs, two impact-vector orientations
were used. The first orientation provided pure forward-facing
(-G ) acceleration. The second orientation provided combined
lonlitudinal (-G ' and vertical (+G ) acceleration by reorienting
the seat system 9c that the impact ýector fell 60 degrees below
the floor plane of the seat. For the seat design with tubular
legs, eight static tests and 58 dynamic tests, which used acceler-
ation levels of 5.4 G and 9.5 G, were conducted. For the dynamic
tests, the lower acceleration level provided minimal plastic defor-
mation of the seat legs without significant cross section change,
while the higher acceleration level produced marked plastic de-
formation with localized buckling and cross sectional change at

the fixed end. For the tests with the angled floor, accelerationL
levels of 13.5 G and 22 G were required to produce similar results.
The impact velocity for all of the these tests was approximately
44 ft/sec.

The test series selected for use in this sample case is the lower
deceleration, forward-facing (-G ) series, for which data from 10
tests were provided by the CAMI frotection and Survival Labora-
tory. Pre- and posttest photographs from one of the 10 tests are
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>~ -0 125 aluminum

and 1-in. Ensolite

0 1 x 1 X 0.087
steel tubing

2 x 2 x .081
steel tiubing

\ • //•sheet and 1-in.

- , i x 0.0685
••y •steel tubing

Z Pin joints

/

'GOTE: All dimensions in inches.

Figure 8. CAMI Series 2 test seat.

shown as figures 9 and 10. The permanent deformation at the top
of the legs can be seen in the latter photograph. The test con-
figuration is illustrated in figure 11, which includes several
dimensions required for input data, and the input deceleration is
shown in figure 12.

It should be noted in figure 11 that the aircraft coordinate sys-
tem has been placed on the aircraft floor so that the X axis is
directed lorward relative to the seat and the X-Y plane lies on
the floor. Although the coordinate system can be placed anywhere
on the floor, locating it on a plane of symmetry, such as the cen-
terline of the seat, facilitates interpretation of data. All co-
ordinates required for input are then measured in this reference
system.
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Figure 10. CAMI Series lower-deceleration,
forward-facing test, posttest.
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Figure 12. Sled deceleration, CAMI Series 2, lower-

r deceleration, forward-facing test.

Input data are discussed below, line by line, and a complete input
listing is presented subsequently as figure 17. Output data are
then discussed in section 5.1.2, and examples of plots are pre-
sented there. The contents of Appendix A show explicit input re-
quirements for this case.

5.1.1 Case No. 1 Input Data (detailed listing in Appendix A)

Line 1: Descriptive title; NUNIT - 1 for English units;
NSEAT = 1 for finite element seat; NDIM - 2 for
two-dimensional simulation.

"Line 2: IOUT(1) - 1 and IOUT(2) -a 1 request segment posi-
tion and velocity data; IOUT(3) - 2 requests occu-
pant segment acceleration, filtered with class 180
digital filter; IOUT(5) - 1 requests restraint sys-
tem forces; IOUT(6) - 1 requests spinal loads and
injury criteria; IOUT(7) n 2 requests seat external
loads filtered with a class 60 digital filter;
IOUT(8) - 1, IOUT(9) - 1, and IOUT(10) - 1 request
seat structure deflection, support reactions, and
stresses, respectively; NOPLOT a 8 for 8 occupant
position plots; NSPLOT - 8 for 8 seat structure
plots; DTPLT - 0.0005 determines the interval at
which the data described in section 3.4 are writtenon unit 26; TSEAT a 0.005 indicates the output data

print interval for the seat. CKPTIN and ICPFL are
not specified since restart is not anticipated.

Line 2A: Occupant plot data to be stored at t n 0, 0.040,

S .. 0.080, 0.120, 0.160, 0.200, 0.240, 0.280 seconds.
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4 Line 2B: Occupant plot data to be stored with viewing angle
of 0 degrees for all plots, i.e., right-side view.

Line 2C: Seat structure plot data to be stored for all plots
with +20-degree elevation angle.

-Line 2D: Seat structure plot data to be stored for all plots
with +45-degree azimuth angle, i.e., viewed from
left-front quarter.

Line 2E: Nodal output data requested for nodes 1 tbrough
16. (See figure 13 for node designations.)

Line 2F: Stress output data requested for elements 1 through6. (See figure 13 for element designations.)

Line 3: TMAX - 900 to allow up to 900 seconds central pro-
cessor time for this example, on a CDC Cyber 175
system; DMAX and DMIN set to 0.0005 sec for fixed
time step integration; integration error bounds,
EUR, and ELR, set at 10 and 0.1 percent, respec-
tively; TI - 0 and TF = 0.300 sec; initial step
size, DTI, is same as fixed step size. (If DMAX
is not the same as DMIN, DTI should be set equal
to DMIN.)

Line 4: Combined seat bottom cushion and occupant but-
tocks force-deflection relationship of the form

F - 375(e 0 . 6 5 3 6 - 1), as shown in figure 14; damp-
ing coefficient of 0.85 at zero load. Althoiugh
the cross sections of the beams that support the
cushion are utilized in forming element stiffnesses,
their dimensions de not contribute to determining
the height of the cushion above the floor. If the
actual 1.0-in. cushion thickness were used here,
the dummy would be seated 2 in. too low. Therefore,
a 3.0-in. cushion thickness is used as input, to
account for the 2.0-in.-deep box beams.

Line 5: Seat back cushion properties with same load-
deflection curve as bottom cushion. As on the
previous line, a 3.0-in. thickness is used to ac-
count for the 2.0-in. beam thickness and seat the
dummy in the correct fore-and-aft position.

Line 6: IRSYS a 3 for double shoulder harness; ILPBLT - 1
and ISHRNS - I for lap belt and shoulder harness
attached to seat; no headrest.

Line 7: Forces and strains for 2-in. nylon webbing; zero
damping; no slack.
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Figure 13. Finite element seat model.

Line 8: Anchor point coordinates for lap belt; no footrest.

*Line 9: Same as line 7.

Line 10: Anchor point coordinates for shoulder belts.

Lines 11-34: The measured sled deceleration pulse is approxi-
mated by a series of straight lines, and 10 points
in acceleration and time are measured on the plot,
as shown in figure 15. Note that accelerations
irn the coordinate directions are required s-o that
the deceleration pulse of figure 10 results in
negative X values. Because there are no Y- or
Z-accelerations, lines 15-22 are blank; the absence
of vehicle rotations requires lines 23-34 to be

'9.• blank.
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Deflection, 6 - in.

Figure 14. Exponential approximation to force-deflection
characteristics for dummy and 1-in.-thick
cushion.

Line 35: Initial velocity - 44.18 ft/sec in the X-direction.

Line 36: Initial position of "aircraft" in inertial coor.
dinate system is assumed to be (0., 0., 0.).

Line 37: IMAN - 3 requests nonstandard dummy model; seat
cushion and floor friction coefficients are 0.19
and 0.25, respectively.

Line 38: GAM(1) and GAM(2) - 0 degrees; GAM(3) - 23 degrees
for head measured on photograph of pretest con-
figuration; GAM(4) - -17 degrees for upper arms;
GAM(5) - 60 degrees at elbow; heels at 26 in.
(These coordinates are illustrated in figure 6).
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Figure 15. Approximation to sled acceleration.

Lines 38A-38L: Nonstandard occupant segment dimensions, weights,
moments of inertia, and damping coefficients. For
this example, in order to illustrate the nonstan-
dard occupant input, or IMAN - 3 on line 37, and
properties of the standard (Part 572) dummy are
included.

Line 39: Coordinate system was located under rear edge of
seat, so that XSEAT - 0; seat pan and back angles
are 0; seat pan and back angles are 0. The length
and width of the seat pan are 18 in., as is the
back width. The height of the seat pan (actually,
the top of the legs) and top of seat back are 12.75
and 40.88 in., respectively.

Line 40: The finite element seat model is illustrated in
figure 8. NNODE - 18 (real nodes); NELE - 21; NUMMAT

1 1 for one material; NUMDIS - 4 (displacement-
specified nodes on floor); NCOORD - 2 (beam pointer
node, described in section 2.7.3 and Appendix A -
numbered 19 and 20); and NSECT - 3 for three beam
element cross sections. The buckling coefficient
has the standard value of 0.5.

Line 41: KNTRL(1) - 1 indicates that the stiffness matrix
will be updated every cycle after plastic yielding
of any element has been initiated.

Lines 42-44: Material type No. 1 is 1010 steel with S = 58,700
psi and S 67,000 psi. Y
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Lines 45-46: There are three groups for the three cross sections

_hi (NSECT - 3) shown in figure 16. The circular

tubing cross section, defined first, is made up of
eight plate segments; the rectangular and square
cross sections, four each. The orientation of the
cross section is specified by the beam pointer
node, which locates the y-axis, as described in
section 2.7.3.

Line 47: Twenty lines for the nodes illustrated in fig-
ure 13, including the beam pointer node.

Line 48: Twenty-one lines for the elements illustrated in
51 figure 13.

Line 49: Seat cushion load to be distributed on nodes
13, 16, 14, and 15 (rear edge first).

Line 50: Back cushion load to be distributed on nodes
13, 16, 17, and 18 (bottom edge first).

Line 51: Lap belt anchored to nodes 13 and 16 (right side
first); shoulder harness load shared by nodes
17 and 18.

Line 52: Four lines, which specify the constraint conditions
at the bottom of the seat leg elements, indicate
that moments can be supported about the X- and
Z-axes, but not the Y-axis.

A complete listing of the input data is presented in figure 17.

5.1.2 Case No. . Output Data. A listing of output data for the
case described in 4.1.1 is presented in Appendix C. Examples of
plots generated by this case are presented as figures 18 and 19.
Listings of the occupant and seat plotting programs are presented
in Appendices E and F, respectively. Both of these programs use
the DISSPLA (Display Integrated Software System and Plotting
LAnguage), described in reference 2.

5.1.3 Case No. 1 Computer Resource Requirements. This 0.300-sec
"simulation of the CAMI dynamic test of a structurally simple seat
required 425 central processor seconds on a Control Data Corpor-
ation Cyber 175 computer system. Required computer memory was
114,000 (decimal) words.

5.2 PRODUCTION GENERAL AVIATION SEAT

Front and side views of the production general aviation seat
treated here as an example are shown in figure 20. Note that the
coordinate system has been placed on the floor at the centerline
of the seat far enough aft that all points on the seat will be
positive. Although this is not a requirement, such location of
the coordinate system does facilitate preparation of input data.
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A~tual Cross-Section Model of Cross-Section

yp. 0.0685
. _. . O.D.

0,0.466

Type 1

-0.329,0.329

0.0685 -0.466,0.

* y

0.958,-0.458 0.958,0.458

P: 2

0.085 0.085

-0.958,-0.458 -0.958,0.458

H-' y
0.458,-0.458 0.458,0.458

I. o-I_2o~• ,,
0.085 0 .085 Z

-0.458,-0.458 -0.458,0.458

NOTE: All dimensions in inches.

Figure 16. Element cross-section models used for
seat structure beam elements.
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CAMI SERIES 2 - LOW DECELERATION 2
1 2 0 1 1 2. 1 1 1 8 8,OOOS.0050

0. .040 .080 .120 .160 .200 .248 .280

u, 0. 0. 0. 0. 0. 0. u.
"20.0 .ZO,0 0.0 20.0 20.0 20.0 20.0
45.0 45.0 45.0 45.0 45.0 45.0 45.0
S16
S S

800. 0.0005 0.0005 0.10 0.001 0. 0.300 0.0005
375. .653 .85 3.00

37,. .653 .85 3.00
3 1 1 1 0

550. 1300. 2250. 0.0403 0.1048 0.1613 00.00 0.
0.75 -9. 13.63 0.75 S. 13.63 28. 0.
550. 1300. 2250. 0.0403 0.1048 0.1613 00.00 0.
0. 0. 41.38 12. 0.
0. -0.16 -4.04 -4.20 -5.91 -5.75 -5.05 -6.14

-5.44 -6.22 -5.36 -5.83 -5.44 -5.44 1.32 0.
0. .008 .018 .025 .031 .036 .040 .048

.057 .065 .072 .080 .084 .263 .283 .314

44.1i 0. 0. 0. U. 0.
0. 0. 0. 0. 0. 0.

0.25
164.38 69.1 o. 0. 23. -17. 60. Z3.
10.65 8.35 11.3 13.3 16.5 18.0
4.67 6.550 6.330 4.720 6.260 8.350 10.96

34.60 35.97 10.10 4.85 4.85 21.70 9.49 i.06
:.32 Z.I8 .275 .132 .017 .127 .927

,9.76 0.93 .266 .135 .185 1.22 .994 .8177
2.34 1.70 .2-11 .022 .195 .873 .505
4.50 4.50 3.44 1.85 1.85 3.10 2.30 2.3C

Figure 17. Listing of input data, case no. 1.

30



-?
., 1.0 3.56 2.61 1.85 2.34

" 3,70 6.34 0.20 0.20 2.00
Zi 0'j, .050 2000. .380
6000. .236 i.0O 3240. .270 1.0
375.0 1.49 150. 375.0 1.49 30.0

0. 12.75 0. 0. 18. 18. 40.88 18.

is 21 1 4 2 3 0.50
I
11010 STEEL

7.324-04 30.EG 58700. 2.5E5 .1 67000. .3 .03

62500. 75000.
8 0 .0219 .0219

-. 466 0. .0685
-.329 -. 329 .0685
0. -. 466 .0685

.329 -. 329 .0685

.466 0. .0685
X329 .32S .0685

0. .466 .0685
-. 329 .329 .0685

4 0 .243 .080
-. 958 -. 458 .085
-. 958 .458 .085

.958 .458 .O85

.958 -. 458 .085
4 0 .0249 .0249I 0-.458 -. 456 .005

""-. 438 .438 Oa85
.458 .458 .085

•.458 -. 458 .085
5 0.0 -9.0 0.0

18.0 -3.0 0.0
3 18.0 3.0 0.0
4 o.0 3.0 0.0

5 0.0 -9.0 9.75
6 18.0 -9.0 9.75
7 18.0 1.0 8.73

3 0.0 -9.0 12.75

16 1i.0 -9.0 11.75
11 18.0 9.0 11.75
12 0.0 9.0 11.75
01 0.0 -9.0 12.75
14 18.0 -9.0 12.75
15 18.0 9,0 12.73

-16 0. 0 9.0 12.75

17 0.0 -9.0 41.38
S80.0 9.0 41.38

19 0.0 22.0 0.0
20 18.0 22.0 0.0

Figure 17 (contd). Listing of input data, case no. 1,
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I
.4

3 S 131 4 2
4 & 6 3 2 '
5 6 10 1 3 2 1
6 10 14 1 3 2 1
7 3 7 1 20 2 1

8 7 11 1 20 2 1
S11 15 t 20 2 1

10 4 8 I is 2 1I ii 8 IZ 1 i9 2 1
12 12 1 1 1i 2 1
L3 13 14 2 1 2 1
14 14 15 2 2 1
i5 15 16 2 3 2 1
16 16 13 2 4 2 1
17 ;3 17 2 14 2 1
18 14 17 3 15 2 1
19 15 18 3 14 2 1
20 16 18 2 15 2 1
21 18 17 2 16 2 1
"13 16 14 15
13 i6 17 18
13 16 17 18
1111101

3111101

4111101

Figure 17 (contd). Listing of input data, case no. 1.
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PROGRRM SOM-LA ODCUPANT MOOEL
Co, ,I SERIE5 2 - LOW CECELE•RTION

TIME - .2400 SEC.

/

Figure 18. Occupant plot at T 0.240 sec for case no. 1.
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PLOT NO. 7, TIME - .2400 SEC.
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Figure 19. Seat plot at T -- 0.240 sec for case rno. 1.
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Because of the nonsymmetric restraint system, a three-dimE nsional
ccupant simulation is requested by NDIM - 3 on line 1. ,s illu-

-stratedin figure 21, the seat structure was modeled using 28 nodes,
36 beam elements, and 2 plate elements. The seat structure is
fabricated of 6061-T6 aluminum alloy. The cross section of all
beam elements is illustrated in figure 22 along with the rectangu-

- --jar approximation utilized in the model. A listing of input datais presented as figure 23. Because neither the lap belt nor the

shoulder harness is attached to the seat, the restraint system
nodes are not required. The seat has one fore-and-aft adjustment
locking pin at the left-front track connection. The track connec-
tions are assumed to constrain nodes 1, 2, and 15 against trans-
S lation in the Y and Z direction but free in the other directions.
Node 16, on the other hand, where the adjustment locking pin is
located, is constrained in all directions except Z rotations.
Some judgment is required as to the ability of the adjustment lock-
ing pin to resist rotations about the X or Y axes.

This model nearly fills the master stiffness matrix array which
is dimensioned 11,500, as described in Section 2.7.3. Referring
to Equations (2) and (3), for 28 nodes and 6 degrees of freedom
at each,

MEQ - (6)(28) a 168

As shown in figure 21, the maximum difference between node num-
bers across any element is

J a 14

Theun

MUD - 6(14 + 1) - 1 - 89

and

N - 168 + 89[(2)(168) - 89 - 1J/2

- 11,115

which is nearly at the dimension of 11,500.

5.3 ENERGY-ABSORBING HELICOPTER SEAT

A production energy-absorbing helicopter seat was tested at CAMI.
The test configuration is illustrated in figure 24. A complete
listing of input data is presented as figure 25.

Headrest properties are provided on line 6A. In addition to lap
belt and shoulder belt properties and locations on line 7-10, the
lap belt tiedown strap is described on lines 1OA and 10B. The
webbing is a low-deflection polyester type, whose load-elongation
properties are illustrated in figure B-5. A five-point restraint
system was used, as indicated by IRSYS - 4 on line 6.
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Actual Cross Section Approximate Cross Section

.156R -

4 3

0.461

--e-7 8-- - 1- -
. -1.000 y

.078R 1 2.500ý
Y Z2A - 0.1940 in. 1 -0.211 -0.461

S1 -0.211 -0.461

I a 0.02078 in. 4  2 0.211 -0.461
4 3 0.211 0.4614

- 0.00672 in. 4 -0.211 0.461

Figure 22. Beam element cross section.

As shown in figure 24, the seat was rotated on the horizontal sled
in order to simulate a near-vertical impact. The input accelera-
tion is input in both x- and z-components, on lines 11-14 and 19-22,
respectively. The pitch of -73 degrees is entered on line 36.

Energy absorber data are centered on line 40. The load-stroke
characteristics ior the seat are illustrated in figure 26. The
guide tubes shown in figure 24 are oriented 4 degees from the z-
axis, and this angle is input on line 40, along with the movable
seat weight of 60.6 lb. It is this nonzero seat weight that causes
the stroking seat model to be used.

Line 41 includes the unloading slope of 4308 lb/in. and the damp-
ing coefficient of 0.55 lb-sec/in., which was determined by match-
ing the measured energy a&sorber force-time history. A moment of
inertia of 148 lb-in.-sec with respect to the aircraft coordinate
system was estimated for the seat. Rotational stiffness parameters
were estimated from static tests of the seat.

5.4 EXAMPLE OF COCKPIT GEOMETRY

The secondary impact option, specified by input of IOUT(4) - 1 on
line 2, permits output of velocities at which occupant segments
strike the interior of the aircraft and the time at which each
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NONADJUSTABLE PILOT SEAT 12-G FORWARD TEST ABI-110 1 1 3
1 0 0 1 1 2 1 1 1 8 8.00050.005

0. .040 .080 .120 .160 .200 .240 .280
0. 0. 0. 0. 0. 0. 0. 0.

20.0 20.0 20.0 20.0 20.0 ZO.0 20.0 20.0
45.0 45.0 45.0 45,0 45.0 45.0 45.0 45.0

1 28
136

2048. .0005 .0005 .10 .001 0. .300 .0005
197.2 0.7 .87 2.
197.2 0.7 .87 2.

2 1 0 0 0 0
550. 1300. 2250. .0403 .1048 .1613 0.00 0.

7.5 -9.50 .5 7.5 9.50 .5 38.0 45.
550. 1300. 2250. .0403 .i048 .1613 0.00 0.
-16. 15.75 46. 13.25 0.
0. -0.109 -8.93 -10.8 -11.9 -11.6 -12.4 -12.2

-10.7 -11.1 -9.29 -11.6 -9.59 3.47 C.952 0.
0. .0092 .0262 .0330 .0389 .0420 .0550 .0716

.0805 .033 .1000 .1463 .1592 .1688 .1750 .2180

0

49.7 0. 0. 0. 0. 0.

3 0 .25 .25
164.38 69.1 -8.4 -8.4 0. -30. 37, 38.0
10.85 8.35 11.3 13.3 16.3 16.0
4.67 6.550 6.330 4.720 0.260 8.350 10.86

34.60 35.87 10.10 4.85 4.85 21.70 9.49 1.56
2.32 2.18 .275 .132 .017 .127 .927
0.76 0.93 .266 .135 .185 1.22 .994 .0177
2.32 1.70 .233 .022 .195 .873 .505

Figure 23. Input data listing case no. 2.
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4.50 4.50 3.44 1.95 1.85 3.10 2.30 2.30
1.60 3.56 2.61 1.85 2.34
3.70 6.34 0.20 0.20 2.00

4000. .500 2000. 0.38
6000. .Z38 1.00 3240. .270 1.0
375.0 1.49 150. 375.0 1.49 30.0
4.67 7.93 9,2 8.4 15.3 15.8 29.2 12.2

28 38 1 4 6 4 1 .50
1 250 0 3
16061-T6 AL

•2588E-4 10.E6 36000. 1.E6 .162 45000. .3
42000. 18750.

4 0 .02078 .00672
-. 211 -. 461 .078

.211 -. 461 .078
.211 .461 .078

-. 211 .461 .078
1 8.0 -5.0 0.

17.9 -5,0 0.
3 17.0 -5.00 4.16
4 20.5 -5.00 4.29
5 23.0 -3.3 10.9
6 22.1 -7.0 10.76
7 15.82 -7.9 9.75
a 12.53 -7.9 9.21
9 1.50 -6.1 29.2

10 4.15 -7.9 11.3
11 4.67 -7.9 7.93
12 6.57 -7.9 8.24
13 9.22 -7.9 8.68
14 8.57 -5.00 3.87
15 8.0 5.0 0.
16 17.9 5.0 0.
17 17.0 5.00 4.16
18 20.5 5.00 4.29
19 23.0 3.3 10.9
20 22.1 7.0 10.76
21 15.82 7.9 9.75
22 12.53 7.9 9.21
23 1.50 6.1 28.2
24 4.15 7.9 11.3
25 4.67 7.9 7.93
26 6.57 7.9 8.24
27 5.22 7.9 8.68
28 8.37 5.00 3.87
29 8.57 0. 3.87

30 17.0 0. 4.16
31 23.0 0. 10.9
3z 4.67 0. 7.93

Figure 23 (contd). Input data listing case no. 2.
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1 1 14 1 29 z 1
42 . 3 1 30 2 1
3 14 3 1 29 2 1
4 3 4 1 30 2 1
5 4 5 1 31 2 1

S3 6 1 31 2 1

7 6 7 1 31 2 1
8 7 8 1 31 2 1
9 8 13 1 32 2 1

10 12 13 1 32 2 1

11 3 7 1 30 2 1

12 14 13 1 2 2 1
13 14 12 1 29 2 1
14 11 12 1 32 2 1

15 10 11 1 32 2 1

i1 9 10 1 32 2 1

17 15 28 1 28 2 1

18 16 17 1 30 2 1

19 28 17 1 29 2 1
20 17 18 1 30 2 1
21 18 is 1 31 2 1
22 19 20 1 31 2 1
23 20 21 1 31 2 1
24 21 22 1 31 2 1
25 22 27 1 32 2 1
26 26 27 1 32 2 1
27 17 21 1 30 2 1
28 28 27 1 29 2 1

29 28 26 1 29 2 1
30 25 26 1 32 2 1

31 24 25 1 32 2 1
32 23 24 1 32 2 1
33 5 19 1 32 2 1
34 12 26 1 31 2 1
35 9 23 1 32 2 1
36 10 Z4 1 32 2 1
37 8 10 12 1 1

38 22 24 26 1 1
12 26 5 19
10 24 9 23

1111101
2111101

15111101
16111101

Figure 23 (contd). Input data listing case no. 2.
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CMMI TEST A8- i PART 572 DUMMY)1

0. .020 .040 .060 080 .100 .120 .140
",. 0. 0. 0. 0. 0. 0 0

240. .0010 .0010 .1 .001 0. .250 .0010
760. 0.50 2.40 2.5
760, 0.50 2.40 1.5

4 1 1 1 L
1OW0. .216 2.40 1.0
1620. 5000. 10000. .0080 .0520 .0800 0.00 0.

3.6 -9. 13.1 3.6 9. 13.1 33.0 40.
910. 2500. 5000. ,0080 ,0520 .0900 0.00 0.

-6.02 0. 36.2 12, 5.
L0 M 1570. 5000. .0133 .0467 .1112 0.00 0.
13.16 0. 10.2

0, -0.841 -1.68 -3.22 -4.32 -7.33 -8.32 -9.25
-10.23 -li.7Z -i2.L3 -11.65 -10.Z5 0.38 0.77 O.

Q. .0055 ,008W .0130 .0175 .0250 .0280 .031
.0382 .0440 .0480 .0515 .0535 .0590 .0828 .080,

Z, 2.75 5.50 10.53 14,15 23.87 27.23 30.25
33.48 36.35 39.68 38.11 33.52 -1.26 -2.52 0.

0. .0055 .0085 .0130 .0173 .0250 .0280 .0315
.0382 .0440 .0480 .0515 .0535 .0550 .0628 .0680

iZ.72 0. -41.60
0. 0. 0. 0. -73. 0.

3 .30 .35
164. 69. -13. -13. -3. -03. 58. 33.0

10.85 8.35 11.3 13.3 16.5 19.0
4.67 6.550 6.330 4.720 6.260 8.350 10.96
34.60 35.97 10.10 4.85 4.85 'ý1.70 9.49 1.98
Z.32 2.18 .275 .132 .017 .127 .9127
0.76 0.93 .266 .035 .185 1.22 .934 .0177
22.32 1.70 .233 .022 .195 .973 .505
4.50 4.50 3.44 1.85 1.85 3.10 2.30 2.30

N1.60 3.56 2.61 1.85 2.34

:7, Figure 25. Listing of input data.
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3.70 6.34 0.20 0.20 2.00
200. .050 Z00. .380
600. .23a 1.0 3240. .270 1.0
375.0 1.49 150. 375.0 1.49 30.0

0. 7.5 3. 13. 16. 18. 40.5 18.
2565. 2585. 2585. 0.6 1i. 20. 4. 60.6
4308. 0.55 148. 3470000. 2000.

15510. M5350. 215160. .0156 .0562 .0885

Figure 25 (contd). Listing of input data.

2585.

.0 o
Unload

4) slope

U 4308 lb/in.
0

00 0.6 20.

Stroke - in.

Figure 26. Energy absorber load-stroke characteristics.

such impact occurs. Immediately following line 3, eleven addi-
tional lines of data must be provided. The first line contains a
single integer which specifies the general type of configuration,
zero for a passenger seat or 1 for a cockpit seat.

Using the example of figure 2', a cockpit configuration is desired,
where the seat is surrounded by surfaces that represent an instru-
ment panel, a windscreen, etc. The coordinates of the lines of
intersection for the cockpit surfaces are given in figure 27 in
inches. The eleven additional lines of data for this example are
shown in figure 28.
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APPENDIX A

PROGRAM SOM-LA INPUT DATA REQUIREMENTS

In this Appendix is presented a line-by-line description of in-
put data required by Program SOM-LA. As described in chapter 2,
there are a number of optional lines of data, each of which is
suffixed by an alphabetic character, such as line 6A, which is
used only if the seat includes a headrest.

A-1



LZNE li Case Identification

DESCRIPTION: Title and type of case.

FORMAT AND EXAMPLE:

4 e e $aI I ; 1 44 ?211 11 $ 4 8 e TO $ t A 4 5ee$Is 92a Is 4 $ F *

MAM

FIELD FORM4AT CONTENTS

NAME 6A10 Alphanumeric title of case to be cen-
tered at top of printed output and
plots.

