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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-
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-
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 input wvariables, line by 1line.
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
functions of all subroutines. Appendices E and F are listings of
the occupant and seat plotting programs, respectively.



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.

2.1.2 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 fiqure 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. Restraint
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, ¥, 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.
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Figure 2.
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,

then additional lines must be included to specify plot times (up
to eight) and viewing angles. As explained in the line-by-1line



The force-deflection characteristics of the restraint system web-
bing are provided by input of tables of forces and strains. Prop-
erties 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-
tem are provided on lines 11 through 34: X, Y, Z, yaw, pitch,

and roll. All of these lines must be included, even if blank.

For each acceleration component, two lines are included to allow

up to 16 points on an acceleration-time history, and the subse-
guent two lines provide the corresponding points in time. Acceler-
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




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.

Beam 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
a pointer node, or (NCOORD) additional nodes can be added solely
to serve as pointers.
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Field Format Variable Field Format Variable

1 F10.5 Time (sec) 17 F10.5 Pelvix x-accel (G)

2 F10.5 Aircraft X-accel (G) 18 F10.5 Pelvis z-accel (G)

3 F10.5 Aircraft Z-accel (G) 19 F10.5 Pelvis res. accel (G)

4 ¥F10.5 Aircraft res. accel (G) 20 F10.3 Lumbar axial load (1lb)

5 F10.5 Aircraft res. vel. (ft/sec) 21 F10.3 Lumbar y-moment (in.-1b)

6 F10.5 Aircraft res. displ. (in.) 22 F10.3 Neck axial load (1lb)

7 F10.5 Seat X-accel (G) 23 . F10.3 Neck y-moment (in.-1b)

8 F10.5 Seat Z-accel (G) 24 ¥F10.3 Back cushion force (1b)

9 F10.5 Head x-accel (G) 25 F10.3 Right lap belt force (1b)
10 F10.5 Head z-accel (G) 26 F10.3 Left lap belt force (lb)*
11 F10.5 Head res. accel (G) 27 F10.3 Right shoulder belt force (1b)
12 F10.5 Chest x-accel (G) 28 F10.3 Left shoulder belt force (1lb)**
13 F10.5 Chest z-accel (G) 29 F10.3 Tiedown strap force (1b)
14 F10.5 Chest res. accel (G) 30 F10.5 Seat displacement (in.)
15 F10.5 DRI 31 F10.3 Footrest X-force (1b)

16 F10.3 Seat cushion force (1b) 32 F10.3 Footrest Z-force (1b)

*Replaced by energy absorber force (1lb) for energy-absorbing seat model
(with NSEAT = 0 and SEATM > 0). -

**Replaced by seat angular displacement (deg) for energy-absorbing seat model
(with NSEAT = 0 and SEATM > 0).

Figure 7. Data format for external file 26.



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-
sonable 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.

17
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NOTE: 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 forward 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.

19



Figure 10. CAMI Series lower-deceleration,
forward-facing test, posttest.
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Figure 12. Sled deceleration, CAMI Series 2, lower-
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(1l) = 1 and IOUT(2) = 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) = 2 requests seat external
loads filtered with a class 60 digital filter;
I0UT(8) = 1, IOUT(9) = 1, and IOUT(10) = 1 request
seat structure deflection, support reactions, and
stresses, respectively; NOPLOT = 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 written
on unit 26; TSEAT = 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 = 0, 0.040,
0.080, 0.120, 0.160, 0.200, 0.240, 0.280 seconds.

23



Line 8:
Line 9:
Line 10:

Lines 11-34:

16
1) —
U

™~

Figure 13.

53

80 0L4OO1

17

15

20 ®\\ o>
N ~N

uRO,
?\~ (D N (@

N 9 106 (5)

(3
~N " 9
5

X

O

Finite element seat model.

Anchor point coordinates for lap belt; no footrest.

Same as line 7.
Anchor point coordinates for shoulder belts.

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

in the coordinate directions are required so that
the deceleration pulse of figure 10 results in
negative X values. Because there are no ¥- or
Z-accelerations, lines 15-22 are blank; the absence
of vehicle rotations requires lines 23-34 to be
blank.

25
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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 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 Sy 58,700

psi and Sult = 67,000 psi.
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Figure 16. Element cross-section models used for
seat structure beam elements.
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Figure 18. Occupant plot at T = 0.240 sec for case no. 1.

33



SE

Figure 20.
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Production general aviation seat (with some node numbers indicated).



oLOT NO. 1, TIME = 0.0000 SEC.

g

T

ction seat.

Figure 21. finite element model of produ
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45.7

3

iB4.

10,
.57
.60
.32
.76

34

[AF e VY

v
38
85

~

(X% 74

NONADJUSTABLE PILOT SEAT
0

2
<

1

.040 .080
0. 0.
20.0 20.0
43.0 45.0
.23005 0003
0.7 .87
0.7 .87
0 0 0
1300, 2250.
-8.50 .3
1300. 2250.
15.73 48,
~-0.108 -8.93
-11.1 -9.29
.0052 .0262
.0833 . 1000
Q. 0.
W22 .25
BS.1 -8.4
§.35 11.3
6.950 5.330
35.97 i0.10
2.18 279
0.93 . 266
1.70 .233
Figure 23.

.120
0.

0403

7.5
.0403
13.235
-10.9
-11.6
.0330
.1483

12-G FORWARD TEST ABI-1
2 1 i i

. 180
0.

0.0
3.0

£ N

[y

.001

.1048
8.350
. 1048

0.
-11.9
-5.58
.0389
.1582

0.
16.5
B.260
4.83
017
.1835
.193

Input data listing

39

10
8

. 200

0.
20.0
45.0

. 1813
.3
.1813

-11.6

3.47
.0420
.1688

=-30.
i8.90
8.350
21.70
127
1.22
.B873

case no.

i i
8.00030. 005

240
0.

0.0
3.0

M2

. 300

G.00
38.0
0.00

-12.4
0.952
0350
1730

37.

10.56
9.49
.927
. 394
. 305

2.

1.98

0177



1 i 14
Z Z 3
3 14 3
4 3 4
5 4 >
5 35 5
7 6 7
8 7 B
8 g8 13
10 12 id
il 3 7
iz 14 13
i3 14 12
14 11 iz
13 10 11
i8 8 10
7 15 2
i8  i6 17
18 28 17
20 17 1B
21 ig 19
22 19 20
23 20 2t
24 21 2
23 22 Z7
26 26 27
2 17 2t
2 28 27
2 28 Z6
30 25 2B
31 24 2
32 23 Z4
33 3 18
34 12 £
33 9 23
38 10 24
37 8 10 12
g 22 =z 25
iz 2 5 13
i 24 g 23
1111101
2111101
1311101
16111104

Figure 23 (contd).
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Input data listing case no.
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28
30
28
30
31
3i
31
31
32
32
30
28
29

3z

32

32
29
30
29
30
31
31
31
3i
32
32
30
28
29
32
32
32
32

a1

32

3z2

ol MR RIMNMMNNNNRNMNMRNMNDN NN MN RN RPN RN RRNRMN

Mt et bk puh puh Pk el Ped Pem b pmd Ped bk A ped Bed ek b ek et ped Ped peh ek bk Bed b el A ped ek ek b b Bel ed ek s

2.



1 1
0.

O,
2440,
760,
760.

4 1
1G00.
1820,
3.6
310,
-B.02
1000,
13.1i6
G.
-10.23
0.
.G382

3
(93]
< B
« o

.0382

CAMI TEST ABL-124 (PART 3572 DUMMY}

2 9 1 it 3 o 0 G
L020 LU40 -060 . 080
0. G. 0. 0.
LGG10 o010 .1 01
$.30 2.40 2.5
0.50 2.40 1.3
1 1 i '
215 Z.40 1.0
3000. 10000, . 008G LGS20
-g. 13.1 3.6 8.
2300, S000. L0080 3320
0. 38.2 12. I
1370. S000. .0133 L0467
0. 10.2
~J.541 -1.88 ~3.22 ~§.32
-11.72 ~12.13 ~11.63 ~-10.25
.0035 . 085 .0130 0173
LCR40 . 048G .05135 L0535
2.73 3.30 10.53 14.15
36.35 39.68 38.11 33.52
Q0335 . 0085 0130 L0173
L0440 . 0480 L0515 .0935
J. -41.560
0. 0. a. ~73.
.30 .33
69, ~-13. -13. -3.
8.33 1.3 13.3 i6.3
.3350 6.330 4.720 B5.260
35.97 10,10 4.85 4.83
2.18 275 132 017
3.93 . 266 .135 .185
1.76 .233 022 .195
4.30 3.44 1.85 -1.8%
3.56 2.61 i.B85 2.34
Figure 25.

1

8 0.0014
L 100
a.
U.

LG300
13.1
. 0900

L1132

~7.33
0.38
. 0250
.0580

23.497
-1.2B
L0230

.0590

-13.
16.0
.350
21.70
127
1.22
.873
3.10

o

[

Listing of input data.
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¢

120
0.
. 230

G.00
33.0
3.00

0.00

-8.32

0.77
43Z2B0
0628

27.23
~2.52
L0280
B2

10.96
2.48
.827
.8a4
. 305
2.30

A%

<140

L0010

4Q.
G.

0313
. 0680

30.25
0.
0313

L0680

33.0
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(-12,30)

Figure 27.

(~6,48)

(30,48)

fo

“36,30)

(50,28)

(51,10)

(25,48)

(42,0)

(36,32)

(36,17)
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Example of cockpit coordinates (in.).
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Figure 28. Additional data required to define cockpit geometry

illustrated in figure 27

(lines 38A-38K).

09003 31

81



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.



LINE 2:

Output Selection

DESCRIPTION:

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

FORMAT AND EXAMPLE:

[ 1
1234887890

1234587800

3

12348867800

4 5 L] 7 a
1234587800/1234687800/1234587890(1234667890[12348€7890

oUTtY) ayTe)

ouTean

0UT(s)

tout(s)

wouTe)

IOUT(M) ouTe) 10UT(9) OUT(10) | NOPLOT | NBPLOT DTPLT TSEAT CKPTIN ICPFL

1 1

Ak i

0

P BT

1 H
PR

g 1 1 1 8 8

.00050.005
it i A3 ) e b h L L Lot T 4 bk ek ) b

FIELD

I0UT

NOPLOT

NSPLOT

DTPLT

TSEAT

FORMAT

1015

I5

I5

F5.0

F5.0

CONTENTS

Vector of 0's, 1'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) :
IoUT(2) :
IOUT(3) :

Occupant segment position
Occupant segment velocity
Occupant segment accel-
eration (1)
Secondary impact predic-
tion (2)
Restraint system forces
Injury criteria
Seat external loads
(cushions, floor) (1)
Seat structure deflec-
tions (3)
Seat structure support
reactions
Stresses in seat struc-
ture beam elements (4).

IOUT(4)

IOUT(5)
IOUT(6) :
IOUT(7)

I0UT(8)

IOUT(9)

IoUT(10)

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

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

Print frequency (in seconds) for data
selected with IOUT(8), IOUT(9), and
IOUT(10).



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 Appendices
E and F.

FORMAT AND EXAMPLE:

] t 2 3 4 -1 e 14 8
1234567800(12348567800|1234867890(1234867800(1234607800(17234567800/12346678090(12346867 890

R T tH TMOT@) TPLOT(3) TPLOT(4) TPLOT(S) TPLOT(S) . TeloTn) TPLOT(S)

0.120 0.160 0.200 0.240 0.280
sa il N

0 N Al L IOI'AOKQAO ddd JOJIL0|80

.........

FIELD FORMAT CONTENTS
TPLOT 8F10.0 Plot times, seconds,



A Y (left)

>

Viewing
Position

Viewing angle

X (forward)

Figure A-1. Definition of plot viewing angle.

os001 38
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<ﬂ Viewing position

Center of the imaginary
workbox which encloses
-’ the model

X

0 = Azimuth angle in X-Y plane in degrees (-180° < 6 < +180°)

Elevation angle in degrees (-90° < ¢ < +90°)

k=2
H

Figure A-2. Angular coordinates for viewing position
of graphic display models.
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LINE 2E:

DESCRIPTION:

Nodal Output Selection (only if IOUT(8) # 0)

Node numbers, in pairs, to specify which X, ¥, 2
(The node numbers

displacements are to be printed.

are defined on line 47.)

FORMAT AND EXAMPLE:

0 1
12348678600

2 3

1234667800[{12346567800

4

1234567800/123456678060

123486867800

1234667800/1234567 890

14 L]

KNODE(t) | XNODE(2)

KNOOE(4) | KNOOE(S) ([KNODE (8

7) (& K

KNODE(10)

A 11 e 11A6

Aodied il Lodd

ioal LA iy

MR B

FIELD

KNODE

FORMAT

5(215)

CONTENTS

PN U ST |

AAAAAAAAA

Nodal displacements printed for nodes
beginning with KNODE(I) through

KNODE (I+1),

inclusive.

Up to 5

of nodes are permitted.

A-11
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LINE 3:

DESCRIPTION:

Simulation Control Data

size,

Parameters for control of solution duration,
and error bounds.

FORMAT AND EXAMPLE:

step

[} 1
12346878900

2

123485878400

3
1234687890

1234687860

4 . s 8 7 8
123466780011234667800(1234567800(1234567800

TMAX

DMAX

DMIN

EUR ELR Rl TF ort

(00005

LOJ.KOAOIOJS Aol

1 101-. 1110 o, Il IDAJIOJ_O.A]- 0 : A ‘OL.LzJOIO - L 101'1010 0 5

AAAAAAA

FIELD

TMAX

DMAX

DMIN

EUR

ELR

FORMAT

F10.0

F10.0

F10.0

F10.0

F10.0

CONTENTS

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.

Maximum step size. A value of 0.001 sec
has been used successfully.

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

but the use of very stiff restraint sys-
tem 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 = DMAX.

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.

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



LINE 3A:

DESCRIPTION:

Cockpit Configuration Identification (only if

IOUT(4)

1)

configuration shown in figure A-3.

FORMAT AND EXAMPLE:

An integer that specifies either of the types of

0 1
12346678900

2
1234587600

3
1234887800

4
12348687880

L]
12348067800

1]
1234607800

7
1234867890

[ ]
123405067860

KKPY

TN VO T S

Add

.........

FIELD

ICKPT

FORMAT

I5

CONTENTS

Identification of cockpit configuration.

*Line not present for sample case.

‘A-15




LINE 3B -

3K:

DESCRIPTION:

Cockpit Coordinates (only if IOUT(4)

1)

Coordinates of points that define cockpit geometry.

FORMAT AND EXAMPLE:

o 1
1234687880

1234667880

2

3

1234667890

4 & [} 7

a
‘l9345.7800‘23456780012345.7‘00123‘507000‘9346.7.0‘]

XCASL)

YCAB(J)

ZCARD)

.........

U NS T S

.......

el

..................

FIELD

XCAS(J)
YCAS (J)
ZCAS (.J)
J 1,10

FORMAT

3F10.0

*L,ine not

CONTENTS

These lines contain coordinates of ten
points that define cockpit geometry.

X and Z coordinates are required for
the 6 points shown in figure A-~3; Y and
Z coordinates for points 7-10 that de-
fine the sides of the aircraft.

present in sample case.

A-17



LINE 5:

DESCRIPTION:

Back Cushion Properties

Force~-deflection characteristics, damping, and

thickness for back cushion. These characteristics

should be measured using an indenter with the form

of the occupant torso.

If a dummy torso is used

in measurement, the deflection should be based on
the chest accelerometer location.
computed from cushion deflection, § , according to

The force,

F, is

F = c(eBd - 1),

FORMAT AND EXAMPLE:
] 1 2 2 4 $ [ 7 s
12324867800|12348567890/123466867800[{1234867800{1234607600/1234887800/1234687890[133 486567890

cec [ 1] or#c THoCH
.n...L7AS ...... OA'ASASAS P n '.845 né.'nono i Ll i Lt o i - —
FIELD FORMAT CONTENTS
CBC F10.0 Coefficient C in above equation (1lb).
BBC F10.0 Coefficient B in above equation (in.-l).
DPBC F10.0 Damping coefficient at zero load

(lb-sec/in.).

THBCE F10.0 Unloaded thickness of cushion in center

of seat back (in.), including thickness
of beams for this example.
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X

Shoulder
Shoulder
lap belt
webbing

3 = Shoulder
attached

1 =
2 =

IBUKL = 2 IBUKL =

~

IV
&
‘b

BUKL = 0

belt fixed to buckle
belt and one side of
are one length of

belt and lap belt
to fixed point

NOTE: BUKL parameter is defined on line 10.

Figure A-4. Types of buckle connections specified
by IBUKL on line 6.
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LINE 7: Lap Belt Properties

DESCRIPTION: Tables of forces and deflections define an approxi-
mation 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:

o 1 2 3 4 ) 8 7 8
1234807890(1234667800(1234567800(1234667800(t1234587890{1234567800(123485675090(123458678690

FELB(2) FFLB(3) FFLB(4) ooLB(2) oote(d) OOLB(4) oPLs SLAB

5500 ,,,,.1300, 2250,/ . 0.04803  o.i048 . 0.1613 0. 7.

...................... Ll sy Aeedemdeadeded e L

FIELD FORMAT CONTENTS

FFLB 3F10.0 Forces (1b).

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.).

A-23



LINE 8:

Lap Belt Anchor Points and Footrest

DESCRIPTION:

Coordinates of right and left lap belt anchor points

in aircraft coordinate system;

FORMAT AND EXAMPLE:

location of footrest.

/] 1
123485079890

12348587

2
880

3

12348678900

12345678690(1234567890(1234567890{123465867800(1234567890

4 5 8 7 8

xLein

yia{n

2L8(1)

xiLa¢2) YLB(2) ns(2) XFR ANGFA

........

Ad ) hd )

el 13083

Add

‘1101'1715 T 9:

Ldmdd Lot 4

13,63 28, 0.
b U D A A et

FIELD
XLB (1)
YLB(1)
ZLB (1)
XLB(2)
YLB(2)
ZLB(2)

XFR

ANGFR

FORMAT

3F10.0

3Fr10.0

F10.0

F10.0

CONTENTS

Coordinates of right-hand lap belt anchor
point in aircraft coordinate system (in.).

Coordinates of left-hand lap belt anchor
point in aircraft coordinate system (in.).