NUNIT 15 System of units

NUNIT - 0 : SI units
NUNIT - 1 : English units.

NSEAT I5 Seat model

NSEAT - 0 : Rigid seat model
NSEAT - 1 : Finite element seat

model.

NDIM 15 Definition of occupant degrees of
freedom

NDIM a 2 : Two-dimensional
simulation

NDIM - 3 or 0 : Three-dimensional
simulation.
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LINE 2: Output Selection

* DESCRIPTION: Definition of output data to be stored for printing
and number of plots.

FORMAT AND EXAMPLE:

Got 1 I a$64 1601 1844*OjI4 64 fOtII46lo w MW4SPS Jto) MOKID . POO 1108.660 196?

I ' W")I WM I ) I OW T M1 I I I'4 U "ftoT I *"% It'. ImTsui

. 1 . .11 1 1 1 s.c.. ,

FIELD FORMAT CONTENTS

IOUT 1015 Vector of O's, l's, 2's and 3's indicat-
ing which output data are to be printed
(1, 2, or 3) or not printed (0)

IOUT(1) i Occupant segment position
IOUT(2) : Occupant segment velocity
IOUT(3) : Occupant segment accel-

eration (1)
IOUT(4) : Secondary impact predic-

tion (2)
IOUT(5) : Restraint system forces
IOUT(6) : Injury criteria
IOUT(7) : Seat external loads

(cushions, floor) (1)
IOUT(8) : Seat structure deflec-

tions (3)
IOUT(9) : Seat structure support

reactions
IOUT(10) : Stresses in seat struc-

ture beam elements (4).

NOPLOT 15 Number of requested occupant position
plots (up to 8). Lines 2A and 2B must
be inserted if NOPLOT > 0.

NSPLOT 15 Number of requested seat position plots
(up to 8). Lines 2A, 2C, and 2D must be
inserted if NSPLOT > 0.

DTPLT FS.0 Interval at which data are written on ex-
ternal file 26, as described in chapter 3.
If left blank, 0.001 sec is assumed.

TSEAT F5.0 Print frequency (in seconds) for data
selected with IOUT(8), IOUT(9), and
IOUT(10).
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FIELD FORMAT CONTENTS

CKPTIN F5.0: Checkpoint time interval
- 01 no operation

1; rake checkpoint every "CKPTIN!
seconds
restart and make checkpoints every
"-CKPTIN" seconds.

ICPFL Is : Restart checkpoint file number.

(1) For IOUT(3) and IOUT(7), an input value of I results in un-
filtered output. A value of 2 or 3 results in application
of a class 180 (300 Hz) or class 60 (100 Hz) filter, re-
spectively.

12) If XOUT(4) - 1, lines 3A - 3K must be included to define
aircraft interior surfaces.

(3) If IOUT(8) - 1, line 2E must be included to select the nodes
for seat structure deflections.

(4) If IOUT(10) - 1, line 2F must be included to select the beam
elements for seat structure stresses.
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LINE 2A: Plot Times (only if NOPLOT > 0 or NSPLOT > 0)

- -" - DESCRIPTION: •Times when plots of occupant or seat position are
desired. The first NOPLOT fields are read, as de-
fined on line 2.

.- - -: :occupant -and seat plot data are stored on external
file numbers 14 and 20, respectively. Therefore, if
plots are requested, the job control language must
define files 14 and/or 20 as permanent files to be
saved. These permanent files can then be used as
input to the plotting programs listed in Appendicesi• E and F.

FORMAT AND EXAMPLE:

I; 1 • 4 a aTl O $8 00 34 G4?1 :1|0 a 4 a a6 F O a# 0 1 1 t A| a 4I ?A : III 4 al a? I :I' 10 A a# a?$$ 0It $ 4 G I F a#S O l@t | 3 4 A$ 7 &1J

* V1L46T76$ 3 0 1 I460oT0) 7OT846 T•) T-,Or

0. 0... '0 , 0..o6o 0.08' 0.12 " 0 o.160 0.20oj 02 .0 o.280

FIELD FORMAT CONTENTS

TPLOT 8F10.0 Plot times, seconds.

A-5
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LINE 28; Occupant Plot Viewing Angles (only if NOPLOT > 0)

• DESCRIPTION: Angles in degrees corresponding to TPLOT times on .

.line 2A. The first NOPLOT fields are read, as on-: line 2A. The angle is measured in the horizontal
'• plane, as illustrated in figure A-1. An angle of

S - - .. degrees results in a right-side view; 90 degrees,
.a front view; and 180 degrees, a left-side view.

FORMAT AND EXAMPLE:

jO * 6 6• 7 g

IIt a A 6 a I al l _661840 I sa lt s l Y6 0 14 i0 t S18,64661 se 1184664?66 1184660 ?see

-. .. . . '0A 0 0 0

"FIELD FORMAT CONTENTS

ANGVU 8F10.0 NOPLOT occupant viewing angles, degrees.

.A,



Y (left)

S• X (forward)

Vieig Viewing angle =a
Viewing

Position

Figure A-1. Definition of plot viewing angle.
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LINE 2C: Seat Structure Plot Viewing Elevation Angle (only if

NSPLOT > 0)

UMSCRIPTION: Viewing angleý , as defined in figure A-2.

FORMAT AND EXAMFLE:

1140 47&1 S44# T11 f4AI I: It 4 & 66A0 1 1$ 7 1118 &4G& ** II &4 ?1 $4a ?a1|41e?,S|o 1814167630 1I84|5611 1164506S4101845°7SS la4SSte: 11346° 8641°?aS

F1 rMI) POWR 101 PUM) 0.01

M O 20t, . 20 . 2 .0.0 0.....20,. .. 20., 0 .. . .

FIELD FORMAT CONTENTS

PHI 8F10.0 NSPLOT elevation angles, degrees.
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Viewing position

I/ /

eZ

Y

* / Center of the imaginary
/ workbox which encloses

the model

0 = Azimuth angle in X-Y plane in degrees (-1800 < e < +1800)

0 = Elevation angle in degrees (-90° < < +900)

Figure A-2. Angular coordinates for viewing position
of graphic display models.
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LINE 2D: Seat Structure Plot Viewing Azimuth Angle (only if
NSPLOT > 0)

PESCRIPTION: Viewing angle e, as defined in figure A-2.

FORMAT AND EXAMPLE:

V- IL I I a 4 0 0 aP 10146

IS,0 S a 3 4557 .' SSS 13 Oil~giS p .34.3.6.0.1.4..

FIELD FORMAT CONTENTS

THE 8F10.0 Vector of NSPLOT azimuth angles, degrees.
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LINE 2E: Nodal Output Selection (only if IOUT(8) • 0)

S. DESCRIPTION: Node numbers, in pairs, to specify which X, Y, Z
displacements are to be printed. (The node numbers
are defined on line 47.)

FORMAT AND EXAMPLE:

41 a a 4 4 901

1034 4 0?8 If) 60 414T 1 e 3 & 46 9 IIl S1 I6 I@I4I&I6 u a 1 184 a toll 1341I17I89 a i?

N WI ) I M no I RW I K I tol ) £too"") $11 ts)41 ý y D )afo C "1 .1 .......

1 16 .... ......

FIELD FORMAT CONTENTS

KNODE 5(215) Nodal displacements printed for nodes
beginning with KNODE(I) through
KNODE(I÷1), inclusive. Up to 5 pairs
of nodes are permitted.

0
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LINE 2F: Beam Stress Selection (only if IOUT(10) 0 0)

DESCRIPTION: Element numbers, in pairs, to specify which
stresses are to be printed. Maximum and minimum
values of stress are printed at both ends of se-

S..lected beams.

FORMAT AND EXAMPLE-

a I 3• O 69769411 ||44||?1# a 4 4 1 1 3 4O, , I & B

38404116 F 6 8 1 :11 1 f4 1117 gIk 2I?11a6?Btag~.Iasv.138

a IA 13 Re gI&m) a 900 AWA M999N KzMaMU ISSIANN) NSNWU() K9U43)IAM" a WS) 6AN4IO

FIELD FORMAT CONTENTS

KBEAM 5(215) Stresses printed for beam elements be-
ginning with KBEAM(I) through KBEAM(I÷1).
inclusive. Up to 5 pairs of elements
are permitted.
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4-

p

T.LINE 3: Simulation Control Data

DESCRIPTION: Parameters for control of solution duration, step
size, and error bounds.

FORMAT AND EXAMPLE:

46
J I | 4 ST 60O~1D tB4 06T1O 9 0 I $ 41Z , 17 401 1 8 4 IS1 001|1Q 3 •4 6 17 110 1 3l I i4 6 1? 1• 2 34 & 0 7 ai I | 4 ae?

fia.. ~..]so .oAsej".s sumo,4s . . . ,..l. . .o l....... o, ...... ovsAoo aa..7seI3 i? . .0.4:?.ooo

900. 0,000S 0.000D 0.10 0.001 0. 0.300 0. 0

FIELD FORMAT CONTENTS

TMAX F10.0 The maximum time allotted for the run on
the job card in decimal seconds. This
will ensure that the solution is termi-
nated in time to permit printing of the
output already computed.

DMAX F10.0 Maximum step size. A value of 0.001 sec

has been used successfully.

DMIN F10.0 Minimum step size. A value as large as
0.001 sec has been used successfully,

|.0 but the use of very stiff restraint sys-
tern webbing or seat cushions may require
a smaller value, such as 0.00001. The
solution can be accomplished with a fixed
step size by setting DMIN z DMAX.

EUR F10.0 Maximum bound on error between predictor
and corrector. A value of 0.05 to 0.10
is suggested, corresponding to a range
of 5 to 10 percent. If the error in
any variable is larger than this value,
the step size is halved, maintaining
solution accuracy.

ELR F10.0 Lower bound on error between predictor
and corrector. A value of 0.001 is
suggested, corresponding to 0.1 percent.
If the error in all variables is smaller
than this value, the step size is doubled,
"preventing the computer execution cost
from becoming excessively high.

A-13
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FIELD FORMAT CONTENTS

Note: Because doubling the step size
ut-iplies the truncation error in the

Adams-Moulton integrator by a factor of

2, ELR should be chosen less than
EUR/32 if the advantages of doubling are
not to be short-lived.

TX F10.0 Initial solution time in seconds. Nor-
mally taken as 0, unless restarting the

'S solution.

"TF F10.0 Final solution time in seconds.

DTI F10.0 Initial step size, normally set equal
to DMIN.
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LINE 3Az Cockpit Configuration Identification (only if
IOUT(4) - 1)

DESCRIPTION: An integer that specifies either of the types of

configuration shown in figure A-3.

FORMAT AND EXAMPLE:z

11 a 3 aI: t $I I' N1 4 1-$

FIELD FORMAT CONTENTS

ICKPT I5 Identification of cockpit configuration.

*Line not present for sample case.
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r -• . .. . . . .

44

544

4 / 3

2- 2

A 2

XA A

Passenger seat Crewseat
!'ICKPT = 0) (ICKPT = 1)

8 -10

7 9

"YA

Figure A-3. Cockpit geometry definition for
secondary impact prediction.
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LINE 3B - 3K; Cockpit Coordinates (only if IOUT(4) - 1)

--DESCRIPTION: Coordinates of points that define cockpit geometry.

FOR.KAT AND EXAMPLE:

0L I a a 0 a 9 1 9:1l s o7* 1T10t 019 :[ ~Oa I v"s A4

FIELD FORMAT CONTENTS

XCAS(J) 3F10.0 These lines contain coordinates of tenYCAS(J) points that define cockpit geometry.
ZCAS(J) X and Z coordinates are required for
J = 1,10 the 6 points shown in figure A-3; Y and

Z coordinates for points 7-10 that de-
fine the sides of the aircraft.

*Line not present In sample case.
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_LINE 4; Combined Seat Cushion and Occupant Buttocks Properties

- DESCRIPTION: -#orce-deflection characteristics and damping for
seat cushion and buttocks combined; thickness
for seat bottom cushion. The force, F, is com-
puted from total deflection, 6 , according to
F - C'e s 1).

FORMAT AND EXAMPLE:

$I, 11t I s '- 4 00 Ti t o'1 1i 8 :1 13 4t &'""1 ' 6 " "'" " " 1• :1 24640 134A478 124A4Y1

37.-.__ .- _ ... 3-._ _0

FIELD FORMAT CONTENTS

CSC F10.0 Coefficient C in above equation (ib).

BSC F10.0 Coefficient B in above equation (in.-).

DPSC F10.0 Damping coefficient at zero load
(lb-sec/in.).

THSCE F10.0 Unloaded thickness of cushion under
buttockr (in.) This 3.0 in. dimension
includes the thickness of the beam ele-
ment surrounding the seat pan for this
example.
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LINE 5: Back Cushion Properties

DESCRIPTION, Force-deflection characteristics, damping, and
thickness for back cushion. These characteristics
should be measured using an indenter with the formof the occupant torso. If a dummy torso is usedin measureqent 4 the deflection should be based on
the chest accelerometer location. The force, F, is
Scomputed from cushion deflection, 5 , according to
F - C(eB• - 1).

FORMAT -AND EXAMPLE:

iS .

FIELD FORMAT CONTENTS

CBC Fi0.0 Coefficient C in above equation (lb).
BBC F10.0 Coefficient B in above equation (in.-).

DPBC FIO.0 Damping coefficient at zero load
(lb-sec/in.).

THBCE F1O.O Unloaded thickness of cushion in center
of seat back (in.), including thickness
"of beams for this example.

A
I
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LINE 6: Restraint System Identification

DESCRIPTION: Integers defining configuration of restraint sys-
tem and presence or absence of headrest.

FORMAT AND EXAMPLE:

El
1 -- - ,l , 1 I i1 a 4 a a

FIELD FORMAT CONTENTS

IRSYS 15 Restraint system configuration.

IRSYS a 0 : Lap belt only
IRSYS - I : Diagonal shoulder belt

over right shoulder
IRSYS - 2 : Diagonal shoulder belt

over left shoulder
IRSYS - 3 : Double shoulder belt
IRSYS a 4 : Double shoulder belt

and lap belt tiedown
strap - requires
lines 10A and 10B.

IBUKL 15 Buckle connection type (see figure A-4).

ILPBLT 15 Lap belt attachment

ILPBLT - 0 : Attached to airframe
ILPBLT w 1 : Attached to seat.

ISHRNS 15 Shoulder harness attachment

ISHRNS - 0 : Attached to airframe
ISHRNS - I : Attached to seat.

IHRST 15 Headrest option

IHRST - 0 : No headrest
IHRST - 1 : Headrest included -

requires line 6A.

A-20
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IBUI(L= 1 IBUKL 2 IBUKL= 3

BUKL =0

1 =Shoulder belt fixed to buckleI ,2 = Shoulder belt and one side of
lap belt are one lc-,ngth of
webbing

3 = Shoulder belt and lap belt
attached to fixed point

NOTE: BUYL parameter is defined on line 10.

Figure A-4. Types of buckle connections specified
by IBUKL on line 6.

A..
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LINE 6A: Headrest Cushion Properties (only if IHRST 1)

DESCRIPTION: Force-deflection characteristics, damping, and
thickness for seat bottom cushion. The measurement
should be made using a headform. The force, F,] is computed from cushion deflection, 6, according

to F M C(e - 1).

FORMAT AND EXAMPLE:

1!° 'T 7 1 81 4. 64 so r * d l

FIELD FORMAT CONTENTS

CHR F10.0 Coefficient C in above equation (Ib).

BHR F10.0 Coefficient B in above equation (in.-).

DPHR F10.0 Damping coefficient (lb-sec/in.).

THHRE F10.0 Unloaded thickness of cushion behind
head (in.).

*Line not present for sample case.
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LINE 7: Lap Belt Properties

DESCRIPTION: Tables of forces and deflections define an approxi-
rmation to force-deflection curve by three linear
segments, as illustrated in figure A-5. The force
and deflection at point 1 are assumed to be zero.

------..---FORMAT AND EXAMPLE:

I

onto? @NW1•4 1 8,00, S0LAG-

550, 1300.o o. 0 1 10.0 ,16 1 31

FIELD FORMAT CONTENTS

FFLB 3F10.0 Forces (ib).

DDLB 3F10.0 Strains corresponding to forces (in./in.).

DPLB F10.0 Damping coefficient (lb-sec).

SLAB F10.0 Slack in the total lap belt loop, the
length that, if removed, would cause
the belt to pass snugly over the occu-
pant with zero load (in.).
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FFLB_(4) (D4, F4)

FFLB(3) (D3, F3)

0

FFLB (2) (D, 2

DDLB(2) (DDLB (3) DDLB (4)

Deformation

Figure A-5. Force-deflection model for
restraint system webbing.
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LINE 8; Lap Belt Anchor Points and Footrest

DESCRIPTION: Coordinates of right and left lap belt anchor points
-in aircraft coordinate systemn location of footrest.

FORMAT AND EXAMPLE:

i 41 I | , 4 8

8 10 1 1 3 4 4? a 15466? 4 0aI 34 1 173 1. 1 6?0 0 . t I 3 4: 6 1 4 6 : : 9 0 1 1 3 4 G # 7 a

A9111 VLN s) "0I aL ) -LoI )LIi)

S..71 t-9. 13.6 0.75 9. 13,. ZS. 0.

FIELD FORMAT CONTENTS

XLB(1) 3F10.0 Coordinates of right-hand lap belt anchor
YLB(1) point in aircraft coordinate system (in.).
ZL•(1)

XLB(2) 3F10.0 Coordinates of left-hand lap belt anchor
YLB(2) point in aircraft coordinate system (in.).
ZLB(2)

XFR F10.0 X-coordinate of footrest in aircraft
coordinate system, at intersection with
floor, where Z - 0 (in.). If no foot-

. rest, leave blank.

ANGFR F10.0 Angle between footre•t -nd fl~rr
(degrees).

A.
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LINE 9: Shoulder Belt Properties
DESCRIPTION: Tables of forces and deflections define an approxi-

"rmation to force-deflection curve by three linear
segments, as illustrated in figure A-5. The force
and deflection at point 1 are assumed to be zero.

FORMAT AND EXAMPLE:

I * I L ee[ 1 1 8 4 1 ? 6 9 9 1 1a 1 t 1 .2 1 . _4 0 4 7 
I S4 10 I9 

1 8l 4 4 ? 8 114• rFIIO @pow ppOW414 "soft! ) Mm"q44) of IP VA.I

S550. 1300, 2250,. 0,00. 0.1 0 0. 1613 0.

FIELD FORMAT CONTENTS

FFSH 3FI0.0 Forces (lb).

DDSH 3F10.0 Strain corresponding to forces (in./in.).

DPSH F10.0 Damping coefficient (ib-sec).

SLSH F10.0 Shoulder belt slack (in.).
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SLINE 10: Shoulder Belt Anchor Points

DESCRIPTION: Coordinates of shoulder belt anchor point in air-
craft coordinate system, along with other restraint
system characteristics.

MORMAT AND EXAMPLE:

0 1 3

. . .0.. . . . . 0 . .. 11.3.8 .1.2. . . . . .

-'FIELD FORMAT CONTENTS

XSH 3F10.0 Coordinates of shoulder belt anchor
YSH point in aircraft coordinate system, or
ZSH point from which belt passes to shoulder

in a straight line.

BUKL F10.0 Length of lap belt webbing attached to
buckle, illustrated in figure A-4 (in.).

XTRAL F10.0 Length of shoulder strap beyond (XSH,
YSH, ZSH) if strap not in straight line,
as shown in figure A-6 (in.).
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(XSH, YSH, ZSH)

Figure A-6. XTRAL dimensions for shoulder
belts on line 10.
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* LINE 10A: Tiedown Strap Properties (only if IRSYS - 4)

" DESCRIPTION: For lap belt tiedown strap (negative-G strap)
- - tables of forces and deflections define an approxi-

mation of force-deflection curve by three linear
segments, as illustrated in figure A-5. The force
and deflection at point 1 are assumed to be zero.

FORMAT AND EXAMPLE:

- r " ' III - - - •! S ? -l la

! | | 4 I• T •l O0 , 1,14 •• ? |.eO~0:1 4 aI 4 7 | :11 #a| 4 ll I$_ 0 I_#.$_ !4 $|I! q1? | 4_ o.il • 0T0|0 11 4 e |

"rowp WWI a nualP)O0! ) vena'D l "rowq)-enlaLr

FIELD FORMAT CONTENTS

FFTD 3F10.0 Forces (ib).

DDTD 3F10.0 Strains corresponding to forces (in./in.).

DPTD F10.0 Damping coefficient (lb-sec).

SLTD P10.0 Tiedown strap slack (in.).

*Line not present for sample case.
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&INSiO2Bt Tiedown Strap Anchor Point (only if IRSYS - 4)

"DESCRIPTION: Coordinates of tiedown (negative-G) strap in air-
- - craft coordinate .system.

FORMAT AND EXAMPLE:
'K"

"o, - 46'I' I 1 6 6 1 7 I 54 "I 3.4I7 11 6"

FIELD FORMAT CONTENTS

XTD 3F10.0 Coordinates of tiedown strap anchor
YTD point in aircraft coordinate system
ZTD (in.).

*Line not preient for sample case.
.V
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LINE 11 -34: Aircraft Acceleration

DESCRIPTION: The time variation of each of the six components of
the acceleration of the aircraft coordinate system

U

is approximated by up to 16 points in acceleration
and time.

FORMAT AND EXAMPLE: (Lines 11 - 14)

a 6a7 al9312 4S4 4 346 4 4 de7aV t2S460 0041 4 4

4Auto &nalt 4*aS ANO4) 44) 62471, AXwa)

o. -0 16 -4,04 -4.20 -5 9 -5.75 -5.05 -6, 14

- 414*I 41(40) 44(44) AX4*44) £N41411 **61 £X4140

544e -6..2.2 5 36 58 .-5 4 -54.4 320.

1t44) TIE)l T1*) t4(4) t1e4) tf tal4) Title

TIrU)i TIt(le) T1(14) TII(4*) 71(t44) 1L1l4*4) T14411 Tr(114

. .. 06. 0.7 0... 0 5.1.5 . 7 2 .. o80 .... .. 08, 2. . 3 .283 .314

SFIELD FORMAT CONTENTS

"Lines 11 and 12:

AX(J), J = 1-8 8F10.0 X-acceleration (G).
• AX(J), J = 9-16 8F10.0

j Lines 13 and 14:

TX(J), J = 1-8 8F10.0 X-time corresponding to lines 11

TX(J), J = 9-16 8F10.0 and 12 (sec).

I Lines 15 and 16: Y-acceleration (G).

Lines 17 and 18: Y-time (sec).

Lines 19 and 20: Z-acceleration (G).

* Lines 21 and 22: Z-time (sec).

Lines 23 and 24: Yaw acceleration (rad/sec/sec).

Lines 25 and 26: Yaw time (sec).

a Lines 27 and 28: Pitch acceleration (rad/sec/sec).

Lines 29 and 30: Pitch time (sec).

SLines 31 and 32: Roll acceleration (rad/sec/sec).

Lines 33 and 34: Roll time (sec).
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LINE 35: Aircraft Initial Velocity

DESCRIPTION: Components of aircraft initial velocity, in air-
craft coordinate system, translation and rotation.

FORMAT AND EXAMPLE:

e 1 t ]4 ' a .. .a

14848 1 7 11040 0 10.44SY700 6446 &OI 14VSS1400?4 P1114 O0 1 114 I84007 33460

FIELD FORMAT CONTENTS

VX 3F10.0 Components of aircraft initial velocity
VY in aircraft coordinate system (ft/sec).
vz

DYAW 3F10.0 Yaw, pitch, and roll rates (rad/sec).
DPITCH
DROLL
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LINE 36: Aircraft Initial Position

DESCRIPTION: Components of aircraft initial position, in earth-K -. fixed coordinate system, and attitude.

FORMAT AND EXAMPLE:

I : ' '

I e*;eu4 , 4 99 . t lt#466745 1$84667 6011884 SO 7 5 40 1 2 4 6 7 Y 4 6 6 1 S 4 8 1 %9.

0. 0 0. 0 0. 0

FIELD FORMAT CONTENTS

XA 3F10.0 Position of aircraft coordinate system
YA in inertial system (earth-fixed system
ZA in which gravity acts in the -Z

direction) (in.). These tnitial coor-
dinates are normally taken as (0., 0.,
0.) unless displacement from a specific
point is desired. For example, if the
simulation is to be initiated at some
horizontal distance from a barrier, such
as 60 in., the initial position could
be specified as (-60., 0., 0.). If the
simulation is to begin'10 in. above the
ground in a vertical drop, the initial
position could be specified as (0., 0.,
10.). These coordinates are not used
in the simulation but only in output of
aircraft position.

YAW 3F10.0 Initial attitude of aircraft relative
PITCH to earth-!ixed system (deg).
ROLL
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LINE 37: Occupant Identification and Friction Coefficients

:': DESCRIPTION: Identification of type of occupant (human or dummy).

NOTE- IMAN-u 2 or 3 requires addition of lines 38A- 38L.

FORMAT AND EXAMPLE:
oI.-

FIELD FORMAT CONTENTS

IMAN 15 Identification of occupant

5X IMAN a 0 : Standard 50th-percentile
male humanIMAN = I : Standard 50th-percentile
(Part 572) dummy

IMAN a 2 : Nonstandard human
IMAN - 3 : Nonstandard dummy.

COEFFS F10.0 Seat cushion friction coefficient.

COEFFR FI0.0 Floor-foot friction coefficient.
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- LINE 38: Occupant Initial Position

DESCRIPTION: Weight and stature for nonstandard occupant; ini-
tial position angles and heel X-position, as illus-

-- .trated in figure A-7. The heels are assumed to
begin at Z - 0. The torso is aligned according to
GAM(1), GAM(2), and GAM(3), and the position is
then determined from static equilibrium, allowing
for compression of the cushions.

FORMAT AND EXAMPLE:

1 4 6 4 1 0 1 f 2 4 0 F |a I 1 46 4 7 A6010 a a•4 1 • a O a •ae J, A . ,q .1 . 4 . 1. . . . .

I .1 S 6/39.,1 0..j 0 23 -07 60 2 6

FIELD FORMAT CONTENTS

W F10.0 Occupant weight (lb) - used only for
nonstandard occupant.

S F10.0 Occupant stature (in.) - used only for
I., nonstandard occupant.

GAM 5F10.0 Vector of initial position angular
coordinates, as illustrated in fig-
uro A-7 (deg).

XHEEL F10.0 X-coordinate of heels in aircraft coor-

dinate system (in.).

Note: If XHEEL is greater than the
footrest coordinate, XFR, on line 8, and
the footrest angle, ANGFR, is greater
than zero, the feet will be moved rear-
ward until they rest on the footrest.
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LINES 38A - 38L: Nonstandard Occupant Input Data

If a nonstandard occupant is requested by setting IMAN = 2 (human)
or IMAN a 3 (dummy) on line 37, then 12 additional lines must
be inserted following line 37. The format for these 12 lines,
referred to as 38A - 38L is explained on the following 15 pages.
If IMAN - 1 (standard occupant), skip this section and proceed to
line 39.

i For this example, even though a 50th-percentile dummy was used
in the tests, a nonstandard occupant is requested. Properties of

:" the standard (Part 572) dummy are then input. The results for
this example should be the same as if IMAN 1 on line 37 and
lines 38A-38L were omitted.

A-.

A- 37



LINE 38A: Segment Lengths (only if IMAN - 2 or 3)

DESCRIPTION: Lengths of the spine and segments 3, 4, 5, 8,
and 9 as described in figure A-8. The lengths of
6, 7, 10, and 11 are obtained from these by sym-
metry (in.).

FORMAT AND EXAMPLE:

, ,, 1 30 1 2 9 4 ,,,,9,0,1 S,2,,,G, ,1,,,,,,, ,,,,,,,,, , , .

&K&• XI.M4 AL LM) X(#

!* . . . . . 0 5 o . . .. . . . ... 3. . • ... . .1 .. 3 . .. . .16 .5• .. . .1.8 .0 . . . . . . . . .

FIELD FORMAT CONTENTS

SPL P10.0 Spinal length.

XL(3) F10.0 Head Length.

XL(4) F10.0 Upper arm length.

XL(5) F10.0 Lower arm length - elbow to mid-point
of hand.

XL(8) F10.0 Upper leg length.

XL(9) F10.0 Lower leg length - knee to ankle.

A-.
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Figure A-8. Program SOM-LA body segment dimensions.
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LINE 38B: Segment Center of Mass Location (only if IMAN - 2 or 3)

DESCRIPTION: Center of mass locations for segments 1, 2, 3, 4, 5.
8, and 9. See figure A-8 for datum plane descrip-
tion (in.).

FORMAT AND EXAMPLE:

0 1 @134661' 3666

1 3 461711.1 g I$ 1 . 4 $ F46 0 1 4 3 4 4 Y 60 0 134 6 6 3 4 10 3 4 6 1 1 134 a6 I I6

owl)4 WOW4 6441 WOie VIW-•
S'4 7 655 6.3 )4.72 6. 26 8.5 10. 96

FIELD FORMAT CONTENTS

RHO(1) F10.0 Lower torso center of mass vertical dis-
tance from hip pivot.

RHO(2) F10.0 Upper torso center of mass distance from
base of neck.

RHO(3) F10.0 Head center of mass distance from base
of neck.

RHO(4) F10.0 Upper arm center of mass distance from
shoulder pivot.

RHO(5) F10.0 Lower arm center of mass distance from
elbow pivot.

RHO(8) F10.0 Upper leg center of mass distance from
hip pivot.

RHO(9) F10.0 Lower leg center of mass distance from
knee pivot.
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LINE 38C: Segment Weight (only if IMAN - 2 or 3)

DSCRI.PTION: Weights of segments 1, 2, 3, 4, 5, 8, 9 and 12 (ib).

FORMAT AND EXAMPLE:

a 4 17,| 0 113 4| S 6 4 ?1* 9, !13 4 G , 0, 13 4 4 4 ?I 0 1 0 A | 4 T , 0 1 1D 3b |:4§I 1 a 84 6 0 a |4 1 g a a7aI 8,

ol"i. two)IwI)0"~q4 ) a W'U) 4)forts))lw l)

S..... )• ,•.• .. . .5 .' . . . .. .°. ..1, . .. .A e . . ., a . . . / . . .? _ . . _ f -

',FIELD FORM4AT CONTENTS

SWM1 F10.0 Lower torso weight.

SW(2) F10.0 Upper torso weight.

SW(3) FI0.0 Head weight.

SW(4) F10.0 Upper arm weight.

SW(5) F10.0 Lower arm weight.

SW(8) F10.0 Upper leg weight.

SSW(9) F10.0 Lower leg weight.

SW(12) F10.0 Neck weight.
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LINE 38D: Segment Moment of Inertia with Respect to Local x-axis(only if IMAN - 2 or 3)

DESCRIPTION: Moments of inertia with respect to x-axis 2 for seg-
ments 1, 2, 3, 4, 5, 8, and 9 (lb-in.-sec).

FORMAT AND EXAMPLE:

2 2 2.18 275 .132 ,017 . 227 927

FIELD FORMAT CONTENTS

CIX(t) F10.0 Lower torso x-axis moment of inertia.

CIX(2) FI0.0 Upper torso x-axis moment of inertia.

CIX(3) F10.0 Head x-axis moment of inertia.

CIX(4) FI0.0 Upper arm x-axis moment of inertia.

CIX(5) Fi0.0 Lower arm x-axis moment of inertia.

CIX(8) FI0.0 Upper leg x-axis moment of inertia.

CIX(9) Fl0.0 Lower leg x-axis moment of inertia.
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LINE 38E: Segment Moment of Inertia with Respect to Local y-axis
(only if IMAN - 2 or 3)

DESCRIPTION: Moments of inertia with respect to y-axis for 2 seg-
ments 1, 2, 3, 4, 5, 8, 9, and 12 (lb-in.-sec ).

FORMAT AND EXAMPLE:

[ o4471 $all IS140 lIt 111 4117 t*:17 11 14 I l 1?l 1$ 411341 71I 01i461 3 I4a41 I4 T G4S

I76 2. I IS~ v , 9- 9~u 7-.-. 16 .9sj .266 1 5. 8 . , 9 1

FIELD FORMAT CONTENTS

CIY(1) F10.0 Lower torso y-axis moment of inertia.

CIY(2) F10.0 Upper torso y-axis moment of inertia.

CIY(3) F10.0 Head y-axis moment of inertia.

CIY(4) F10.0 Upper arm y-axis moment of inertia.

CIY(5) F10.0 Lower arm y-axis moment of inertia.

* CIY(8) F10.0 Upper leg y-axis moment of inertia.

CIY(9) F10.0 Lower leg y-axis moment of inertia.

CIY(12) F10.0 Neck y-axis moment of inertia.
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LINE 38F: Segment Moment of Inertia with Respect to Local z-axis
(only if IMAN - 2 or 3)

DESCRIPTION: Moments of inertia with respect to z-axis for seg-
ments 1, 2, 3, 4, 5, 8, and 9 (lb-in.-sec2 ).

FORMAT AND EXAMPLE:

12 1 9 1S

o,.1s.llPs | I22| |4IIQ7*S~p0t1 1 4 $Ie76.OI 4I 4 7SII I0 | l t4 S ., |I.O I I 4 II|7 8.o• |4..O7B10 103414 71ie
1 *hzl !) *1il - 1. 1 • 01,44)I u]41. 4U1) 0**)

. 32 !2. 72 .32 3 022 2187 50

FIELD FORMAT CONTENTS

CIZ(1) F1O.0 Lower torso z-axis moment of inertia.

CIZ(2) F10.0 Upper torso z-axis moment of inertia.

CIZ(3) F10.0 Head z-axis moment of inertia.

CIZ(4) F10.0 Upper arm z-axis moment of inertia.

CIZ(5) F10.0 Lower arm z-axis moment of inertia.

CIZ(8) FI0.0 Upper 3eg z-axis moment of inertia.

CIZ(9) F10.0 Lower leg z-axis moment of Inertia.
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LINE 38G: Contact Surface Radii (only if IMAN = 2 or 3)

DESCRIPTION: Radii of contact surfaces 1, 2, 3, 4, 5, 8, 9, and
12 (in.). (See figure A-9 and table A-I for human
occupant.)