X-coordinate of footrest in aircraft
coordinate system, at intersection with
floor, where Z = 0 (in.). If no foot-
rest, leave blank.

Angle between footrest and floor
(degrees).
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LINE 10:

Shoulder Belt Anchor Points

DESCRIPTION:

Coordinates of shoulder belt anchor point in air-

craft coordinate system,
system characteristics.

FORMAT AND EXAMPLE:

along with other restraint

Q 1
12348667880

1234867860

12348678690

4
1234567800

12348567 8¢0

L]
12348567800

7
1234567800

8
123486878200

X8M

Y8H

I8H

BUKL

XTRAL

e

......

SR

.........

12.

TR S

id

A i

0.

Ll o

SV R Y S )

AdodoL 4 g

FIELD

XSH
YSH
ZSH

BUKL

XTRAL

F10.0

F10.0

CONTENTS

Coordinates of shoulder belt anchor
point in aircraft coordinate system, or
point from which belt passes to shoulder
in a straight line.

Length of lap belt webbing attached to
illustrated in figure A-4 (in.).

buckle,

Length of shoulder strap beyond (XSH,
YSH, ZSH) 1if strap not in straight 1line,
as shown in figure a-6 (in.).

b
}

27



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:

o ’ 2 ) 4 3 D 7 :l

12345667890(1234060678900|12348567890[123460867890[(12348067800/1234667800(1234667800[{12346087009
PPYDI3} FFTO(8) FFTO(4) oDTD(R) BOTO(8) DOTD4) orTO [ 18]

FIELD FORMAT CONTENTS

FFTD 3F10.0 Forces (1lb).

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

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

SLTD F10.0 Tiedown strap slack (in.).

*Line not present for sample case.
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LINE 11

34:

DESCRIPTI

ON:

FORMAT AND EXAMPLE:

Aircraft Acceleration

The time variation of each of the six components of
the acceleration of the aircraft coordinate system
is approximated by up to 16 points in acceleration

and time.

(Lines 11 - 14)

[ 1 2 3 4 - -] 7 8
1234567890|123450873890(1234867800(1234667800[{1234587800(1234567800(1234667800(123406867 8¢9 0|
AK(L) AX(2) AX(S) AX(e) AX(S) AX(6) AX(T) Ax(a)
‘‘‘‘‘‘‘ 0‘, ,L—,OL'.IS ‘-.U‘.‘OU -4,20 ~-5.91 -5.75 -5.05 -6.14
AX(9) AX(10) AX(11) AX(12) Ax(13) AX(14) AX{18) ' lA.x(tnl) —
n- S ‘ “ u A4 A_161.1212 i .‘154-13‘6 N S | "‘5..‘813 I I N J-ISAﬂ 1 1 1t A_l l.L VN S U U B W S 1;4‘3‘2 IIIIIII Ol
TX(1) TX(2) TX(3) TX(4) TX(8) TX(8) TX(T) TX(8)
Ol 008 L0y 8283y 038040 FRRKK:
TX(8) TX(10) TX(11) TX(12) ™@(ty) TX(14) TX(18) ™®(10)
LLLLLL 0‘5.7 . ..0.6.5 ‘.““.‘0‘7_2 L ..‘,01810 ..,,...0.8.“ . .J..'.2,6.3 . .318‘3 “““x3llh
FIELD FORMAT CONTENTS
Lines 11 and 12:
AX(J), J = 1-8 8F10.0 X-acceleration (G).
AX(J), J = 9-16 8F10.0
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).
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).
Lines 27 and 28: Pitch acceleration (rad/sec/sec).
Lines 29 and 30: Pitch time (sec).
Lines 31 and 32: Roll acceleration (rad/sec/sec).
Lines 33 and 34: Roll time (sec).
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LINE 36:

DESCRIPTION:

Aircraft Initial Position

Components of aircraft initial position,

fixed coordinate system, and attitude.

FORMAT AND EXAMPLE:

in earth-

] 1
1234587890

2
12345607690

3
1234567890

4
12345667880

3
1234667800

e
1234567800

7
1234607800

8
12346067800

XA

YA

A

YAW

PITCH

AOLL

AAAAAAAAA

.
A i d

bbb b L

........

.........

FIELD

XA
YA
ZA

YAW
PITCH
ROLL

FORMAT

3F10.0

3F10.0

CONTENTS

Position of aircraft coordinate system
in inertial system (earth-fixed system
in which gravity acts in the -2

direction)
dinates are normally taken as (0.,

(in.).

These initial coor-

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.).
simulation is to begin 10 in. above the
ground in a vertical drop, the initial

position could be specified as (0., 0.,

10.).

If the

These coordinates are not used

in the simulation but only in output of
aircraft position.

Initial attitude of aircraft relative
to earth-fixed system (deg).
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LINE 38:

DESCRIPTION:

Occupant Initial Position

Weight and stature for nonstandard occupant; ini-

tial position angles and heel X-position, as illus-

trated in figure A-7.
begin at 2

0.

The heels are assumed to
The torso is aligned according to

GAM(l), GAM(2), and GAM(3), and the position is
then determined from static equilibrium, allowing
for compression of the cushions.

FORMAT AND EXAMPLE:

o 1
12346678600

2
1234667600

3
12345878800

4
1234567800

6
12345878080

8
123465667890

7
1234567890

8
123458678 9 0

GAM(1)

GAM(2)

GAM(3)

QAM(4)

GAM(S)

XHEEL

AAAAAAA

n AGAgL'Al P

:::::::::

:::::

4. 12161.

GAM

XHEEL

FORMAT

F10.0

F10.0

5F10.0

F10.0

CONTENTS

.........

Occupant weight (1b) - used only for
nonstandard occupant.

Occupant stature (in.) - used only for
nonstandard occupant.

Vector of initial position angular

coordinates,

ure A-7

(deg).

as illustrated in fig-

X-coordinate of heels in aircraft coor-
dinate system (in.).

Note:

footrest coordinate,
the footrest angle,
than zero,

ANGFR,

If XHEEL is greater than the
XFR, on line 8,
is greater
the feet will be moved rear-

and

ward until they rest on the footrest.



LINES 38A - 38L: Nonstandard Occupant Input Data

If a nonstandard occupant is requested by setting IMAN = 2 (human)
or IMAN = 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.

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.
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LINE 38B:

DESCRIPTION:

Segment Center of Mass Location (only if IMAN

8,

and 9.

Center of mass locations for segments 1,

2,

2 or 3)

3, 4, 5.

See figure A-8 for datum plane descrip-

tion (in.).

FORMAT AND EXAMPLE:

[*] 1
1234565667800

2
1234567800

3
1234587890

4
1234667800

§
1234567800

L]
12345667880

7
1234687800

8
12345887800

RHO(1)

RHO(2)

rRHO(D

RHO(4)

RHO(B)

RHO(8)

RHO(9)

hbebod b d kb )

6.55

PN N A Rt

6'3311 L

ey

llJ.72 .

6.26

8.35

NS R W A R ey

10.96

FIELD

RHO (1)
RHO (2)
RHO(3)
RHO (4)
RHO(5)
RHO(8)

RHO(9)

FORMAT

F10.0

F10.0

F10.0

F10.0

F10.0

F10.0

F10.0

CONTENTS

Lower torso center of mass vertical dis-
tance from hip pivot.

Upper torso center of mass distance from

base of

Head center of mass

neck.

of neck.

Upper arm center of

shoulder pivot.

Lower arm center of

elbow pivot.

Upper leg center of

hip pivot.

Lower leg center of

knee pivot.
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mass

mass

mass

mass

distance from

distance

distance

distance

distance
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from

from

from

from



LINE 38C:

Segment Weight (only if IMAN =

DESCRIPTION:

Weights of segments 1,

FORMAT AND EXAMPLE:

2, 3,

4,

2 or 3)

5, 8,

9 and 12 (1b).

Q 1
1234587800

1234587880

2

3

12345678900

1234667800

4

123465667890

[} 7

12345676890[/1234587890|12345867800

sW(1)

aw(z)

sw()

sW(4)

sw(e)

sw(e)

sw(e) sw(12)

1 Iul : 18.5

L Eﬁ;.G.o L -3.5.;3.7 L AJLOA.‘I‘O L L, ‘UA.AB‘S L ZLIL.ZLO L LSL.‘IJ.S o ‘]349‘8
FIELD FORMAT CONTENTS
SW(1l) F10.0 Lower torso weight.
SW(2) F10.0 Upper torso weight.
SW(3) F10.0 Head weight.
SW(4) F10.0 Upper arm weight.
SW(5) F10.0 Lower arm weight.
SW(8) F10.0 Upper lég weight.
SW(9) F10.0 Lower leg weight.
SW(1l2) F10.0 Neck weight.




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.for seg-
ments 1, 2, 3, 4, 5, 8, and 9 (lb-in.-sec”).

FORMAT AND EXAMPLE:
] 1 2 3 4 [ e 7 s
1234667800(12345067690/1234567890/1234687890|/12346878090|1234567890/1234867800[{12345876 390

cix1) cix(2} cix(ay Cix¢4) CHx(s} Cix(s} [t {(}]

. LZL;Z2 ...... 2‘.‘].‘8 L ZJ‘S ) ‘.‘LIZ ) .'.0.1.7 lllllll 112‘7 ““““““ 927 .

FIELD FORMAT CONTENTS
CIX(1) F10.0 Lower torso X-axis moment of inertia.
CIX(2) F10.0 Upper torso x—axis moment of inertia.
CIX(3) F10.0 Head x-axis moment of inertia.
CIX(4) F10.0 Upper arm x-axis moment of inertia.
CIX(5) F10.0 Lower arm x—-axis moment of inertia.
CIX(8) F10.0 Upper leg x—-axis moment of inertia.
CIX(9) F10.0 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.,seg-
ments 1, 2, 3, 4, 5, 8, 9, and 12 (lb-in.-sec®).

FORMAT AND EXAMPLE:

[ 1 2 3 4 s L] 7 8
12345087600[(1234667690[12346678980/1234067000/1234667890(1234567800/717234587860(123408667800
Giv(Y) civiz) cived) cIvie) civ(s) civis) cIvie) civ(rg)

AU PURSS DUIGLA, BT BN DENRIILICL IR 8377
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-axiszfor seg-~
ments 1, 2, 3, 4, 5, 8, and 9 (lb-in.-sec”).

FORMAT AND EXAMPLE:

o 1 2 3 4 5 L] 7 8
1234667890123 4667800/12345678900[/1234567890|1234567890(12345667880|123456078680/123458678790
174344 ci1z(e) clz(3) Cizi4) c1zis) ciz(e) cize)

2,32 1.70 . 233 .022 195 . 873 . 505

PRSP SR dcbrd a1 PN DI TV R St IS S W S RS 't PRETYI S S U W Y i R S S B R P SO S S I U SN

FIELD FORMAT CONTENTS

Cilz (1) F10.0 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) F10.0 Upper leg 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-1 for human
occupant.)

FORMAT AND EXAMPLE:

L] 1 2 3 4 5 e 7 8
1234567800|1234687800(1234667890/12345067800[1234587800[{1234567890(1234667800/123456780H50

xA(1) XRr(2) XR¢a) XR(4) XR(s) XRis) XR(a) xRi12)

4,50 4,50 3.4y 95 1.85 3.100 . 2.30 2,30

.
bk d A Ay VIS SO S N U S T G S Y Aded ok d Aolod LU S U SR E VRTINS AT ara BN A e AU SRR T

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 surface
cylinder.

XR(12) F10.0 Radius of neck contact surface cylinder.
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TABLE A-1.

STANDARD CONTACT SURFACE DIMENSIONS

Surface

Pelvis
Chest
Head
Arm
Forearm
Thigh
Leg
Knee
Foot

Hip

Shoulder

Elbow

Hand

20’

22’

x

13
15
17

19

oo R~ « B s B o)

21

o)

23

Fraction of
Stature

(R,/S)

Actual Dimension
for 50th-
Percentile Human
Male
(in.)

0.0579
0.0689
0.0485
0.0263
0.0243
0.0466
0.0344
0.0373
0.0405
0.0515
0.0378
0.0268

0.0339

4.00
4.76
3.35

1.82
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LINE 38H:

DESCRIPTION:

Contact Surface Radii Continued (only if IMAN = 2 or 3)

Radii of contact surfaces 14, 16, 18, 20, and

22 (in.).

FORMAT AND EXAMPLE:

0

12345870800|12348567880

2

3

1234587800

12345878900

4

) e 7 8

12345867090|1234567890/12345687800|12345878%9

xn(14)

XR(20)

XR(22) Rmm——p St

3. 131. AE; 6

.........

......

L.89,

2.34

|||||| ddd el bk U

FIELD
XR(14)
XR(16)

XR(18)

XR(20)

XR(22)

FORMAT

F10.0
F10.0

F10.0

F10.0

F10.0

CONTENTS

Radius of
Radius of

Radius of
sphere.

Radius of

Radius of

foot contact surface sphere.
hip contact surface sphere.

shoulder contact surface

elbow contact surface sphere.

hand contact surface sphere.



LINE 38I:

DESCRIPTION:

Spherical Joint and Center of Mass Offset Distances
(only if IMAN

2 or 3)

Distances that spherical joints (shoulder and hip)

are laterally offset from the mid-saggital plane,
and the anterior offset of the major upper body

and head) center
(See description of dis-

segment

(lower torso,

of masses from the spine.

tances in figure A-8.)

FORMAT AND EXAMPLE;

upper torso,

Dimensions are in inches.

[\ 1
1234867880

2
12345687800

3
1234587800

4
12345878980

s
123456867800

L]
12345087800

7
1234567880

8
1234567800

EM(1)

EM(2)

En(a)

‘‘‘‘‘ i

.20

i 121 . IOIO

.........

oo

XLS

EM(1)

EM(2)

EM(3)

FORMAT

F10.0

F10.0

F10.0

F10.0

F10.0

CONTENTS

Lateral distance of center of hip joint

from mid-saggital plane.

Lateral distance of shoulder joint from
mid-saggital plane.

Anterior offset
torso center of

Anterior offset
torso center of

Anterior offset
center of mass from the spine.
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distance of the lower
mass from the spine.

distance of the upper
mass from the spine.

distance of the head




LINE 38J:

DESCRIPTION:

Abdomen and Chest Compliance (only if IMAN

2 or 3)

Estimated force~deflection characteristics (com-

pliance) of occupant chest and abdomen under re-

straint system loads.
puted from cushion deflection,

The

force,

F,

is com-
§, according to

F = c(ePd - 1),
FORMAT AND EXAMPLE:
[+] 1 2 3 4 5 [ r 8
1234567090123468160()|234607590123450189012’3460189012346678001‘2346070001234507000
caso sABO CCHE BGHE |
2A0A040" s "‘0,";.0 < ,JELO,OIOJ' ..... 1',31810 fodod Aol [ I B O U U I Y PR 1a a2
FIELD FORMAT CONTENTS
CABD F10.0 Coefficient C for abdomen compliance
(1b).
BABD F10.0 Coefficient B for abdomen compliance
(in.”1).
CCHE F10.0 Coefficient C for chest compliance (1lb).
BCHE F10.0 Coefficient B for chest compliance

(in.~1

)




LINE 38K: 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

BS

from deflection, 8§, according to F = C(e - 1).
FORMAT AND EXAMPLE:
0 1 2 3 4 L3 ] 7 8
1234668780901 234668673080]1234587890{1234567890(1234567800(1234567800/12345678900{1234687600
CAXD BAXD DMPS CAXN BAXN DMPN
..... 6.0.0101'41 bt .'1213. T nx;‘noxo L xsnznuxon' P A 1.12[7A0 N A S S S I N T o441
FIELD FORMAT CONTENTS
CAXS F10.0 Coefficient C in above equation for
axial spinal stiffness (1lb).
BAXS F10.0 Coefficient B in above equation for
axial spinal stiffness (in._l).
. . . . .o=1
DMPS F10.0 Axial damping in spine (lb-sec-in. 7).
CAXN F10.0 Coefficient C in above equation for

axial neck stiffness (1lb).

BAXN F10.0 Coefficient B in above equation for
axial neck stiffness (in._l).

DMPN F10.0 Axial damping in neck (lb—sec—ih._l).



LINE 38L:

DESCRIPTION:

Rotational Stiffness and Damping Properties for Spine

and Neck (only if IMAN

2 or

3)

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, §, according to
M = C(eB(S - 1).
FORMAT AND EXAMPLE:
[+] 1 2 3 4 -] ] 7 8
1234667600[|12348567800/123486706600(1234567600(1234567800[{1234567800/12345678080(1234567 8480
CROT(1) BROT(1) xJ2(1) CROT{2) BROT(2) XJ€2)
AAAAA 3.7l5‘ ..*‘X.IL’.U.QA All]S‘O‘. . .l;J.3.715.' ‘A“..l.'.q.g “”’“3.0.- T
FIELD FORMAT CONTENTS
CROT (1) F10.0 Coefficient C in above equation for ro-
tational spinal stiffness (in.-1b).
BROT (1) F10.0 Coefficient B in above equation for ro-
' tational spinal stiffness (rad-l).
XJ(1) F10.0 Rotational damping in spine (lb-sec).
CROT(2) F10.0 Coefficient C in above equation for ro-
tational neck stiffness (in.-1lb).
BROT(2) F10.0 Coefficient B in above equation for ro-
tational neck stiffness (rad 1).
XJ(2) F10.0 Rotational damping in neck (lb-sec).




LINE 39: Seat Geometry

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

FORMAT AND EXAMPLE:

[¢] 1 2 3 4 5 [} N 7 8
123468667 800112346587890(12348067800|/1234567800{1234567890{1234567800/1234887800|1234586769 0

XBEAT IBEAT ANOSP ANGSB XLPAN XWPAN 8BHT 8w

04 12.75 g. 0. 18, 18, ﬁpxpg 18.

T S W G Y FINETRS R S W S T T S W W | I Y YRt TN SO A S T Y S Y aod T S G S

FIELD 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.).

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.l1 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-
gquired. If the stroking energy-absorbing seat option is utilized,
line 42 is also required. If NSEAT = 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
seat model. (See figure A-11 for a detailed de-
scription of the parameters.)