. .JRMAT AND EXAMPLE:

~~~~~~~~~~I . .. It44• • a•1 QI • 4|I •Q i 1 1S 111 41 12! I 4 a I? a 9O :li a 4d 6 7 alI a1 | 4 $1 YI |4 1Qeel

531 A A 134i) go"4) 44P*| X1146) 4I I) 14U) l441)

4.5O o.50 3 ,9 5 1. 1 3

FIELD FORMAT CONTENTS

XR(1) F10.0 Radius of lower torso contact surface
ellipsoid.

XR(2) F10.0 Radius of upper torso in mid-saggital
plane.

XR(3) F10.0 Radius of head in mid-saggital plane.

XR(4) F10.0 Radius of upper arm contact surface
cylinder.

XR(5) F10.0 Radius of lower arm contact surface
cylinder.

XR(8) F10.0 Radius of upper leg contact surface
cylinder.

XR(9) F10.0 Radius of lower leg contact surfacecylinder.

XR(12) F10.0 Radius of neck contact surface cylinder.
_4
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7 *, -TABLE A-1. STANDARD CONTACT SURFACE DIMENSIONS

Actual Dimension

Fraction of for 50th-

Stature Percentile Human
Male

Surface Symbo I (R/S)n.)

Pelvis R 0.0579 4.00

Chest R2 0.0689 4.76

Head R3 0.0485 3.35

Arm R4 R6 0.0263 1.82

Forearm R5 , R7 0.0243 1.68

Thigh R8' R10 0.0466 3.22

Leg R9 , R1 1  0.0344 2.38

Knee R12, R 0.0373 2.58

Foot R1 4, R1 5  0.0405 3.10

S Hip R1 6 , R1 7  0.0515 3.56

Shoulder R1 8 , R1 9  0.0378 2.61

Elbow R2 0 , R2 1  0.0268 1.85

Hand R2 2, R2 3  0.0339 2.34
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LINE 38H: Contact Surface Radii Continued (only if IMAN - 2 or 3)

DESCRIPTION: Radii of contact surfaces 14, 16, 18, 20, and
22 (in.).

FORMAT AND EXAMPLE:

1 : I 3 4 a I 1 4

10as| a*O u I I a ?mIse a184A07.1131450?S @1Ia41 SI 1 1 7I o 1 3 414 1 a71. a a 4 aa 7e •

IMM1) m il 11006 1 NM ' ' I)
.. , 2.61 1.8 2,

FIELD FORMAT CONTENTS

XR(14) F10.0 Radius of foot contact surface sphere.

XR(16) F10.0 Radius of hip contact surface sphere.

XR(18) F10.0 Radius of shoulder contact surface
sphere.

XR(20) F10.0 Radius of elbow contact surface sphere.

XR(22) F10.0 Radius of hand contact surface sphere.

%'
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LINE 381: Spherical Joint and Center of Mass Offset Distances
(only if IMAN 2 or 3)

DESCRIPTION: Distances that spherical joints (shoulder and hip)
are laterally offset from the mid-saggital plane,
and the anterior offset of the major upper body
segment (lower torso, upper torso, and head) center
of masses from the spine. (See description of dis-
tances in fiqure A-S.) Dimensions are in inches.

FORMAT AND EXAMPLE;

* 1 3141 4

I 134a57910 1,, ,1 .. , 34 1 A6 :11 13 3. 4. 17100 1 4 ,2,, . , . ,61 11346a7 0 1, ,34a ,?.0 , ,3 4a .1 1
ZMILl I11 IMIII IM IiPii1}-.=I~~I

"" 3.7 0 6.3 . 2 . 20 2. 0ý

M FIELD FORMAT CONTENTS

XLH F10.0 Lateral distance of center of hip joint
from mid-saggital plane.

XLS F10.0 Lateral distance of shoulder joint from
mid-saggital plane.

EM(1) F10.0 Anterior offset distance of the lower
torso center of mass from the spine.

EM(2) F10.0 Anterior offset distance of the upper
torso center of mass from the spine.

EM(3) F10.0 Anterior offset distance of the head
center of mass from the spine.

A-.
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LINE 38J: Abdomen and Chest Compliance (only if IMAN - 2 or 3)

DESCRIPTION: Estimated force-deflection characteristics (com-
pliance) of occupant chest and abdomcn under re-
straint system loads. The force, F, is com-
puted from cushion deflection, 6, according to

P - C(e 1-).

FORMAT AND EXAMPLE:

? I 3 4 e 1 4 1
assol amll ll 131$S1100 Il OI4 UIl OI11411?ll§IIS4110 ll¢ 15411Y00l +I1411+ I0I3411PII

j A0 IAH CC •I 8

98 00.0 ..

FIELD FORMAT CONTENTS

CABD F10.0 Coefficient C for abdomen compliancep (lb).

BABD F10.0 Coefficient B for abdomen compliance
-1(in. ).

CCHE F10.0 Coefficient C for chest compliance (ib).

BCHE F10.0 Coefficient B for chest compliance

(in. - ).

v
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LINE 38X: Axial Stiffness and Damping Properties for Spine and
Neck (only if IMAN 2 or 3)

DESCRIPTION: Axial force-deflection characteristics for the two-
dimensional spine and neck beam models and asso-
ciated axial damping. The force, F, is computed

from deflection, 6, according to F -C(eB' - i).

FORMAT AND EXAMPLE:

S3 1 3 4 ' 1 1

FIELD FORMAT CONTENTS

CAXS F10.0 Coefficient C in above equation for
axial spinal stiffness (ib).

BAXS FI0.0 Coefficient B in above equation for

axial spinal stiffness (in. -1.

DMPS F10.0 Axial damping in spine (lb-sec-in. ).

CAXN F10.0 Coefficient C in above equation for
axial neck stiffness (lb).

BAXN F10.0 Coefficient B in above equation for

axial neck stiffness (in.- -1

DMPN FI0.0 Axial damping in neck (lb-sec-in. ).
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LINE 38L: Rotational Stiffness and Damping Properties for Spine
and Neck (only if IMAN - 2 or 3)

DESCRIPTION: Rotational moment-angle characteristics for the
two-dimensional spine and neck beam models and
associated rotational damping. The moment, M, is
computed from angular deflection, 6, according to

B6
M a C(e -B ).

FORMAT AND EXAMPLE:

- - - 4 ' 3 7 5
S j *4"1• v ? 1) ldiI) J @30T(l) I6IO 1U) j 42 I

I 3;5. 1 .• 1 50. 375. i . 30.

FILELD FORMAT CONTENTS

CROT(1) F10.0 Coefficient C in above equation for ro-
tational spinal stiffness (in.-lb).

BROT(1) F10.0 Coefficient B in above equation for ro-
-3'

tational spinal stiffness (rad ).

XJ(l) F10.0 Rotational damping in spine (ib-sec).
-.1

CROT(2) F10.0 Coefficient C in above equation for ro-
tational neck stiffness (in.-lb).

BROT(2) F10.0 Coefficient B in above equation for ro-I -1
tational neck stiffness (rad ).

XJ(2) F10.0 Rotational damping in neck (lb-sec).

A-5
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LINE 39: Seat Geometry

DESCRIPTION: Dimensions of rigid seat model as shown in fig-
ure A-10.

I FORMAT AND EXAMPLE,

1|q # qe 9 1 t 3 4 a9 ? 11 0 a 1 1 3 4 1 r 0 0 1 a$4$6 4 0 a12344 ?l ll 46 11 486 rose 11 11414pose iIflaso ?do,,

EMAt iMAT %Wi4P A94" ILOAP REUPAN too

F'IELD FORMAT CONTENTS

XSEAT 2F10.0 X- and Z-coordinates (in aircraft-fixed
ZSEAT system) of intersection of seat pan and

seat back planes under the cushions (in.).

ANGSP 2F10.0 Seat pan and seat back angles (in
ANGSB aircraft-fixed system), directions as

defined in figure A-10 (deg).

XLPAN F10.0 Seat pan length (in.).

S XWPAN F10.0 Seat pan width (in.).

SBHT F10.0 Seat back height (in.).

SBW F10.0 Seat back width at top (in.).
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Figure A-10. Rigid seat model geometry.
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A-1 RIGID SEAT INPUT

"If a rigid seat is requested by setting NSEAT - 0 on line 1, then
the input data for lines 40 and 41 following this page are re-
quired. If the stroking energy-absorbing seat option is utilized,
line 42 is also required. If NSEAT 1 1, signifying the use of
the finite element model, omit these lines and move to section A.2.
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LINE 40: Energy Absorber Data

DESCRIPTION: Parameters for the two-degree-of-freedom (seat
stroke and rigid-body rotation) energy-absorbing
scat model. (See figure A-lI for a detailed de-
scription of the parameters.)

FORMAT AND EXAMPLE:

2 3 4 6 6 7 1 0123 4 6 1 1 10 1 23 4 6 9 7 Z 1123 4&186 0 ?6 1 a3 46G 4 a 01 34 6 0 9 1 a4 6aF 9I.. 464 ?Is
pa Do *4 A4MA NAV

F'IELD FORMAT CONTENTS

F2 3FI0 0 Energy absorber force (lb).
F 3
F4

D2 3F10.0 Deflections corresponding to above
D3 forces (in.), see figure A-fla.
D4

ANGEA F10.0 Stroking angle for guided energy-
absorbing seat (deg), see figure A-llb.

SCATM F10.0 Weight of movable part of energy-
absorbing seat (lb).

NOTE: If SEATM < 0 (or left blank) the
energy-absorbing stroke of the seat will
not be used, i.e., the seat will remain
fixed in position. However, lines 40
and 41 must be included, even if blank.

*Line not present for sample case.
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Figure A-I1. Energy absorber data,
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4 LINE 41: Energy Absorber Data Continued

DESCRIPTION: Parameters for the two-degree-of-freedom (seat
stroke and rigid-body rotation) energy-absorbing
seat model.

FO-- OAT -AND •YAMPLEz

- S I -4 6 0
,I 11a s• 1 YO I3 a 0S 74 84 a F G Ii e 7* t| I a 14 ? a a 1 01 56 1 72441123 4417 ?4 1

I -. ~ I - I TWAT amee j- ~ ~ T I

FIELD FORMAT CONTENTS

SUNLOD F10.0 Energy absorber unloading slope (lb/in.)

SDAMP F10.0 Damping coefficent for the energy ab-
sorber (lb-sec/in.).

YISEAT F10.0 Mass moment of inertia of the seat
about a lateral axis through point C
(in figure A-10) with coordinates

X - XSEAT,Z m 0 (lb-in.-sec 2 ).

RUNLOD F10.0 Unloading slope for rotational deform-
ation of seat (in.-lb/rad)

RDAMP F10.0 Rotational damping coefficient for the
7 seat (in.-lb-sec).

*Line not present for sample case.
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LINE 42; Rigid Seat Rotational Stiffness Parameters

DESCRIPTION: Applied moment versus seat rotational angle as
shown in figure A-12.

FORMAT AND EXAMPLE:

SI: 3i a 4 6 2 7

wa. - fm TI4I SV i it3440 swim

FIELD FORMAT CONTENTS

FFRT(2) 3F10.0 Applied moment on rigid seat (in.-lb).
FFRT( 3)
FFRT (4)

DDRT(2) 3F10.0 Angular seat displacement (rad).
DDRT(3)
DDRT(4)

* Line not present for sample case.

I .
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S~Figure A-12. Rigid seat model rotational stiffness.
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A.2 NONRIGID SEAT INPUT

If a nonrigid seat is requested by setting NSEAT 1 on line 1,
then the input data described on the following lines is required
to define the finite element seat model, beginning with line 40.
S ('he energy-absorbing seat data described previously for lines 40,
41, and 42 are then not required,)

A
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SLINE 401 Basic Seat Model Data

DESCRIPTION: Control line for finite element model describing

the number of items in each segment of the model
(used to control reading of input cards) and the
integration parameters.

F'ORMAT AND EXAMPLE:

11 41 m.61 '2 ec
L 31 ..150 . . ..61 .. .. . .. .

FIELD FORMAT CONTENTS

NNODE 15 Number of real nodes.

NELE 15 Number of elements.

NUMMAT 15 Number of materials.

NUJMDIS 15 Number of displacement-specified node
points (at which the aircraft displace-
ment, velocity, and acceleration are
applied).

'WDGREE 15 Number of degrees of freedom per node
(s 6 this version).

NCOORD 15 Number of inactive beam pointer nodes,
which are used to orient bea.m cross
sections, as explained in section 2.7.3.
A real node can be used as a pointer
node. Also, a single node can be used
as a pointer node for more than one beam.

NSECT I5 Number of different beam cross-section
types.

CBUK FS.0 Buckling coefficient for beams of closed
cross-section.
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%I LINE 41; Miscellaneous Control Flags

S,_: DESCRIPTION: Parameters for controlling execution of finite
i 'element seat simulation.

FORMAT AND EXAMPLE:

W ------- _ .W

FIELD FORMAT CONTEN4TS

KNTRL(I) I5 Stiffness matrix update. A value of
1 indicates that the stiffness matrix
will be updated every time step after
plastic yielding has been initiated in
any element. A higher number speci-
fies less frequent updates, e.g.,
KNTRLI1) - 5 would cause an update

every fifth time step, producing a more
economical but less accurate solution.

A4
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.. LINE 42: Material Type Number

DESCRIPTION: Material type designation number. Repeat group 42
through 44 in sequence NUMMAT times, as specified
on line 40, one sequence for each material.

FORMAT AND EXAMPLES:

2a 3 4 6 7 10 0 a 6 r- | 4 3 1 1 3 4 S 6 ? 113461 Fit

] t~ ui -- 4 -TIZIIZVTVP WAY - •. . . -

_111P_1o 0 STtE ....... .... ...

FIELD FORMAT CONTENTS

MYTP 15 Material type designation number. The
element data on line 48 specifies the
material by referring to this number.

MAT A10 Material type description used as
heading for material property output.

,'. A-64
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LINE 43: Material Properties

DESCRIPTION: Material physical properties as described in
figure A-13,

FORMAT AND EXAMPLE:

I 14 6 • 1 IS 1 @.1lal11 4L $1 4 O: 1 a l4 asIP at 41 a|4 as I$$•, a a 4 0 4 7• 0 • 9 IS 46 F4 6846 6e ? |jQago

"• allit Its l )8f4 I age Ito II|' 41

7 A7.3 .-7 3o. Ef 5-2oo 2.AE .2 7oo .. 9oE

FIELD FORMAT CONTENTS FOR BEAM OR PLATE ELEMENT

E(1) E10.4 Density (lb-sec /n. 4)

2
E(2) E10.4 Modulus of elasticity (lb/in. ).

E(3) E10.4 First yield stress; s y (lb/in.2

- 0 if elastic.
2

E(4) El0.4 First plastic modulus (lb/in. )
0 if elastic.

E(5) E10.4 Plate thickness (in.).
2

E(6) E10.4 Ultimate stress; ault (lb/in. )
(beam only)
- 0 if elastic.

E(7) E10.4 Poisson's ratio.

E(8) E10.4 Membrane damping as fraction of
critical.

FIELD FORMAT CONTENTS FOR SPRING ELEMENT

E(1) E10.4 Not used.

E(2) E10.4 Elastic spring constant (lb/in.).

E(3) E10.4 First yield force (lb)
- 0 if elastic.

E(4) E10.4 First plastic spring constant (lb/in.).

E(5) El0.4 Not used.
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FIELD FORMAT CONTENTS FOR SPRING ELEMENT

SE6) E10.4 Ultimate force (lb)
=_. =0 if elastic.

E(7) E10.4 Not used

• ••-•(8)E10.4 Not used.

I

ZA
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E (6)-

E (12)

E(11)

E (4)

E (2)

Strain - in./in.

Figure A-13. Idealized stress-strain curve.
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. . . . .. . . .

LINE 44: Material Properties (continued)

DESCRIPTION: Material physical properties as described in
figure A-13. (Repeat group 42 through 44 NUMMAT
times.)

FORMAT AND EXAMPLE:

I"1 1 I a 4 I 4 I I a

62500 75000.

FIELD FORMAT CONTENTS FOR BEAM OR PLATE ELEMENT

E(9) E10.4 None.

E(10) E10.4 Nor.e.
2

E(11) E10.4 Second yield stress, sy2 (lb/in. 2

2
E(12) E10.4 Second plastic modulus (lb/in. ).

E(13) E10.4 Strain-rate coefficient
* 0, no strain-rate effect considered.

E(14) E10.4 Strain-rate exponent
* 0, no strain-rate effect considered.

E(15) E10.4 Explicit moment curvature flag
1, use explicit moment curvature
option (plate)
0, ignored explicit moment curvatureoption (plate).

E(16) El0.4 None.

FIELD FORMAT CONTENTS FOR SPRING ELEMENT

E(9) E10.4 None.

E(10) E10.4 None.

E(l1) E10.4 Second yield force (Ib).

E(12) E10.4 Second plastic spring constant
(lb/in.).

E(13) E10.4 Strain-rate coefficient
S0, no strain-rate effect considered.
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FIELD FORMAT CONTENTS FOR SPRING ELEMENT

E(14) E1O.4 Strain-rate exponent
_ 0, no strain-rate effect considered.

E(15) EO0.4 Not used.

E(16) E10.4 Not used.
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LINE 45: Beam Cross-Section Data (only if NSECT > 0 on line 40)

-DESCRIPTION: Beam element cross-sectional properties as de-
scribed in figure A-14. Repeat group 45 and 46
NSECT times, as specified on line 40, one sequence
for each cross section.

FORMAT AND EXAMPLE:

i0 o 8 4 0 " S
0 2 1 1 3lIL l 4l 0 4 1 l A ~ t l l 184 1 4l 7II 3 1 I4 4 t 4 A 012A4 1i l i 1 8146 4 J1 36 a I ll

.8 0 .0219 .. 0.2.1.

FIELD FORMAT CONTENTS

NSEG 15 Number of plate segments in beam cross
section; NSEG - 1 for spring element.

KLOS 15 Flag for closed-wall sections; KLOS 0
for spring element

0; closed wall
1 1; open wall.

FIYY 2E10.4 Cross-section moments of inertia about
FIZZ y and z principal axes, respectively.

The cross section for each beam ele-
ment is oriented by specification of
a pointer node in the element data on
line 48.

A - 0 for spring element (lb-sec -in.).
(See figure A-14b.)

*Example for first of three groups, determined by NSECT - 3 on
line 40.
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* •b) Element coordinate system

Figure A-14. Beam coordinates and cross-section geometry.
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LINE 46: Beam Cross-Section Data (only if NSECT > 0 on Line 40)

DESCRIPTION: Beam element cross-sectional properties as de-
scribed in figure A-14.

NOTES: (1) Repeat line 46 NSEG + KLOS times, following line 45.
(2) Repeat the sequence of lines 45 and 46 NSECT times,

as defined on line 40.

FORMAT AMD EXAMPLE:*

0 s a I I

S.. . . ,16 I. .0 68.5 ... .. . . . . . . . . . . .

FIELD FORMAT CONTENTS

Y(I) E10.0 Cross-section coordinates of point at
Z(I) E10.0 beginning of segment I (in.). (See

figure A-14a.)

T(1) El0.0 Segment thickness for segment between
points I and I + 1 (in.).

0 for spring element.

*Example for first of eight lines based on NSEG 8 8 and KLOS - 0
on line 45.

A-72



LINE 47: Nodal Point Data

DESCRIPTION: Finite element node number, nodal coordinates in
global system, and nodal mass properties.

NOTES: Repeat line 47 NNODE + NCOORD times.

"FORMAT AND EXAMPLE:*

h I 18 4s 10 11S414 1 OfI 4 0112 4 6 4 490I 4 99 7 4 S1

ii .. . ..

FIELD FORMAT CONTENTS

N i5 Node number.
5X

XC(N E10.4 X
Y C(N) E10.4 Y coordinates of node point (in.).

SZC(N) E10.4 z

S*Example for first of 20 lines, based on NNODE - 18 and
NCOORD - 2 on line 40.

A
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I.'

LINE 48: Element Data

4 -DESCRIPTION: Individual element property descriptions.

NOTE: Repeat line 48 NELE times.

-•ORMAT AND EXAMPLE2*

I ,C41 1 *00101 *MCI)

14 1 '41e 21 '1

FIELD FORMAT CONTENTS FOR PLATE ELEMENT

M I5 Element number.

NODE(1) 315 Plate corner nodes.
NODE (2)
NODE( 3)

* NODE(4) 15 Not used.
NODE(5) I0
NODE(6) 15
NODE(7) 15

NODE(8) 15 Element type
- 0 or 1; plate
n 2; beam

- 3; spring.

NODE(9) 15 Material type (assumes 1 if left

blank). Material properties are
assigned to types on lines 42-44.

FIELD FORMAT CONTENTS FOR BEAM OR SPRING ELEMENT

M I5 Element number.

NODE(1) 215 End nodes
*'i NODE(2)

*Example for first of 21 lines, based on NELE - 21 on line 40.
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FIELD FORMAT CONTENTS FOR BEAM OR SPRING ELEMENT

-"•. NODE(5) I10 Special beam end conditions - packed
word. Input data here permits intro-
duction of releases such as hinges
and sliding joints, illustrated in
figure A-15.

NABCDEFG (right justified)

N - Location of device in percent of
the total length measured from the
ith end of a beam ranging from 0

* to 100

A - Force release in X direction if 1.
figure A-15(a)

B - Force release in Y direction if 1,
figure A-15(b)

C - Force release in Z direction if 1,
figure A-15(c)

D - Moment release in X direction if 1,
figure A-15(d)

E - Moment release in Y direction if 1,
figure A-15(e)

F - Moment release in Z direction if 1,
figure A-15(f)

G w Use elastic beam stiffness if 1
Use plastic beam stiffness if 0.

NOTE: X, Y, Z are the member axes.

NODE(6) 15 Cross-section type. The first set of
lines 45 and 46 is assumed to be cross-
section type no. 1; the second, no. 2,
etc.

* NODE(7) 15 Pointer node for orientation of ini-
tial principal beam axis Y, as de-
scribed in section 2.7.3.

NODE(8) i5 Element type
- 0 or 1; plate
= 2; beam
- 3; spring.

NODE(9) 15 Material type (assumes I if left
blank).
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y

X -x

(a) x-direction force (axial (b) y-direction force
sliding joint) (transverse sliding
z joint)

- x - x

(C) z-direction force (d) x-direction moment
(transverse sliding (torsional hinge)
joint)

v

•.-•,,- -- x ---- x

z

ke) y-direction moment (f) z-direction moment
(bending hinge) (bending hinge)

Figure A-15. Force and moment releases for beam elements.
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LINE 49: Seat Pan Nodes

DESCRIPTION: Nodes on which seat cushion loads will be applied,
and which are used to define the seat pan outline
for the occupant plots.

FORMAT AND EXAMPLE:

3 4 f346a76* l S 4 4,& &0 1 t 1 s4I ?aI Is ad 0a60 as4& 7 at 01 3 a i81 1 1750 T lO 3 446t7 S011 3 |$4 5*?SS0I l541 0 7S0O I IS 61 ? SUIOIlI4 |4VB O I 5| 4 S1 7SgQ tt3|4 S 744g

. 3Ah(-t .a . .) . . . . ..4A .44 ) , -, .. . .

• FIELD FORMAT CONTENTS

NPAN(1) 415 Nodes on which seat cushion loads are
NPAN(2) to be applied, input on rear edge
NPAN(3) first, then forward edge, as shown in
NPAN(4) figure A-16.
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r,• Shoulder
•i harness load

I,

9

Lap belt
-• load21

,1 C

31

54

2

Input Line 1-5 6-10 11-15 16-20 20-25'

Line 49, Seat Pan Nodes 5 7 6 8

50, Seat Back Nodes 5 7 9 10

51, Restraint System 11 12 9 10 13
Anchor Point Nodes

Figure A-16. Illustration of seat i.ode
definition on lines 49-51.
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LINE 50: Seat Back Nodes

DESCRIPTION: Nodes on which back cushion loads are to be applied,
and which are used to define the seat back outline
for the occupant plots.

FORMAT AND EXAMPLE:

0 S U SS A IN) 1 16 6 , I

FIELD FORMAT CONTENTS

NBAK(1) 415 Nodes on which back cushion loads are
NBAK(2) to be applied, input on lower edge
NBAK(3) first, then top, as shown in fig-
NBAK(4) ure A-16.

I.A

-.

,I

I
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LINE 51: Restraint System Anchor Point Nodes

DESCRIPTION: Nodal points on seat structure to which restraint
system is attached as shown in figure A-16.

NOTES: NLBA(1) and NLBA(2) are required only if ILPBLT = 1 on
line 6. NSHA(1) and NSHA(2) are required only if
IRSYS > 0 and ISHRNS - i on line 6. NTD is required
only if IRSYS 4 on line 6. Otherwise, leave these
"fields blank.

4 FORMAT AND EXAMPLE:

4 0 1|41 11 434 641g 30 -344176 14

1.6 171 ý1

FIELD FORMAT CONTENTS

NLBA(1) I5 Seat structure nodes at which lap belt
NLBA(2) 15 is attached, right side first, then

left, as shown in figure A-16. Leave
blank if lap belt is attached to air-
craft floor.

NSHA(l) 15 Seat structure nodes at which shoulder
NSHA(2) 15 harness load is to be applied (one

node), or distributed (two nodes).
Leave blank if shoulder harness is
not used or not attached to seat.

NTD 15 Seat structure nodes at which tiedown
strap load is to be applied. Leave
blank if tiedown strap is not used.
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LINE 52: Node Constraint Data

DESCRIPTION: Packed (encoded) word for each nodal point that is
constrained in at least one degree of freedom.

NOTE: (1) Repeat line 52 NUMDIS times. Omit if NUMDIS = 0.
(2) Normally, the floor attachment conditions are speci-

fied here.

FORMAT AND EXAMPLE:*

I s4F4 1 1a411 a90 1 It S 11 16a7A i I S 4

I1111101

FIELD FORMAT CONTENTS
NODDIS Ii0 Packed word -NABCDEF (right justi-

fied)

N - Node number
VA = Displacement code in X direction

A B Displacement code in Y direction

C - Displacement code in Z direction
D - Rotation code in X direction
E = Rotation code in Y direction
F - Rotation code in Z direction

SA, B, C, D, E, or F a 0, NO constraint
1, constrained.

¾ *Example for first of four lines, based on NUMDIS = 4 on line 40.
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APPENDIX B

EXAMPLES OF OCCUPANT CHARACTERISTICS AND MATERIAL PROPERTIES

A significant problem encountered in mathematically modeling a
physical system lies in determination of system characteristics
and properties. In this appendix are presented examples of the
following:

* Occupant dimensions and characteristics.

* Restraint system webbing load-elongation characteristics.

* Cushion load-deflection characteristics.

• Structural material stress-strain characteristics.

The characteristics and properties contained in this appendix are,
of course, not intended to be all inclusive, but rather are in-
tended to provide the SOM-LA program user with examples that may
aid in setting up new input cases.

B.l OCCUPANT MODELING CHARACTERISTICS

As described in chapter 2, dimensions and inertial properties for
two standard occupants, a 50th-percentile civilian male and a 50th-
percentile anthropomorphic (Part 572) dummy, are included within
the program. If a nonstandard occupant is desired, additional
data must be provided on lines 38A through 38L. The format for
nonstandard occupant data is displayed in figure B-i, and para-
meters are defined on pages A-38 through A-53. On figure B-2 are
presented the properties that are used in the program for the stand-
ard (Part 572 50th-percentile) dummy occupant. Figure B-3 pre-
sents a set of data for a 95th-percentile dummy, which have simply
been scaled from the 50th-percentile data. The use of this scal-
ing method is not suggested if measured properties can be obtained;
however, to complete a partial set of properties or obtain a quick
estimate of the solution, use of the scaling approach can be justi-
fied.

The scaling method is based on multiplying the 50th-percentile
properties by the appropriate nondimensional scaling factor. All
properties with length dimensions are multiplied by the ratio of
nonstandard occupant sitting height to 50th-percentile sitting
height. In this example:

95th % Sitting Height J7.8 in.
Length Factor =1050th % Sitting Height 35.7 in 1.06

similarly, occupant properties based on weight are scaled by the
occupant weight ratio, i.e.:

Weigh Facor =95th % Weight _ 212 lb _ 1.29
50th % Weight 164 lb
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The factor for scaling moments of inertia was derived from a di-
mensional analysis for the variables involved. The resulting
scaling factor is:

Moment of (95th % Weight) (95th % Sitting Height)2= Z 1.45
Inertia Factor (50th % Weight) (50th % Sitting Height) 2

Since there is no valid basis for scaling stiffnesses, the 50th-

percentile spine and neck stiffness properties were retained.

B.2 WEBBING LOAD-ELONGATION CHARACTERISTICS

Figures B-4 and B-5 present static load-elongation characteristics
for several types of nylon and polyester restraint system webbing,
respectively. Very little dynamic data for webbing deformation
exist; however, figures B-6 and B-7 present some dynamic results
taken from reference B.1.

The damping coefficients for the restraint components are based
on three assumptions: that the webbing damping coefficient is
not a function of strain condition, that it is independent of
strain rate, and that the Voigt-Kelvin model (shown in figure B-8)
can be used to represent the webbing.

The first assumption allows the use of a linear approximation to
the static and dynamic load-strain curves for the webbing material.
The single slope approximation should be the best estimate for
the expected range of webbing loads, and not for the entire curve.
The second assumption indicates that the damping coefficient will
be applicable to all possible strain rates encounte-ed in the sim-
ulation. The accuracy of the damping coefficient can be maximized
by basing the calculated value on dynamic webbing test data mea-
sured at an applicable strain rate. The procedure for calculating
the damping coefficient for nylon webbing (MIL-W-4088 TYPE VII)
is given below.

The static load/elongation curve for the nylon webbing sample is
shown in figure B-9. A linear approximation to this curve is
11,000 lb/in./in. over the expected load range of 0 to 2000 lb.
The slope of the dynamic test data, measured at a strain rate of
40.9 in./in./sec, is approximated as 26,000 lb/in./in. Based on
the assumption of a parallel spring-damper model, the dynamic load
at any elongation value must be equal to the static load plus the
damper force, i.e.

PDYNAMIC P STATIC + PDAMPING

= KE + CE (B-I)

Where:

K is slope of the load/strain curve (lb/in./in.)
C is the damping coefficient (lb-sec/in./in.)
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Sis the strain (in./in.)
E is the strain rate (in./in./sec)

Therefore, the damping coefficient can be calculated using

"C PDYNAMIC - RE• . .. C " " (B-2)

Using as representative point a dynamic load of 2000 lb and 0.0825
in./in. strain, the damping coefficient for the nylon webbing is
calculated as

C 2000 lb - (11,00 lb/in./in.)(.0825 in./in.)
40.9 in./in./sec

- 2 6 . 7 lb- sec
in./in.

B.3 CUSHION LOAD-DEFLECTION-CHARACTERISTICS

The seat cushion represented in Program SOM-LA accounts for the
stiffness and damping properties of the cushion combined with the
occupant buttocks. This modeling approach is desirable in order
to avoid the numerical problems associated with springs in a se-
ries configuration. An experiment was performed to develop load-
deflection properties for representative cushions. The experiment
consisted of applying 4 known static load in the downward direc-
tion to the lower toiso segment of an Alderson VIP-95 dummy.
This downward load, which was applied at the spine base plate,
caused both the buttocks and cushion to deform. The deflections
of the combined system, buttocks and cushion, and the buttocks
separately were measured for each applied load.

A description of the cushions used in load-deflection tests is
.* given in table B-1. The cushions were selected to provide a

spectrum of the possible cushion configurations that the user
may select. Combined load-deflection curves for the VIP-95 but-
tocks and cushions are presented in figures B-10 through B-14.
The form that the load-deflection curves take is a linear slope
followed by an exponential stiffening as the cushion and occupant
"bottom out." These curves can be approximated by an expression
of the form:

F- C(e -1) (B-3)

Representing the load-deflection curves with a smooth function
alleviates a convergence problem encountered previously with
the numerical integration around the slope-change points of a
piecewise, linear representation. The exponential representation
of the five load-deflection curves, developed with a least-squares
approximation routine, is presented as the dashed ine in each
figure. Also presented in this section are the separate load-
deflection curves (figure B-15) for the Alderson VIP-95 dummy
"buttocks when tested with ea, of the five cushion types. This
"is presented for the user who may want to synthesize a combined
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load-deflection curve by adding the desired cushion properties de-
termined under a rigid indenter to an average deflection curve
for the dummy buttocks. The indenter should be configured like
the dummy.

TABLE B-i. TYPE DESIGNATION AND DESCRIPTION OF CUSHIONS
FOR LOAD-DEFLECTION CURVES

Type
Number Description

1 Contoured, multilayered cushion designed to minimize
occupant rebound in crash situation.

2 Contoured, rigid foam cushion designed for negligible
deflection.

3 Contoured furniture foam cushion approximately 1.5 in.
thick (undeformed) over buttock contact area.

4 Furniture foam slab, 1.2 lb/ft3 density, approximately
3.0 in. thick (undeformed).

5 Furniture foam slab, 1.4 lb/ft 3 density, approximately
3.0 in. thick (undeformed).

B.4 STRUCTURAL MATERIAL STRESS-STRUIN CURVES

Figures B-16 through B-20 present approximated stress-strain
curves for three steels and two aluminum alloys. From each of
these curves, six characteristics are provided as input to the
finite element seat model.

B.5 REFERENCES

B.1. Kouroulklis, G., Glancy, J. L., and Deejardins, S. P., The
Design, Development, and Testing of an Aircraft Restraint
System for Army Aircraft, D~namic Science, Division of UT-
trasystems, Inc.; USAAMRDL Technical Report 72-26, Eustis
Directorate, U.S. Army Air Mbility R..search and Development
Laboratory, Fort Eustis, Virginia, June 1971, AD 746631.
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Figure B-2. Data for 50th-percentile standard dummy.

I
11.'A0 778,T1'1'.98 14, 10 1.4 1 9.0 I.

. 4 6 .. .1 3 . 0 6_261 6 ..64 8. 08., N 2 2,
4,6 : 13 . . , . .64 . --. ..
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Figure B-3. Data for 95th-percentile dummy.
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Figure B-6. Load-strain curves for MIL-W-4088
(Type VII) nylon webbing for
static and rapid loading rates
(from reference B-i).
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Figure B-7. Load-strain curves for MI1L-W-25361 (Type 11)
polyester webbing for static and rapid loading
rates (fromi reference B-1).
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0
Figure B-8. Voigt-Kelvin model of restraint

system webbing.
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Figure B-9. Stress-strain curves for MIL-W-4088
(Type VII) nylon webbing for static
and rapid loading rates with linear
approximations.
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Figure B-15. Load-defection curves for Alderson
VIP-95 dummy pelvis and buttocks
tested with five different cushions.
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Approximate Material Properties

Mc !oulus of elasticity, E(2) - 30 x 106 psi

S" st yield stress, E(3) - 58,700 psi
.sat-plastic modulus, E(4) w 2.9 x 105 psi

Ultimate stress, E(6) - 67,000 psi

Second yield stress, E(11) - 62,500 psi
Second plastic modulus, E(12) - 75,000 psi

70

hi o

60

-50

S4o

:' 30

20 t

jo I

10
i0 _ . I I II. *0 1 2 3 4 5 6 7 8

* Strain - percent

Figure B-16. Piecewise, linear approximation of stress-
strain curve for 1010 cold-drawn steel.

B-19

.



.4 0)

so a61I

40 60 V0
1; a; 41 0 r.

0 .0 4
'a )- 0WN 3 q 0 - -

-4 -M-4 -

41 .0.4

~ -4-4 -- 4

-4. 1

0 41~1 ~ 444 1

14 W42

B-20



,- ...- r•v w .-- -r r -n-*' .. u 1

Approximated Material Properties

-.. Modulus of-elasticity, E(2) - 29.1 X 10 psi

-- - -First yield stress, E(3) - 160,000 psi

First plastic modulus, E(4) - 7.8 X 10 6 psi

Ultimate stress, E(6) - 180,000 psi
Second yield stress, E(ll) - 170,000 psi

Second plastic modulus, E(12) - 8.85 X 10 psi

- 200 .

a

-150

" 100

$4

50 Actual

Approximation
*Failure

0 2 4 6 8 10 12

Strain - percent

Figure B-18. Typical tensile stress-strain curve for
AISI 4340 steel, heat treated to 180 ksi
ultimate stress and piecewise, linear
approximation to curve.
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Approximated Material Properties

Modulus- o` elasticity, E(2) -_10.5 X 106 psi
First yield stress, E(3) - 44,000 psi

First plastic modulus, E(4) - 4.9 X 105 psi

-. .Ultimate stress, E(6) - 62,000 psi

Second yield stress, E(11) - 58,000 psi

Second plastic modulus, E(12) = 6.2 X 104 psi

80 111AS : 0 -lI 1 I

60 -

S40

20

60

------- Actual
: ' •Approximation

* Failure

0 2 4 6 8 10 12

Strain - percent

Figure B-19. Typical tensile stress-strain curve for
2024-T4 aluminum alloy and piecewise,
linear approximation to curve.
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. - Approximated Material Properties

Modulus of elasticity, E(2) - 9.9 X 106 psi

First yield stress, E(3) = 36,200 psi
5

First plastic modulus, E(4) - 1.1 X 10 psi

*! Ultimate stress, E(6) = 42,000 psi

Second yield stress, E(11) = 40,200 psi

Second plastic modulus, E(12) 3.0 X 104 psi

50

40

-, 30

m 20

10

- Actual
Approximation

*Failure

0I I I
0 2 4 6 8 10 12

Strain - percent

Figure B-20. Typical tensile stress-strain curve for
6061-T6 aluminum, alloy and piecewise,

linear approximation to curve.
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APPENDIX C

OUTPUT OF PROGRAM SOM-LA
FOR EXAMPLE CASE NO. I

NOTE: In order to reduce the size of this report, the output
listing presented in this Appendix was printed with
some carriage controls suppressed. Also, only the first
two sets and the last set of seat structure output were
copied for inclusion in the report.
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c..m! SERIES Z - Low DIOE 1ERATION
INPUT DATA

A 2-DIMENSIONAL 5119LBTION HAS KEN AIUESTED
81ULATION CONTROL DATA

.* TIm0.00000, TF a .300000, DTI a .0005W, D9AX " .0005001 DMIN a .000500

anE a .100000, Wli a .001000
.CLEL TION FILTER CLAUSD

HEAD CHEST PELVIS BEAT

1000 1t0 190 10o

FORCE-DEFLECT ION CHARACTERIITICS
BEAT CUSHION SAK CUSHION HEAD REST

C a C a C a
375.000 .633 375.000 .833 0.000 0.000

F2 D2 F3 D3 F4 D4

LAP BELT
550.00 .04030 1300.00 .10480 2250.00 .16130

55• 00 .04030 1300.00 .10490 2250.00 .18130

XLS(1) YL.(1) ZLB(1) XLB(2) YLM(2) ZLJ(2)
.750 -9.000 13.1930 .750 9.000 13.630

XSH YSk4 ZSH
0.000 0.000 41.380

IW'DAIPNO COEFFICIENT THICKNESS/BLACI

SEAT CUSHION
.95M00 3.00000

BACK CUSHION
.95000 3.00000

LAP SELT
0.00000 0.00000

SHOULE HAREM=
0.00000 0.00000

c-2
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CRMH CONDITIONS
x y z PITCH ROLL YAW

Z_0.00000 0.000 0600000 0.00000 0.00000 0.00000

VX VPt VZ ANOYX ANOVY ANOVZ
44. 19M0 0.000 0.000 0.00000 0.,00000 0.00000

TX AX TY AY TZ AZ
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

.00"o0 -.IBM0 0.00000 0.00000 0.0m00 0.00000

.01600 -4.04000 0.00000 0.00000 0.00000 0.00000

.02M0 -4.20000 0.00000 0.00000 0.00000 0.00000

.03100 -3.31000 0.0000 0.0000 0.00000 0.00000
*.03900 -5. 7300 0.00000 0.00000 0.00000 0.00000

.04000 -5.05000 0.00000 0.00000 0.00000 0.00000
.04800 -6.14000 0.00000 0.00000 0.00000 0.00000

.05 -3400 .00 0.00000 .OD 0.00

10w -. 22000 0.Q0000 0.00000 0.00000. 0.00A0
.31400 03.0000 0.00000 0.00000 0.00000 0.00000

ONO00 -3.83000 0.0000 0.00M0 0.00000 0.00000g0.0"W0 -0.44000 0.00000 0.00000 0.00000 0.00000
0.28M -5.44000 0.0000" 0.00M0 0.00000 0-00000
0.0000 0.32000 0.00M0 0.0000 0M0000 0.00000
0.31000 0.00000 0.000 0.00000 0.000010 0.00M0

0T000 0.0000 0T000 0.0000 0 00 0.000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.0000 0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.0000 0.00000 0.00000 0.00000
0.00000 0.000 0.000010 0.00, 0.00000 0.00000
0.00000 0.0000 0.0000 0.0000 0.00000 0.00000
0.00000 0:00000 0.00000 0.00000 0.00000 0:00000
0.00000 0.00000 0.000M0 0.00000 0.00000 0.00000

0.00 .00 .0w 000 .00 .00
0.0000 0.ow .0000 0.000 0.ow0C003



SAT DESION DATA
XUAT, 0,000 ZU.AT, 12.7W00 MIP, 0.0000 ANGUS' 0.0000
Xi. 1 8.0O000 X • 1e.0000 OWT • 40.860 8 * 18.0000

NiUMB OF NoDES I@
JNLMM OF ELEMI1TS 21

NO. OF DISP. ES 4
NO. OF COORD NOES 2
NO. OF Mw XCT 3

_JCKmmm CXNSTANT .50

MATERIAL DATA

MATERIAL NAME 1010 STEEL
MATERIAL NO I
FIRST YIELD STRES .567001.0
SECOI0 YIE.D TE .8250=.4O
ILTIIATE S S .870001,05
NOIWLUI OF ELASTICITY .30000+106
FIRST PLASTIC MOIUS I2 .9001+06
NEOS PLASTIC "MULL .75000.
POIN9MB RATIO (PLATES OM.Y) .30000[.00
THICKM6 (PILATES OM.Y) .ioo100000
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- •.•. KAM CRQSS-UCTION DATA

N NSCO KLO8 AIM FIXX FIYY FIZZ TOM
I 8 0 .18530E*00 .43M0E-01 .219001-01 .21900E-01 .18344W-02

I Y Z XLEN T
I -. 47E+00 0. .38E+00 ,ME-01
2 -. 331+00 -. 33(4 .36E+00 .6M-01
3 0. -. 47E400 .36+00 M691-01
4 .33[+00 -. 33(400 .3E+00 MSSE-01
5 .47E+00 0. .36E+00 .81E-01
8 .33E+00 .331E00 .38E(400 .ME-01
7 0. .47E+00 .36E+00 •SK1-01

9 -9 .F,,..' _,33E+0 ... 361±00 -_ .19E_-0I

N NSEG KLOS As FIXX FIYY FIZZ TCCN
2 4 0 .48144E+00 .32300E+00 .24300E+00 .80000O-01 .14785E100

I Y Z )X.EN T
1 -. BBE+00 -. 46E+00 ,921+00 .8OR-01
2 -.861+00 .46E+00 19E+01 .M5E-01
3 .8@E+00 .46E100 .9E+00 .85--0I
4 .996100 -. 461E00 .19E401 .85-01

N NOM KL.8 AM FIXX FIYY FIZZ
3 4 0 .31144E400 .488001-01 .24800E-01 .24800--01 .4877E--01

I Y Z )O.EN T
I -. 48E+00 -. 48E+00 .82E+00 .81E-01
2 -. 46E+00 .48E+00 .82E+00 .85E-01
3 .481+00 .41E+00 .82E.00 .8E.-01
4 .46E+00 -. 40E+00 ,B2X*00 .85E-01
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NODE NO. X Y Z
1 0.00m00 -8.00000 0.000)
2 18.00000 -4.00000 0.00000
3 Is,00000 8.00000 0.00000
4000000 8.000a 0 0.00000
5 0.00000 -8.000% 8.7500

6 19.00000 : -8.00000 9.75000
7 19.00m a.00000 9.75000
a 0.00000 9.00000 9.75000
8 0.0000 -8.00000 11.7300

10 18.00000 -3.00000 11.75000

S12 O,0.O 8.00000 11.7340013 0.00000 5.00000 1Z.75000

S14 is.000 -8.000 12.75000

Is 1580.00000 8.0000 12,0

S17 0.O00000 -8.00000 41.30000I
is8 0.00000 9.00000 41.390000
to O.Q0.O00 Z2.00000 0.00,000
20 18.00000 22.00000 0.00000

ELENT NO. NI N2 N3 N4 N5 W N7 NI NTYP
1 1 5 1 3 0 1 4 2 1
2 5 9 5 a 0 1 4 2 1
3 9 13 9 13 0 1 4 2 1
4 2 8 2 1 0 1 3 2 1
5 1 10 a 10 0 1 3 2 1
6 10 14 10 14 0 1 3 2 1
7 3 7 3 7 0 1 20 2 1
. 7 11 7 11 0 120 2 1
9 11 15 11 is 0 1 20 2 1

10 4 8 4 8 0 1 18 2 1
I11 8 12 0 12 0 1 18 2

12 12 19 12 18 0 1 19 2 1
13 13 14 13 14 0 2 1 2 1
14 14 15 14 15 0 2 2 2 1
15 15 t6 15 1i 0 2 3 2 1
16 16 13 16 13 0 2 4 2 1
17 13 17 13 17 0 2 14 2 1
19 14 17 14 17 0 3 15 2 1
19 15 Is 15 19 0 3 14 2 1
zo 16 18 16 19 0 2 -13 2 1
21 19 17 18 17 0 2 16 Z.1I

SEAT PAN NODES - 13 16 14 15
SEAT ACK NODES 13 IS 17 13
LAP BULT ANCHOR NODES r 13 15
SHOULDE HARN8G ANCHO NODES 17 18
DIBPLACEMENT NODE8

NOE CONOITION
1 1 111101
2 2 111101
3 3 111101
4 4 111101
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I

OCCUPANT PROPOT ZE
_ITTUAE, 09,10 1NCHt, NEI1T1m 164.38 PON

,E3U," LENTH RHO mmN IX IY IZ
I 10.713 4.870 .06•95 2.320000 .790000 2.320000
2 11.560 8.350 .093090 2.130000 .930000 1.700000
3 8.350 6.330 .023138 ,273000 .2W000 .233000
4 11,300 4.720 .012m .132000 .13500 .02200
3 13.300 8.290 .012332 .017000 .185000 . 185000
6 11.300 4.720 .01S2M ,1320D0 .135M0 .022000

7 13.300 8.290 .012532 .017000 .13000 .185000I 11.300 8.350 .05159 .127000 1.2000, .873000
• 9 18.000 10,080 .024560 3827000 .084000 .35000
+!10 18.300 8.350 .056139 .127000 1.220000 .873000

1t 18.000 10.910 .024580 .9270W .954000 .305000
12 5.100 0.000 .005124 .017700

CONTACT SURFACE RADII
SEM R ;ADIUS

1 4.50
2 4.50
3 3.44
4 1.85
5 1.95

7 1.95

8 3.10
S 2.30

10 3.10
11 2.30
12 2.30
13 2.30
14 1.60
15 1.60
16 3.56
17 3.56
18 2.61
19 2.61
20 1.85
21 1.65
z2 2.34

• 23 2.34
"SPINAL PROPERTIES

COEFFICIENT C EXP COEFF B DAMPING
LUMBAR SPINE - AXIAL 6000.000 .236 1.000
LLUMAR SPINE - FLEXURAL 375.000 1.480 150.000
NECK - AXIAL 3240.000 .270 1.000
NECK - FLEXURAL 375.000 1.490 30.000

I /rr
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INITIAL CONDITION
SEMN ANROLE

1f~ 0.000
2 0.000

. 3 23.000
. . -_ -17.000

3 5 60.000
I 6 -17.000

, -6.387
10- .961
11 -6.387

-INERAL IZED COORD INATES
J l(J) GD(J) U1(J)
I .75000E+01 .53016E+03 0.
2 .24435E+02 0. 0.
3 0. 0. 0.
4 -.005KO+02 0. 0.

5 0. 0. 0.
6 63-A00E+01 0. 0.
7 .40143E+00 0. 0.
8 -. Z9071E+00 0. 0.
9 .ZM•+00 0. 0.
to .167W•1-01 0. 0.

11 -. 11147E+00 0. 0.

STRESS AND BAR STORAGE LSTRS 1056 LB 504

MUD ZS SIZE OF STIFF 2905
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X',..J_ '_,, , .,. .. . " ,'_ ".. - " . ' - - t " '. .'. ".

NODAL DISPLACEMENT VECTOR (TIME' .OOSSEC) 3
NODE TR4MMTION

.,4 O Y Z2

1 a 0. 0. 0.
Z 0. 0. 0.
3 0. 0. 0.
4 0. 0. 0.
3 .54317E-03 . 17721S-07 -. 8614J--04

"7 ,54m -03 -. 1437WUE-09 -. 49670E-"04
a .5517E'-0W -.2TZB?2E-07 -. 660141E-04
a .5845M-03 .3=Q7E-07 -. 90Z783E-04

10 .8153SE-03 .1, 122E.-0 --. S3SSS -O4
11 .53W3E-03 -. I zýUE.06 -. 59UUSSSE-04
12 . 334$4E-03 -. '303971E-07 -. 802783E-04

"" -13 .G0=324E-03 .307421E-07 -. 871107E-04
14 ,B128E2--03 .138582E-10 -. 64S4E-04
s15 .S023iE-03 -. 73054K-10 -. 04864,E-04
s16 , 4E-03 -. 307421 E-07 -. 871107E-04

* SUPPORT 8 TRU C TURE REA C T I1O NS (TIME u .00SEC)

FOCE F MOlENTS
NO FX FY FZ MX mY mZ

J -.317174E00 -121SM-O XU02'9+02 .7031SU-03 -. 204217E-13 .114IE--
. -. 77,48=23 O -, 141941E-0 ,23U7102K, S W2711-0 -. 113MM-12 .1I89483E-
3 -. 49=379E.+O .141S05-O8 .Z85M77E+O2 24217E-13 -.I89483E

,. 4 -. 517174E4+O .121573E-03 .36"=2402 -. 7g71UE..0E3 -. 1421K0-12 -. li465lE-.

STRESSES I N BEAM £LENENT (TIME .00 SEC)

SNODE S-MAX "-MIN
NO NO

1 1 0. -. 2049=+03
"5 0. -. 31Z360E+03

2 5 0. -. 31Z390E+03
a 0. -. 334442E+03

"3 9 0. -. 334436E+03
13 0. -. 345466E+03

., 4 2 0. -. 152814E+03
. 6 0. -. Z 55102E+03

5 S 0. -. 235132E+03

10 0. -. 278123E+03

2 'a ' 10 0. -. 276121E+03

14 0. -.2ZO22E+03
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•e•..•%'•' ,.• 1.• %.' -•- "= - s- -.. .° -l 4- -4 .. . •. .• . -. , • .. 4.•.. . - " , °o' .4 .'. "- •. " "4_- ".- ° •-4-. . . . . . . . . . . .-.- ."

-N-ODAL D I S P L A CE MENT VECTOR (TIME .010SEC)

,NOW TRANSLATION
No x Y z
1 0. 0. 0.
2 0. 0. 0.
3 0. 0. 0.
S4 0.O. 0.3 0.1773M1£-03" . 0810E-06 -.858 S-04

8 -- 8 - -9 -- - - -.U70341-0 4E-04
-7 i 870M8-E-07 -.44E0 MI2-O3 -. 503142E-04

a -0617--0- -, 27110K-00 -. 8527111-349 .019117E-0* . I2373U'-N -. 71215S-,04

- 6. 10 -. N 9-o03 .57 0-04 -.006 65=-04

12 .1111E-03 o 1237M!1-0 -. MIZK£-*4
13 . Br784-03 .12t11P-06 -. M 1•81-04
14 . N 73 4E--C .3001111E-0S -. 83IM5gO-04

14 . O .4E4--03 -.63001745E-09 -. 1966521-14
to .06l77W•-03 -. IP4Z'I -00 -. 86279SE-04

SRUPSEORT STRUCTURE REEAC T 1 N8 (TIME .010 SC)

Nmm FOR CS MOENTS
No FX FY FZ MY MY MZ

: 8-09O4$K•+00 -40•474E--03 .36"4Z+1r02 .311104E-02 . 14210gK-12 .75214E-05
Z .770•M0+00 -. 9141-0W .2618W+02 .270J 07E-04 0912019-13 .77O-oS

3 -.7705M4)+00 . S/IAt3E-O5 . 2811MSO+02 -. ZTO10CE-04 -. esSSBi~r-13 - . 7"/220K-0S
%i4 -. S0•M+0.0 .40•474E-03 .36444Z+r402 -. 311843E-02 .110932E-12 -. 752514E--0

6 T R• E 9 E 8 I N BEAM ELEM EN T 9 (TIME . 010 SE.C)

I.aml Nm S-MAX S-MINN

I1 0. -. 202895603
S0. -. 373507E+03

2 5 0. -. 373S5 +03
9 .283084+O 1- 40081 I1[0

3 9 .25842E+01 -. 40N80K+03
13 .20111 OE+02 -. 4281251+03

4 . .21519E403
6 .77101K#£01 -. 3171051E+03

5 5 .7`80752E+01 -. 3171 0.+03
10 .40WM871+02 -, 350 19+03

610 ,40#0449W02 350522+03
14 .57"7K+E02 -.36719M1.03
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NO DA L D I8 PLACEMENT VECTOR (TIME .29 OEC)

• AC TRMLATIGN- NO X y Z

1 -0. 0. 0.
2 0. 0. 0.
3 0. 0. 0.

S4 0. 0. 0.
.1 5 .Ui+01 .4 17100E-04 -.1308519'00

6 -.1i301+0 .4-3013-.0 -. 1475oE o00
7 .1IMO3 o,01 -. 423016K-0 -. 14750M o00
.8 a 1 01 -. 5171OE-04 -. 13081E009 t$MOE+01 .7=,ols(-0 -. 147,429#00

.12 .ISD21oE+0 -. 7zoISE-o -. 1474429+00
13 . U4Z33E+O1 .717'511E-04 -. 1471B2E.O0

14 .134247E01 -. 127031E-06 -. 1647401+00

0 U PPOR T 8 TRUC TURE RE AC T I ON 8 (TIIE, .20 99C)

~N O O EFOR-3 HoIIDET
NO FX ry FZ NX MY mz

i-.21343 03 -. I so5f 0o -. 24(4 .1041+01 .502- -. , 18313
2 -. o061402 -. 9s -02 .NWu22+mO .377-•o0-O1 -. 31431-0e -.36388M
3 -. 3310+02 .8=14•-02 .7M 03 -. 3776.4-0I -.2313-06 .3M636 -o
4 -. 33543K+03 .1500=O Q0 -. 9312041E[03 -1034 +01 .832004E-11 .18313[+

I T R• 5 E 8 I N SE ANM ELEMIN TS (TIMEl- .2908C)

KAM NODE I-MAX "IN
NO NO

1 1 .402423X••5 0.
5 . 60073=+05 -.59947K1+05

2 5 .6106511+05 -. 588781E.05
I .6KM003305 -.3271441+05

3 9 .3WZB3+05 -. 834991E+05
13 .,4141SE+05 -. B391131+05

4 2 .236673+05 -,22141214+05
I .80036O '05 -. I00217E+05

5 8 .5836/7+o05 -. 501147E+03
10 ,BMTIK+OS -. IZM76759+0

?.N " 6 10 .5324x31 -. 8355 0E+O5
14 •6388O0+105 -. B41402E+03
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O=ATSE&MVN POSITION
(IN AIRCRAFT REF~ENC FM.')

rimE VIS C,#9T
(WE) x (IN) Y (IN) Z (IN) x (IN) Y (IN) 2 (IN)0I. S000 7.jj j.00 24.3 7.50 0.0 3I2
.006 7.34 0.00 24.46 7.31 0.00 35.25
.012 7.20 0.00 24.44 721 0.00 35.22
-.048- -. 7.3 0.00 24.47 0.37 0.00 35.15
.0M 7.37 0.00 24.33 7.61 0.00 35.24
.030 8.78 0.00 24.22 7.15 0.00 35.25

on 8.71 0.00 24.06 7.48 0.00 34.27
.042 11.11 0,00 24.24 812,1 0.00 33.27

L07s1.1 0.00 - 24.40 8.481 0.00 34.41:054 104 07 .00 24.3.5 Col 0.00 34.11.060 11.56 0.00 24.01 10.71 0.00 33.40
ON9 9.124 0:00 24.06 11.40 0.00 33.06

.072 12.17 0.00 23.57 11.21 0.00 32.7.4

.107 10.64 0.00 22.438 101.5 0.00 34.11

.094 14.32 0.00 2.2.4 12.21 0.00 32.74

.090 14.58 0.00 22.07 10.28 0.00 32.77

.144 14.34 0.00 22.69 12.35 0.00 32.81
.11 15:05 0.00 22.81 12.40 0.00 32.03.1 1.3 0.0 22.30 12.44 0.00) 32.12.120 15.97 0.00 22.34 12.45 0.00 32.17

.138 15.52 0.00 22.99 12.12 0.00 32.17

.174 15.61 0.00 23.40 12.48 0.00 32.13

.10 1314 5 08 0 .0 0 2 2 . 9 6 12 . 3 9 0 .0 0 3 2 . 07
.144 14.74 0.00 Z2.69 12.33 0.00 32.;1
.182 15.74 0.00 22.99 12.20 0.00 33.803

al.216 15.77 0.00 22.90 12.42 0.0C0 32.71
.312 13.78 0.00 22.80 11.45 0..00 32.69
.216 1.527 0.00 22.76 12.45 0.00 33.17

.14 3.1 0.0 3.0 11.45 0.00 32.72
.290 15.76 0.00 22.90 11.382 0.00 33.077

IN tsn .0 Z11 I.79 0.00 32.985
.252 15.77 0.00 Z2.10 11.78 0.,00 32.04

An 1576 0.0 2.4 121.7 0.00 33.03
.204 15.77 0.00 23.18 11.810 0.00 32.13
.264 15.74 0.00 23.24 11.84 0.00 33.21
.27 15.72 0.00 22.28 11.80 0.00 32.28
.274 15.76 0.00 23.92 11.88 0.00 33.35

Z4 15:74 0:00 23:34 11:84 0.00 33:21

.249 15.33 0.00 23.33 11.72 0.00 33.42
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OCCUPT 3EmUT POsITION
S(IN AIRCrAT nom ,W)

r' (SIC) PITCH (M) - RMOL (86) PITCH (i0) - ROLL (DEO)
, 0,000 0.000 0.00 0.00 0.00

.006 .03 0.00 -. 02 0.00
-0. 012. .101 00 -. 04 0.00

S,018 .150 0:00 -. 02 0.00
.025 6114 0.00 .05 0.00
.030 .164 0.00 .14 0.00An- .. 1 24 0100 .23 0.00

.042 .053 .000 .47 0.00

.044 -. 002 0.00 .25 00

.054 -. 319 0.00 .12 0.00

.A -. 679 0.00 -. 14 0.00