FORMAT AND EXAMPLE:

2] 1
1234667800

12345667890

2

3

1234567890

4 [} o 7

1234667890{12345686867800/12345667890/12348067800[(1234567380 0

Fe

3

Fs

(.24 o2 04 ANGEA SEATM

‘‘‘‘‘‘

dh

o bk

P S S S S R I B PR SN S Y S W Y WY F SIS SN TS S I ek e e

FIELD

F2
F3
F4

D2
D3
D4

ANGEA

SEATM

FORMAT

CONTENTS

3F10.

3F10.

F10.0

F10.0

0

0

Energy absorber force (1b).

Deflections corresponding to above
forces (in.), see figure A-lla.

Stroking angle for guided energy-
absorbing seat (deg), see figure A-1l1lb.

Weight of movable part of energy-
absorbing seat (1b}).

NOTE: If SEATM < 0 (or left blank) the

energy-absorbing stroke of the seat wil

1

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.



L

Force

\
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80
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Stroke - in.

a) Force-stroke characteristics

b) Geometry
Figure A-11. Energy absorber data.
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LINE 41:

Energy Absorber Data Continued

DESCRIPTION:

Parameters for the two-degree-of-freedom (seat
stroke and rigid-~pody rotation) energy-absorbing
seat model.

FORMAT AND EXAMPLE:

o 1
1234667860

1234867890

2

K]

12348678900

4 ] [} T 8
1234567800[(1234567890/12348087800(1234867800(1234807800

BUNLOD

BDAMP

YIBEAT

AUNLOD /'ﬁ——-cj

RDAMP

sl

A

NI U U DA S I W Al dg gy PRSI O T H S S S U S S W S Y S

FIELD
SUNLOD

SDAMP

YISEAT

~ RUNLOD

RDAMP

FORMAT

F10.0

F10,0

F10.0

F10.0

F10.0

........

CONTENTS
Energy absorber unloading slope (1lb/in.)

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

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

X = XSEAT,Z = 0 (1lb-in.-sec?).

Unloading slope for rotational deform-
ation of seat (in.-1lb/rad)

Rotational damping coefficient for the
seat (in.-lb-sec).

*Line not present for sample case.



LINE 42: Rigid Seat Rotational Stiffness Parameters

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

FORMAT AND EXAMPLE:

[} 1 2 3 4 [} L) 7 8

1234567800|1234867880|1234587800|1234567800(123485678090/12345687800/12345087000(1234667 8290
FFRTIS) FEAT(S) FFRT(4) DDRT(3) DDAT(s) OOAT(4)

FIELD FORMAT CONTENTS

FFRT(2) 3F10.0 Applied moment on rigid seat (in.-1b).

FFRT(3)

FFRT (4)

DDRT(2) 3Fl10.0 Angular seat displacement (rad).

DDRT ( 3)

DDRT(4)

*Line not present for sample case.
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Figure A-12. Rigid seat model rotational stiffness.



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.
(The energy-absorbing seat data described previously for lines 40,
41, and 42 are then not required.)



LINE 40: 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.

FORMAT AND EXAMPLE:

° 1 2 3 4 s ol 7 8
1234667890(1234667890/12345667690/1234587600/12345667600(1234587800/1234567890[1234567280 0

NNODE | MNELE | NUMMAT | Nuwbis | wpanee | wcoomp | Nsecy couK e
DA IR IR BN PP ENIPOR. IRNOL, ILP:A. IR VTN PRI SR
FIELD FORMAT CONTENTS
NNODE I5 Number of real nodes.
NELE I5 Number of elements.
NUMMAT I5 Number of materials.
NUMDIS 15 Number of displacement—specified hode

points (at which the aircraft displace-
\ ment, velocity, and acceleration are
applied).

NDGREE I5 Number of degrees of freedom per node
(= 6 this version).

NCOORD IS5 Number of inactive beam pointer nodes,
which are used to orient beam 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 15 Number of different beam cross-section
types.
CBUK F5.0 Buckling coefficient for beams of closed

cross-section.



LINE 41: Miscellaneous Control Flags

DESCRIPTION: Parameters for controlling execution of finite
element seat simulation.

FORMAT AND EXAMPLE:

o 1 2 3 4 5 [} 7 8
1234567090123 45678090(12346676900|/1234567890(1234567890/1234567800({123456876080(12346678890

KNTRL(1)

1

b L1 Adedod a4 a PYTENS S S S G W U S 500 U0 WA S A 0 T B R T S S O S T} 0P N O T B S T SO0 T U S B R

.....

FIELD FORMAT CONTENTS

KNTRL (1) 15 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.,
KNTRL(1) = 5 would cause an update
every fifth time step, producing a more
economical but less accurate solution.




LINE 42: Material Type Number

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

FORMAT AND EXAMPLES:

] 1 2 3 4 L] ] 7 8
1234667890|12345670600/1234567690{1234567800/1234567890/12345678090/1234667890/123458678680
———————— =

3

— e o e
wYYP MAT =

—

11010 STEEL
e A4 R S ) - Add .k SRR G W e R s '] PP I N S I N S ) I S N S S N N Aok g 4 £ A L 1.X U S S S S N W R Soedbd 2 A A A

FIELD FORMAT CONTENTS

MY TP I5 Material type designation number. The
element data on line 48 specifies the
material by referring to this number.

MAT Al0 Material type description used as
heading for material property output.




LINE 43:

DESCRIPTION:

Material Properties

figure A-13.

FORMAT AND EXAMPLE:

Material physical properties as described in

o 1
123465687890

2
1234567890

3
123465667890

1234587880

4

1234587890

[
1234567800

7
1234667890

8
123485678290

E(V)

E()

E(Y)

E(4)

E(s)

E(8)

()

()

ul'Asﬂ‘_J q —de FEt IBIOIILEIS ekl ISI§L7AOIOJ. S Y S I l2| 'gJEAS A Li 2 J 1'41 1 |461710l9L01. Ad b A i e ALLS AAAAAAA ‘ AOLS
FIELD FORMAT CONTENTS FOR BEAM OR PLATE ELEMENT
E(1) E10.4 Density (lb—secz/in.4).
E(2) E10.4 Modulus of elasticity (1b/in.2).
E(3) E10.4 First yield stress; s 1 (lb/in.z)
= 0 if elastic. y
E(4) E10.4 First plastic modulus (1b/in.2)
= 0 if elastic.
E(5) E10.4 Plate thickness (in.).
E(6) E10.4 Ultimate stress; s (lb/in.z)
ult
(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 (1lb/in.).
E(3) E10.4 First yield force (1lb)
= 0 if elastic.
E(4) E10.4 First plastic spring constant (1lb/in.).
E(5) E10.4 Not used.

g
|

65




FIELD

E(6)

E(7)

E(8)

FORMAT

E10.4

E10.4

E10.4

CONTENTS FOR SPRING

ELEMENT

Ultimate force (1lb)
= 0 if elastic.

Not used.

Not used.
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E(6)

E(11)

E(3)
.
-
\
Q
i
| |
3 E(2)
o}
—
)
wn

Strain - in./in.
Figure A-13., Idealized stress-strain curve.



LINE 44:

DESCRIPTION:

Material Properties (continued)

figure A-13.

times.)

FORMAT AND EXAMPLE:

Material physical properties as described in
(Repeat group 42 through 44 NUMMAT

o 1
1234587890

2
1234567800

3
1234567800

1234567800

4

1234587880

[}
12348678980

7
1234667800

8
12346678900

E®)

E110)

E(11)

E(12)

E(18)

E(14)

E(18)

E(18)

.........

62500,

Aol

IS R P

i 4 {4

.........

FIELD

E(9)
E(10)
E(11)
E(12)

E(13)
E(14)

E(15)

E(16)
FIELD
E(9)
E{(10)
E(11)

E(12)

E(13)

FORMAT

E10.4

E10.4

E10.4

E10.4

E10.4

E10.4

E10.4

E10.4

FORMAT

E10.4

E10.4

E10.4

E10.4

E10.4

CONTENTS FOR BEAM OR PLATE ELEMENT

None.

None.

Second yield stress, s

Strain-rate coefficient

= ( ’

Strain-rate exponent

= 0,

y2
Second plastic modulus (1lb/in.

2

Explicit moment curvature flag

1, use explicit moment curvature
option (plate)
ignored explicit moment curvature

0,

option (plate).

None.

CONTENTS FOR SPRING ELEMENT

None.

None.

Second yield force (1b).

Second plastic spring constant

(1b/in.).

Strain-rate coefficient

= (0 ’

(1b/in.

2y,

).

no strain-rate effect considered.

no strain-rate effect considered.

no strain-rate effect considered.




FIELD

E(14)

E(15)

E(16)

FORMAT

E10.4

E10.4

E10.4

CONTENTS FOR SPRING ELEMENT

Strain-rate exponent
= 0, no strain-rate effect considered.

Not used.

Not used.



LINE 45:

Beam Cross-Section Data (only if NSECT

DESCRIPTION:

~,

~

0 on line 40)

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:

[} 1
12345678900

1234686

2

78600/12345667

3
880

1234667880

4

5 [}

1234567800/(12345678980

7

1234567890

8
123468789 0

NSEG KiOos

Fivy

-_‘L—_‘—____________]_‘_:_——q

*Example for first of three groups, determined by NSECT

line 40.

|
A..‘BA...O ...... 0‘2.1.9 JJ'Jngﬂl;g:n;AAl‘JA il Aot ded 4 Loy dodd bbb i ke,
FIELD FORMAT CONTENTS
NSEG I5 Number of plate segments in beam cross
section; = 1 for spring element.
"KLOS I5 Flag for closed-wall sections; KLOS = 0
for spring element
= 0; closed wall
= 1; open wall.
FIYY 2E10.4 Cross—-section moments of inertia about
F1Z7 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.

= 0 for spring element (lb—secz—in.).
(See figure A-14b.)

3 on



a) CrOSS*SéCtiOD geometry and moments (positive face,
100king down x-~axis toward origin)

b) Element coordinate system

Figure A-14. Beam coordinates and cross-section geometry.

04001 49

80



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 AND EXAMPLE:*

) 1 2 3 P 5 ) 7 s
12346067800|1234667800(123466870800(1234567800[1234567800[1234867800[12345a7800/1234667800
vy 20 LT :

J-A'AqujﬁIIIAAAJJOIIAAAII‘IOlslgAS P NS I S P U S W U E N Y GAY U B S 0 U S G SR S S T i o a4y
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(I) E10.0 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 and KLOS = 0
on line 45.




LINE 47:

DESCRIPTION:

Nodal Point Data

NOTES:

global system, and nodal mass properties.

Repeat line 47 NNODE + NCOORD times.

FORMAT AND EXAMPLE: *

Finite element node number, nodal coordinates in

] 1
12346867800

2
1234587890

3
1234587800

4
12345867890

8
1234567880

]
12345687800

7
1234687890

[}
1234567890

~.

XC{N})

YC(N)

e

PENE VTS W U S S S STt

S

-9.

N VT S U WY W W

XC(N)
YC(N)
ZC(N)

FORMAT

I5
5X

E10.4
E10.4
E10.4

*Example for first of 20 lines, based on NNODE
line 40.

NCOORD

2 on

CONTENTS

Node number.

X
Y
Z

coordinates of node

18 and

point (in.).




LINE 48:

Element Data

DESCRIPTION:

NOTE:

Individual element property descriptions.

FFORMAT AND EXAMPLE: *

Repeat line 48 NELE times.

4] 1
1234867800

1234667800

2

3

12348567800

4

1234867060012

]
34867880

1234887600

7
1234567880

12346878098

L] NODE(1)

NODE(R)

MODE(9)

NODE(4)

NODE(S)

NODE(S) | NO

DE(7) | NODE(s)

NODE(0)

T

1

hmiend i,

1

5

Adeud

i

U B

4 2

dmdl i

1

b

U S T D S Y

FIELD
M
NODE(1)
NODE (2)
NODE ( 3)
NODE( 4)
NODE (5)
NODE(6)
NODE(7)

NODE (8)

NODE (9)

FIELD
M

NODE (1)
NODE(2)

FORMAT

I5

315

I5
I10
I5
I5

I5

I5

FORMAT

15

2I5

Ry VNI U B SR Y1

CONTENTS FOR PLATE ELEMENT

Element number.

Plate corner nodes.

Not used.

Element type

0 or 1;
2; beam
3; spri

B

plate

ng.

Material type (assumes 1 if left
Material properties are
assigned to types on lines 42-44.

blank).

CONTENTS FOR BEAM OR SPRING ELEMENT

Element n

End nodes

umber.

*Example for first of 21 lines, based on NELE

21 on line 40.




FIELD

NODE (5)

NODE (6)

NODE (7)

NODE (8)

NODE (9)

FORMAT

I10

I5

I5

I5

i5

CONTENTS FOR BEAM OR SPRING ELEMENT

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 % direction if 1,
figure A-15(d)

E = Moment release in
figure A-15(e)

>

direction if 1,

N>

F = Moment release in
figure A-15(f)

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

direction if 1,

NOTE: &, ?, Z are the member axes.

Cross-section type. The first set of
lines 45 and 46 is assumed to be cross-~
section type no. 1l; the second, no. 2,
etc.

Pointer node for orientatjon of ini-
tial principal beam axis Y, as de-
scribed in section 2.7.3.

Element type

0 or 1; plate
2; beam

3; spring.

Material type (assumes 1 if left
blank) . '



{a) x~direction force (axial

sliding joint)

A

o

{c) z-direction force
(transverse sliding

joint)

- P
L~
—_

19y X

2

(e)

y-direction moment
(bending hinge)

Figure A-15.

A-76

E .
(b) y-direction force

(transverse sliding
joint)

Il X
I

(d) x-direction moment
(torsional hinge)

p9on3 29

81

(f) z-direction moment
(bending hinge)

Force and moment releases for beam elements.



LINE 49:

DESCRIPTION:

Seat Pan Nodes

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:

o

1234586789090

1

1234587600

2

3

12345878600

1234567890

4

)

1234587890

] 7 8

NPAN(Y) [ NPANCR) | NPAN(I)

NPAN(4)

1234667800[{12345687890/1234567880

.

12 16 14

b

15
i

FIELD

NPAN (1)
NPAN(2)
NPAN(3)
NPAN (4)

FORMAT

415

CONTENTS

Nodes on which seat cushion loads are
to be applied, input on rear edge
first, then forward edge, as shown in

figure A-16.



10

>

Shoulder
harness load

Lap belt

o4001 50

80

8
11 Tiedown
strap
load
3
O 4
iy
2 0O
Input Line 1-5 6-10 | 11~-15 | 16-20 | 20-25
Line 49, Seat Pan Nodes 8
50, Seat Back Nodes 10
51, Restraint System 11 12 9 10 13
Anchor Point Nodes

Figure A-16.

Illustration of seat node

definition on lines 49-51,



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:

Q 1 2 3 4 5 e 14 L]
12345667800/1234587800[1234567890/1234567890(1234567800/12345687800[(1234567600(/12346567880

NBAK(1) | NBAK(2) | NBAK(3) | NBAK(4) ]
An11311l1611L11711A118ALAALJJLJI W S N S N W B G 1 VS G T WA B T I B e SN U T B N A D B § F D S NI S W S B B I S Y U Sl S U TS Y §
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.



LINE 51:

Restraint System Anchor Point Nodes

DESCRIPTION:

NOTES:

line 6.
IRSYS > 0 and
only if IRSYS
fields

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

FORMAT AND EXAMPLE:

blank.

0 and ISHRNS

1 on line 6.
4 on line 6.

Otherwise,

NLBA(1l) and NLBA(2) are required only if ILPBLT
NSHA (1) and NSHA(2) are required only if
NTD is required

1 on

leave these

o 1
1234567800

12345687800

2

a

12345687890

1234567880

4

1234567600

e
12348567800

1234567800

7

8
12345678400

NLBA(1) | MLBA(Z)

NBHA(Y)

NEBHA(2) NTD

|

—

A

e

i N

13

g

LIBAA

17

18

i

Pt JE U S

P

N

FIELD

NLBA(1l)
NLBA (2)

NSHA (1)
NSHA(2)

Z
-3
o

FORMAT

I5
I5

15
I5

I5

CONTENTS

Seat structure nodes at which lap belt
is attached, right side first, then

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

craft floor.

Leave

Seat structure nodes at which shoulder
harness load is to be applied (one

nodej,

or distributed (two nodes).

Leave blank if shoulder harness is
not used or not attached to seat.

Seat structure nodes at which tiedown

strap load is to be applied.

Le

ave

blank if tiedown strap is not used.



LINE 52:

DESCRIPTION:

Node Constraint Data

NOTE:

Packed (encoded) word for each nodal point that is

constrained in at least one degree of freedom.

(1) Repeat line 52 NUMDIS times.

(2) Normally,
fied here.

FORMAT AND EXAMPLE:*

Omit 1f NUMDIS =

0.

the floor attachment conditions are speci-

0 1
12348687880

2
1234587800

3

12345867800

1234567800

1234567890

12345678900

7

12346670890[/1234887808

MoDDIS

ARARRRAL

Arrdocd

PO T T T T W W W S|

LLLLL

FIELD

NODDIS

FORMAT

I10

Packed word - NABCDEF (right justi-

CONTENTS

fied)

N = Node number

A =

B =

C:

D = Rotation code

E = Rotation code

F = Rotation code
A, B, C, b, E, or F

non

o,
1,

*Example for first of four lines, based on NUMDIS

Displacement code in X direction
Displacement code in Y direction
Displacement code in Z direction
in X direction
in Y direction
in 2 direction

No constraint
constrained.

= 4 on line 40.







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. 1In this appendix are presented examples of the
following:

® Occupant dimensions and characteristics.

® Restraint system webbing load-elongation characteristics.

@ Cushion load-deflection characteristics.

e 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.1 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-1, 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 _ 37.8 in. _

Length Factor = sy —o—§itting Height ~ 35.7 in. = 1-0°
Similarly, occupant properties based on weight are scaled by the
occupant weight ratio, i.e.:

95th % Weight _ 212 1b _
50th & Weight 164 1b

1.29

Weight Factor =

B-1



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 -

Inertia Factor  (5oth § Weight) (50th % Sitting Height)

1.45

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.l.

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 encountered 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)

1s 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 1b/in./in. over the expected load range of 0 to 2000 1b.
The slope of the dynamic test data, measured at a strain rate of
40.9 in./in./sec, is approximated as 26,000 1lb/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.

Poynamic = Psraric * FPpamping

KE + CE (B-1)

Where:

K is slope of the load/strain curve (1lb/in./in.)
C is the damping coefficient (lb-sec/in./in.)

B~2



E 1s the strain (in./in.)
E is the strain rate (in./in./sec)

Therefore, the damping coefficient can be calculated using

PbyNAMIC - KE
E

C = (B-2)

Using as representative point a dynamic load of 2000 1lb and 0.0825
in./in. strain, the damping coefficient for the nylon webbing is
calculated as

2000 1b - (11,00 1b/in./in.)(.0825 in./in.)

C = 40.9 in./in./sec

1b - sec

= 26.7 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 a known static load in the downward direc-
tion to the lower torso 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-1l. 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:

p=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
plecewise, linear representation. The exponential representation
of the five load-deflection curves, developed with a least-squares
approximation routine, is presented as the dashed line 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 each of the five cushion types. This

is presented for the user who may want to synthesize a combined

B-3



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-1. 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/ft3 density, approximately

3.0 in. thick (undeformed).

B.4 STRUCTURAL MATERIAL STRESS-S5TRAIN 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.1l. Kourouklis, G., Glancy, J. L., and Desjardins, S. P., The
Design, Development, and Testing of an Aircraft Restraint
System for Army Aircraft, Dynamic Science, Division of Ul-
trasystems, Inc.; USAAMRDL Technical Report 72-26, Eustis
Directorate, U.S. Army Air Mobility Research and Development
Laboratcocry, Fort Eustis, Virginia, June 1971, AD 746631.
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Figure B-1. Nonstandard occupant data format.
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Figure B-2. Data for 50th-percentile standard dummy.
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Figure B-3. Data for 95th-percentile dummy.
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MIL-W-4088 Type IX, 3 in. x .085 in.
—— = — MIL-W-4088 Type XXVIII, 2-1/4 in. width
————— Standard Automotive FTMS 191, 2 in, width

Elongation -~ percent

Figure B-4. Load-elongation characteristics for nylon

webbing.
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Figure B-~5. Load-elongation characteristics for polyester webbing.
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Figure B-6.

Elongation - percént

Load~strain curves for MIL-W-4088
(Type VII) nylon webbing for
static and rapid loading rates
(from reference B-1).
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Figure B-7. Load-strain curves for MIL-W-25361 (Type II)
polyester webbing for static and rapid loading
rates (from reference B-1).
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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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Ex - ion: - 1.316 2
ponential representation: F = 73.6(e - 1) °
- —
1
0 3.5 4.0
Deflection - in,
Combined load-deflection curve and exponential representation
for Type 1 cushion and VIP-95 dummy pelvis and buttocks.
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Figure B-11l. Combined load-deflection curve and exponential representation
for Type 2 cushion and VIP-95 dummy pelvis and buttocks.
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Figure B-12. Combined load-deflection curve and exponential representation
for Type 3 cushion and VIP-95 dummy pelvis and buttocks.
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Figure B-~13.

Deflection - in.

Combined load-deflection curve and exponential representation

for Type 4 cushion and VIP-95 dummy pelvis and buttocks.
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Figure B-14. Combined load-deflection curve and exponential representation
for Type 5 cushion and VIP-95 dummy pelvis and buttocks.
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Approximate Material Properties

Modulus of elasticity, E(2) = 30 x 106 psi
First yield stress, E(3) = 58,700 psi

First plastic modulus, E(4). = 2.9 x lO5 psi
Ultimate stress, E(6) = 67,000 psi

Second yield sﬁress, E(11) = 62,500 psi
Second plastic modulus, E(12) = 75,000 psi

80 T T T T T T T
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Figure B-16. Piecewise, linear approximation of stress-
strain curve for 1010 cold-drawn steel.
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Stress - ksi
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200 — T T T T
—r
K4
180 ksi Condition
160 : —
120 P
80} —-——— T T T -
Normalized
40 —— Actual -
~— ~ ~ = Approximation
% Failure
0 ) 1 | | I i
0 2 4 6 8 10 12

Strain - percent

Figure B-17.

Approximated Material Properties

6

Modulus of elasticity, E(2) = 29.0 X 10 psi

First yield stress, E(3) = 163,000 psi

6

First plastic modulus, E(4) = 6.0 X 10 psi

Ultimate stress, E{(6) = 180,000 psi

Second yield stress, E(1l) = 174,000 psi
Second Plastic modulus, E(12) = 8.1 X 10

Approximated Material Properties For Normalized State

4

psi

Modulus of Elasticity, E(2} = 29.0 X 10

First yield stress, E{(3) = 70,000 psi

6

psi

First plastic modulus, E(4) = 7.0 X 10° psi

Ultimate stress, E(6) = 90,000 psi

Second yield stress, E(11) = 80,000 psi
Second plastic modulus, E(12) = 1.0 X 105 psi

treated to ksi and normalized state; and piecewise,
linear approximation to curves.

Typical tensile stress-strain curves for AISI 4130 steel heat



Stress - ksi

200

150

100

50

Approximated Material Properties
Modulus of elasticity, E(2) = 29.1 X lO6 psi
First yield stress, E(3) = 160,000 psi

First plastic modulus, E(4) = 7.8 X 106 psi
Ultimate stress, E(6) = 180,000 psi
Second yield stress, E(l1l) = 170,000 psi

Second plastic modulus, E(12) = 8.85 X lO5 psi

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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X Failure
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Stress - ksi

80

60

40

20

Approximated Material Properties

Modaulus of elasticity, E(2) = 10.5 X lO6 psi
First yield stress, E(3) = 44,000 psi

First plastic modulus, E(4) = 4.9 X lO5 psi
Ultimate stress, E(6) = 62,000 psi

Second yield stress, E(11]) = 58,000 psi

4

Second plastic modulus, E(1l2) = 6.2 X 10° psi

Actual
- — —-— Approximation
Failure
I | 1 | L

81 09003 24

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.



Stress - ksi

Approximated Material Properties
Modulus of elasticity, E(2) = 9.9 X 10° psi

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

First plastic modulus, E(4) = 1.1 X lO5 psi

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

Second yield stress, E(1ll) = 40,200 psi

Second plastic modulus, E(12) = 3.0 X lO4 psi
50 T T T T T

81 09003 25

30

201

10
Actual

— = =~ Approximation
Failure '
0 | ] | 1 ]
0 2 4 6 8 10

Strain - percent

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






NOTE:

APPENDIX C

OUTPUT OF PROGRAM SOM-LA
FOR EXAMPLE CASE NO. 1

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.



CAMI SERIES 2 - LOW DECELERATION
INPUT DATA
A 2-DIMENSIONAL SIMULATION HAS BEEN REGUESTED
SIMULATION CONTROL DATA
T1=0.000000, TF = .300000. DTI = .000300. DMAX = .000300. DMIN = .000500
EUR = .100000. ELR = .001000
ACCELERATION FILTER CLASSES

HEAD CHEST PELVIS SEAT
1000 180 180 180
FORCE-DEFLECTION CHARACTERISTICS
SEAT CUSHION BACK CUSHION HEAD REST
C B c B (» B
375.000 8353 375.000 853 0.000 0.000
F2 D2 F3 D3 F4 D4
LAP BELT
530.00 .04030 1300.00 10480 2250.00 .16130
SHOULDER HARNESS
550.00 .04030 1300.00 . 10480 2250.00 .16130
XLed1) YLB(1) ZLB(1) XLe(2) YLB(2) ZLB(2)
. 730 ~8.000 13.630 «750 8.000 13.630
XSH YSH 2SH
0.000 0.000 41.380

DAMPING COEFFICIENT THICKNESS/SLACK

SEAT CUSHION

.83000 3.00000
BACK CUSHION
.83000 3.00000
LAP BELT
0.00000 0.00000
SHOULDER HARNESS
0.00000 0.00000

C-2



X

0.00000 -

UX
44.18000

X
0.00000
. 00800
.01800
.02500
.03100
. 03800
.04000
. 04800
05700
.08500
.07200
.08000
.08400
26300
. 28300
» 31400

X
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

Y
0.00000

VY
0.00000

AX
0.00000
~.16000
~4.04000
-4.20000
-3.81000
=35.75000
-3.03000
~-68.14000
-3.44000
~-6.22000
-3.38000
-3.83000
=3.44000
~5.44000

1.32000

0.00000

ALFX
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

2z
0.00000

' 74
0.00000

TY
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

0.00000

0.00000

TY
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

CRASH CONDITIONS

"PITCH
0.00000

ANGUX
0.00000

AY
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

0.00000

0.00000

ALFY
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

ROLL
0.00000

ANGYY
0.00000

T2
0.00000
0.00000
0.00000

.0.00000.

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

-0.00000
.0.00000 _ . .

0.00000

T2
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

YAW
0.00000

ANGYZ
0.00000

AZ
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

0.00000 .

0.00000

ALFZ
0.00000
0.00000
0.00000

. 0.00000

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000



SEAT DESIGN DATA
XSEAT=  0.0000 2ZSEAT= 12.7300 ANGSP= 0.0000 ANGSB= 0.0000
XL = 18.0000 XW = 18.0000 SBHT = 40.8800 SB = 18.0000
NUMBER OF NODES - 18

NUMBER OF ELEMENTS 21
NUMBER OF MATERIALS 1
NO. OF DISP. NODES 4
NO. OF COORD NODES 2
NO. OF BEAM XSECT 3
BUCKLING CONSTANT .30

MATERIAL DATA

MATERIAL NAME 1010 STEEL
MATERIAL NO 1

FIRST YIELD STRESS «J8700E+03
SECOND YIELD STRESS «B2300E+03
ULTIMATE STRESS «87000E+03
MODULUS OF ELASTICITY «30000E+08
FIRST PLASTIC MODULUS ‘ «28000£+06
SECOND PLASTIC MODULUS « 75000E+03
POISSONS RATIO (PLATES ONLY) +30000E+00

THICKNESS (PLATES ONLY) « 10000E+00



N
1

W

BEAM CROSS-SECTION DATA

NSEG KLOS ABM
8 0 .189530E+00

1

1

2

3

4

S

6

7

.. .8
NSEG  KLOS ABM
4 0 .48144E+00

I

1

2

3

4

NSEG  KLOS ABM
4 0 .31144E+00

I

1

2

3

4

Fizz TORCON

«21900E~-01 .1B344E-02

T
.89E-01
.69E-01
.69E-01
.68E-01
.68E-01
«88E-01
.69E-01

Fizz TORCON

.BOOGOE-01 .14785E+00

T
«83E-01
«85E-01
.85E-01
.8B5E-01

F12z TORCON

.24500E-01 .48778E-01

.83E-01
«85E-01
+85E-01
.85E-01

FIXX FIYY
.43800E-01 .21900E-01
Y z XLEN
-.47E4+00 O. .36E+00
-.33E+00 -~.33E+00  .3BE+00
0. -.47E4+00  .36E+00
«33E+00 -.33E+00 . 3BE+00
47E+00 O. . 38E+00
«33E+00  .33E+00 . 3BE+O0
0. 47E+00  .3BE+00
et ) QaﬁtQQﬁ,_, LZSE'M e A 3SE‘."_QQ . .-,‘..;BSE:QJ, .
FIXX FIYY
«32300E+00 .24300E+00
Y 2 XLEN
-.96E+00 -.4BE+00 .92E+00
-.96E+00 .48E+00 .19E+01
96E+00  .46E+00  .92E+00
.96E+00 -.46E+00 « 19401
FIXX FIYY
.49800E-01 .24800E-01
Y z XLEN
-.48E4+00 -.46E+00 .92E+00
-.46E+00 .46E+00 .92E+00
.48E+00  .4BE+00  ,82E+00
4BE+00 ~-.46E+00 .9ZE+00



NODE NO.

ELEMENT

OO DWN -

21

SEAT PAN NODES =

-
CWOMNDUHWN =

11
12
13
14
15
18
17
18
18
20

NO.

' —
D= JWOWHMNWDWWLY —=FZF

18

[

w\» Z
N

8
13

8
10
14

7
11
15

8
12
16
14
15
16
13
17
17
18
18
17

SEAT BACK NODES =
LAP BELT ANCHOR NODES =
SHOULDER HARNESS ANCHOR NODES =
DISPLACEMENT NODES

LN -

X Y
0.00000 ~8.00000
18.00000 ~8.00000
18.00000 8.00000
0.00000 9.00000
0.00000 ~8.00000
18.00000 -9.00000
18.00000 9.00000
0.00000 9.00000
0.00000 -9.00000
18.00000 -8.00000
18.00000 9.00000
0.00000 9.00000
0.00000 ~-8.00000
18.00000 -9.060000
18.00000 9.00000
0.00000 8.00000
0.00000 -8,00000
0.00000- 9.00000
0.00000 22.00000
18.60000 22.00000
N3 N4 NS
1 3 0
5 9 0
g8 13 0
2 8 0
6 10 0
10 14 0
3 7 0
7 it 0
11 13 0
4 8 0
8 12 0
12 18 0
13 14 0
14 15 0
15 16 0
16 13 0
13 17 0
14 17 /]
15 18 0
16 18 0
8 17 0
13 i6 14 15
13 18 17 18
13 16
17 18

C-6

NN WWRN NN N N = o bt bt s bt bt bt s bt b Z

Z
0.00000
0.00000
0.00000
0.00000
8.75000
9.75000
8.75000
8.75000
11.735000
11.73000
11.75000
11.75000
12.75000
12.73000
12.73000
12.735000
41.38000
41.38000

0.00000

0.00000

7

gmuwaaaz

i
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o
TNNNNNNNNNNNNNNNNNNNNNZ

w
x
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o
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OCCUPANT PROPERTIES

STATURE= 69.10 INCHES. WEIGHT= 164.38 POUNDS

SEGMENT  LENGTH RHO MASS IX 18 ) 4
1 10.793  4.870 .089545 2.320000 .7680000 2.320000
2 11.580  6.550 .093090 2.180000  .930000 1.700000
3 8.350  6.330 .028138 .275000 .288000  .233000
4 11.300  4.720 .012552  .132000 .135000 .022000
5 13.300  6.280 .012552 .017000 .185000 .195000
6 11.300  4.720 .0125%2 .132000 .135000 .022000
7 13.300  6.280 .012552 .017000 .185000 .185000
8 16.500  B8.350 .056159  .127000 1.220000 ,873000
9 18.000 10.960 .024560 .827000 .9S4000 .505000
10 16.500  8.350 .056158 ,127000 1.220000 .B73000
11 18.000 10.860 .024580 .927000 .S94000 .505000
12 5.100  0.000 .005124 .017700
CONTACT SURFACE RADII
SEGMENT RADIUS
1 4.50
2 4.50
3 3.44
4 1.85
5 1.85
8 1.95
7 1.85
8 3.10
g 2.30
10 3.10
11 2.30
12 2.30
13 2.30
14 1.60
15 1.60
18 3.56
17 3.56
18 2.81
18 2.61
20 1.85
21 1.85
22 2.34
23 2.34
SPINAL PROPERTIES
_ COEFFICIENT C EXP COEFF B
LUMBAR SPINE - AXIAL 6000.000 .238
LUMBAR SPINE - FLEXURAL 375.000 1.480
NECK - AXIAL 3240.000 .270
NECK - FLEXURAL 375.000 1.490

DAMP ING
1.000
130.000
1.000
30.000



[T

. SEGMENT ANGLE
i 0.000
2 0.000
3 23.000
4 -17.000
3 60.000
6 -17.000
7 e ... .B0,000
8 .961
] -6.387
10 .961
i1 -§.387
GENERAL IZED COORDINATES
g an(J) app(J)
« 75000E+01 »33016E+03 0.
«244335E+02 0. 0.
0. 0. 0.
. 10850E+02 0. 0.

0. 0. 0.
.63300E+01 0. 0.
«40143E+00 0. 0.

-.29671E+00 0. 0.

. 22688E+00 . 0.
.187B4E-01 0. 0.
~.11147E+00 0. 0.
STRESS AND BAR STORAGE LSTRS 1056 LBAR 3504
28 SIZE OF STIFF 2803

MUD

O WU W N

INITIAL CONDITIONS



NGDE

& WM -

FX

-~«317174E+00
-.482378E+00
-.492378E+00
~.517174E+00

NODAL DISPLACEMENT VECTOR (TIME = .005 SEC)
NODE TRANSLATION
NO X Y rd
1 0. 0 . 0 .
2 0. 0. 0.
3 0. 0. 0.
4 0. 0. 0.
) .347517E-03 .287729E-07 -.6E6141E-04
8 .343287E-03 .143762E-09  -.486790E-04
7 .543287E-03 -.145759E-08  -.498790E-04
8 .547517E-03 -.267728E-07 -.BE66141E-04
9 .393454E-03 .303670E-07 -.B02785E-04
10 «391538E-03 .112270E-09  -.398695E-04
11 .391538E~03 -.112266E-09 -.5986893E-04
12 .593454E-03 ~-.303871E-07 -.B02783E-04
13 .602824E-03 .307421E-07 ~-.871107E-04
14 .802812&-03 .736582E-10 -.648648E-04
15 .602812E-03 -.736549E-10 -.B649648E-04
18 .802924E-03 -.307421E-07 -.871107E-04
SUPPORT STRUCTURE REACTIONS (TIME = ,005 SEC)
FORCES MOMENTS
FY FZ MX MY MZ
-.121579E-03 .387029E+02 .765198E-03 -.284217€-13 .1846851E-05
-.141941E-05 .289377E+02 .662788E-05 -.113687E-12 . 1894B3E-05
.141939E-05 .289577E4+02 -.862778E-05 -.284217E-13 -.189483E-05
.121578E-03 .387029E+02 -.765198E-03 -.142108E-12 -.1B4E651E-05
STRESSES IN BEAMN ELEMENTS (TIME = ,005 SEC)
BEAM NODE S-MAX S-MIN
NO NO
1 1 0. -.204935E+03
5 0. -.3123B0E+03
2 5 0. -.312390E+03
9 0. -.334442E+03
3 9 0. -.334436E+03
13 0. -.345466E+03
4 2 0. -.152814E+03
8 0. ~.23510ZE+03
H) & 0. -.255132E+03
10 0. -.276123E+03
6 10 0. -.276121E+03



NODE

oW -

FX

-.B09499E+00
=.770360E+00
~.770560E+00
-.809493E+00

NODAL DISPLACEMENT VECTOR (TIME = .010 SEC)
NODE TRANSLATION
NO X Y rd
1 0. 0. 0.
2 0. 0. 0.
3 0. 0. 0.
4 0. 0. 0.
5 .877351E-03 .109108E-06 -.659785E-04
8 .870564E-03 .584027E-09 -.503146E-04
7 .870564E-03 -.594021E-09 -.503146E-04
8 .877351E-03 -.108108€-068 -.659785E-04
| .8519176-03 .123756E-08 -.795126E-04
10 .948807E-03 .457535€-09  -.606355E-04
11 .948807E-03 -.457528E-09 -.60635SE-04
12 .9518176-03 -.123756E-06 -.795126E-04
13 .967764E-03 .125285E-06 -.882796E-04
14 .967524E-03 .300181E-08 -.657960E-04
15 .987524E-03 -.300174E-09 -~.657SB0E-04
16 .867764E-03 -.125285E-06 -.B862796E-04
SUPPORT STRUCTURE REACTIONS (TIME = .010 SEC)
FORCES MOMENTS
FY FZ MX MY MZ
-.495474E-03 .3684442E+02 .311845E-02 .142108€-12 . 752514E-05
-.578455E-05 .281860E+02 .270107E-04 .B852651E-13 .772208E-05
.578453E-05 .281660E+02 -.270106E-04 -.852651E-13 -.772208E-05
.495474E-03 .364442E+02 -.311845E-02 .188952E-12 -.752514E-05

STRESSES IN BEAM ELEMNMENTS (TIME = .010 SEC)

BEAN NODE
NO NO
1 1

5

2 5
8

3 g
13

4 :
6

5 6
10

8 10
| 14

8-MAX

0.
0.