.06 -1.211 0.00 -. 54 0.00
S.,072 -1.9n 0.00 -1.11 0.00

.078 -2.820 0.00 -1.33 0.00

.064 -3.Q02 0.00 -2.78 0.00

.090 -4.0M 0.00 -3.86 0.00

.ON -5.812 0.00 -5.07 0.00

.102 -6.602 0.00 -6.33 0.00

.100 -7.73 0.00 -7.61 0.00

.114 -9.712 0.00 -6.64 0.00

.120 -. 863 0.00 -10.01 0.00
.128 -10.540 0.00 -11.12 0.00
.132 -11.414 0.00 -12.13 0.00
.138 -12.230 0.00 -13.25 0.00
.144 -12.200 0.00 -14.31 0.00
.150 -13.814 0.00 -15.40 0.00
.156 -14.140 0.00 -16.41 0.00
.162 -14.50 0.00 -17.51 0.00
.1n8 -14.671 0.00 -16.65 0.00
.174 -15.16i 0.00 -18.63 0.00
.160 -15.347 0.00 -20.32 0.00
.196 -15.=l6 0.00 -21.33 0.00
.192 -18.325 ').00 -22.06 0.00
.1 -16.707 0.00 -Z2.76 0.00
.204 -17.057 0.00 -23.42 0.00
.210 -17.330 0.00 -24.07 0.00
".216 -17.53M 0.00 -24.U1 0.00
.ZZ2 -17.860 0.00 -25.23 0.00
.221 -17.705 0.00 -25.70 0.00
.234 -17.6 0.00 -28.06 0.00
.240 -17.616 0.00 -28.30 0.00
.241 -17.4N1 0.00 -26.41 0.00
.252 -17.307 0.00 -28.38 0.00
.256 -17.004 0.00 -29.21 0.00
.2"4 -186.44 0.00 -25.30 0.00
.270 -16.567 0.00 -25.48 0.00
.278 -11.2 0.00 -24.M 0.00
.282 -18.001 0.00 -24.34 0.00
.286 -15.773 0.00 -23.64 0.00
.234 -15.117 0.00 -22..0 0.00
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S(IN AI•umfT YMM)

-- TIME HEAD PECK
tic( ) x (IN) Yf IN) Z (IN) X (IN) y (I) Z (IN)

0.000 10.38 0.00 47.21 7.30 0.00 41.63

10.40 0.00 47.21 7.31 0.00 41
.J012 10.41 0.00 47.18 7.32 0.00 41.01

.018 10.45 0.00 47.16 7.36 0.00 41.60
.023 10.55 0.00 47.14 7.45 0.00 41.80
.030 10.71 0.00 47.14 7.58 0.00 41.60
.. ..03 10.34 0.00 47.13 7.79 0.00 41.90
.042 11.22 0.00 47.10 1.04 0.00 41.77

S.048 11.31 0.00 47.04 8.32 0.00 41.70

+•.054 11.813 0.00 46.B2 8.63 0.00 41.5t9

.060 13.13 0.00 44.72 10.2 0.00 41.43
.10 12.42 0.00 48.12 9.22 0.00 41.29
.107 12.37 0.00 44.05 8.48 0.00 40.96
.078 12.87 0.00 455.91 0.71 0.00 40.1•
.014 13.12 0.00 435.7 10.00 0.00 40.30
.128 13.14 0.00 43.13 10.07 0.00 38.93
".132 13.23 0.00 44.72 10.22 0.00 39. 0
.102 13.30 0.00 44.34 10.33 0.00 39.10
.108 13.37 0.00 44.05 10.46 0.00 39.03
.114 13.44 0.00 44.35 10.4 0.00 31.30
".120 13.49 0.00 43.50 10.62 0.00 38.34
.162 13.51 0.00 43.60 10.28 0.00 36.31

.132• 1 3 .5 J0 -0.0 43.99 10. a 0.00 39.00

.138 13.35 0.00 44.02 10.17 0.00 38.10

.144 13,22 0.00 44.18 10.04 0.00 38.21
.IS0 13.03 0.00 44.35 10.47 0.00 39.30
.156 12.43 0.00 44.60 90.38 0.00 38.34
.112 12.1. 0.00 44.82 10.26 0.00 36.35
,IS@ 12.31 0.00 44.89 10.17 0.00 38.31
.174 12.02 0.00 44.71 10.04 0.00 39.24

.1110 11 .73 0.00 44.89 91.91 0.00 36.13

.ASS 11.4,5 0.00 44.14 19.76 0.00 36.01

.192 11.19 0.00 44.47 9.41 0.00 38.11
.204 10.82 0.00 44.41 9.31 0.00 38.78

.210 10.47 0.00 44.35 9.17 0.00 38.61

.2l4 90.Z6 0.00 44.30 8.04 0.00 38.•6

.22 19.12 0.00 44.28 9292 0.00 38.13
.220 9.118 0.00 44.Z8 8.,83 0.00 39.33

.Z4 9.68 0.00 44.32 8.71 0.00 38.57

.240 9.92 0.00 44.3 8.871 0.00 38.13
•246 9.11, 1 0.00 44.481 Me8 0.O0 39.71

7.2 10.706 0.00 44.60 9.70 0.00 39.21
.151 9.,12 0.00 44.72 81.74 0.00 38.11t

WX.294 19.89 0.00 44.94 81.8 0.00 38.02
.270 19. a 0.00 44.115 8.09 0.00 38.12

.271 10.04 0.00 45.01 8.84 0.00 31.21
.282 10.14 0.00 45.13 .818 0.00 3.234
.Z" 10.14 0.00 45.11 1.111 0.00 381.34

.2S4 10.06 0.00 45.23 8.79 0.00 38.39
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OCCUPANT E•EMENT POSITION
(IN AIRCRAFT F UER FAIEW)

-TIME HmANE

(WEO) PITCH (DEO) - ROLL (DE3) PITCH (DEG) - ROLL (DE)0
0.000 23.000 0.00 11.50 0.00

.006 23.005 0.00 11.48 0.00

.012 72.182 0.00 11.49 0.00

.019 23.034 0.00 11.51 0.00

.m25 23.233 0.00 11.64 0.00

.030 23.623 0.00 11.88 0.00

.038 24.111 0.00 12.17 0.00
.042 24.390 0.00 12.42 0.00
.048 24.852 0.00 12.60 0.00
.054 25.279 0.00 12.70 0.00
.060 25.124 0.00 12.74 0.00
.006 28.031 0.00 12.74 0.00
.072 26.488 0.00 12.88 0.00
.078 28.843 0.00 12.56 0.00
.084 27.382 0.00 12.32 0.00
.090 27.W86 0.00 11.87 0.00
.ON6 28.195 0.00 11.56 0.00
.102 28.7W6 0.00 11.23 0.00
.106 29.701 0.00 11.05 0.00
.114 30.895 0.00 11.03 0.00
.120 32.194 0.00 11.09 0.00
.129 33.317 0.00 11.10 0.00
.132 33.972 0.00 10.98 0.00
.138 33.948 0.00 10.35 0.00
.144 33.152 0.00 3.42 0.00
.150 31.6M 0.00 3.15 0.00
.156 29.684 0.00 6.60 0.00
.162 27.293 0.00 4.84 0.00
.168 24.602 0.00 2.96 0.00
.174 21.=S3 0.00 13 . o9,_0
.190 19.346 0.00 -. 58 0.00
.198 17.103 0.00 -2.11 0.00
.192 13,Z82 0.00 -3.40 0.00
.198 13.858 0.00 -4.45 0.00
.204 12.624 0.00 -5.30 0.00
.210 12.060 0.00 -6.01 0.00
.216 11.487 0.00 -8.60 0.00
.222 11.017 0.00 -7.11 0.00
.228 10.887 0.00 -7.50 0.00
.234 10.481 0.00 -7.78 0.00
.240 10.318 0.00 -7.99 0.00
.z46 10.183 0.00 -8.12 0.00
.252 O.8B4 0.00 -8.19 0.00
.258 9.824 0.00 -8.19 0.00
.24 9.m88 0.00 -9.11 0.00
.270 9.86" 0.00 -7.93 0.00
.276 9.687 0.00 -7.64 0.00
.282 9.8n2 0.00 -7.26 0.00

zo.3 10.090 0.00 -6.77 0.00
.294 10.473 0.00 -6.18 0.00
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OCCUPANT 9EWENT POSITION

(IN AIRiCRT REFER•ECE FRIM)

TINE RIGHT UPPER ARN RIGHT LOW R M

(S£C) x (IN) Y (IN) Z (IN) X (IN) Y (IN) Z (IN)
0.000 8.88 -6.34 34.32 16.70 -6.34 26.82

.008 8.89 -8.34 34.31 15.71 -6.34 26.61

.012 8.71 -6.34 34.30 16.73 -6.34 26.60

.019 8.74 -6.34 34.29 18.77 -6.34 28.58

.025 8.82 -6.34 34.29 18.83 -6.34 25.57

.030 8.95 -6.34 34.29 16.95 -6.34 26.53

.036 8.14 -6.34 34.29 17.13 -6.34 2B.53
,042 9.36 -6.34 34.25 17.37 -6.34 26.50
.048 9.68 -6.34 34.18 17.88 -6.34 25.46

' .054 10.02 -6.34 34.09 18.07 -6.34 26.41
.060 10.39 -6.34 33.94 18.52 -6.34 26.35

.066 10.77 -6.34 33.75 19.03 -6.34 26.28

.072 11.17 -6.34 33.53 19.59 -6.34 26.22

.078 11.58 -6.34 33.27 20.19 -6.34 28.17

.064 12.05 -6.34 32.99 20.93 -6.34 26.15

* .090 12.36 -6.34 32.70 21.50 -6.34 28.16
.066 12.75 -6.34 32.44 22.16 -6.34 28.21
.102 13.13 -6.34 32.24 22.80 -6.34 28.33
.106 13.48 -6.34 32.13 23.38 -6.34 26.50
.114 13.78 -6.34 32.11 23.90 -6.34 26.75
.120 14.04 -6.34 32.18 24.35 -6.34 27.05

.126 14.26 -6.34 32.33 24.73 -6.34 27.41

.132 14.44 -6.34 32.53 25.05 -6.34 27.82

.138 14.50 -6.34 32.74 23.28 -6.34 21.25
. .144 14.81 -6.34 32.96 25.51 -6.34 28.71

L .150 14.71 -6.34 33.17 25.74 -6.34 29.20
.156 14.79 -6.34 33.35 25.95 -6.34 29.89

A.62 14.85 -6.34 33.51 28.15 -6.34 30.20
.168 14.90 -6.34 33.63 28.33 -6.34 30.71
.174 14.93 -6.34 33.72 26.48 -6.34 31.21

. .190 14.95 -6.34 33.79 26.58 -6.34 31.71

.198 14.94 -6.34 33.95 26.67 -6.34 32.20

.182 14.81 -6.34 33.90 26.70 -6.34 32.67

.198 14.96 -6.34 33.95 26.70 -6.34 33.12

".204 14.81 -6.34 34.00 26.08 -6.34 33.54

.210 14.75 -6.34 34.06 28.61 -6.34 33.83
.216 14,69 -6.34 34.13 26.55 -8.34 34.29
.222 14.64 -6.34 34.21 26.50 -6.34 34.62

.228 14.59 -6.34 34.30 28.44 -6.34 34.91

.234 14.56 -6.34 34.40 20.40 -6.34 35.17

.240 14.54 -S..14 34.51 26.37 -6.34 35,38

.246 14.53 -6.34 34.62 28.36 -8.34 35.58

.252 14.55 -6.34 34.74 26.37 -6.34 35.73
".259 14.58 -6.34 34.84 26.40 -6.34 35.95
.264 14.62 -6.34 3A."- 26.45 -8.34 35.94

.270 14.68 -6.34 35.02 26.50 -8.34 35.99

.276 14.71 -6.34 35.06 26.54 -6.34 36.02

.292 14.86 -6.34 35.12 26.53 -6.34 36.01

.288 14.60 -6.34 35.14 28.44 -6.34 35.97
.294 14.43 -6.34 35.15 26.27 -6.34 35.90
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OCCUPANT UPEfNT POSITION
(IN AIRCRAFT REFERENCE FRAME)

TINE RIONT UPPE ARM RIOMT LOW ARM
(KEC) PITCH (DE) - OLL (ME) PITCH (MEO) - ROLL (M)

0.000 -17.000 0.00 13.00 0.00
.006 -17.010 0.00 13.00 0.00

S,012 -17.021 0,O0 13.00 0.00
.019 -19.814 0.00 13.04 0.Q0
.025 -16.828 0.00 13.14 0.00
.030 -16.841 0.00 13.28 0.00

..03 -16.764 0.00 13.33 0.00
.042 -16.783 0.00 13,34 0.00
.048 -19.902 0.00 13.20 0.00

4 .054 -17.241 0.00 1Z.87 0.00
.060 -17.80 0.00 12.30 0.00
.066 -18.787 0.00 11.47 0.00

. - .072 -20.126 0.00 10.38 0.00
.078 -21.8w3 0.00 9.07 0.00
.084 -23.804 0.00 7.55 0.00
.060 -26.283 0.00 5.89 0.00
.066 -28.7"4 0.00 4.22 0.00
.102 -31.238 0.00 2.08 0.00
.106 -33. ON 0.00 1.36 0.00
.114 -35.,12 0.00 .29 0.00
.120 -37.720 0.00 -. 6 0.00

.132 -41.471 0.00 -1.25 0.00

* .1 2 - 1.746 
0 .00 -1.29 

0.00

.138 -43.11 0.00 -9.54 0.00
.144 -44.283 0.00 -311.4 0.00
.180 -47.740 0.00 -4.3v V.0c
.156 -48.710 0.00 -6.23 0.00
.162 -80.907 0.00 -7.21 0.00
N196 -34.011 0.00 -1.08 0.00

.174 -85.283 0.00 -11.40 0.00

.180 -87.4O7 0.00 -13M.4 0.00

.216 -89.873 0.00 -12.31 0.00

.192 -8270.9 0.00 -17.23 0.00

.198 -64.030 0.00 -19.04 0.00

.204 -75.814 0.00 -20.94 0.00

.210 -87.4'7 0.00 -Z2.43 0.00

.214 -72.887 0.00 -23.68 0.00

.222 -70.098 O.00 -275.06 0.00

.228 -71.081 0.00 -27.04 0.00

.234 -71.954 0.00 -2.879 0.00

.240 -72.317 0.00 -27.33 0.00

.248 -72.716 0.00 -27.69 0.00

.252 -72.318 0.00 -27.34 0.00

.298 -72.988 0.00 -27.90 0.00

.264 -72.724 0.00 -28.66 0.00.270 -72.831 0.1)0 -27.79 0.00
.Z78 -72.6nB 0.00 -27.58 0.00
.202 -72.3915 0.00 -Z7.34 0.00

._:,.2B8 -72.097 0.00 -27.0.4 0.00
:i.Z4 -71.72 ,T ,0 -26.8, 0.00
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OCCUPANT SEGIENT POSITION
(IN AIRCRAFT REFERENCE FRAME)

TIME LEFT UPPER AM LEFT LOWER ARM(sMe) x (IN) Y (IN) Z (IN) X (IN) Y (IN) Z (IN)
0.000 8.68 6.34 34.32 16.70 6.34 26.62

.012 8.71 8.34 34.30 16.73 6.34 23.60

.019 6.74 6.34 34.28 16.77 6.34 26.58

.025 8.82 6.34 34.28 16.83 6.34 23.57

.030 8.39 1.34 34.28 15.83 6.34 26.50

.038 9.14 6.34 34.28 17.13 6.34 23.53

;i .042 8.39 8.34 34.25 17.37 6.34 29.50
5 .020 14.04 6.34 34.19 12.35 6.34 27.05

.065 10.02 6.34 32.74 12.02 6.34 28.25

.072 14.61 6.34 33.86 15.51 6.34 28.71

OG 14.71 6.34 33.17 25.74 6.34 28.20
.02 14.178 6.34 33.33 19.58 6.34 26.22

.078 11.56 6.34 33.27 20.19 6.34 23.17

.084 12.05 6.34 32.93 20.93 6.34 23.15

.090 12.36 6.34 32.70 21.50 6.34 26.16

.O09 12.75 6.34 32.44 22.16 6.34 23.21

.102 13.13 6.34 32.24 22.70 6.34 26.33

.192 13.48 8.34 32.13 23.38 6.34 26.50
.114 13.78 6.34 33.11 8 2.70 6.34 23.12
.120 14.04 6.34 32.10 24.35 8.34 27.04
.121 14.27 6.34 32.33 24.73 6.34 37.41
.132 14.44 6.34 32.53 2.053 6.34 27.82
.132 14.50 6.34 32.74 28.20 6.34 24.25
.144 14.61 6.34 32.36 25.51 6.34 38.71
.150 14.71 6.34 33.17 25.74 6.34 29.20
.215 14.78 6.34 33.35 28.37 6.34 Z9.88
.102 14.51 6.34 33.61 28.15 6.34 30.20
.2IN 14.90 8.34 33.83 28.33 6.34 30.71
.174 14.93 6.34 33.72 28.48 6.34 31.21
.180 14.62 6.34 33.79 26.59 6.34 31.71
.126 14.64 6.34 33.80 26.67 9.34 32.20
.t92 14.91 6.34 33.90 29.70 6.34 32.6"7
.190 14.96 6.34 33.85 26.70 6.34 33.12

.204 14.81 6.34 34.00 28.56 6.34 33.54

.210 14.75 8.34 34.06 26.61 6.34 33.93
.216 14.88 6.34 34.13 2B.", 1.34 34.29

.222 14.64 6.34 34.21 28.50 6.34 34.82

.289 14.50 6.34 34.30 28.44 6.34 34.81

.234 14.58 8.34 34.40 26.40 6.34 35.17

.240 14.54 6.34 34.31 25.37 8.34 33.39

.246 14.33 8.34 34.82 26.36 6.34 3Z.58

.252 14.43 6.34 34.74 26.37 6.34 35.73
.258 14.8 6.34 34.84 26.40 6.34 33.8C

.264 14.62 6.34 34.84 26.45 8.34 35.94
•.270 14.68 6.34 35.02 26.50 6.34 33.89
.278 14.71 8.34 35.00 26.54 6.34 30.02
.292 14.88 6.34 33.12 28.53 8.34 36.01
.298 14.60 9.34 33.14 26.44 6.34 35.9"7
.294 14.43 8.34 35.15 26.27 6.34 35.90
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.. 7

OUaN SEOIENT PO& ITION
(IN AIRMFT MFVU FUANE)

TIME LEFT LPFU MP LEFT LOiG AN"
(EC) ?ITCH (DEG) - ROLL (MEG) PITCH (DEG) ROLL (DIM)

FI0.000 -17.000 0.00 13.00 0.00

.006 -17.010 0.00 13.00 0.00
.012 -174021 0.00 13.00 0.00
.01 -17.084 0.00 13.04 0.00
.021 -18.984 0.00 13.14 0.00

.030 -16.941 0.00 13.26 0.00

.030 -16.784 0.00 13.33 0.00

.042 -16.783 0.00 13.34 0.00

.048 -h6.802 0.00 13.20 0.00
.054 -17.241 0.00 12.87 0.00
.060 -17.850 0.00 12.30 0.00
.06 -18.797 0.00 11.47 0.00

"" 072 -20.1 Z8 0.00 10.38 0.00.078 -22.835 0.00 8.07 0.00
.084 -23.904 0.00 7.55 0.00

.080 -28.293 0.00 5.88 0.00

.Ao -29.754 0.00 4.22 0.00
o0 -31.:28 0:00 2:6o 0.00

.114 -33.812 0.00 ,2a 0.00

.120 -37.920 0.00 -. 56 0.00

.128 -39.748 0.00 -1.20 0.00
S.132 -41.463 0.00 -1.88 0.00
- .138 -43.109 0.00 -2.80 0.00

.144 -44.905 0.00 -3.75 0.00

.150 -46.740 0.00 -4.90 0.00

.15 -48.710 0.00 -6.25 0.00

.182 -50.907 0.00 -7.81 0.00

.198 -53.011 0.00 -. 54 0.00

.174 -5.Z3 0.00 -11.40 0.00

.190 -37.606 0.00 -13.35 0.00

.196 -58.873 0.00 -15.31 0.00
.B -62.02 0.00 -17.23 0.00

.198 -G4.030 0.00 -1V.08 0.00

.204 -63.84m 0o00 -20.84 0.00

.210 -87.467 0.00 -2..45 0.00

.218 -68.87 0.00 -23.86 0.00

.2Z2 -70.008 0.00 -25.06 0.00

.228 -71.061 0.00 -26.04 0.00

.234 -71.812 0.00 -28.79 0.00

.240 -72.357 0.00 -27.33 0.00

.248 -72.716 0.00 -27.69 0.00

.252 -72.181 0.00 -27.89 0.00

.258 -72.88 0.00 -27.96 0.00
.284 -72.854 0.00 -27.82 0.00

.270 -72.831 0.00 -27.79 0.00

.276 -72.639 0.00 -27.58 0.00

.282 -72.385 0.00 -27.34 0.00

.288 -72.097 0.00 -27.04 0.00
. .24 -71.728 0.00 -28.68 0.00
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OCCUPAT SEGMENT POSITION
(IN AIRCRAFT REFEREE FRAME)

TIME RIGHT THIGH RIGHT LOWER LE
-(EC) X (IN) Y (IN) z (IN) x (IN) Y (IN) Z (I•)

0.000 15.95 -3.70 18.62 23.Z2 -3.70 8.60

.006 153.5 -3.70 18.63 23.21 -3.70 8.59
.012 15.65 -3.70 10.63 25.20 -3.70 0.58
.019 15.87 -3.70 19.84 25.22 -3.70 6I.5
.025 15.95 -3.70 19.64 23.29 -3.70 8.58
.030 16.06 -3.70 19.64 25.42 -3.70 8.58
.036 16.28 -3.70 19.84 25.63 -3.70 8.58
.042 18.54 -3.70 18.92 25.90 -3,70 8,59
.048 18.96 -3.70 19.61 26.23 -3.70 8.58
.054 17.25 -3.70 18.57 26.98 -3.70 8.80
.060 17.68 -3.70 19.51 27.13 -3.70 8.60
.072 19.16 -3.70 19.43 27.78 -3.70 8.60
.072 18.67 -3.70 19.31 28.41 -3.70 8.61
.078 19.21 -3.70 19.18 29.12 -3.70 9.83
.064 15.7d -3.70 19.04 29.88 -3.70 9.8

.080 20.31 -3.70 18.91 30.87 -3.70 8.71

.066 20.84 -3.70 19.78 31.48 -3.70 8.77
.102 21.36 -3.70 18.88 32.33 -3.70 8.84
.108 21.89 -3.70 19.81 33.19 -3.70 8.93
.114 22.32 -3.70 18.58 34.04 -3.70 9.04
.120 22.78 -3.70 18.57 34.89 -3.70 9.19
.U12 23.18 -3.70 1.58 35.72 -3.70 9.38
.132 23.56 -3.70 18.85 38.53 -3.70 8.57
.136 23.90 -3.70 18.72 37.31 -3.70 9.81
.144 24.21 -3.70 18.80 38.06 -3.70 10.10
.150 24.48 -3.70 18.89 38.78 -3.70 10.43
.156 24.71 -3.70 18.97 39.46 -3.70 10.82
.162 24.88 -3.70 19.05 40.11 -3.70 11.Z7
.168 25.04 -3.70 19.11 40.71 -3.70 11.77
.174 25.16 -3.70 19.16 41.28 -3.70 12.31
.190 25.23 -3.70 18.20 41.77 -3.70 12.87
.1896 25.31 -3.70 18.23 42.23 -3.70 13.45
.182 25.36 -3.70 19.23 42.83 -3.70 14.04
.198 25.40 -3.70 19.28 42.99 -3.70 14.83
.204 25.43 -3.70 19.27 43.30 -3.70 15.21
.210 25.46 -3.70 19.29 43.56 -3.70 15.78
.216 25.47 -3.70 15.32 43.78 -3.70 16.32
,222 23.49 -3.70 19.36 43.95 -3.70 16.83
.228 25.49 -3.70 19.41 44.09 -3.70 17.31
.234 25.48 -3.70 18.46 44.20 -3.70 17.73
.240 23.48 -3.70 19.51 44.28 -3.70 18.16
.246 25.47 -3.70 19.56 44.34 -3.70 18.53
.252 25.45 -3.70 19.60 44.36 -3.70 18.96
.258 23.43 -3.70 19.84 44.40 -3.70 19.15
.284 25.40 -3.70 18.68 44.41 -3.70 19.40
.270 25.36 -3.70 19.97 44.38 -2.70 19.81
.276 25.28 -3.70 19.65 44.33 -3.70 19.80
.282 25.14 -3.70 19.62 44.20 -3.70 19.94
.288 24.92 -3.70 19.58 43.9 -3.70 20.03
.294 24."2 -3.70 19.55 43.70 -3.70 20.04
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OCCUPANT SE54ENT POS IT I ONI
(IN AIRCRAFT REFERENCE FRMNE)

-TIME RIGHT THIGH RIGHT LOWER LEG
(SEC) PITCH (DE) ROLL (M60) PITCH (DEO) -- ROLL (DEG)

0.000 .961 0.00 -8.38 0.00
.006 1.001 0.00 -6.37 0.00
.012 1.067 0.00 -6.32 0.00
• 018 1.112 0.00 --6.27 0.00

.025 1.133 0.00 -6.25 0.00

.030 1.123 0.00 -a.23 0.00

-on 1.0O6 0.00 -6.28 0.00
.042 1.001 0.00 -6.36 0.00
.04, .861 0.00 -6.50 0.00
.054 .834 0.00 -6.73 0.00
.060 .274 0.00 -7.09 0.00
.066 -.257 0.00 -7.61 0.00
.072 -. 877 0.00 -8.34 0.00
.079 -1.853 0.00 -9.25 0.00
.064 -2.917 0.00 -10.38 0.00
.090 -3.783 0.00 -11.74 0.00
.096 -4.578 0.00 -13.33 0.00

102 -5.183 0.00 -15.13 0.00
.106 -5.370 0.00 -17.10 0.00
.114 -5.753 0.00 -18.23 0.00
.120 -5.750 0.00 -21.48 0.00
.126 -5. m7 0.00 -23.84 0.00
.132 -5.286 0.00 -28.29 0.00
..138 -4.886 0.00 -28.5 0.00
.144 -4.521 0.00 -31.51 0.00
.150 -4.237 0.00 -34.29 0.00
.156 -4.091 0.00 -37.20 0.00
.182 -4.117 0.00 -40.26 0.00
168 -4.318 0.00 -43.45 0.00

.174 -4.620 0,00 -4E.7 . 0L00._

.180 -4.966 0.00 -0.05 0.00
.186 -5.341 0.00 -53.39 0.00
.182 -5.728 0.00 -58.70 0.00
.198 -8.036 0.00 -38.84 0.00
.204 -8.415 0.00 -63.04 0.00
.210 -6.670 0.00 -0.88 0.00
.216 -6.838 0.00 -M8.73 0.00
.222 -8.837 0.00 -71.27 0.00
.228 -6.872 0.00 -73.62 0.00
.234 -6,950 0.00 -75.78 0.00
.240 -6.874 0.00 -77.77 0.00
.246 -8.749 0.00 -79.58 0.00
.252 -8.575 0.00 -81.23 0.00
.Z58 -8.336 0.00 -82.73 0.00
.284 -8.111 0.00 -84.10 0.00
.270 -5.848 0.00 -85.37 0.00
.276 -5.5M 0.00 -86.62 0.00
.282 -5.306 0.00 -87.73 0.00
.288 -5.10 0.00 -88.54 0.00
.294 -4.968 0.00 -99.91 0.00
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OCCU•ANT SEGMET POSITION

(IN AIRCRAFT REFERENCE FRWE)

TIM LEFT THIGIH LEFT LOWER LE
(SEC) X (IN) Y (IN) Z (IN) X (IN) y (IN) Z (IN)

0.000 15.85 3.70 19.62 25.22 3.70 8.60
.006 15.85 3.70 19.63 25.21 3.70 8.58
.012 15.85 3.70 19.63 25.20 3.70 8.59
.019 15.87 3.70 18.64 25.22 3.70 8.59
023 15.85 3.70 19.64 25.28 3.70 8.58

.03a 196.0 3.70 19.r 25.42 3.70 8.58
.036 19.42 3.70 19, 25.63 3.70 .. 52•.042 16.54 3.70 18.92 25.9D 3.70 9.59
.048 16.9 3.70 19.61 26.25 3.70 8.58
.034 17.25 3.70 19.57 26.68 3.70 8.60
.060 17.68 3.70 19.51 27.18 3.70 8.80
.08 19.16 3.70 18.43 27.78 3.70 8.60
.072 18.67 3.70 19.31 28.41 3.70 8.81
.078 19.21 3.70 19.18 28.12 3.70 8.63
.064 19.76 3.70 19.04 29.88 3.70 8.68
.060 20.31 3.70 18.81 30.67 3.70 8.71
.096 20.64 3.70 18.79 31.49 3.70 8.77
.102 21.36 3.70 18.68 32.33 3.70 8.94
.106 21.85 3.70 13.61 33.18 3.70 8.83
.114 22.32 3.70 18.5" 34.04 3.70 9.04
.120 22.76 3.70 19.57 34.89 3.70 9.19
.126 23.10 3.70 19.58 35.72 3.70 9.38
.132 23.56 3.70 18.83 36.53 3.70 9.57
.138 "3.60 3.70 18.72 37.31 3.70 9.81
.144 24.21 3.70 18.80 38.06 3.70 10.10
.150 24.40 3.70 16.36 38.73 3.70 10.43
.156 24.71 3.70 18.97 39.40 3.70 10.82
.162 24.88 3.70 19.05 40.11 3.70 11.27
.168 23.04 3.70 18.11 40.71 3.70 11.77
.174 25.15 3.70 13.16 41.26 3.70 12.31
.190 25.253 3.70 19.20 41.77 2.70 12.87
.198 25.31 3.70 18.23 42.23 3.70 13.45
.192 25.36 3.70 19.25 42.63 3.70 14.04
.198 25.40 3.70 13.29 42.36 3.70 14.63
.204 25.43 3.70 13.27 43.30 3.70 15.21
.20l) Z3.46 3.70 19.23 43.50 3.70 15.78
.216 25.4/ 3.70 19.32 43.78 3.70 16.32
.222 25.48 3.70 19.36 43.95 3.70 1.863
.228 25.49 3.70 19.41 44.09 3.70 17.31
.234 25.48 3.70 19.41 44.20 J.70 17.75
.240 25.48 3.70 19.51 44.28 p.70 Ij1_
.246 25.47 3.70 iS.S 44.34 3.70 13.53
.252 25,45, 3.70 lil. w 44.38 3.70 18.96
.Z58 23.43 3.70 113.4 44.40 3.70 11.15
.284 25.,;., 3.70 B1M8 44.41 3.70 18.40
.270 23.3u 3.70 19.87 44.39 3.70 19.81
.27C 25.28 3.70 13.95 44.33 3.70 19.80
.282 25.14 3.70 13.62 44.20 3,70 13.94
.28/ 24.82 3.70 16.58 43.93 3.70 20.03
.284 24.92 3.70 13.55 43.70 3.70 20.04
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"OCCUPANT SEGMENT POSITION
(IN AIRCRAT OV90MM FRAM)

TIME LEFT THIH LEFT LER LE

fSEC) PITCH (MD) - ROLL (MO) PITCH (DIM) - ROL (DEG)
0.000 .wl 0.00 -6.39 0.00

.006 1.001 0.00 -6.37 0.00

.012 1.067 0.00 -6.32 0.00
.019 1.112 0.00 -6.27 0.00
-02 1.133 0.00 -6.25 0.00
.030 1.125 0.00 -6.253 0.00
.036 1.0m6 0.00 -6.28 0.00
.042 1.001 0.00 -6.36 0.00
.048 .961 0.00 -6.50 0.00
".054 .634 0.00 -6.73 0.00
.060 .274 0.00 -7.09 0.00
.M -. 257 0.00 -7.81 0.00
.072 -. 977 0.00 -8.34 0.00
.078 -1.803 0.00 -8.Z2 0.00
.064 -2.817 0.00 -10.38 0.00
.090 -3.763 0.00 -11.74 0.00
.096 -4.576 0.00 -13.33 0.00
.102 -5.183 0.00 -15.13 0.00
.106 -5. 70 0.00 -17.10 0.00
.114 -5.75 0.00 -18.23 0.00
.120 -. 750 0.00 -21.48 0.00
.126 -S.55 0.00 -Z3.84 0.00
.132 -3.M1 0.00 -26.28 0.00k
.136 -4.666 0.00 -Z3.83 .
.144 -4.521 0.00 -31.51 0.00
.150 -4.Z37 0.00 -34.29 0.00
.156 -4.001 0.00 -37.20 0.00
.162 -4.117 0.00 -40.26 0.00
.166 -4.310 0.00 -43.45 0.00
.174 -4.20 0.00 -46.73 0.00
.10 -4,96 0.00 -50.05 0.00
.In -5.341 0.00 -53.39 0.00
.132 -. 729 0.00 -5.70 0.00
.19, -4.0" 0.00 -56.64 0.00
.204 -6.413 0.00 -03.04 0.00
.210 -4.870 0.00 -65.6 0.00
.218 -6.636 0.00 -88.73 0.00
.Z22 -6.837 0.00 -71.27 0.00
.223 --. r32 0.00 -73.62 0.00
.234 -6.950 0.00 -75.73 0.00

.244) -1.r4 0.00 -77.77 0.00

.248 -6.749 0.00 -79.51 0.00

.Z52 -4.575 0.00 -11.23 0.00

.2mI -6.316 0.00 -a2.73 0.00

.24 -4.111 0.00 -64.10 0.00

.270 -3.94, 0.00 -85.37 0.00
.Z76 -35.5 0.00 -W.862 0.00
.282 -5,.106 0.00 -87.P3 0.00
.2n -5.100 0.00 -M6.54 0.00
,Z94 -4.M6 0.00 -6.f1 0.00
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OCCUPAMT BEO IT VQ.I.rTY
(IN AIRCRAFT REFERENCE FRAME)

TIME PELVI8 CM3T
(SEC) X (IPS) Y (IPS) Z (IPS) X (IPM) Y (IP8) Z (IPS)

0.000 0.00 0.00 0.00 0.00 0.00 0.00
.006 .4I 0.00 2.37 .93 0.00 -1.97
.012 38.2 0.00 2.57 2.83 0.00 -2.33.019 8.64 0.00 1.62 8.89 0.00 -1.08

.02 17.14 0.00 -. 05 16.70 0.00 .-I
.030 64.84 0.00 -1.66 28.07 0.00 -. 01
.036 38.21 0.00 -2.67 358.5 0.00 -2.63
.042 47.75 0.00 -4.87 45.00 0.00 -7.57
.047 57.43 0.00 -8.60 52.43 0.00 -14.24
.054 64.41 0.00 -14.86 51.96 0.00 -22.12
.060 89. 0.00 -22.96 58.05 0.00 -30.63
.086 74.75 0.00 -31.70 57.81 0.00 -38.13
.072 77.30 0.00 -40.42 43.21 0.00 -47.19
.072 78.75 0.00 -42.40 41.07 0.00 -42.98
.084 73.17 0.00 -47.96 48.82 0.00 -10.20
.020 77.90 0.00 -44.82 42.06 0.00 -59.47
.026 75.50 0.00 -37.52 43.26 0.00 -1.74
•102 72.2z 0.00 -27.78 40.05 0.00 -42.82
.106 48.30 0.00 -17.54 31.32 0.00 -27.33
.114 83.31 0.00 -7.76 32.02 0.00 -10.04
.120 53.32 0.00 1.82 27.16 0.00 1.45
.126 23.57 0.00 10.43 22.26 0.00 16.74
.132 48.27 0.00 17.98 17.58 0.00 22.82
.138 43.10 0.00 20.05 13.24 0.00 24.09
.144 31.30 0.00 20.30 10.10 0.00 22.49
.10 33.34 0.00 17.32 -8.1 0.00 17.47
.156 28.40 0.00 13.37 3.97 0.00 10.86
.162 3.48 0.00 7.83 1.21 0.00 4.10
.168 18.47 0.00 2.19 -1.50 0.00 -2.18
.174 13.25 0.00 -1.53 -5.04 0.00 -8.48
.190 8.47 0.00 -4.35 -8.32 0.00 -13.03
.216 5.07 0.00 -6.25 -11.37 0.00 -14.46
.182 3.05 0.00 -8.43 -13.13 0.00 -13.87
.198 1.77 0.00 -7.81 -13.76 0.00 -12.12
.204 1.09 0.00 -5.33 -13.47 0.00 -1.49
•.210 .30 0.00 -1.53 -12.34 0.00 -1.09
.216 .34 0.00 2.23 -10.58 0.00 -1.50
.222 .39 0.00 5.31 -2.48 0.00 2.71

Z.Z8 .17 0.00 8.01 -4.13 0.00 7.08
.234 -. 03 0.00 8.87 -4.0 0.00 10.86
.240 -. 40 0.00 11.31 -2.75 0.00 13.85.248 -1.01 0.00 12.32 -. 59 0.00 15.50

.278 -1.42 0.00 12.54 2.08 0.00 18.05Me.5 -2.19 0.00 11.711 4.13 0.00 15.33
.2"i -2.e.4 0.00 8.87 6.07 0.00 13.98
.270 --6.48 0.00 6.93 4.80 0.00 11.76
.278 -J4.45 0.00 3.36 -2.08 0.00 8.953
.282 -23.72 0.00 .17 -13.43 0.00 5.96
.206 -41.20 0.00 -1.71 -27.33 0.00 2.87
.284 -53.86 0.00 -2.30 -39.53 0.00 1.74
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OCCUPANT SEENT VE.LOCITY
S(IN AIRCORAFT P4EEC F'qAWE)

TIME RIGHT UPPR A" RIORT LOW AM
(UEC) X (IPS) Y liPs) Z (IPS) )( (IPS) Y (IPS) Z (IPS)

0.000 0.00 0.00 0.00 0.00 0.00 0.00
.00 4.10 0.00 -1.00 4.56 0.00 -1,07

.012 3•B68 0.00 -2.35 5.79 0.00 -2.83

.019 11.30 0.00 -1.44 8.83 0.00 -2.63

.025 16.91 0.00 .00 14.84 0.00 -2.44

.030 27.89 0.00 -. 25 26.06 0.00 -2.63

.036 35.86 0.00 -2.75 34.55 0.00 -3.60

.042 47.14 0.00 -7.11 48.40 0.00 -6.00

.049 52.91 0.00 -13.09 57.86 0.00 -8.18

.054 61.57 0.00 -20.06 71.73 0.00 -8.87
.060 84.98 0.00 -27.36 81.31 0.00 -10.60
.066 64.83 0.00 -34.30 88.52 0.00 -10.56
.072 67.52 0.00 -40.44 98.63 0.00 -8.18
.078 65.2• 0.00 -45.25 102.73 0.00 -6.46
.084 66.42 0.00 -47.81 108.23 0.00 -1.66
.090 68.84 0.00 -48.41 111,70 0.00 4i73
.096 84.67 0.00 -38.40 106.23 0.00 13.27
.102 60.83 0.00 -27.61 102.81 0.00 23.47
.106 55.01 0.00 -12.14 82.87 0.00 34.57
.114 47.68 0.00 4.38 80.73 0.00 43.55
.120 38.82 0.00 18.87 68.74 0.00 33.54
.12B 33.02 0.00 29.72 58.71 0.00 64.02
.132 27.67 0.00 36.00 51.60 0.00 70.84
.138 -158.24 0.00 -1.80 -132.81 0.00 38.28
.144 16.82 0.00 36.45 36.71 0.00 78.20
.150 14.18 0.00 33.05 37.18 0.00 81.87
,156 11.82 0.00 28.34 34.68 0.00 83.79
.162 8.60 0.00 23.28 31.63 0.00 54.71
.18 7.36 0.00 18.22 27.82 0.00 84.83
.174 4.14 0.00 13.58 22.51 0.00 83.80
.180 .84 0.00 10.30 16.14 0.00 62.26
.186 -2.97 0.00 8.71 9.13 0.00 79.80
.182 -6.14 0.00 8.31 2.52 0.00 76.61
.198 -8.56 0.00 8.45 -3.15 0.00 72.66
.204 -8.87 0.00 8.83 -7.36 0.00 68.06

.210 -8.68 0.00 10.33 -8.85 0.00 63.13

.218 -9.40 0.00 12.08 -8.84 0.00 57.48

.222 -8.21 0.00 14.32 -8.04 0.00 51.90
.2B -8.68 0.00 15.82 -8.60 0.00 48.13

.Z34 -4.79 0.00 17.57 -6.68 0.00 40.29

.240 -2.73 0.00 18.66 -4.10 0.00 34.27

.24.6 .43 0.00 18.04 -. 40 0.00 28.79

.252 3.43 0.00 18.57 3.48 0.00 23.13