0.
. 283094E+01

«259429E+01
.201110E+02

0.
+771658E+01

. 780752E+01
-408387E+02

.408044E+02
3T3778E+02

Cc-10

S-MIN

-.202856E+03
-.373507E+03

=.3735892E+03
-.408611E+03

-.408608E+03
-.428125E+03

-.154698E+03
~.317105E+03

-.317180E+03
-.330521E+03

-.350522E+03

=.367193E+03



NODAL DISPLACEMENT VECTOR (TIME = .280 SEC)
NODE TRANSLATION
NO X Y Z
l 0. 0- ol
2 0. 0. 0.
3 0. 0. 0.
4 0. 0. 0.
S5 . 168382E+01 .617100E-04  -.139391E+00
6 . 168100E+01 +423018E-06  -.147308E+00
7 .189100E+01  -.423016E-06  ~.147508E+00
8 .1688382E+01 -.617100E-04 -.139581E+00
9 .190210E+01 +706215E-04  -.147442E+00
10 «190223E+01 .232936E-068 -.182233€+00
11 .190223E+01  -.232803E-08  -.162235E+00
12 .190210E+01  -.7068213E-04 -.147442E+00
13 »194233E+01 -717511E-04  -.147182E+00
14 . 194247E+01 .127038E-06 -.164740E+00
15 .194247E+01 -.12703BE-08  -.164740E+00
16 «194233E+01  -.717511E-04 -.1471B2E+00
SUPPORT STRUCTURE REACTIONS (TIME = ,290 SEC)
NODE FORCES MOMENTS
NO FX FY FZ . MX [} 4 Nz
1 -.335436E+03 -.1350692E+00 -.658204E+03 »103493E+01 -J90320E-08  -.183135E+00
2 -.983109E+02 -.893516E-02 . 768622E+03 .377830E-01  -.529143E-08 -.3896365E-02
3 -.583109E+02 .893514E-02 .768622E+03 -.377848E-01 -.238128E-08 »386363E-02
4 ~.33543BE+03 «15069ZE+00 -.636204E+03 -.103493E+01 .832004E-11 »183135E+00
STRESSES IN BEAM ELEMENTS (TIME = .280 SEC)
BEAM NODE 8-MAX S-MIN
ND NO
1 1 . 402423E+03 0.
3 «B00732E+05 -.596479E+05
2 5 .810958E+05 -.389781E+03
g .830036E+05 -.62714B6E+05
3 9 .6368233E+05 -.B34691E+05
13 «641413E+05 -.639813E+03
4 2 «236673E+05 " -.221412E+05
8 .800363E+03 -.800217E+03
3 ] .388877E+05 -.608147E+05
10 .B27218E+05 -.829873€E+05
6 10 .832543E+05 -.835035E+05
14 .638890E+05 -.641402E+05

C-11



OCCUPANT SEGMENT POSITION
(IN AIRCRAFT REFERENCE FRAME)

TIME PELVIS : CHEST
(8EC) X (IN) Y (IN) Z (IN) X (IN) Y (IN) Z (IN)
0.000 7.30 0.00 24.43 7.50 0.00 35.28
006 7.30 0.00 24.44 7.51 0.00 35.28
012 7.51 0.00 24.46 7.33 0.00 33.26
.018 7.54 0.00 24.47 7.37 0.00 35.23
023 7.61 0.00 24.48 7.85 0.00 35.23
.030 7.74 0.00 24.48 7.78 0.00 35.23
.036 7.94 0.00 24.46 7.96 0.00 35.23
042 8.20 0.00 24.44 8.21 0.00 35.22
.048 8.51 0.00 24.40 8.48 0.00 35.15
.054 8.87 0.00 24.33 8.81 0.00 35.04
.060 8.28 0.00 24.22 9.13 0.00 34.88
. 066 8.71 0.00 24.08 8.489 0.00 34.67
072 10.17 0.00 23.84 8.81 0.00 34.41
.078 10.64 0.00 23.58 10.12 0.00 34.11
.084 11.11 0.00 23.28 . 10.51 0.00 33.77
.090 11.58 ¢.00 23.01 10.71 0.00 33.40
.096 12.04 0.00 22.76 11.00 0.00 33.06
.102 12.48 0.00 22,57 11.27 0.00 32.77
.108 12.91 0.00 22.43 11.53 0.00 32.56
114 13.31 | 0.00 22.3% 11.76 0.00 32.45
.120 13.67 * 10.00 22.34 11.96 0.00 32.44
.126 14.01 0.00 22.37 12.12 0.00 32.32
132 14,32 0.00 22.48 12.26 0.00 32.84
.138 14.59 0.00 22.37 12.28 0.00 32.77
.144 14.84 0.00 . 22.68 12.35 0.00 32.91
.130 13.05 0.00 22.81  12.40 0.00 33.03
.156 - 15.24 '0.00 22.80 12.44 0.00 33.12
.162 15.39 '0.00 22.97 12.43 0.00 33.17
.168 13.52 0.00 22.99 12.45 0.00 33.17
.174 15.61 0.00 23.00 12.43 0.00 33.13
.180 15.68 0.00 22.94 12.39 0.00 33.07
.186 13.72 0.00 22.94 12.33 0.00 32.98
.182 13.74 0.00 22.89 12.26 0.00 32.90
.198 13.76 0.00 22.84 12.18 0.00 32.82
.204 13.77 0.00 22.80 12,10 0.00 32.78
.210 15.77 0.00 22.78 12.02 0.00 32.71
.216 13.77 0.00 22.78 11.85 0.00 32.68
.222 - 15.78 0.00 22.80 11.90 0.00 32.69
.228 15.78 0.00 22.84 11.83 0.00 32.72
.234 15.78 0.00 22.90 11.82 0.00 32.77
.240 13.78 0.00 22.96 11.78 0.00 32.83
.248 13.78 0.00 23.03 11.78 0.00 32.94
.252 13.77 0.00 23.10 11.79 0.00 33.03
.258 13.76 , 0.00 23.18 11.81 0.00 33.13
.264 15.74 0.00 23.24 11.84 0.00 33.21
.270 15.72 0.00 23.29 11.68 0.00 33.29
276 15.66 0.00 23.32 11.88 0.00 33.33
.282 13.54 0.00 23.34 11.84 0.00 33.40
.288 13.33 0.00 23.33 11.72 0.00 33.42
.254 13.04 0.00 23.32 11.31 0.00 33.44
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OCCUPANT SEGMENT POSITION
(IN AIRCRAFT REFERENCE FRAME)

TIME PELVIS CHEST
(SEC) PITCH (DEG) -- ROLL (DEG) PITCH (DEG) -- ROLL (DEG)

0.000 0.000 0.00 0.00 0.00
.006 .038 0.00 N+ 74 0.00
.012 .101 0.00 -.04 0.00
.018 .150 0.00 -.02 0.00
.025 .164 0.00 .05 0.00
.030 .164 0.00 .14 0.00
.036 .124 0.00 .23 0.00
.042 .053 0.00 27 .0.00
.048 -.092 0.00 .25 0.00
.054 -.318 0.00 .12 0.00
.060 -.679 0.00 -.14 0.00
.066 ~-1.211 0.00 -.54 0.00
.072 -1.828 0.00 -1.11 0.00
.078 -2.820 0.00 -1.83 0.00
.084 -3.802 0.00 -2.76 0.00
.080 -4.808 0.00 -3.86 0.00
.096 -5.812 0.00 -5.07 0.00
.102 -6.802 0.00 -6.33 0.00
.108 ~7.769 0.00 -7.61 0.00
.114 ~8.712 0.00 -8.84 0.00
.120 -9.638 0.00 -10.01 0.00
.126 -10.540 0.00 -11.12 0.00
.132 -11.414 0.00 -12.189 0.00
.138 -12.239 0.00 -13.25 0.00
.144 -12.980 0.00 -14.31 0.00
.150 -13.614 0.00 -15.40 0.00
.136 -14.140 0.00 -18.49 0.00
.162 -14.558 0.00 -17.59 0.00
.168 -14.871 0.00 -18.65 0.00
.174 -15,189 0.00 -19.83 0.00
.180 ~15.547 0.00 -20.52 0.00
.186 -15.929 0.00 -21.33 0.00
.182 -16.325 0.00 -22.086 0.00
.198 -16.707 0.00 -22.78 0.00
.204 -17.057 0.00 -23.42 0.00
.210 ~17.330 0.00 -24.07 0.00
.216 -17.538 0.00 -24.68 0.00
.222 -17.660 0.00 -25.23 0.00
.228 -17.70% 0.00 -25.70 0.00
.234 -17.688 0.00 -26.08 0.00
.240 -17.618 0.00 -26.30 0.00
.248 -17.486 0.00 -26.41 0.00
.252 -17.307 0.00 -28.38 0.00
.258 -17.094 0.00 -26.21 0.00
.264 -16.844 0.00 -25.890 0.00
.270 -16.567 0.00 -25.48 0.00
.278 -16.275 0.00 -24.86 0.00
.282 -16.001 0.00° -24.34 0.00
.288 -15.778 0.00 -23.64 0.00
.294 -15.617 0.00 -22.88 0.00
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OCCUPANT SEGMENT POSITION
(IN AIRCRAFT REFERENCE FRAME)

TIME HEAD NECK
(BEC) X (IN) Y (IN) Z (IN) X (IN) Y (IN) Z (IN)
0.000 10.38 0.00 47.21 7.30 0.00 41.83
.006 10.40 0.00 47.21 7.31 0.00 41.83
.012 10.41 0.00 47.19 7.32 0.00 41.81
.018 10.45 0.00 47.16 7.36 0.00 41.80
.025 10.55 0.00 47.14 7.45 0.00 41.80
.030 10.71 0.00 47.14 7.59 0.00 41.80
.036 10.94 0.00 47.13 7.79 0.00 41.80
.042 11.22 0.00 47.10 8.04 0.00 41.77
.048 11.51 0.00 47.04 8.32 0.00 41.70
.054 11.83 0.00 46.92 8.63 0.00 41.59
.060 12.13 0.00 46.75 8.93 0.00 41.43
.066 12.42 0.00 46.52 9.22 0.00 41.22
.072 12.67 0.00 46.2% 9.48 0.00 40.96
.078 12.87 0.00 45.91 9.71 0.00 40.6%
.084 13.12 0.00 45.54 10.00 0.00 40.30
.080 13.14 0.00 45.13 10.07 0.00 39.93
.096 13.23 0.00 44,72 10.22 0.00 38.57
.102 13.30 0.00 44.34 10.3% 0.00 39.26
.108 13.37 0.00 44.05 10.46 0.00 39.03
.114 13.44 0.00 53 10.55 0.00 38.88
.120 13.48 0.00 43.78 10.62 0.00 38.86
.126 13.51 0.00 43.80 10.86 0.00 38.91
.132 13.50 0.00 43.89 10.68 0.00 39.00
.138 13.35 0.00 44.02 10.59 0.00 39.10
.144 13.22 0.00 44,19 10.54 0.00 38.21
.150 13.05 0.00 44.35 10.47 0.00 39.30
.156 12.83 0.00 44.50 10.39 0.00 39.34
.162 12.98 0.00 44.62 10.28 0.00 38.35
.168 12.31 0.00 44.69 10.17 0.00 39.31
.174 12.02 0.00 44.71 10.04 0.00 39.24
.180 11.73 0.00 44.89 9.91 0.00 39.13
.186 11.45 0.00 44.84 9.78 0.00 39.01
.192 11.18 0.00 44.57 9.61 0.00 38.88
.198 10.92 0.00 44.49 9.48 0.00 38.78
.204 10.68 0.00 44.41 9.31 0.00 38.68
.210 10.47 0.00 44.35 9.17 0.00 38.61
.216 10.28 0.00 44.30 9.04 0.00 38.55
.222 10.12 0.00 44.28 8.92 0.00 38.53
.228 9.99 0.00 44.28 8.83 0.00 38.53
.234 9.89 0.00 44,32 8.76 0.00 38.57
.240 9.82 0.00 44.39 8.71 0.00 38.63
.246 9.79 0.00 44.49 8.68 0.00 38.71
.252 9.78 0.00 44.60 8.70 0.00 38.81
.258 9.82 0.00 44,72 8.74 0.00 38.91
.264 9.88 0.00 44,84 8.80 0.00 39.02
.270 9.99 0.00 44,95 8.88 0.00 39.12
.276 10.08 0.00 45.03 8.84 0.00 38.21
.282 10.14 0.00 45.13 8.88 0.00 39.28
.288 10.14 0.00 45.18 8.81 0.00 39.34
.294 10.08 0.00 45.23 8.78 0.00 38.39



OCCUPANT SEGMENT POSITION
(IN AIRCRAFT REFERENCE FRAME)

TIME HEAD NECK
(8EC) PITCH (DEG) -- ROLL (DEG) PITCH (DEG) — ROLL (DEG)
0.000 23.000 0.00 11.50 0.00
. 008 23.003 0.00 11.48 0.00
.012 22.992 0.00 11.48 0.00
.019 23.034 0.00 11.31 0.00
.023 23.233 0.00 11.684 0.00
.030 23.623 0.00 11.88 0.00
.036 24.111 0.00 12.17 0.00
.042 24,580 0.00 12.42 0.00
.048 24.952 0.00 12.60 0.00
.054 25.278 0.00 12.70 0.00
.060 23.624 0.00 12.74 0.00
.066 26.031 0.00 12.74 0.00
.072 26.489 0.00 12.69 0.00
.078 26.943 0.00 12.38 0.00
.084 27.392 0.00 12.32 0.00
.080 27.806 0.00 11.97 0.00
.0896 28.183 0.00 11.58 0.00
.102 28.786 0.00 11.23 6.00
.108 28.701 0.00 11.03 0.00
114 30.883 0.00 11.03 0.00
.120 32.194 0.00 11.08 0.00
.126 33.317 0.00 11.10 0.00
.132 33.972 0.00 10.89 0.00
.138 33.949 0.00 10.35 0.00
144 33.132 0.00 9.42 0.00
.130 31.688 0.00 8.13 0.00
.138 29.684 0.00 6.60 0.00
. 162 27.263 0.00 4.84 0.00
.168 24.602 0.00 2.98 0.00
174 21.883 0.00 b3 0.00
.180 19.346 0.00 -.58 0.00
.186 17.103 0.00 -2.11 0.00
.182 13.262 0.00 -3.40 0.00
.188 13.858 0.00 ~-4.45 0.00
. 204 12.824 0.00 -5.30 0.00
.210 12.060 0.00 -6.01 0.00
.216 11.467 0.00 -8.80 0.00
.222 11.017 0.00 -7.11 0.00
.228 10.687 0.00 -7.50 0.00
.234 10.481 0.00 -7.79 0.00
.240 10.318 0.00 -7.98 0.00
.246 10.183 0.00 -8.12 0.00
+252 9.984 0.00 -B8.18 0.00
.258 8.824 0.00 -8.19 0.00
.264 9.668 0.00 -8.11 0.00
.270 8.623 0.00 -7.93 0.00
.278 9.667 0.00 -7.64 0.00
.282 8.828 0.00 -7.26 0.00
.288 10.080 0.00 ~8.77 0.00
.254 10.473 0.00 -6.18 0.00
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OCCUPANT SEGMENT POSITION
(IN AIRCRAFT REFERENCE FRAME)

TIME RIGHT UPPER ARM , RIGHT LOWER ARM
(SEC) X (IN) Y (IN) Z (IN) X (IN) Y (IN) Z (IN)
0.000 8.68 -6.34 34.32 18.70 -6.34 26.62
.008 8.69 -6.34 34.31 16.71 -6.34 28.61
.012 8.71 -6.34 34.30 16.73 -6.34 26.60
.019 8.74 -6.34 34.29 16.77 -8.34 26.58
.025 8.82 -6.34 34.28 16.83 -6.34 26.57
.030 8.85 -8.34 34.29 16.93 -6.34 28.55
.038 8.14 -6.34 34.28 17.13 -6.34 26.53
.042 8.39 -6.34 34.25 17.37 -6.34 26.50
.048 9.68 -8.34 34.19 17.68 -6.34 26.46
.054 10.02 -6.34 34.09 18.07 -6.34 26.41
.080 10.39 -6.34 33.94 18.52 -6.34 26.35
.068 10.77 -6.34 33.75 19.03 -6.34 26.28
.072 11.17 -8.34 33.53 19.59 -8.34 26.22
.078 11.56 -6.34 33.27 20.189 -6.34 26.17
.084 12.05 -6.34 32.99 20.93 -6.34 28.15
.090 12.38 -6.34 32.70 21.50 -6.34 26.16
.086 12.75 -6.34 32.44 22.18 -8.34 28.21
.102 13.13 -6.34 32.24 22.80 -8.34 26.33
.108 13.48 -6.34 32.13 23.38 -8.34 26.50
.114 13.78 -8.34 32.11 23.90 -6.34 26.75
.120 14.04 -8.34 32.18 24.35 -6.34 27.05
.126 14.28 -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 25.26 -6.34 28.25
144 14.61 -6.34 32.96 25.51 -8.34 28.71
.150 14.71 -6.34 33.17 25.74 -6.34 29.20
.156 14,78 -6.34 33.35 25.95 -6.34 29.69
.162 14.85 -8.34 33.51 28.15 -6.34 30.20
.168 14.90 -8.34 33.83 26.33 -6.34 30.71
.174 14.83 -8.34 33.72 26.48 -6.34 31.21
.180 14.95 -6.34 33.79 26.58 -6.34 31.71
.186 14.94 -6.34 33.85 28.67 -6.34 32.20
.192 14.91 -6.34 33.90 26.70 -6.34 32.67
.198 14.88 -8.34 33.95 26.70 -8.34 33.12
.204 14.81 -6.34 34.00 26.66 -8.34 33.54
.210 14,75 -6.34 34.06 26.61 -6.34 33.93
.216 14.89 -6.34 34.13 26.5% -6.34 34.28
.222 14.64 -6.34 34.21 26.50 -8.34 34.62
.228 14.59 -6.34 34.30 26.44 -6.34 34.91
.234 14.56 -6.34 34,40 26.40 -6.34 35.17
.240 14.54 -6.34 34.51 . 26.37 -6.34 35.39
.246 14.53 -6.34 34.62 28.36 -6.34 35.58
.252 14.55 -6.34 34.74 26.37 -6.34 35.73
.258 14.58 -6.34 34.84 26.40 -6.34 35.85
.264 14.62 -6.34 34.94 26.45 -6.34 35.94
.270 14.68 -6.34 35.02 26.50 -6.34 35.899
.276 14.71 -6.34 35.08 26.54 -6.34 36.02
.282 14.68 -6.34 35.12 26.53 -6.34 36.01
.288 14.60 -6.34 35.14 28.44 -6.34 35.97
.284 14.43 -6.34 33.15 26.27 -8.34 35.90
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OCCUPANT SEGMENT POSITION
(IN AIRCRAFT REFERENCE FRAME)

TIME RIGHT UPPER ARM RIGHT LOKER ARM
(SEC) PITCH (DEG) —— ROLL (DEG) PITCH (DEG) -- ROLL (DEG)
0.000 -17.000 0.00 13.00 0.00
.006 -17.010 0.00 13.00 0.00
.012 ~-17.021 0.00 13.00 0.00
.019 -16.994 0.00 13.04 0.00
.023 -16.928 0.00 13.14 0.00
.030 -16.841 0.00 13.26 0.00
.036 ~16.764 0.00 13.33 0.00
.042 -18.763 0.00 13.34 0.00
.048 ~16.902 0.00 13.20 0.00
.054 -17.241 0.00 12.87 0.00
060 -17.8350 0.00 12.30 0.00
. 066 ~-18.797 0.00 11.47 0.00
.072 -20.126 0.00 10.39 . 0.00
.078 -21.835 0.00 9.07 0.00
.084 -23.904 0.00 7.55 0.00
.080 -26.263 0.00 5.88 0.00
.086 ~28.754 0.00 4.22 0.00
.102 ~-31.2688 0.00 2.88 0.00
.108 ~33.686 0.00 1.36 0.00
.114 -35.912 0.00 .29 0.00
.120 -37.820 0.00 -.96" 0.00
.126 -39.746 0.00 -1.28 0.00
.132 ~41.465 0.00 ~-1.99 0.00
.138 -43.169 0.00 -2.80 0.00
.144 -44.805 0.00 -3.73 0.00
.150 -486.740 0.00 -4.80 0.00
.156 -48.710 0.00 -B8.23 0.00
.162 ~-50.807 0.00 -7.81 0.00
.168 ~-53.011 0.00 -8.54 0.00
.174 ~-55.283 0.00 -11.40 0.00
.180 -57.606 0.00 -13.35 0.00
. 186 -39.873 0.00 -15.31 0.00
.192 -62.029 0.00 -17.23 0.00
.188 ~64.030 0.00 -19.08 0.00
.204 -65.846 0.00 ~20.84 0.00
.210 ~67.467 0.00 ~-22.45 0.00
218 -68.887 0.00 -23.86 0.00
.222 -70.088 0.0¢ -25.06 0.00
.228 -71.061 0.00 -26.04 0.00
234 ~-71.812 0.00 ~26.79 0.00
+240 =72.357 0.00 -27.33 0.00
246 ~72.716 0.00 -27.89 0.00
«232 -72.918 0.00 -27.88 0.00
.238 -72.988 0.00 -27.986 0.00
.264 -72.954 0.00 -27.92 0.00
.270 -72.831 0.00 -27.79 0.00
.276 -72.639 0.00 -27.39 0.00
.282 ~72.395 0.00 ~27.34 0.00
.288 =72.097 0.00 -27.04 0.00
.294 -71.728 0.00 ~26.86 0.00

Cc-17



OCCUPANT SEGMENT POSITION
(IN AIRCRAFT REFERENCE FRAME)

TIME LEFT UPPER ARM LEFT LOWER ARM
(SEC) X (IN) Y (IN) Z (IN) X (IN) Y (IN) Z (IN)
0.000 8.68 6.34 34.32 16.70 8.34 26.62
.008 8.69 6.34 34.31 16.71 6.34 26.61
012 8.71 6.34 34.30 16.73 6.34 26.60
.018 B8.74 8.34 34.29 16.77 8.34 26.38
.025 8.82 6.34 34.28 16.83 6.34 26.57
030 8.95 6.34 34.28 16.95 6.34 26.55
.036 8.14 €.34 34.28 17.13 6.34 26.53
.042 8.39 B.34 34.25 17.37 6.34 26.50
.048 9.68 6.34 34.19 17.69 6.34 26.46
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 28.28
.072 11.17 6.34 33.33 18.59 6.34 26.22
.078 11.56 6.34 33.27 20.18 6.34 26.17
084 12.05 6.34 32.99 20.93 6.34 28.15
.080 12.36 6.34 32.70 21.50 6.34 26.18
086 12.75 8.34 32.44 22.18 6.34 26.21
. 102 13.13 6.34 32.24 22.80 6.34 26.33
.108 13.48 6.34 32.13 23.38 6.34 26.50
.114 13.78 6.34 32.11 23.90 6.34 26.73
.120 14.04 6.34 32.18 24.3% 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 25.28 6.34 28.25
144 14.61 6.34 32.896 25.51 6.34 28.71
.150 14.71 6.34 33.17 25.74 6.34 28.20
.156 14.78 6.34 33.35 25.93 B6.34 29.89
.162 14.85 §.34 33.31 28.13 6.34 30.20
.168 14.90 6.34 33.63 26.33 6.34 30.71
.174 14.93 6.34 33.72 26.48 6.34 31.21
.180 14.85 6.34 33.79 26.39 6.34 31.71
.186 14.94 6.34 33.83 26.67 6.34 32.20
. 192 14.81 6.34 33.90 26.70 6.34 32.67
.198 14.86 6.34 33.95 26.70 6.34 33.12
«204 14.81 6.34 34.00 26.66 6.34 33.54
.210 14.73 6.34 34.06 26.61 6.34 33.93
.218 14.89 6.34 34.13 26.55 6.34 34.29
.222 14.64 6.34 34.21 26.50 6.34 34.62
.228 14.389 6.34 34.30 26.44 6.34 34.91
.234 14.56 6.34 34.40 26.40 6.34 35.17
«240 14.34 6.34 34.51 26.37 6.34 35.39
.246 14.53 6.34 34.62 26.36 6.34 35.58
«252 14.55 6.34 34.74 26.37 6.34 35.73
.258 14.58 8.34 34.84 26.40 6.34 35.85
.264 14.82 6.34 34.94 26.45 6.34 35.94
270 14.68 6.34 35.02 28.30 6.34 35.99
.276 14.71 6.34 35.08 28.34 6.34 36.02
. 282 14.89 6.34 35.12 268.33 6.34 36.01
.288 14.60 6.34 35.14 26.44 6.34 35.97
.294 14.43 6.34 33.15 26.27 6.34 35.90

C-18



OCCUPANT SEGMENT POSITIDN
(IN AIRCRAFT REFERENCE FRAME)

TIME LEFT UPPER ARM LEFT LONER ARM
(8EC) PITCH (DEG) -- ROLL (DEG) PITCH (DEG) -- ROLL (DEG)
0.000 -17.000 0.00 13.00 0.00
.006 -17.010 0.00 13.00 0.00
.012 -17.021 0.00 13.00 0.00
.019 -16.994 0.00 13.04 0.00
.025 -16.928 0.00 13.14 0.00
.030 -16.841 0.00 13.26 0.00
.036 -16.764 0.00 13.33 0.00
.042 -16.763 0.00 13.34 0.00
.048 -16.902 0.00 13.20 0.00
.054 -17.241 0.00 12.87 0.00
.060 -17.850 0.00 12.30 0.00
.086 -18.797 0.00 11.47 0.00
.072 -20.126 0.00 10.38 0.00
.078 -21.83% 0.00 9.07 0.00
.084 -23.904 0.00 7.55 0.00
.080 -26.263 0.00 5.88 0.00
.086 -28.754 0.00 4,22 0.00
.102 -31.268 0.00 2.68 0.00
.108 -33.686 0.00 1.36 0.00
.114 -35.912 0.00 .29 0.00
.120 ~37.920 0.00 -.56 0.00
.126 -39.746 0.00 -1.28 0.00
132 -41.465 0.00 -1.99 0.00
.138 -43.169 0.00 -2.80 0.00
.144 -44.905 0.00 -3,75 0.00
.150 -46.740 0.00 -4,80 0.00
.136 -48.710 0.00 -6.2% 0.00
162 -50.807 0.00 -7.81 0.00
.168 -53.011 0.00 ~-9.54 0.00
.174 -55.293 0.00 -11.40 0.00
.180 -57.6086 0.00 -13.35 0.00
.186 -59.873 0.00 -15.31 0.00
.192 -§2.029 0.00 -17.23 0.00
.198 -64.030 0.00 -19.08 0.00
.204 -65.846 0.00 -20.84 0.00
.210 -67.467 0.00 -22.45 0.00
.216 -68.887 0.00 -23.86 0.00
.222 -70.088 0.00 -25.06 0.00
.228 -71.061 0.00 -26.04 0.00
.234 -71.812 0.00 -26.79 0.00
.240 -72.357 0.00 -27.33 0.00
.246 -72.716 0.00 -27.68 0.00
.252 -72.918 0.00 -27.89 0.00
.258 -72.988 0.00 -27.86 0.00
.264 -72.954 0.00 -27.92 0.00
.270 -72.831 0.00 ~-27.79 0.00
.276 -72.639 0.00 -27.58 0.00
.282 -72.395 0.00 -27.34 0.00
.288 -72.097 0.00 -27.04 0.00
.294 -71.728 0.00 -26.66 0.00

Cc-19



OCCUPANT SEGMENT POSITION
(IN AIRCRAFT REFERENCE FRAME)

NGO o AD e

TIME RIGHT THIGH RIGHT LOMER LEG
(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 8.59
.012 15.85 -3.70 19.83 25.20 ~3.70 8.59
.019 15.87 -3.70 19.64 25.22 ~3.70 8.59
.025 15.85 ~3.70 19.64 25.28 ~3.70 8.58
.030 16.08 -3.70 19.64 25.42 ~3.70 8.59
.038 16.28 -3.70 19.64 25.63 ~3.70 8.59
.042 16.54 -3.70 18.62 25.90 ~3.70 8.59
.048 16.86 -3.70 19.61 26.25 ~3.70 8.58
.054 17.25 -3.70 19.57 26.68 ~3.70 8.80
.080 17.68 -3.70 19.51 27.18 ~3.70 8.60
.066 18.18 -3.70 19.43 27.76 ~3.70 8.80
.072 18.67 -3.70 19.31 28.41 ~3.70 8.61
.078 19.21 -3.70 19.18 29.12 -3.70 8.83
.084 19.76 -3.70 19.04 29.88 ~3.70 8.66
.080 20.31 -3.70 18.91 30.67 -3.70 8.7
.086 20.84 -3.70 18.78 31.49 ~3.70 8.7
.102 21.36 -3.70 18.68 32.33 -3.70 8.8
.108 21.8% -3.70 18.61 33.19 -3.70 8.9
114 22.32 -3.70 18.58 34.04 -3.70 9.0
.120 22.76 -3.70 18.57 34.89 -3.70 9.1
.126 23.18 -3.70 18.59 35.72 -3.70 8.3
.132 23.56 -3.70 18.85 36.53 -3.70 9.5
.138 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 24.89 -3.70 19.05 40.11 ~3.70 11.27
.168 25.04 -3.70 19.11 40.71 -3.70 11.77
174 25.16 -3.70 19.18 41.26 -3.70 12.31
.180 25.25 -3.70 18.20 41,77 ~3.70 12.87
.186 25.31 -3.70 19.23 42.23 -3.70 13.45
.182 25.36 -3.70 18.25 42.83 -3.70 14.04
.198 25.40 -3.70 19.26 42.98 -3.70 14.63
.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 19.32 43.78 ~3.70 16.32
.222 25.48 -3.70 19.38 43.95 ~3.70 16.83
.228 25.48 -3.70 19.41 44.09 ~3.70 17.31
.234 25.48 -3.70 19.46 44.20 -3.70 17.75
.240 25.48 -3.70 19.51 44.28 ~3.70 18.16
.245 25.47 -3.70 19,56 44,34 ~3.70 18.53
.252 25.45 -3.70 19.60 44.38 -3.70 18.86
.258 25.43 -3.70 19.64 44,40 -3.70 19.15
.264 25.40 -3.70 19.66 44.41 -3,70 19.40
.270 25.38 -3.70 19.67 44.39 -3.70 19.61
.276 25.28 -3.70 18.65 44,33 -3.70 18.80
.282 25.14 -3.70 19.82 44.20 -3.70 19.94
.288 24,92 -3.70 19.58 43.99 -3.70 20.03
.294 24.62 -3.70 19.55 43.70 -3.70 20.04

C-20



OCCUPANT SEGMENT POSITION
(IN AIRCRAFT REFERENCE FRAME)

TIME RIGHT THIGH RIGHT LOWER LEG
(SEC) PITCH (DEG) -- ROLL (DEG) PITCH (DEG) ~- ROLL (DEG)
0.000 .961 0.00 ~-6.38 0.00
.006 1.001 0.00 -6.37 0.00
012 1.087 0.00 -6.32 0.00
.018 1.112 0.00 -6.27 0.00
025 1.133 0.00 -8.25 0.00
+030 1.125 0.00 -6.23 0.00
«036 1.086 0.00 -g.28 0.00
042 1.001 0.00 -6.36 0.00
.048 : 861 0.00 -6.950 0.00
.054 .834 0.00 ~8.73 0.00
.060 274 0.00 ~7.08 0.00
.066 -.237 0.00 -7.61 0.00
072 ~-.877 0.00 -8.34 0.00
.078 -1.833 0.00 ~-9.25 0.00
.084 -2.817 0.00 -10.38 0.00
090 ~-3.783 0.00 -11.74 0.00
.086 -4.376 0.00 -13.33 0.00
.102 -3.183 0.00 -15.13 0.00
.108 -3.570 0.00 -17.10 0.00
114 ~-5.755 0.00 -18.23 0.00
.120 =5.750 0.00 -21.48 0.00
.126 ~-3.975 0.00 -23.84 0.00
132 ~5.266 0.00 -26.29 0.00
.138 -4.888 0.00 ~-28.85 0.00
.144 -4.521 0.00 -31.51 0.00
150 -4.237 0.00 ~34.28 0.00
136 -4.081 0.00 -37.20 0.00
. 182 -4.117 0.00 -40.26 0.00
.168 -4.318 0.00 -43.43 0.00
174 -4.620 0.00 - -48.73 .-0.00_
.180 ~4.966 0.00 ~350.03 0.00
. 186 -J.341 0.00 -33. 38 0.00
»182 ~5.726 0.00 -58.70 0.00
.198 -6.096 0.00 -39.94 0.00
.204 ~6.413 0.00 ~63.04 0.00
210 -6.870 0.00 ~-85.98 0.00
.216 -6.838 0.00 -68.73 0.00
.222 -6.937 0.00 -71.27 0.00
.228 -8.972 0.00 ~-73.62 0.00
« 234 ~-§.850 0.00 ~73.789 0.00
«2480 -6.874 0.00 =77.77 0.00
.246 -6.749 0.00 -78.58 0.00
252 -6.573 0.00 -81.23 0.00
. 258 ~-8.3596 0.00 -82.73 0.00
.264 -6.111 0.00 -84.10 0.00
270 ~J3.848 0.00 -85.37 0.00
.276 -3.563 0.00 ~88.62 0.00
.282 -5.308 0.00 -87.73 0.00
.288 -3.108 0.00 -88.54 0.00
294 -4.966 0.00 ~-88.91 0.00

C-21



OCCUPANT SEGMENT POSITION
{IN AIRCRAFT REFERENCE FRAME)