.258 6.32 0.00 17.03 8.75 0.00 17.59
.264 8.24 0.00 14.97 8.82 0.00 12.11
.270 8.26 0.00 12.09 8.74 0.00 6.62
.278 2.44 0.00 8.95 3.07 0.00 1.35
.282 -8.03 0.00 5.57 -7.29 0.00 -3.73
".288 -21.45 ".00 2.22 -20.67 0.00 -8.07
".284 -33.40 0.00 .01 -32.50 0.00 -14.25
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OCCUPANT SEGMENT VELOCITY
(IN AIRCRAFT REFERENCE FRAME)

TIME LEFT UPPER ARM LEFT LOW ARM
(SEC) X (IPS) Y (IPS) Z (UPS) X (IPS) Y (IPS) Z (IMS)

0.000 0.00 0.00 0.00 0.00 0.00 0.00
.006 4.18 0.00 -1.96 4.56 0.00 -1.97
,012 5.86 0.00 -2.35 5.78 0.00 -2.83
.019 11.30 0.00 -1.44 9.95 0.00 -2.63
,025 16.81 0.00 .00 14.84 0.00 -2.44
.030 27.90 0.00 -. 25 26.06 0.00 -2.65
.036 35.99 0.00 -2.75 34.55 0.00 -3.60
.042 47.14 0.00 -7.11 48.40 0.00 -8.00

* .048 52.91 0.00 -13.09 57.96 0.00 -8.16
.054 61.57 0.00 -20.08 71.73 0.00 -0.87
.060 84.98 0.00 -27.36 91.51 0.00 -10.90
.086 64.85 0.00 -34.30 88.52 0.00 -10.56
.072 67.52 0.00 -40.44 98.63 0.00 -9.19
.079 65.29 0.00 -45.25 102.73 0.00 -6.46
.084 86.42 0.00 -47.81 108.23 0.00 -1.86
.090 96.84 0.00 -46.41 111.70 0.00 4.73
.098 64.B7 0.00 -38.40 108.23 0.00 13.27
.102 80.95 0.00 -27.61 102.91 0.00 23.47
.106 55.01 0.00 -12.14 92.87 0.00 34.57
.114 47.96 0.00 4.38 60.73 0.00 45.55
.120 39.92 0.00 18.97 98.74 0.00 35.54
.126 33.02 0.00 29.72 56.71 0.00 84.02
.132 27.67 0.00 38.00 51.80 0.00 70.84
.136 -156.24 0.00 -1.98 -132.91 0.00 36.28
.144 16.92 0.00 38.45 39.71 0.00 79.20
.150 14.19 0.00 33.05 37.18 0.00 81.97
.158 11. 2 0.00 29.34 34.88 0.00 93.78
.192 9.60 0.00 23.28 31.63 0.00 84.71
.168 7.38 0.00 18.22 27.92 0.00 94.83
.174 4.14 0.00 13.56 22.51 0.00 93.90
.180 .64 0.00 10.30 16.14 0.00 92.28
.1N -2.97 0.00 8.71 8.13 0.00 79.80
.192 -6.14 0.00 8.31 2.52 0.00 78.61
.198 -8.56 0.00 8.45 -3.15 0.00 72.88
.204 -9.87 0.00 9.83 -7.38 0.00 W8.06
.210 -8.69 0.00 10.33 -8.35 0.00 63.13
.219 -9.40 0.00 12.06 -9.84 0.00 57.48
.222 -8.21 0.00 14.32 -9.04 0.00 51.90
.228 -9.68 0.00 15.92 -8.90 0.00 46.13
.234 -4.79 0.00 17.57 -8.88 0.00 40.29
.240 -2.75 0.00 18.96 -4.10 0.00 34.27
.248 .45 0.00 19.04 -. 40 0.00 29.79
.Z52 3.43 0.00 18.57 3.46 0.00 23.13
.258 9.32 0.00 17.03 6.75 0.00 17.59
.Z#4 9.24 0.00 14.87 9.82 0.00 12.11
.270 9.28 0.00 12.09 9.74 0.00 8.62
.276 2.44 0.00 9.95 3.07 0.00 1.35
.282 -8.03 0.00 5.5" -7.29 0.00 -3.73
.298 -21.45 0.00 2.22 -20.87 0.00 -9.07

.Z94 -33.40 0.00 .01 -32.50 0.00 -14.25
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OccUANTUEODET~.0ITY
(IN AIRCRAFT R•EVERIC FRE)

TIME RIGHT THIGH RIGHT LOW1R LEG
fIEC) X tIPS) Y (IPS) Z (1PS) X uPs) Y uPs) Z (IPS)

0.000 0.00 0.00 0.00 0.00 0.00,.00 -. 38 0.00 .73 -1.74 0.00 -. 27

.,012 .96 0.00 1.3f9 -1.03 0.00 .70

.018 0.06 0.00 1.04 8,27 0.00 1.22
.P 17.69" 0.00 .04 16.06 0.00 -. 13

.030 27.06 0.00 -. 84 28.70 0.00 .74

.036 36.71 0.00 -1.34 40.09 0.00 .14

.042 48.12 0.00 -2.48 1.83 0.00 1.10
".048 80.15 0.00 -4.34 64.18 0.00 .50
.054 81.45 0.00 -7.73 71.82 0.00 .62
.080 78.97 0.00 -11.93 81.04 0.00 1.08
.ON 83.21 0.00 -16.48 102.28 0.00 .81
.072 68.12 0.00 -20.46 112.93 0.00 3.10
.078 80.48 0.00 -23.01 121.79 0.00 4.19
.064 78.13 0.00 -Z3.43 14.21 0.00 2.16
.090 90.10 0.00 -21.92 134.73 0.00 8.15
.12N 67.03 0.00 -16.58 137.04 0.00 10.50
.102 84.34 0.00 -14.20 141.32 0.00 13.02
.136 50.48 0.00 -. 805 142A.7 0.00 16.70
.114 74.13 0.00 -3.72 141.33 0.00 21.17
.150 71.30 0.00 1.93 140.13 0.00 25.15
.126 63.02 0.00 1.41 137.03 0.00 31.47
.132 60.42 0.00 10.568 132.92 0.00 37.24
.138 54.44 0.00 12.60 126.17 0.00 43.21
.144 46.08 0.00 14.26 122.83 0.00 81.28
.150 41.42 0.00 14.37 117.04 0.00 35.45
.156 34.72 0.00 13.41 110.87 0.00 60.07
.162 26.07 0.00 11.68 104.10 0.00 79.41
.186 21.88 0.00 82.0 95.70 0.00 86.21
.174 14.60 0.00 7.87 89.03 0.00 91.24
.210 12.91 0.00 4.60 80.72 0.00 82.45
.218 2.81 0.00 3.52 72.37 0.00 87.79
.122 7.32 0.00 2.24 64.07 0.00 8N.96
.IN8 1.N 0.00 8 2.00 .85 0.00 97.01
.204 4.80 0.00 2.78 47.06 0.00 71.27
.240 -. %25 0.00 4.32 38.64 0.00 92.N8
.218 2.41 0.00 .2 32.968 0.00 87.19
.222 1.22 0.00 7.24 28.43 0.00 52.04
.228 .4.2 0.00 8.14 20.73 0.00 77.58
.234 -. 34 0.00 8.48 16.06 0.00 71.70
.240 -1.28 0.00 8.38 12.5" 0.00 33.14
.248 -7.14 0.00 7.12 7.27 0.00 27.09
.2•2 -3.44 0.00 6.67 4.78 0.00 52.04
.258 -4.24 0.00 -. 02 1.78 0.00 4•.2.294 -S.47 0.00 2.68 - 0.00 39.15
.Z70 -9.N 0.00 -_,Ko -3.58 0.00 33.19
.276 -17.74 0.00 -4.11 -14.Z7 0.00 27.90
.Z82 -2•e.08 0.00 -8.12 -27.87 0.00 21.05

S.28ig -43.47 0.00 -6.44 -41.84 0.00 9.24

.294 -55.57 0.00 -5.60 -54.84 0.00 -3.68
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OCCUPANT BEOME4T VELOCITY
(IN AIRCRAF1 REFU4M FRAIE)

TIlE LEFT THION LEFT LOWER LEG
(•m) x (PS) y (IPS) Z (IPS) x zPS) Y IPS) z UIPs)

0.*000 0.00 0.00 0.00 0.00 0.00 0.00
.008-.39 0.00 .73 -1.74 0.00 -. 27

.012 .96 0.00 1.39 -1.03 0.00 .70

.018 8.08 0.00 1.04 6.27 0.00 1.22

.023 16.9 0.00 .04 16.08 0.00 -. 13

.030 27.06 0.00 -. 84 26.70 0.00 .74
.036 30.79 0.00 -1.38 4.0.09 0.00 .14

.042 48.59 0.00 -2.26 51.55 0.00 1.60

.048 59.15 0.00 -4.34 64.19 0.00 .50

.054 68.43 0.00 -7.73 76.82 0.00 .62

.060 75.97 0.00 -11.83 89.04 0.00 1.08

.068 83.21 0.00 -16.48 102.26 0.00 .B1

.072 86.12 0.00 -20.46 112.83 0.00 3.10

.078 90.86 0.00 -23.01 121.79 0.00 4.18

.064 81.57 0.00 -23.43 129.21 0.00 6.66

.080 90.10 0.00 -21.92 134.73 0.00 8.95

.096 87.63 0.00 -18.81 136.84 0.00 10.50

.102 84.34 0.00 -14.20 141.35 0.00 13.09

.108 80.48 0.00 -8.05 142.37 0.00 16.70

.114 76.13 0.00 -3.72 141.95 0.00 21.17

.120 71.30 0.00 1.63 140.13 0.00 26.15

.126 66.06 0.00 6.59 137.03 0.00 31.47

.132 60.42 0.00 10.56 132.92 0.00 37.24

.130 54.44 0.00 12.99 128.17 0.00 43.65

.144 48.05 0.00 14.26 122.83 0.00 51.29

.150 41.42 0.00 14.37 117.04 0.00 59.95

.156 34.72 0o00 13.41 110.67 0.00 66.07

.182 28.07 0.00 11.68 104.18 0.00 78.41

.168 21.86 0.00 9.65 96.70 k.00 87.21

.174 16.89 0.00 7.67 89.03 0.00 81.84

.190 12.91 0.00 5.60 80.72 0.00 85.45

.186 9.61 0.00 3.62 72.37 0.00 97.78

.192 7.32 0.00 2.26 84.07 0.00 B9.99

.196 5.88 0.00 2.00 5J.95 0.00 96.01

•.204 4.60 0.00 2.79 47.95 0.00 95.25

.210 3.52 0.00 4.32 39.64 0.00 92.98

.216 2.41 0.00 5.95 32.98 0.00 87.19

.222 1.22 0.00 7.24 26.43 0.00 62.76

•.226 .46 0.00 8.14 20.83 0.00 77.58

.234 -. 30 0.00 8.48 16.08 0.00 71.70

.240 -t.25 0.00 8.36 12.55 0.00 63.94

.246 -2.14 0.00 7.82 7.98 0.00 "9.08

.252 -3.44 0.00 6.87 4.76 0.00 52.04

.2.m -4.26 0.00 5.02 1.75 0.00 45.55

.64 -5.47 0.00 2.66 -. 86 0.00 39.15

.270 -8.99 0.00 -.80 -5.58 0.00 33.19
276 -17.74 0.00 -4.11 -14.27 0.00 27.80

.292 -28.88 0.00 -8.12 -27.67 0.00 21.05

.298 -43.47 * 0.00 -6.44 -41.84 0.00 0.24

.294 -55.57 0.00 -5.60 -54.84 0.00 -3.8u
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;OCCUPAT SEME'NT VELOCITY
(IN AIRCRAT REFERENCE FRAME)

TIME HEAD
""CC) x (I1) Y liPs) Z (IPS)

0.000 0.00 0.00 0.00
.006 2.64 0.00 -2.15
.012 4.56 0.00 -3.92
.019 12.60 0.00 -3.85
.O•5 21.25 0.00 -2.07
.030 33.61 0.00 -. 48
:036 42.28 0.00 -1 ,4
.042 49.66 0.00 -7.06
.048 51.33 0.00 -15.01
.054 53.85 0.00 -23.66
.060 51.23 0.00 -32.40
.066 44.88 0.00 -41.40
.072 39.11 0.00 -50.34
.07B 29.39 0.0•0 -59.06
.084 22.50 0.00 -65.35
.090 16.93 0.00 -69.27
.096 13.38 0.00 -67.00
.102 12.08 0.00 -57.28
.106 11.43 0.00 -41.82

. 89.90 0.00 -23.40
.120 6.56 0.00 -5.27

'.12 1.29 0.00 10.07
".132 -5.53 0.00 20.88
.138 -183.33 0.00 -13.05

.144 -24.78 0.00 27.90

.150 -32.17 0.00 28.82

.158 -38.66 0.00 22.79

.182 -43.82 0.00 16.06
.168 -47.22 0.00 8.20
.174 -48.35 0.00 .54
.190 -40.15 0.00 -4.12

s.16 -46.58 0.00 -10.93
.192 -44.12 0.00 -13.11
.188 -40.93 0.00 -12.95
.234 -37.37 0.00 -11.54
.210 -33.96 0.00 -8.55
.216 -29.50 0.00 -8.37
.222 -24.96 0.00 -2.1.
.228 -19.64 0.00 3.45
.234 -14.20 0.00 9.15
.240 -8.35 0.00 13.96
.246 -3.06 0.0) 17.31
.252 2.68 0.00 19.27
.258 8.50 0.00 18.86
.284 14.11 0.00 19.48
.270 16.47 0.00 17.89
.278 13.51 0.00 15.48
.282 5.44 0.00 12.07
.286 -4.82 0.00 8.45
".Z54 -14.32 0.00 5.56
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"APPENDIX D

PROGRAM STRUCTURE

The overall organization of Program SOM-LA is illustrated in figure
D-1. The main program controls the overall solution procedure by
calling two individual sets of subroutines, one for the occupant
segments of the program, and the other for the seat segment of
the prog'ram. Detailed descriptions of the occupant subroutines
are presented in section D.1, and the seat subroutines in section
D.2.

At the start of execution, the main program calls subroutine INPT
to read input data for the occupant model and subroutine READIN

* for seat input data. Subroutines CONST and INITIL calculate con-
"* stants and determine initial values of generalized coordinates

"for the occupant, and subroutine ASSBLE performs preliminary cal-
culations for the seat model. Then, a solution loop is entered
at initial time and passed through for each time step. During
each pass through the solution loop, subroutine RKAM advances the

*[ solution for the occupant equations of motion one time step and
provides forces to be applied to the seat model by the occupant.
After the call to RKAM, if the finite element seat model is being
used, subroutine SOLVE advances the solution by the seat struc4
tural analysis to the same point in time that has been attained
by RKAM. At time intervals selected by user input, subroutine
ANSWER stores, in arrays, user-selected items of output data.
Data for post-processing plot programs are written on external
files 14 and 20 for the occupant and seat, respectively. Addi-
tional data are written on unit 26, as described in section 3.4.
These files must be saved if plots are desized.

D.1 OCCUPANT SUBROUTINE DESCRIPTIONS

The relationship among the subroutines in the occupant segment of
* the program are illustrated in figure D-2. Individual subroutines

are described below.

-. D.1.1 Subroutine AMATRX. Called by EQUATE; calculates elements
of the inertia matrix [A] for three-dimensional occupant model.

D.1.2 Subroutine AMATX2. Called by EQUAT2; calculates elements
of inertia matrix for two-dimensional occupant model.

D.1.3 Subroutine ANSWER. Called by MAIN; calculates accelera-
* tions AC(I, J) of b ioy segments in the inertial coordinate system
* and tranforms accelerations to segment-fixed coordinate systems.

Calculates severity indices and organizes position, velocity, and
force data for output. Writes plot data on units 14 and 26. If
data filtering is requested by user input, ANSWER writes occupant

S•" accelerations on unit 9 and seat accelerations on unit 10 for sub-
sequent filtering by subroutine OUTPT.
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D.1.4 Subroutine ARCRFT. Called initially by INITIL, then by
POSTONI calculates current acceleration components at aircraft
floor (ACC(J), J a 1, 3) based on input acceleration pulses. In-
tegrates acceleration to determine velocity (in aircraft coordi-

nate system) and displacement (in inertial system). When time isSgreater than the input pulse duration, acceleration is set to zrj
so that velocity then remains constant.

D.1.5 Subroutine AUXSUB. Called by RKAM (also initially by MAIN);
calculates derivatives: and forms two I x 2N arrays of variables

V(1) - Q(1) DER(1) - QD(1)

V(N) - Q(N) DER(N) - QD(N)

V(N+I) - QD(1) DER(N+1) - QDD(1)

V(2N) - QD(N) DER(2N) - QDD(N)

where N is the number of degrees of freedom, either 12 for the
two-dimensional model or 29 for the three-dimensional model.
The velocity and acceleration of the DRI model are assigned to
DER(2N÷I) and DER (2N+2), respectively. If the two-degree-of-
freedom energy-absorbing seat model is used, its velocities and
accelerations are assigned to DER(2N÷3) through DER(2N+6).

* EQUATE is called to provide values of the derivatives (the gen-
eralized velocities, QD(J), and accelerations QDD(J)). RRAM then
integrates the two systems of first-order equations.

D.l.6 Subroutine BMATRX. Called by EQUATE; calculates elements
of velocity-dependent vector {B} for three-dimensional model.

D.1.7 Subroutine BMATX2. Called by EQUAT2; calculates elements
of vector {BY for two-dimensional model.

D.1.8 Subroutine BUCKLE. Called by FORCES; determines position
of point of intersection between abdominal contact surface and
thigh contact surfaces (projected on X-Z plane).

D.l.9 Subroutine CONST. Called by MAIN; based on input data,
calculates values of parameters that remain constant throughout
program execution. These constants include functions of occupant
dimensions used in the equations of motion and the following:

D-4
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9 Joint resistance parameters

- - * Aircraft cabin geometry

9 Aircraft transformation matrix elements.

CONST also writes occupant dimensions on unit 14 for plotting.

D.1.10 Subroutine EQUATE. Called by AUXSUB for the three-
dimensional occupant, uses latest values of generalized coordi-
nates and velocities to calculate terms in occupant equation- of
motion. Solves equations of motion for accelerations QDD(J).

Calls AMATRX, BMATRX, VMATRX, RMATRX, AND QMATRX in setting up
the equations of motion and calls LINV3F for their solution.

D.1.11 Subroutine EQUAT2. Called by AUXSUB for the two-
dimensional occupant, uses latest values of generalized coordi-
nates and velocities to calculate terms in occupant equations of
motion. Solves equations of motion for accelerations QDD(J).

Calls AMATX2, BMATX2, VMATX2, RMATX2, and QMATX2 in setting up
the equations of motion and calls LINV3F for their solution.

D.1.12 Subroutine FORCES. Called by QMATRX or QMATX2; calcu-
lates forces exerted on occupant by restraint system, cushions,
and floor. Calculates deflection of each cushion or restraint
system components and passes deflection to subroutine LDFN for
computation of force.

The forces of the floor and seat cushions include frictional com-
ponents whose directions oppose the current velocity of the occu-
pant with respect to the floor or cushion.

The forces are placed in an array (F(I, J), I - 1, 11, J - 1, 3)
for use in QMATRX or QMATX2.

If the two-degree-of-freedom energy-absorbing seat model is used,
the translational and rotational accelerations are calculated.

D.1.13 Subroutine IMPACT. Called by FORCES; computes point of
closest proximity between each contact surface on the occupant
and each aircraft cabin surface. DELIMP(N,J) is the penetration
of occupant surface N into cabin surface J. If DELIMP(N,J) > 0
the impact velocity VELIMP(N,J) is calculated.

D.1.14 Subroutine INITIL. Called by MAIN; calculates initial
values of the generalized coordinates and velocities for the oc-
cupant and the initial deflections of the seat. INITIL first uses
input values of GAM(J) to determine the position of the body seg-
ments 1 through 7. Based on the aircraft orientation, the occu-
pant's weight is applied to the seat and restraint system, and
the position of the lower torso segment (X1 , Y1, Zj) is determined.
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From the X and Z coordinates of segment 1 (computed here) and of
the occupant's heels (from INPT) the position of the leg segments
is calculated. Throughout these computations, the body is assumed
to be symmetric with respect to the aircraft (X-Z) plane.

In the event that the input initial conditions impose unreasonable
requirements on occupant geometry, a diagnostic message is pro-
vided and execution is stopped.

D.1.15 Subroutine INPT. Called by MAIN; reads occupant inDut
data. A-detailed description of input is presented in chapter 2
and appendix A.

D.1.16 Subroutine JOINTS. Called by RMATRX or RMATX2; fits a
cubic curve into the transition region of the joint stopping mo-
ments.

D.1.17 Subroutine LDPN. Called by FORCES: uses linear iiiterpol-
ation in a table of force (Y) versus deflection (X) vals. A de-
scription of the parameters in the calling sequence follows:

X a table of the independent variable,
xi, such that xi+1 > xi (if II - 0)

Y the table of the dependent variable,
Yi Y(Xi) (if II - 0)

N the number of entries in each of tr
above tables; i a 1,...N

XA the independent variable, x, for whi.h
interpolation is requested

XLAST previous values of XA and YA
YLAST

ICHK index which is 0 or I depending on call
during loading or unloading

XCURV point on loading curve from which un-

YCURV loading started

C unloading slope, used only if IUNLD .

YA the dependent variable, y = y(x), being
determined

IUNLD index which is 2 if unloading slope, C,
is to be used, I if unloading proceeds
along basic loading function.

D.1.18 Subroutine LINV3F. Peforms matrix decomposition, matrix
inversion, linear equation solution, and determinant evaluation:
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A Input/output matrix of dimensions N x N. See
parameter IJOB.

B Input/output vector of length N when IJOB - 2 or 3.
On input, B contains the right-hand side of the
equation AX a B. On output, ths solution X re-
places B. Otherwise, B is not used.

IJOB Input option parameter. IJOB - I implies when
I - 1, invert matrix A. A is replaced by its

inverse.
I = 2, solve the equation AX - B. A is re-

placed by the LU decomposition of a row-
wise permutation of A, where U is upper
triangular and L is lower triangular with
unit diagonal. The unit diagonal of L is
not stored.

I = 3, solve AX - B and invert matrix A. A
is replaced by its inverse.

I = 4, compute the determinant of A. A is
replaced by the LU decomposition of a
rowwise permutation of A.

N Order of A. (input)

IA Row dimension of A as specified in the calling
program. IA must be greater than or equal to N.
(input)

D1,D2 If D1 is non-negative on input, then DI and D2
will be components of the determinant on output
such that determinant (A) - DI*2**D2.

WKAREA Work area of length at least 2*N when iJOB - I or 3.
Work area of length at least N when IJOB - 2 or 4.

IER Error parameter.
Warning with fix - 64+N.

N - I indicates that IJOB was less than 1
or greater than 4. IJOB is assumed to
be 4.

Terminal error - 128+N.
N - 2 indicates that matrix A is algorith-

mically singular.

D.1.19 Subroutine LUDATF. Performs L-U decomposition by the
Crout algorithm with optional accuracy test.

A Input matrix of dimension N x N containing the
matrix to be decomposed.

LU Real output matrix of dimension N x N containing
"the L-U decomposition of a rowwise permutation ofthe input matrix.
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N Input scalar containing the order of the matrix A.

IA Input scalar containing the row dimension of ma-
trices A and LU in the calling program.

IDGT - Input option.
If IDGT is greater than zero, the non-zero
elements of A are assumed to be correct to

IDGT decimal places. LUDATF performs an
accuracy test to determine if the computed

F decomposition is the exact decomposition of
a matrix which differs from the given one by
less than its uncertainty.

If IDGT is equal to zero, the accuracy test is
bypassed.

D1 Output scalar containing one of the two components
of the determinant. See description of parameter
D2, below.

D2 Output scalar containing one of the two components
of the determinant. The determinant may be evalu-
ated as (DI)(2**D2).

IPVT Output vector of length N containing the permuta-
tion indices.

EQUIL Output vector of length N containing reciprocals
of the absolute values of the largest (in absolute
value) element in each row.

WA Accuracy test parameter, output only if IDGT is
greater than zero. See element documentation for
details.

IER Error parameter.
Terminal error = 128+N

N - 1 indicates that matrix A is algorith-
mically singular.

Warning error - 32+N
N - 2 indicates that the accuracy test failed.

The computed solution may be in error by
more than can be accounted for by the un-
certainty of the data. This warning can
be produced only if IDGT is greater than
0 on input.

D.1.20 Subroutine LUELMF. Performs elimination part of solution
of AX - B, in full-storage mode

S~D-8



A The result, LU, computed in the subroutine LUDATF,
where L is a lower triangular matrix with ones on
the main diagonal. Y is upper triangular. L and
U are stored as a single matrix A, and the unit
diagonal of L is not stored.

B B is a vector of length N on the right-hand side
of the equation AX - B.

IPVT The permutation matrix returned from the subrou-
tine LUDATF, stored as an N length vector.

N Order of A and number of rows in B..1 a

IA Number of rows in the dimension statement for Ajin the calling program.

X The result X.

D.1.21 Subroutine OUTPT. Called by MAIN; writes output data,
along with headings, on output file. The parameter IOUT(J) from
input determines whether the output file receives data of Type J.
For example, output category no. I is occupant segment position in-formation. If IOUT(1) - 1, these data go to output; if IOUT(l) - 0,
they do not. Also performs filtering of acceleration data if re-
quested in input.

SI D.1.22 Subroutine PLOTT. Provides printer plots for up to three
dependent, continuous, single-valued functions (Y1, Y2, Y3) against
an even-incremental independent variable (X).

M The number of dependent variables (1, 2, or 3).

NP The number of points to be plotted for each depen-
dent variable.

X The independent variable.

Y1 The dependent variables.
Y2Y3

D.1.23 Subroutine POSTON. Called by QMATRX or QMATX2; uses equa-
tions of the form

Y " n Yn

Z zD n
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to compute absolute positions of 29 points on body (XC, YC, ZC).
Computes positions of same 29 points in aircraft coordinate sys-
tem (XCA, YCA, ZCA). Calculates velocities (XCDA, YCDA, ZCDA)
for output.

D.1.24 Subroutine QMATRX. Called by EQUATE for three-dimensional
* model; calculates- elements of generalized force vector {Q }. Calls

FORCES for computation of external forces, acting on occupant.

D.I.25 Subroutine QMATX2. Called by EQUAT2 for two-dimensional
model; calculates elements of generalized force vector {Qf}.

' Calls FORCES for computation of external forces acting on occupant.

D.1.26 Subroutine RKAM. Called by MAIN; solves a set of N simul-
taneous, first-or~er, ordinary differential equations. Because cf
the importance of the integration scheme to the success of any
dynamic anilysis program, a detailed discussion of the method is
provided along with the description of the FORTRAN subroutine.

Method - The user is allowed an option of using either the Runge-

Kutta clasqical fourth-order method or the Adams-Moulton predictor-

corrector method using the Runge-Kutta method for starting the
process.

The system of equations to be solved is:

i i(x' Yl' Y2"''' YN
i 1, 2 p,... . N (D.1)

Yi(xo) = Yio

Let y. be the value of y. at x - x and f. the derivative of
y. at1Q - x , and let h bi the incriment (iep size) of the inde-
pindent varlable x. The classical Runge-Kutta fourth-order method
uses the formulas

ki 1 -hfi(x n, Yin),

k hfi(xn + ½ h, Yin + ,

*2 i Yin

k - hf (x + • h, Y I k (D.2)
i3 in 2 i i2)1(D2

V..

k hfi(xn + h, in + k

Y ~ (k1  + 2k 2  2k 3 + k~4
Yi,n~l • n 6 (il ÷2i2 ÷2i3 i4
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The normal option is to continue the integration with Adams-
Moulton predictor-corrector formulas once enough back values have

' been generated by the Runge-Kutta method.

The Adams-Moulton predictor-corrector formulas for the system
(D.1) are

D •i(P) + h (55fi - 59f + 37f - 9f

i,n~l Yi,n ,n i,n-i 7fi,n-2 in-3)

(D.3)

(~c) * +h (f(P) + 19F -5f + f
"i,n+l Yi,n +T,n+l i,n in-1 i,n-2

(D.4)

The corrector formula (D.4) is applied only once so that only two
derivative evaluations are needed for each Adams-Moulton integra-
tion step. The starting values needed in (D.3) are obtained using
the Runge-Kutta method.

The Adams-Moulton method may be used with either a fixed step size
or a variable step size. The step size to be used in the variable
mode is determined from the difference between the predicted and
corrected values. The integration step size is thus controlled
dynamically between prescribed error bounds so that execution
speed and accuracy can be optimized.

tion of the first-order derivatives. (See AUXSUB under Calling

Sequence.)

Initial conditions for both variables and derivatives must be
stored in their respective locations prior to entering RKAM.

Calling Sequence

XDP x, the independent variable

HDP h, the integration step size

VAR N-dimensional vector of dependent variables
(Y11' Y2''''' Yn)

DER * N-dimensional vector of derivatives

AUXSUB Name of the auxiliary routine that computes
derivatives and stores them in DER (1) to
DER(N). The main program, which calls RKAM,
must contain an EXTERNAL statement. No items

-,.> are allowed in the calling sequence.

N Number of equations

D- 11
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OPT Option indicator, zero for AM, non-zero for
RK only

RU - N-dimensional vector of upper bounds from
main program

EL - N-dimensional vector of lower bounds from
main program

HMAX - Absolute value of maximum allowable step size

HMIN = Absolute value of minimum allowable step size
(HMIN > 0).

ICNT Internal counter, set to zero initially in
MAIN

TEMPS A two-dimensional, (9,N) storage region.
TEMP (1,I), I = 1, N must be set to zero

• •initially or when restarting.

NH - Index of the equation that caused halving
when step size has been reduced.

VAR, DER, and all other locations referred to in both the main
N program and the auxiliary subroutine must be assigned in COMMON

statements. (If the step size were to be changed oUtside of
RKAM, the restart flag, ICNT, should be set to zero.) This re-
striction does not apply in the "RK onlyu mode. HMAX, HMIN, EU,
and EL are also irrelevant in this mode.

Functional Description - The subroutine employs the fourth-order
Adams-Moulton predictor-corrector method using the classical
fourth-order Runge-Kutta method to obtain starting values.

SAM has the following advantages with respect to RX:

1. Only half as many derivative evaluations per intcgra-
tion step are required to attain the same order of
accuracy.

:1 2. The local truncation error may be estimated at the con-
clusion of each integration step thereby providing a
means for step size control.

For each variable, the local truncation error is approximately

one-fourteenth the difference between the predicted and cor-
rected values, that is

1 i (c) (p)e i = Yi -y 1(Df
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S(c ) )
In RKAM, the differences D yc y are fcrmed and com-pared with positive numberk EU atd EL.I D > EU for a i,

* the step size is halved providid ±h/21 HMIN. D, < ELa-n rall i and for three successive steps, the step size is do~bled
provided 12h1 < HMAX. (Note that h may be held fixed either by
setting HMIN a RMAX or by making EU. and EL, prohibitively large
and small, respectively.) If halvi g is cailed for during the
first AM step following the three initial RK steps, the step size
is halved, the independent variable is set back to its initial
value, and the three RK steps are repeated. This will continueuntil the first AM step is successfully taken. From this pointon, halving is effected by interpolation of past data whereas
doubling in accomplished by alternate selection of past data.

In selecting EU and EL, one should note the following:

1. The test is an absolute test. To control relative
error EUi and ELi should be computed as functions of
yi prior to each integration step.

2. Although the local truncation error in y. is not al-
lowed to exceed EU., this does not imply'that the
cumulative error will not exceed EU.. Therefore, EU.and EL. should depend upon the maximum allowable cumý-
lativelerror and the number of integration steps.

3. Since doubling hswill multiply the truncation error
by a factor of 2 , EL should be chosen less than
EU /32 if the advantages of doubling are not to be
sh~rt-lived.

D.1.27 Subroutine RMATRX. Called by EQUATE for three-dimensional
model; calculates elements of joint resistance ve-tor {R}. In-
put parameter IMAN determines whether human (IMAN - 0) or dummy
(IMAN - 1) model is used.

D.1.28 Subroutine RMATX2. Called by EQUAT2 for two-dimensional
model; calculates elements of joint resistance vector {R).

D.1.29 Subroutine SEATIN. Called by INPT if NSEAT - 0; reads
input data required for rigid seat model and energy-absorbing op-
tion.

D.1.30 Subroutine VMATRX. Called by EQUATE for three-dimensional
model; calculates elements of force vector (F } derived from sys-
tem potential energy.

D.1.31 Subroutine VMATX2. Called by EQUAT2 for two-dimensional
model; calculates elements of force vector {F I derived from sys-
tem potential energy.
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D.2 SEAT SUBROUTINE DESCRIPTIONS

Tho relationships among the subroutines in the seat segment of
the program are illustrated in figure D-3. Individual Bubrou-

tines are described below.

D.2.1 Subroutine ASSULE. Called by MAIN; initializes the element
data storzge. The mass matrix and the initial transformations B
for the nodal coordinate systems are assembled, tind the initial
values of the pointing vectors In, T, and T and the normal compo-
nents of the rigid links Ztare generated.

D.2.2 Subroutine ASSMBL. Called by PLSTF and BMSTF; ass...bles
the master stiffness matrix in a banded symmetric form. This
subroutine calls subroutine KADD, which adds a particular element
of the square element stiffness matrix to the banded master stiff-
ness matrix.

D.2.3 Subroutine BASME. Called by ASSBLEI calculates the contri-
butions to the lumped mass matrix for beam elements and forms the
initial element coordinate system E for beam and spring elements.

D.2.4 Subroutine BFRCIN. Called by FRCIN: calculates the beam
and spring element deformations and nodal forces in the element
coordinate system. Performs the operations associated with the
master-slave relations and transforms the forces to the nodal co-
ordinate system.

D.2.5 Subroutine BGEOM. Called by READIN; reads the data de-
scribing the cross-section properties of beams and springs. Gen-
erates certain additional data, such as segment lengths and tor-
sional constants.

D.2.6 Subroutine BMEND. Called by BMSTF; calls MODK to calcuate
the reduced stiffness matrix due to axial force, shear, and moment
discontinuity.

D.2.7 Subroutine BMSTF. Called by SOLVE; calculates beam or
spring element stiffness matrix. The principal subroutines called
include BMSTFI for elastic material, BMSTF2 for inelastic material,
BMEND for the modification of the stiffness due to special end con-
ditions, and ASSMBL for assembly of element stiffness.

D.2.8 Subroutine BMSTF2. Called by BMSTF; calculates the elastic
stiffness matrix for a beam or spring element.

D D.2.9 Subroutine BMSTF2. Called by BMSTF; calculates the tangen-
tial stiffness matrix for a beam or spring element.

D.2.10 Subroutine BOUND. Called by SOLVE; applies the specified
boundary conditions to the assembled master stiffness matrix by
calling ZERORC, which deletes the appropriate rows and columns of
the banded matrix.

D-14

- ...- . . . .



St title i

at

40)

c 1w1

D-154



D.2.11 Subroutine CROSS. Utility subroutine; calculates the
cross product of two matrices.

D.2.12 Subroutine CRVTBL. Called by EPTSTF; contains plate bend-
ing curvature tables.

D.2.13 Subroutine CURVAT. Called by TFRCIN; provides algebraic
expressions for curvature components at the midpoints of the three
sides of the plate elements as functions of the nodal rotations.

D.2.14 Subroutine DECOD. Utility subroutine, decodes a packed
word.

D.2.15 Subroutine EFFSTF. Called by SOLVE; generates the effec-
tive stiffness with a 3 x 3 rotational mass matrix. Calls KADD,
which adds a particular element of the square matrix to the banded
matrix.

D.2.16 Subroutine EPTSTF. Called by PLSTF; calculates plate ele-
ment stiffness matrix. This subroutine calls TRIANG for the in-
plane strain-displacement relationship, CRVTBL for curvature, and
FORMK for calculation of appropriate elements in the stiffness ma-
trix.

D.2.17 Subroutine ETOG. Called by EPTSTF; transforms appropriate
variables from the element coordinate systnem to the global coordi-
nate system.

D.2.18 Subroutine FORMK. Called by EPTSTF; calculates the prod-
ucts of three different matrices.

D.2.19 Subroutine FRCIN. Called by SOLVE; calculates internal
nodal forces. The program updates the nodal coordinate trans-
formations B, and calls subroutines TFRCIN for plate forces and
BFRCIN for Seam forces.

D.2.20 Subroutine FREEFD. Called by SOLVE; calculates the exter-
nal forces including restraint system forces and forces exerted
by the occupants on the seat pan and seat back.

D.2.21 Subroutine GENFBM. Called by LOCFRC; numerically inte-
grates stresses over the cross section of the beam to obtain in-
ternal forces and moments.

0.2.22 Subroutines GENFOI/GENFO2. Called by TFRCIN; computes
moments and forces at a cross section of an elastic-plastic plate
(with/without) integrating through the thickness
D.2.23 Subroutine GMPRD. Utility subroutine; performs general

matrix multiplication.

D,2.24 Subroutine CMTPRD. Utility subroutine; calculates the
product of a matrix with the transpose of another matrix.
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D.2.25 Subroutine GTPRD. Utility subroutine; calculates theproduct of the transpose of a matrix with another matrix.

D.20.26 S b outine INCODE. Utility subroutine; encodes a number
into a packed word.

D.2.27 Subroutine KADD. Called by ASSMBL and EFFSTF; adds a
:particular el ement of the square matrix to the banded matrix.

D.2.28 Subroutine LOCFRC. Called by BFRCIN; calculates midplane
strains, curvatures, nodal forces, and moments in the beam element
coordinate system. Elongation and nodal forces are also calcu-
lated f~or the spring in the element coordinate system.

D.2.29 Subroutine LOCSB. Called by ASSMBL; computes the location
of a particular element of a square matrix when assembled into the
banded symmetric form.

D.2.30 Subroutine MCHB. Called by SOLVE; solves the linear sys-
tem of equations K X - 7 for R (displacements). The master stiff-
ness matrix K is assumed to be symmetric positive definite and
stored in the compressed form, that is, main diagonal and upper
codiagonals rowwise in successive storage locations. V is the
applied force vector. This is a two-step equation solver that
uses Cholesky's method. In the first step the master stiffness
matrix K is factored into an upper diagonal matrix U and a lower
diagonal matrix L.

K L U (D.6)

F.•

and let Ux - v (D.7)

so that the linear system of equations K • -F is equivalent to

_ (D.8)

In the second step, equation (D.8) is solved by forward reduction
for V and finally equation (D.7) is solved for 3 by back substi-
tuting for V.

D.2.31 Subroutines MISESI/MISES2. Called by TFRCINI computes
biaxial elastic-plastic stress-strain relations using Von Mises
yield criterion.

D.2.32 Subroutine MODIFY. Called by SOLVE; modifies forces to
account for specified displacements.
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D.2.33 Subroutine MODK. Called by BMENDI modifies beam element
"stiffness matrix and forces and moments for specified beam end
conditions.

D.2.34 Subroutine NTOG. Called by PLSTF and BMSTF; transforms
appropriate variables from global coordinate system to nodal co-
ordinate system.

D.2.35 Subroutine OUTPUT. Called by SOLVE; organizes and tabu-
lates ovtput for those quantities selected for output. Deformed
seat model plot data are written onto file 20 at user-selected
times.

D.2.36 Subroutine PLSTF. Called by SOLVE; calls EPTSTF to form
the plate element stiffness matrix and then uses ASSMBL to assem-
ble the element stiffness.

D.2.37 Subroutine QUAD. Called by TASME; provides an algorithm
for lumping the plate rotational inertia at the three defining
nodes based on the properties of three quadrilaterals formed in
the triangle by extending perpendiculars from the centroid to
three sides.

D.2.38 Subroutine READIN. Called by MAIN; reads all input data
and, if required, initializes the data files. Undeformed seat
model data and model parameters are writeen onto file 20 if re-
quested.

D.2.39 Subroutine RESTRT. Called by SOLVE; generates checkpoint
data files or reads files that contain sufficient information to
restart the solution procedures at specified times.

D.2.40 Subroutine SLTOMR. Called by BMSTFI transforms the appro-
priate variables from a slave node to the corresponding master
node.

D.2.41 Subroutine SOLVE. Called by MAIN; performs the main sol-
ution procedure. The principal subroutines called are BMSTF for
beam or spring stiffness, PLSTF for plate stiffness, FREEFD for
applied forces, MCHB for the solution of displacements and OUTPUT
for printed output and plot of selected parameters.

D.2.42 Subroutine SPRING. Called from LOCRFC; calculates element
forces for a spring element.

D.2.43 Subroutine STRES. Called from GENFBM and SPRING; provides
an algorithm for uniaxial stress-strain relationship.

D.2.44 Subroutine TASME. Called from ASPBLE; calculates the con-
tributions to the lumped mass matrix for plate elements. Forms
the initial element coordinate system E for the plate elements.
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D.2.45 Subroutine TFRCIN. Called from FRCINI calculates plate
element deformations and forces in element coordinate system.
' The forces are then transformed to the nodal coordinate system.

D.2.46 Subroutine TRIANG. Called from EPTSTF; contains algebraic
-expressions of the strain-displacement relationship for a plate
element.

D.2.47 Subroutine VECTOR. Called from TFRCIN; calculates the
deformed length of plate-element sides. The components of a vec-
tor normal to the reference surface are defined by the displaced
positions of the three node points.

D.2.48 Subroutine ZERORC. Called from BOUND; deletes appropriate
rows and columns of a banded matrix to enforce the specified boun-
dary conditions.
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S ~~PROOARf D".lY t INPUTOUTPUTrTAPE5,TAPE~mOUTPUTrTAPEIO)

CONmO X(lO0)hZ(100)

DIMMION XPAW(4),.PAK(4),M5)R2)HA()~6)

V[Nk)4SN 1RINDX(8),JINDX(17),KINDX(17),JJNDX(16),KKNDXUIS)

DINtIMIGN JFX7,FD4)NID(7,XA(OPCS1)ZA(OI DZMM6WN JLND)X(17).KtJ0X(17)
DATA JLNDX/49,50,52,51,48,57,S3,S4,58,32,33,301 31,55,56,34,35/
DATA J4.NDX/5Ot52r5l,4S157,53,54,58150,51,52,48,50,57,58,53,54/
DATA NPINDX/17.40/
DATA JFDFD/,,,,4792344569
DATA lRlNDX/27,27v24,25,25p28/H -DATA JID/62,71#01#11,21,36,22,51,9
DATA ID/72,82PZ,3l14ifS3,,4262,/
DfTA JJNDX/30,31,33,329 30,5534,35,56,38,39,41,40,3G7 36,37/
DATA KKNX/31,33.32Z3O,55,341 35,3S,3l,39,41,40,38,36p37,39/
DATA XCArYCA,ZCA/180*0./
DATA X(YFAC/.71
REAO(53 120) (HEAD( I) ,Ia,6) 1NCASE.IRSYB. ICIPTNSEAT

120 FORMAT(SA10,413)

130 FORAMT(OF10.0/7V10.0)
READ(53 100)R(Z4) ,R(ZS) ,R(2S)
READ(51 100)THSCETHSCETH*REp WF(IC(PT.Eg.0) 00 TO 5
DO 4 Jal,10
REWD(5,100)XCAS(J) 1YCAS(J),ZCAS(J)

4 CNTINLIE
5 "Pot

500 REAID(5,100)T1IMEALP1A9 ANOFT(1),AN0FT(2)
READ (3,100) PL, PW SBH, WTHEB,THEP1 XSEAT1 ZSEAT

READ5,1)(Y44J)JEI29)(ZCA(J) ,Js45,47) ,ZCA(58) 1ZCA(80)

DO It J91,2

IRLmJ*13
INL,,J+BO
ITO. 194.2
XC(H'XAILaZ*O(NF()



R(27)a1.60
IF(NBEAT.NE.OOO TO 12

C COMPUTE SEAT COORDINATES
=0cA~1) mX9AT

YCA(31 )a.5*PW
ZCA( 31)nZEAT
XC(33) auX3ET+PL*jM ( THEP)

ZCA(33)* SA5 T+PLiSIN(THEP)
XCA(35)aX9EAT-(SSK-ZSEAT)tSIN(T1EB)
YCA(35)e..5*BB
ZCA(35).Z8EAT+(SSI4ZSEAT)*CO(THEB)

C COMPUTE CUSHION COORDINATES BASED ON THICKNESSES
- 4 -XCA(52)uXCA(33)-THSCE*8IN(THEP)

* YCA(52)aYCA(33)
ZCA(52)xZCA(33)*THSCE*CO8(THEP)
XCA (54! jXCA (35) +TH0CE*COS(TH)E3
YCA(34)nYCA(35)
ZCA(54) aZCA(35)+T)S8CE*SIN(THEB)
XCA(50)uXCA(52)-( PL-THSCE)0c0(THEP)
YCA(50)aYCA( 31)
ZCA(5O)uZCA(52)-(PL-THBCE)*S1N(THEP)

12 XCA(37)mO.
ZCA(37) '0.

ZCA(38) '0.
XCA(41)zXFR410.IcO(ANOFR)
ZCA(41)n1O.#SIN(ANOFR)
SMINS0.
SMINnAMINI(WUINXCA(35))
SHN! WM'INI (SMINXSH)
YCA(37)s...(XCA(41 )-SeIIN)
YCA(3g)-YCA(37)

DO 20 1930,40,2
MFNSEAT.NE.O.AND.I.LT.36)GO TO 20
XCA(I)*XCA(1+1)
YCA(! ) -YCA( 1+1)
ZCA(I)nZCA( 341)

*C FOR IGI EA lO ALL SEAT BACK NODES FALL IN ONE PLANE

DO 810 3-30,31
XCA!I+23)mXCA(!
YCA(1+25)oYCA(1)

* ZCA(I425)nZCA(I)
910 CONTI NLE

DO 23 1-49,33#2
XCA(J)aCA(141)
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23CONTINUE~
230D 820 1.48,50

XCA(149)aXCrA( I)
YCA(I*5)nYCA( I)
ZcAf148)uZcA(I)

820 CGKTINLE

C
C READ SEAT PAN AND BACK COORDINATES FOR FINITE EUDIENT MODEL
C

28 REA(5 100) (XCA(J) .Ju30933),XCA(55) ,XCA(58) .XCA(34).XCA(35)
READ(5, 100) (YCAUJ) ja30,33) .YCA(55) 1YCA(58) ,YCA(34) 1YCA(35)
READ(5 100) (ZCA( J) ju3Q,33) ,ZCA(55) ,ZCA(56) ,ZCA(34) 1ZCA(35)

C CALCULATE SEAT PAN LENGTH FOR FINITE ELEMENT NMC)
PLaSORT( ()(A(30)-XCA(32) )*124 (ZCA(30)-ZCA(32) )*2)

C COMIPUTE CUSHION COORDINATES FOR FE SEAT "MOEL
XCA(51 )zXCA(32)-THSCE.SIN(THEP)
YCA(51 )zYCA(3Z)
ZCA(31 ) ZCA(32)+THSCE.COS(THEP)
X(CA(33)a*XCA(34)+THecE*COS(THEB)I ~YCA(53) aYCA (34)
ZCA(53)oZCA(34).flSCE*SIN(THEB9

-¶ XCA(32)wXCA(33)-THSCE*SIN(THEP)
.mE YCA(52)aYCA(33)

ZCA(3ZluZCA(33),THSCE*COS(TIlEP)
XCA (54) -XCA (35) +flECECOS 4ED
YCA(54)uYCA(35)

ZA(348) mCA (30)+TS*I(HS

ZCA(49)uZCA(51 )-(PL.-THBCE)OSI(=THEP)

YCA(48)UYCA(30)

XCA( 14) )XCA(52)-(LTOE* (H
YCA I+8aYCA(3I)

ZCA( Ii6)uZCA( I)

630 O(NU
IF(XCA(30).EG.XCA(55).AND.ZCA(30).E8.ZCA(55))OO TO 850
DO 840 1.1,2
JuIl-ILP~(C(5j-C(0J)(C(3J-C((+)
TIETAnATAN(4SLOPEM
THETAIu-THETA
XCA(484j)sXCA(5I.j)-(PL-THSCE*8IN(THETA1) )*40(THEP)
YCA(48.J)sYCA(304+J)
ZCA(48.J)sZCA(5I.j)-(PL-THScE*cO(THETAI) )*SIN(THEP)
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S2.ZCA(4.J )-S.0PE2.)4CA(48+J)
TlETA3*T)OB-1.F70

I0, SL.PE3nTAN(THETA3)

)CCA(57.J)s(S34GZ)/SLOPE2-qLOME)
YrA(574J)@YCA(334J)
ZCA C 37.J )4LOPC0eXCA C 7*j )+42

940 CONTINUE
WOS CONT I NUE
27 XCA(42)sXL&(1)

YCA (42) *rU (1)

XCA(43)*XLB(2)
S ~YCA (43) aYLS (2)

IF(IRSYS.EO.0) 00 TO 21
4 XCA(44)sXSH

YCA( 44) uYfr

21 DO 25 1-1,94

G(1)zYCA(I)

S (I) *ZCA (1)
25 CONTIMZE

c TRAN8FORPTJ0N FOR Z AXIS ROTATION
ALPHA e*01 74=3*ALPHA
DO 30 1.1,44
XCA(I)sP(I).cO(ALPHA)-6(I).SIN(ALPHA)

C TPAUFMMA COCKPIT COORDINATES
IF(ICKPTIEB.O) 00 TO 35
Be 32 1.1,10

Q(I)uYCA8(I)
32 CONTINUE

00 34 1.1,10
XCAS( J)sP(I ).COS(ALPNA)-Q( A)ISIN(M..PHA)
YCAS( I)aP(I ).SIN(ALPHA)4G I)*CO(ALPIA)

34 COKT INUE
*C DETERMINE THE WORK BOX

XMINEO.
* YMAX20.

YMINBO.

ZMXUsO.
DO 40 1.1,44
XMAXxAMA1(XMAX,XCA( 1))

YMAXmAMXI(YMA)X,YCA(I))
VIINsAfINI(YUN#YCA(I))
ZNAX*AMAXI(ZPAXZCA(I))

40 CONTINU
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lF(ZCIPT.Ea.0)0O TO 43
DO 42 1-1,6
XM(eAPAN(1{i AX, XCA8S D)

YMXuAMA~l (YMAXt YCAS(I))
YMZ~aMINI l(YINtYCA8(I))
ZRAXaMl(ZAXvZWU))
ZMIWOAIINI (ZMINPZCAS( I))

42 CONTINUE
43 IF(HP.UT.1) 00 TO 45

Zi~m(ZMAX-ZHIN)/7.
STEPANAXl(XSTEP,,ZSTEP)

45 XAX!SxKXW-XMIqN
K YAXISaYHAX-YMZN

ZAXISuZMAX-ZIIIN
RXaXA( IS/ZAXIS
IF (RXZ.C31 .) GO TO 50
ZAX IS*S.
XAXISoZAXIS*RXCZ
(30 TO so

50 XAXJSSa.

ZAXISmXAXIS/RX(Z

ENMOOE(1St7O,NTlflE) TIME
70 FOP9IT(6*4TIE *.F7.4,514 SEC. lI*)

CALL SGDNPUNOFi)AOCUM
CALL SLDIJP( XYFAC)
CALL TITLE (IH 1,0,0,OtOXAXIBZAXIS)

C DRM OYSGET

IF(I.LE.11) IRa!
IF(I.GT.11) IReIRIIJDX(I-11)
JsJINDX(I)

NPTSxNPIMDX(DI
CALL. CONTR(XCA(J)bZCA(J),XCA(K),ZCA(K),R(IR),NPT8)
CALL. CURDE(XtZtNPT9,O)

W0 CONTI NUE
jC DRAW FACE

4 DO 82 Is1t7
JnJFNDX(f)
K'I(FNDX(I)

y CALL RtAEC(XCA(J)PZCA(J) 1 XCA(K),ZCA(K)v0)
82 CONTINUE

IF( ICJKPT.E8.0.0R.ABS(ALPM) .OT.0.03) GO TO 86
C DRAWUCOCKPITH DO 84 Jol,3

CALL RLVEC(XCAS(J),ZCAS(J),XCAS(J+1),ZCAS(J+1) 10)
84 CONTINUJE
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C DRAW BEAT ANO FLOOR

KOKKNOX(1)
* CALL Rt.VEC(XCA(J).ZCA(J)bKCA(K),ZCA(K),O)

-n 0 CONTI #UE
DO 51 Ta1,17
JaJL.NDX(1)
KuKLNX(Z)
CALL. ItVCXAJC(IXAKYC(~O

C MAN RESTRAINT SYSTEN
C LAPWBET

IF(ALPHASGr.O.785.AND.ALPHA.LT.2.358) 00 TO 811
IF(APHA.OT.3.927.AND.ALPHA.LT.5.490) 00 TO 811

4C SIDE VIEWI
CALL RLVEC(XCA(SO),ZCA(6O),XCA(42)tZCA(42),O)
CALL RL'.EC(XCA(SO),ZCACO0),XCA(43) 1ZCA(43),O)
00 TO 82

"ES C FRONT OR REAR VIEW
811 CALL. RLV.EC(XCA(IO),ZCA(1O)tXCA(4Z)1ZCA(42),O)

82 IF(IRSYS.EO3.O) 00 TO 84
C SHOULDER HARNESS

IF(IRSYS.NE.2) 150u45
IF(IRMY.Eg.2) IUEO'46

"S IMIR SYS NE.1) IEI4Dm4B
IF(IRSYS.EB.1) IENDw43
DO 83 1aIuIBEG, IEN
CA.LL RLVEC(XCA(I).ZCA(IhXCA(44),ZCA(44),0)

93 CONT INE
IF(ALPM.0T.O.7S.M.NDALPHA.LT.2.356) L~O TO 801
IF (ALPHA. OT. 3.827. AND. ALPHA. LT. 3. 4S) 00 TO $31
CALL RLVEC(XCA(5S),ZCA(58),XCA(80),ZCA(S0),O)

831 IE)03
IF(IRMY.LT.4) 0D TO 94

C TIEDOI4 STRAP
NXR (4) u)CA (48)

ZR(4)-ZC(4e)
CALL RLVEC (XCA (60) ,ZCA (60) 00(4), ZR (4) 0)

C LABEL. AND=O POINTS
9 4 IF(IRSYS.E9.O) IENDzZ

DOS 96 Is.IEND
IF(I.ES.4) 00 TO 88
jal'41
XR(I)sXCA(J)
ZR(I)xZCA(J)

so9 CONTINUE
.5, CALL MRIM(10)

CALL CURA (0 -ZR II END I1
CALL RESET (SHMAR)
CALL ENDPL(NP)
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IF (NP.QE.NCASE) M0 TO 600
NP WNP
00 TO So0

000 CALL DONEFL

9WlhRWIWE C0141R (XA.ZAPXB.Z8tAFNPT8)
CommiO X(0Z(100) zlo

HAA.FwFLGAT (NF) -.8
C CHECK IF A CIRKLE IS NEDED

RLuURT((XA-XB)4*Z+(ZA-ZB)**2)
)(Gm((A+X)B)/2.

IF X(IRaX.GT.) )0.OA1

DO 20 Ial#PNW T

X(I)NX(K)o

DO 40 Iu1W,WTS

X(I)nXXK

40 CONdTINUE

D0 O 200IfNT

10 BaRLIMA

All)'(x((BXAI)*S-(()SN)

S~(BZqAu(XS).((ItG))

40 CONTINUE

00 CONTINUE
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LF-



PROGRAM SEATPL(INPUT,flUTPUTTAPE3,TA3PEaflhTPUTPTAPElA'
DIMENSION XD(150),YD(15O)tZD(150),)((130),Y(13O),Z(15O),THETA(20),
IPHII(20);TZTLE(S);JS(150),JBI(ISO),JB2(150),JT(150),JT1(150),

C READ HEADING AND NUMBER OF PLOTS, NODESBEAMSPLATESSPRINOS
READ(3#10)CTITLE(J).Ja1.B)

10 PORMAT(SAIO
READ (3.15 )NCASE NNODE ,NBEAM NTPLT ,NBPRa

15 FORMAT(5I 10)IC READ ELEMENT DATA (BEANS, PLATES, SPRINGS)
IF(NBEAM.EGO.) 00 TO 21
DO 20 JulyNBEAM
READ(3,15) JB(J).JB1(J),JB2(J)

20 CONTINUE
21 IF(NTPLT.EO.0) 00 TO 26

DO 25 JaI.NTPLTI ~READ(5.15) JT(J).JT1(J) .JTZ(J) .JT3(J)
25 CONTINUE
28 IF(NSPRG.EG.0) GO TO 31

DO 30 Jai,NSPRO
READ(5,15) JS(J)PJS1(J),JS2(J)I30 CONTINUE

C START LOOP
*31 D0 4000 Jm1.NCA8E

APIXaO.

AMY o.0I ANXzO.
ANYO.0
ANZm0.

C READ TINE AND VIEWING AN1GLES
READ(5,40)NOPLOTTIMErTHFTA(J).PHII(J)

40 FORNAT(1O.3F10.O)
C READ NODAL COORDINATES

DO 50 [u1,NNODE
READ (5rBO)JN(I),XD(I) .YD(I) .ZD(I)
AMXzAMAXI (AMXXD( I))
AMYaAPIAXIIAMYYD(I))
AMZuAMAX1 (AlZZD(I))
ANXxAMIN1 lANXXD( I))
ANYmAMINI(ANY,YD(I))

MuJN(I)
X(M)sX)D( I)
Y(N)uYD( I)
Z(M) sZD( I)

50 CONTINUE
50 FORPIAT(I10,3F10.0)

CALL UNIDRAW(1O)
CALL BONPL(J)
RAD-uANX-ANX+ANY -ANY +ANZ -ANZ
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APa(A-fl(-ANX-)/2.
Atm tANY-ANYh'2.
AZ. (AMZ-ANZ)/2.
ENCODE(33,100,LABEL)NOPLOTTIME

100 FOOMAT(814 PLOT NO.,I3,9H, TIME u,F7.4,5I4 SEC.,1NS)
91 CALL TITL3D (IN

CALL IIEADIN(3SHPROGRAM SOM-LA SEAT STRUCTURE M'ODELS 1100,2,3)

CALL NEADIN(TITLE1SO1Z9 3)I;>CALL H`EADlN(LA8ELvlOOv2y3)
4 ~ CALL AXES30 (400,0,0,0,0,0,0,0,0)W, THEuTHETA(J)

PHIRPHII(J)
CALL VUANGL (TME,PHIRAD)
CALL GRAF3D (ANX 15H8CALE, ANX ANY, SHSCALE ,AKIYANZ ,5HSCALE ANZ)
CALL MARER (1)
CALL CURV3D (XD1YD1ZDNNODE,-1)
CALL RLVEC3 (ANX,ANY,ANZ,AX,ANY,ANZ.2201)
CALL RLVEC3 (ANX,ANY.ANZ,ANX,AYANZZ201)
CALL RLVEC3 (ANXANY,ANZ,ANXANYtAZ,2201)
CALL RLMESS (2HX~r 100,X3DREL(AXANY,ANZ)+..15Y3DREL(AX,ANY,ANZ)e.p 115)
CALL PLMESS (ZHYS, IOrX3DREL(ANX,AY,ANZ),.l5,Y3DREL(ANX,AY,ANZ)+.

115)
CALL RIMESS (2HZS. l00,X3DREL(ANX,ANY,AZ)*.15,Y3DREL(MiX,ANY,AZ)+.
115)
CALL HEIGHT(.10)I0 DO 2000 Ia1,WJNODE
IWUMBER sJN(I)
XXBXD( I)
YY-YD( I)
ZZmZD( I)
CALL RUINT (INUM5ER 1X3DREL(XXrYYZZ) ,Y3DREL(XX1 YYZZ)+. 10)

2000 CONTINUE
IF (NBEAM.EQO0) 00 TO 3100
DO 2100 1-1,NBEAM
KsJB1(I)
LaJBZ( I)
XlmX(K)
Y1'Y(K)
ZlxZ(K)
XZsX(L)
Y~mY(L)

5 Z2mZ(L)

210CALL RLVEC3 IX1,YltZ1,XZtY2tZ210)

3100 IF (NTPLr.EG.0) 00 TO 3200
DO 2200 I-1,NTPLT
MuJTI( I)
LxJTZ( I)
MmJT3( I)
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XISX(K)

ZIUZ(K)
XZ.X(L)
Y28yiL)
Z2nZ(L)
X3m X (10

Z3nZ(fq)
CALL RLVEC3 (X1,Yl,Z1,X2,Y2,Z2,0)
CALL RLVEC3 (X2#YZsZZPX3,Y3tZ3t0)
CALL RLVEC3 (X3,Y3,Z3,XI1YIZI.0)

2200 CONTINUE
3200 IF (NSPRG.EG.0) G0 TO 3300

- DO 2300 Iul,NBPR
KGJB1(I)
LzJS2( I)
xIxx(K)
YI'Y(K)
Z1UZ(I()
X2uX(L)
Y~xY(L)
Z2Zs CL)
CALL RLYEC3 (XIrYl,Z1,X2rY2#Z2p0)

2300 CONTINUE
3300 CALL ENdDPL(J3
4000 CONTINUE

CALL DOWEPL
END
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