TIME LEFT THIGH LEFT LOMER LEG
(SEC) X (IN) Y (IN) Z (IN) X (IN) Y (IN) Z {IN)
0.000 15.85 3.70 19.82 28.22 3.70 8.60
.008 15.85 3.70 19.83 25.21 3.70 8.59
.012 15.85 3.70 19.63 25.20 3.70 8.59
.019 15.87 3.70 19.64 25.22 3.70 8.59
.025 15.83 3.70 19.64 25.29 3.70 8.59
.030 16.08 3.70 19.64 25.42 3.70 8.58
.038 16.28 3.70 19.64 25.63 3.70 8.58
.042 16.54 3.70 19.82 25.90 3.70 8.59
.048 16.86 3.70 19.61 26.25 3.70 8.59
.054 17.25 3.70 19.57 26.68 3.70 8.680
.080 17.68 3.70 19.51 27.18 3.70 8.60
.086 18.16 3.70 19.43 27.76 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 8.63
.084 19.78 3.70 19.04 29.88 3.70 8.66
.080 20.31 3.70 18.91 30.67 3.70 8.71
.096 20.84 3.70 18.78 31.48 3.70 8.77
.102 21.36 3.70 18.68 32.33 3.70 8.84
.108 21.85 3.70 18.61 33.19 3.70 8.93
.114 22.32 3.70 18.38 34.04 3.70 9.04
.120 22.78 3.70 18.57 34.89 3.70 9.19
.128 23.18 3.70 18.59 35.72 3.70 9.38
.132 23.56 3.70 18.85 36.53 3.70 9.57
.138 23.90 3.70 18.72 a7.31 3.70 9.81
.144 24.21 3.70 18.80 38.06 3.70 10.10
.150 24.48 3.70 18.88 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 11.27
.168 25.04 3.70 19.11 40.71 3.70 11.77
.174 25.18 3.70 18.16 41.26 3.70 12.31
.180 25.25 3.70 19.20 41.77 3.70 12.87
.186 25.31 3.70 19.23 42.23 3.70 13.45
.192 25.36 3.70 18.25 42.63 3.70 14.04
.198 25.40 3.70 19.26 42.99 3.70 14,63
.204 25.43 3.70 19.27 43.30 3.70 15.21
.210 25.46 3.70 19.28 43.58 3.70 15.78
.218 25.47 3.70 18.32 43.78 3.70 16.32
.222 25.48 3.70 19.36 43.95 3.70 16.83
.228 25.49 3.70 18.41 44.09 3.70 17.31
.234 25.49 3.70 18.46 44.20 3.70 17.75
.240 25.48 3.70 18,51  44.28 3,70  18.18
.246 25.47 3.70 19.56 44.34 3.70 18.53
.252 25.45 3.70 19.60 44.38 3.70 18.86
.258 -25.43 3.70 19.64 44.40 3.70 19.15
.264 25.40 3.70 19.66 44.41 3.70 19.40
.270 25.36 3.70 19.67 44.39 3.70 19.61
.276 25.28 3.70 18.65 44,33 3.70 19.80
.282 25.14 3.70 19.62 44,20 3.70 19.84
.288 24.92 3.70 19.58 43,99 3.70 20.03
.294 24.62 3.70 19.55 43.70 3.70 20.04

C-22



OCCUPANT SEGMENT POSITION
(IN AIRCRAFT REFERENCE FRAME)

TIME LEFT THIGH LEFT LOMER LEG
{SEC) PITCH (DEG) -- ROLL (DEG) PITCH (DEG) -- ROLL (DEG)

0.000 981 0.00 -6.39 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
.023 1.133 0.00 ~6.23 0.00
.030 1.125 0.00 -6.29 0.00
.036 1.088 0.00 -6.28 0.00
042 1.001 0.00 ~-6.36 0.00
.048 .861 0.00 -6.50 0.00
054 .634 0.00 -6.73 0.00
.080 «274 0.00 -7.08 0.00
. 066 =257 0.00 ~7.61 0.00
.072 -.977 0.00 -8.34 0.00
.078 -1.853 0.00 -9.23 0.00
.0B4 -2.817 0.00 -10.38 0.00
.080 ~3.763 0.00 -11.74 0.00
.096 ~4.576 0.00 ~13.33 0.00
.102 -J.183 0.00 -13.13 0.00
.108 -3.570 0.00 -17.10 0.00
114 ~5.733 0.00 -18.23 0.00
120 ~5.730 0.00 -21.48 0.00
.126 -3.573 0.00 -23.84 0.00
132 -5.2686 0.00 -26.29 0.00
.138 -4.888 0.00 -28.85 0.00
144 -4,521 0.00 ~-31.51 0.00
.150 -4.237 0.00 -34.29 0.00
. 156 -4.081 0.00 ~37.20 0.00
.162 -4.117 0.00 -40.26 0.00
.168 -4.318 0.00 -43.43 0.00
174 ~-4.620 0.00 ~-46.73 0.00
.180 ~4.866 0.00 -50.05 0.00
.186 -5.341 0.00 ~33.39 0.00
.192 ~5.728 0.00 ~56.70 0.00
.198 -6.096 0.00 -35.84 0.00
204 -6.415 0.00 -63.04 0.00
.210 ~8.670 0.00 -65.58 0.00
216 -8.838 0.00 -68.73 0.00
222 -6.837 0.00 =71.27 0.00
.228 -6.872 0.00 ~-73.82 0.00
234 -6.950 0.00 =75.79 0.00
.240 -6.874 0.00 =77.77 0.00
«246 -6.749 0.00 -78.38 0.00
232 ~-6.575 0.00 -81.23 0.00
. 238 ~6.396 0.00 -82.73 6.00
.264 -6.111 0.60 ~84.10 0.00
270 -5.848 0.00 -83.37 0.00
.278 -3.363 0.00 -86.62 0.00
282 ~5.308 0.00 ~87.73 0.00
.288 ~5.108 0.00 -88.34 0.00
.254 -4.966 0.00 -88.91 0.00

C~-23



OCCUPANT SEGMENT VELOCITY
(IN AIRCRAFT REFERENCE FRAME)

TIME PELVIS -CHEST
(SEC) X (IPS) Y (IPS) Z (IPS) X (IPS) Y (IPS) Z (IPS)
0.000 0.00 0.00 0.00 0.00 0.00 0.00
.006 45 0.00 2.37 .98 0.00 -1.97
.012 1.88 0.00 2.57 2.83 0.00 -2.33
.0189 8.64 0.00 1.82 9.89 0.00 ~1.06
.025 17.14 0.00 =-.03 18.70 - 0.00 3t
.030 26.88 0.00 -1.56 28.07 0.00 -.01
.036 38.21 0.00 -2.97 38.36 0.00 ~2.66
042 47.25 0.00 -4.97 48.00 0.00 =7.37
.048 36.43 0.00 -8.60 52.43 0.00 -14.24
034 64.41 0.00 -14.66 56.86 0.00 -22.12
.060 89.80 0.00 ~-22.65 38.03 0.00 ~-30.63
.066 74.75 0.00 -31.70 37.81 0.00 -38.13
072 77.38 0.00 -40.42 55.21 0.00 -47.19
.078 78.73 0.00 ~48.40 51.87 0.00 -33.99
.084 79.17 0.00 ~47.986 48.82 0.00 -99.20
.080 77.90 0.00 -44.82 48.08 - 0.00 ~-58.47
.086 73.50 0.00 ~-37.52 43.25 0.00 -53.94
«102 72.22 0.00 ~27.75 40.03 0.00 -42.92
.108 68.30 0.00 -17.64 36.36 0.00 -27.33
114 63.81 0.00 ~7.76 32.02 0.00 -10.04
<120 J8.82 0.00 1.82 27.186 0.00 5.43
.126 53.57 0.00 10.43 22.26 0.00 16.74
.132 48.27 0.00 16.88 17.58 0.00 22.82
.138 43.10 0.00 20.05 13.24 0.00 24.08
144 38.30 0.00 20.30 10.10 0.00 22.48
.150 33.36 0.00 17.92 6.91 0.00 17.47
.138 28.40 0.00 13.37 3.97 0.00 10.96
.162 23.48 0.00 7.63 1.28 0.00 4.10
.168 18.48 0.00 2.13 -1.50 0.00 ~-2.68
174 13.25 0.00 -1.33 -5.05 0.00 -8.89
.180 8.47 0.00 -4.35 -8.62 0.00 -13.03
.186 3.07 0.00 -6.95 -11.37 0.00 -14.48
.192 3.05 0.00 -8.46 ~13.13 0.00 -13.83
.198 1.77 0.00 -7.81 -13.96 0.00 -12.12
. 204 1.08 0.00 -5.33 ~13.47 0.00 -9.49
.210 33 0.00 -1.55 -12.34 0.00 -6.09
.218 .34 0.00 2.23 -10.56 0.00 -1.89
222 .39 0.00 5.31 -B8.49 0.00 2.7
.228 .17 0.00 8.01 -6.73 0.00 7.08
.234 -.03 0.00 9.88 -4.80 0.00 10.96
<240 -.40 0.00 11.31 ~2.75 0.00 13.85
«246 -1.01 0.00 12.32 ~.58 0.00 15.50
252 -1.42 0.00 12.24 2.08 0.00 16.05
.258 -2.19 0.00 11.78 4.13 0.00 15.33
.264 -2.84 0.00 9.87 6.07 0.00 13.68
«270 -6.48 0.00 6.93 4.60 0.00 11.76
276 ~-14.45 0.00 3.56 -2.08 0.00 8.95
.282 -26.72 0.00 17 -13.43 0.00 5.86
.288 -41.20 0.00 -1.71 ~-27.33 0.00 2.97
.294 ~33.88 0.00 -2.30 -39.58 0.00 1.74
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OCCUPANT SEGMENT VELOCITY
(IN AIRCRAFT REFERENCE FRAME)

TINE RIGHT UPPER ARM RIGHT LONER ARM
(SECY X (IPS) Y (IPS) Z (IPS) X (IPS) Y (IPS) Z (IPS)

0.000 0.00 0.00 0.00 0.00 0.00 0.00
.008 4.18 0.00 -1.88 4.58 0.00 -1.87
.012 5.68 0.00 -2.35 5.79 0.00 -2.63
.019 11.30 0.00 ~1.44 9.85 0.00 -2.63
.025 18.91 0.00 .00 14.94 0.00 -2.44
.030 27.98 0.00 -.25 26.06 0.00 -2.65
.036 35.88 0.00 -2.75 34.55 0.00 -3.60
.042 47.14 0.00 -7.11 48.40 0.00 -6.00
.048 52.91 0.00 ~-13.08 57.86 0.00 -8.16
.054 61.57 0.00  -20.08 71.73 0.00 -8.87
.080 £4.98 0.00 ~27.36 81.51 0.00  -10.80
.0B6 64.85 0.00  -34.30 88.52 0.00  -10.56
072 67.52 0.00  -40.44 98.63 0.00 -9.18
.078 £5.29 0.00 -45.25  102.73 0.00 -6.46
.084 66.42 0.00 -47.81  108.23 0.00 -1.66
.090 66.64 0.00 -46.41  111.70 0.00 4:73
.086 64.57 0.00 -39.40  109.23 0.00 13.27
.102 60.85 0.00 -27.61  102.91 0.00 23.47
.108 55.01 0.00 -12.14 92.87 0.00 34.57
114 47.66 0.00 4,38 80.73 0.00 43.55
.120 39.92 0.00 18.97  68.74 0.00 55.54
.126 33.02 0.00 29.72 58.71 0.00 84.02
.132 27.67 0.00 36.00 51.60 0.00 70.94
138 -156.24 0.00 -1.98 ~-132.81 0.00 38.28
.144 16.92 0.00 36.45 38.71 0.00 79.20
.150 14.18 0.00 33.05 37.18 0.00 81.97
156 11.82 0.00 28.34 34.66 0.00 83.78
.162 9.60 0.00 23.26 31.63 0.00 84.71
.168 7.38 0.00 18.22 27.92 0.00 84.83
174 4.14 0.00 13.56 22.51 0.00 83.80
.180 .64 0.00 10.30 16.14 0.00 82.26
.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 -9.87 0.00 8.93 -7.36 0.00 68.06
.210 -9.69 0.00 10.33 -8.95 0.00 63.13
.216 -9.40 0.00 12.08 -9.84 0.00 57.48
.222 -§.21 0.00 14,32 -5.04 0.00 51,90
.228 -8.68 0.00 15.92 -8.60 0.00 46.13
.234 -4.79 0.00 17.57 -6.68 0.00 40.29
.240 -2.75 0.00 18.86 -4.10 0.00 34.27
.246 .45 0.00 19.04 -.40 0.00 28.79
.252 3.43 0.00 18.57 3.46 0.00 23.13
.258 6.52 0.00 17.03 6.75 0.00 17.58
.264 9.24 0.00 14.97 9.82 0.00 12.11
.270 8.26 0.00 12.08 8.74 0.00 6.62
.276 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 2.00 2.22  -20.67 0.00 -9.07
.294 ~33.40 0.00 .01 -32.50 0.00  -14.25

C-25



OCCUPANT SEGMENT VELOCITY
(IN AIRCRAFT REFERENCE FRAME)

TIME LEFT UPPER ARM LEFT LOWER ARM
(SEC) X (IPS) Y (IPS) Z (IPS) X (IP8) Y (IPS) Z (IPS)
0.000 0.00 0.00 0.00 0.00 0.00 0.00
.008 4.18 0.00 -1.88 4.56 0.00 ~1.87
.012 5.88 0.00 -2.35 3.79 0.00 ~2.63
.018 11.30 0.00 -1.44 8.85 0.00 -2.63
.023 16.91 0.00 .00 14.94 0.00 -2.44
.030 27.98 0.00 =.23 26.06 0.00 -2.83
.036 35.88 0.00 -2.75 34.55 0.00 -3.60
.042 47.14 0.00 -7.11 48.40 0.00 -6.00
.048 52.91 0.00 -13.08 57.88 0.00 -8.16
.054 81.57 0.00 -20.06 71.73 0.00 -8.87
.0680 84.98 0.00 -27.36 81.51 0.00 -10.60
.068 64.85 0.00 ~34.30 88.52 0.00 -10.56
.072 67.52 0.00 -40.44 98.63 0.00 -8.18
.078 65.29 0.00 -43.25 102.73 0.00 ~-6.46
.084 66.42 0.00 -47.81 109.23 0.00 -1.66
.080 66.64 0.00 -46.41 111.70 0.00 4.73
086 B84.87 0.00 -39.40 109.23 0.00 13.27
.102 80.85 0.00 ~-27.61 102.91 0.00 23.47
.108 93.01 0.00 -12.14 82.87 0.00 34.57
114 47.66 0.00 4.38 80.73 0.00 45.55
.120 39.92 0.00 18.97 68.74 0.00 53.54
.126 33.02 0.00 29.72 58.71 0.00 64.02
132 27.67 0.00 36.00 51.80 0.00 70.94
.138 -158.24 0.00 -1.98 -132.91 0.00 36.28
144 16.92 0.00 36.45 38.71 0.00 78.20
.130 14.19 0.00 33.05 37.18 0.00 81.97
.156 11.82 0.00 28.34 34.66 0.00 83.78
.162 9.60 0.00 23.26 31.83 0.00 84.71
.168 7.38 0.00 18.22 27.92 0.00 84.83
174 4.14 0.00 13.56 22,51 0.00 83.80
.180 .64 0.00 10.30 16.14 0.00 82.26
.186 -2.97 0.00 8.7 8.13 0.00 79.80
.192 -6.14 0.00 8.31 2.52 0.00 76.61
.198 -8.36 0.00 8.45 =3.15 0.00 72.66
+204 -9.87 0.00 8.93 -7.36 0.00 68.06
210 -9.69 0.00 10.33 -8.95 0.00 63.13
.216 -9.40 0.00 12.08 -9.84 0.00 57.48
.222 -8.21 0.00 14.32 -9.04 0.00 51.90
.228 -6.68 0.00 15.92 -8.80 0.00 46.13
.234 -4.79 0.00 17.57 -6.69 0.00 40.28
.240 -2.73 0.00 18.66 -4.10 0.00 34.27
. 246 45 0.00 19.04 -.40 0.00 28.79
.252 3.43 0.00 18.57 3.46 0.00 23.13
.238 £.52 0.00 17.03 8.75 0.00 17.59
.264 8.24 0.00 14.97 8.82 0.00 12.11
.270 g8.28 0.00 12.08 8.74 0.00 6.62
.276 2.44 0.00 8.95 3.07 0.00 1.35
282 -8.03 0.00 S.97 -7.29 0.00 =-3.73
.288 ~21.45 0.00 2.22 ~20.67 0.00 -9.07
.284 -33.40 0.00 .01 =-32.50 0.00 -14.25
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OCCUPANT SEGMENT VELOCITY
(IN AIRCRAFT REFERENCE FRAME)

TIME RIGHT THIGH RIGHT LOWER LEG
(SEC) X (IPS) Y (IP8) Z (IPS) X (IPS) Y (IPS) Z (IPS)
0.000 0.00 0.00 0.00 0.00 0.00 0.00
006 -.38 0.00 «73 -1.74 0.00 =.27
.012 .96 0.00 1.38 -1.03 0,00 .70
.019 8.08 0.00 1.04 8.27 0.00 1.22
.025 16.69 0.00 .04 16.08 0.00 -.13
.030 27.08 0.00 ~-.84 28.70 0.00 .74
.036 38.78 0.00 -1.38 40.09 0.00 .14
042 48.38 0.00 ~2.28 31.33 0.00 1.60
.048 39.13 0.00 ~4.34 84.18 0.00 .30
-034 68.43 0.00 ~7.73 76.52 0.00 .82
.060 73.97 0.00 -11.93 89.04 0.00 1.08
. 066 83.21 0.00 -16.48 102.28 0.00 .81
072 88.12 0.00 -~20.46 112.83 0.00 3.10
.078 80.68 0.00 -23.01 121.79 0.00 4.18
.084 81.37 0.00 -23.43 128.21 0.00 6.56
.080 890.10 0.00 -21.82 134.73 0.00 8.85
.088 87.63 0.00 ~18.81 138.84 0.00 10.350
.102 84.34 0.00 -14.20 141.35 0.00 13.09
.108 80.48 0.00 -8.05 142.37 ¢.00 16.70
114 76.13 0.00 -3.72 141.95 0.00 21.17
.120 71.30 0.00 1.83 140.13 0.00 28.135
126 66.086 0.00 6.59 137.03 0.00 31.47
.132 60.42 0.00 10.58 132.92 0.00 37.24
.138 54.44 0.00 12.989 128.17 0.00 43.85
.144 48.05 0.00 14.28 122.83 0.00 51.28
.150 41.42 0.00 14.37 117.04 0.00 39.85
156 34.72 0.00 13.41 110.87 0.00 89.07
.162 28.07 0.00 11.68 104.18 0.00 78.41
.168 21.88 0.00 9.65 98.70 0.00 87.21
.174 16.99 0.00 7.67 89.03 0.00 91.84
.180 12.81 0.00 5.60  80.72 0.00 95.45
.186 9.61 6.00 3.82 72.37 0.00 97.78
.182 7.32 0.00 2.28 64.07 0.00 98.89
.198 >.88 0.00 2.00 53.93 0.00 88.01
.204 4.60 ¢.00 2.79 47.85 0.00 85.25
.210 3.52 0.00 4.32 39.64 6.00 92.98
2186 2.41 0.00 5.85 32.598 0.00 87.19
.222 1.22 0.00 7.24 28.43 0.00 82.78
.228 .45 0.00 8.14 20.83 0.00 77.58 -
234 -.38 0.00 B.48 16.08 ¢.00 71.70
.240 -1.23 0.00 8.36 12.55 0.00 63.94
.246 -2.14 0.00 7.82 7.88 0.00 58.08
252 -3.44 0.00 6.87 4.76 0.00 32.04
.238 -4.28 0.00 5.02 1.75 0.00 45.33
.264 -3.47 0.00 2.86 -.88 0.00 38.15
270 -8.88 0.00 -.80 -3.36 0.00 33.189
276 -17.74 0.00 ~4.11 -14.27 0.00 27.80
.282 ~-29.89 0.00 -6.12 -27.67 0.00 21.05
.288 ~-43.47 0.00 -8.44 ~41.84 0.00 8.24
«294 -33.37 0.00 -5.60 -54.84 0.00 -3.66
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OCCUPANT SEGMENT VELOCITY
(IN AIRCRAFT REFERENCE FRAME)

TIME LEFT THIGH LEFT LONER LEG
(SEC) X (IPS) Y (IPS) Z (IPS) X (IPS) Y (IPS) Z (IPS)
0.000 0.00 0.00 0.00 0.00 0.00 0.00
.006 -.39 0.00 .73 -1.74 0.00 -.27
.012 .96 0.00 1.38 -1.03  0.00 .70
.019 8.08 0.00 1.04 6.27 0.00 1.22
023 16.69 0.00 .04 16.08 0.00 -.13
.030 27.08 0.00 ~.84 26.70 0.00 74
.036 38.79 0.00 -1.38 40.08 0.00 .14
042 48.39 0.00 ~2.26 51.35 0.00 1.60
.048 59.13 0.00 -4.34 64.19 0.00 .50
.054 £8.45 0.00 =7.73 76.92 0.00 .82
.060 75.97 0.00 -11,93 89.04 0.00 1.08
.066 83.21 0.00 -16.48 102.26 0.00 .81
072 88.12 0.00 -20.46 112.93 0.00 3.10
.078 90.88 0.00 -23.01 121.79 0.00 4.19
.084 91.57 0.00 -23.43 129.21 0.00 6.66
«090 50.10 0.00 ~-21.92 134.73 0.00 8.85
.086 87.63 0.00 ~18.81 138.84 0.00 10.50
.102 84.34 0.00 -14.20 141.35 0.00 13.09
.108 80.48 0.00 -9.05 142.37 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 6.58 137.03 0.00 31.47
.132 60.42 0.00 10.56 132.92 0.00 37.24
.138 o4.44 0.00 12.99 128.17 0.00 43.65
144 48.05 0.00 14.26 122.83 0.00 51.28
«130 41.42 0.00 14.37 117.04 0.00 J8.85
.136 34.72 0.00 13.41 110.87 0.00 68.07
.162 28.07 0.00 11.68 104.18 0.00 78.41
.168 21.88 0.00 9.65 96.70 0.00 87.21
174 16.98 0.00 7.67 89.03 0.00 91.84
. 180 12.91 0.00 3.60 80.72 - 0.00 95.435
. 186 9.61 0.00 3.82 72.37 0.00 97.78
.192 7.32 0.00 2.26 64.07 0.00 98.989
.198 5.88 0.00 2.00 55.95 0.00 58.01
.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 5.93 32.98 0.00 87.19
.222 1.22 0.00 7.24 28.43 0.00 82.76
.228 .46 0.00 B.14 20.83 0.00 77.58
.234 -.38 0.00 8.48 16.08 0.00 71.70
.240 -1.23 0.00 8.38 12.55 0.00 63.94
<246 -2.14 0.00 7.82 7.98 0.00 59.08
232 -3.44 0.00 6.67 4.76 0.00 52.04
.258 -4.26 0.00 5.02 1.75 0.00 45.35
.264 -5.47 0.00 2.66 -.88 0.00 39.15
270 -9.88 0.00 -.80 ~3.56 0.00 33.19
.276 -17.74 0.00 -4.11 -14.27 0.00 27.80
.282 -29.89 0.00 -6.12 -27.67 0.00 21.05
. 286 -43.47 _ 0.00 -6.44 -41.84 0.00 5.24
.294 =35.57 0.00 -5.60 -54.84 0.00 ~-3.66
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OCCUPANT SEGMENT VELOCITY
(IN AIRCRAFT REFERENCE FRAME)

TIME HEAD
(SEC) X (IPs) Y (IPS) Z (IPS)
0.000 0.00 0.00 0.00
.006 2.84 0.00 -2.13
012 4.36 0.00 -3.92
.019 12.60 0.00 ~-3.85
.023 21.25 0.00 -2.07
.030 33.68 0.00 -.48
»036 42.26 0.00 -1.94
.042 49.686 0.00 ~7.08
.048 51.33 0.00 -15.01
.054 33.85 0.00 ~23.66
060 31.23 0.00 ~-32.40
.066 44.88 0.00 -41.40
.072 39.11 0.00 =50.34
.078 29.39 0.00 ~-58.06
.084 22.30 0.00 ~85.35
.080 16.93 0.06 -68.27
.096 13.38 0.00 -67.00
«102 12.08 0.00 -37.28
.108 11.43 0.00 -41.82
A4 9.90 0.00 -23.46
.120 6.56 0.00 -5.27
.126 1.29 0.00 10.07
.132 -5.53 0.00 20.598
.138 -193.33 0.00 -13.05
.144 -24.78 0.00 27.90
.150 -32.17 0.00 26.92
.156 -38.66 0.00 22.79
.162 -43.82 0.00 16.06
.168 -47.22 0.00 8.20
174 -48.33 0.00 53
.180 -48.13 0.00 -6.12
.186 -46.39 0.00 -10.893
»192 -44.12 0.00 -13.11
. 198 -40.93 0.00 -12.85
.204 ~-37.37 0.00 -11.54
.210 -33.96 0.00 -8.53
.216 ~29.50 0.00 -6.57
222 -24.98 0.00 -2.16
.228B ~19.64 0.00 3.45
.234 -14.20 0.00 9.15
.240 -8.33 0.00 13.96
246 -3.06 0.00 17.31
252 2.69 0.00 18.27
.258 8.50 0.00 19.96
.284 14.11 0.00 19.49
.270 16.47 0.00 17.99
.276 13.52 0.00 15.48
282 J.44 0.00 12.07
.288 ~4.82 0.00 B8.45
<294 -14.32 0.00 5.36
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0,000
006
012
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.038
042
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.086
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.228
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OCCUPANT SEGMENT ACCELERATION
(IN ACCELEROMETER DIRECTIONS)

et 3 CHEST
(SEC) X {6 Y (G} (6
: * M SCALE FACTOR = .185£+01

...... P T 1T TT T T TYSTRRORRP PRI PRPPPITONN |
0.000 0.00 0.00 0.00 +

008 2 0.00 -.64 + 2

012 -3.03 0.00 .19 ] =4

019 -2.83 0.00 0 + 4

025 -2.01 0.00 .28 + 4

030 -1.06 0.00 -.G4 [

038 -2.46 0.00 -1.51 ] + x

042 -4.29 0.00 -2.60 + + ®

048 -2.54 0,00 -3.23 ¢ '

054 -3.% 0.00 -3.63 + s B

080 ~4.39 0.00 -3.69 t ¢ .

.066 -4.08 0.00 -3.73 4 =

.072 -6.29 0.00 -3.13 ] + -

.078 -6.44 0.00 -2.51 + + ®

084 -6.83 0.00 -t.2 1] + =

080 -5.40 0.00 1.74 1] [ +

0% -6.38 0.00 4.16 1] . +

102 -6.21 0.00 8.6t + T +

108 -6,11 0.00 8.25 + x +

114 -6.27 0.00 8.34 ] ] +

420 6,43 0.00 7.14 + T +

126 -6.66 0.00 315 + T +

A -6.54 0.00 3.09 * x +

.138 -5.48 0.00 1.81 + T +

44 -7.04 0.00 Jd4 + 4

130 -1.2 0.00 -7 + LI

156 -2 0.00 -.93 + + =

182 -7.15 0.00 -.84 + + =

169 -6.93 0.00 -.59 + + =

A -6.24 0.00 .08 ] +

180 -5.33 0.00 1.18 + 3 +

106 ~4.64 0.00 2.14 ] ® +

192 -4,15 0.00 2.67 [ x +

.188 -3.13 0.00 2.92 + : +

.204 3.3 0.00 3.17 + = +

210 -4.11 0.00 3.44 + . +

218 -2.78 0.00 .39 + s +

222 -2.1 0.00 3.689 [ e +

228 ~2.4 0.00 3.48 t £ +

24 -2.16 0.00 3.16 + z +

240 -1.80 0.00 2.7 + x +

246 -1.66 0.00 2.38 * H +

252 .4 0.00 2.18 + T +

.258 -2.1m 0.00 1.37 + H +

264 -2.n 0.00 1.16 ] H +

270 -5.85 0.00 1,19 t H +

278 -5.92 0.00 .85 t € +

.282 -3.73 0.00 .82 + ER

.288 -5,00 0.00 1.02 ] 4

254 -d.91 0.00 1.38 1] = +



OCCUPANT SEGMENT ACCELERATION
(IN ACCELEROMETER DIRECTIDNS)

TINE HEAD
(SEC) X (6) Y (& 26
# * + SCALE FACTOR = .162E+01

0.000 0.00 0.00 0.00 +

006 .05 0.00 -.93 + =

012 1.47 0.00 ~.02 + #
.019 1.26 0.00 .96 = 4t
023 .87 0.00 1.22 LI )
030 .16 0.00 04 +H+

.036 -.97 0.00 -2.20 + L] :

.042 -1.22 0.00 -4.11 + ¥ z

048 -3.60 0.00 -5.58 + 3 :

054 -4.53 0,00 -6.14 + L] B

080 -5.52 0.00 -6.64 + * .

066 -6.38 0.00 -1.24 + * :

072 -6.97 0.00 -1.83 v o8 .

.078 -7.18 0.00 -1.28 " x

.084 -7.40 0.00 -6.43 ' + x

090 -6.87 0,00 -4.24 * + z

096 -1.25 0.00 -.87 * + s

<102 -1.88 0.00 2.08 ¢ : +
108 -8.67 0.00 3.69 * * +
14 -9.47 0.00 3.76 4 s +
120 -9,88 0.00 2.4 [} < +
126 -9.82 0,00 27 * I

JAR -9.25 0.00 -2.04 D + B

.138 -8.01 0.00 -3.723 * + =

144 -7.43 0.00 -4.86 * + x

150 -6.58 0.00 =3.41 * + x

136 -5.69 0.00 -8.10 + ot =

182 -4.9% 0,00 .24 + ¢ x

.168 -4,54 0.00 -5.83 + # =

Ja74 -4.46 0.00 -5.14 + :

.180 -4,46 0,00 -4.23 LR s

188 ~4,42 0,00 -2.%2 * + :

192 -4.39 0,00 -1.56 ' + :

198 ~4,37 0.00 ~.68 * + =

204 -4,22 0,00 -.20 [} +:

210 -4.56 0,00 .02 ¢ +

216 -4.41 0.00 .68 L] = 4

2222 -3.74 0.00 1.54 ' x +
228 -4,29 0.00 1.66 L] = +
24 -4.24 0.00 1.44 + = +
280 -3.65 0.00 1.07 L] : +
246 -3.83 0.00 R} * x4

252 -2.15 0.00 .29 * 4

.258 -4.21 0,00 -.80 ¢ + s

. 264 - 0.00 -1.23 [} + =

.270 -2.4t 0.00 -1.25 ' + .

.27 -2.57 0.00 -1 [ =

.282 -2.64 0,00 -2.01 [ .

.268 -2.60 0.00 -1.93 4 =

.294 -2,.3 0.00 -1.28 [ + =



OCCUPANT SEGMENT ACCELERATION

(RESULTANTS)
TIME PELVIS  CHEST Head
(SEC) (4] (G) (G
' t + SCALE FACTOR = ,124E+01
M [ vl
0.000 0.00 0.00 0.00 +
006 - 6 7 M LI
012 2.86 1. 1.4 . + a=
018 2.2t 2.3 1.38 . N | x
023 1.34 2.03 1.48 . " ox
030 72 1.24 J7 R
036 1.39 2.8 2.40 . * + 1
042 2.28 3.0¢ 4,29 . + LI
.048 3.12 411 6.65 . [ s +
034 4.62 4.95 7.63 . 4 s ¢
. 060 5.8 5.89 8.63 . x +
066 .87 5.0 9.8% . z [} +
072 3.97 1.02 10.33 . * : +
.078 5.4 6.81 10.23 . L] * +
004 . 7.03 8.80 . . ] : +
.05 5.6 8.64 8,07 . 1] +
.09 L% 7.61 .3 . + =
.102 8.27 8.07 8.16 . + t
.108 8.43 10.28 8.42 . [ + =
A4 8.62 10.44 10.19 . [ 4z
120 8.64 9.61 10.18 B ' LA
b/ 8.2 8.42 9.83 . t +
32 7.9 1.5 9.47 . o +
138 7.48 8.73 8.83 . * ’ +
144 7.58 .04 8.717 . PR | +
150 LN .25 8.32 . LI +
158 .92 n27 8.4 . = LR
162 7.97 7.18 7,88 . x +
.168 1.81 6.97 7.9 . PR |
JaN 7.4 6.23 §.81 . LA S
180 6.88 3.48 6.1 . LI | '
.106 8.18 3.0 5.3 . ¢ ]
182 5.53 .94 4.66 , LT |
. 198 s.21 “wn 4,42 . t: 8
204 b L) 4.38 4,23 . LI |
200 6.08 3.6 4,58 . + e L]
208 5.04 4,53 4,46 . LI |
222 4.89 39 4,04 . LEE T |
228 4.66 2 4.60 . = ¢+
23 4.5 .8 4.48 . = H
280 4.597 .2 3.80 . ’ LI ] '
L2486 5.65 4.3 3.66 . ¢ s L
252 7.98 6.84 2.18 . + = [
258 5.03 1t 4.3 . 2 ¢+
264 5.26 2.9% .97 . = + L]
270 6.31 5.9 n . + x4
276 8.01 3.99 3.08 . + =
28 .M 5.8t .32 B + "
.288 3.13 J.10 .24 . + =

284 .42 4.22 2.66 . + IR ]



RESTRAINT SYSTEM LOADS

TIME  RIGHT LAP LEFT LAP
(SECH s (LB}

? * SCALE FALTOR = .445E402
Y P PR TPPRPIS F PP
0.000 6.00 0.00 =

<006 -2 .21 =

012 .80 .80 2

-018 2.83 2.683 ot

075 13.64 13.64 .ot

030 .16 .16 . .

036 63.12 83.12 . =

-042 101.12 101,12 . .

048 138,64 139,54 ' .

054 160.08  180.08 . *

060 218.03  219.03 . .

066 U360 253.60 . *
o072 21932 8.2 . '

079 84,91 284,91 . s
084 207.55 X% . s

080 o2.62  302.82 . ®

086 06.63  206.53 . 2

102 LW 3NLEW . s

108 ni.ge  321.18 . :

J14 335.50 33550 . *

120 9.3 ML.36 . z

A28 3%3.33 ¥} . .

JdR b 2o Iy S P I S . .

438 M4 NG . N

144 LM I . *

1% 0420 W42t . *
138 arnn M . *
162 431 . r
168 48,17 u8.a7 . B
g 48.28  418.28 . t

180 41581 415,61 . s
188 411.03  41.03 . o

192 #3.61 KI.6l f =
.198 00.21  400.21 . :
204 ¥ W2 . :

210 W2 B . :

216 388,38 8.5 . :
22 6.9 366.85 . .
228 366,43 38643 .
2 386.85  305.8% . :
240 368.02 388.02 . .
.46 389.80 389.80 . s
252 391,88 381.88 . s
.258 /4.8 3438, s
264 396.43 2%6.93 . :
.2 98,72 WIM . :
2% .\ WA . .
282 389.8 38388 . : .
.268 3708 308 :
.29 M9.26 M. . :

C~34



TN
{SEC)

RESTRAINT SYSTEM LDADS

RIGHT SH  LEFT SH

L8}
'

iLB)

SCALE FACTOR =

393E402

T T T P P Y P TTT TNy

0.000
006
012
019
025
.00
.03
042
048
034
060
066
072
078
084
090
096
.102
.108
14
120
126
AR
.38
44
130
A5
162
168
AT
.180
.186
182
.198
204
210
L2168
222
228
24
240
246
232
238
264
270
278
.282
.288
294

0.00
0.00
0.00
0.00
10,49
3.4
63,00
102.16
141.37
182.82
Z3.4
260.84
299.16
300.85
328.03
3543
316.54
317.60
32).64
337.86
351.40
383.99
370.59
338.3%
368.15
366.08
360.33
.
343,08
330,98
314,53
288,21
278.28
261.67
243.84
231.03
216.82
204.80
184.37
186.98
182.39
180.53
181.11
183.89
169.39
196.28
200,04
184.89
174,99
133.63

0.00
0.00
0.00
0.00
10.43
.4
65.00
102,16
141.37
182,82
3.4
260,94
280.16
300,85
120.03
5.4
316.54
317.60
323.54
337.86
351,40
363.99
370.98
399.3%
368,13
366.08
360,33
2.3
343,08
330.88
314,53
29.21
278.28
261,67
245.04
231.03
216.82
204,480
194.37
186.88
182,38
180,53
181.11
183.88
169,39
196.28
200.04
194,89
174,89
138.83



SEVERITY INDEX
TiNE CHEST HERD

¢ * SCALE FACTOR = .366E+01

T P TP TS (U |
0.000 0.00 0.00 =

006 04 .01 z

.012 .08 .02 :

019 13 .04 *

025 .19 03 b

0% W24 06 b

+036 W3 08 =

042 ] 22 o

048 8 54 .t

03 1.4 .4 .o

<080 2.08 .3 . x

085 2,84 in . *e

072 4.00 5.8 . L]

078 4% 7.4 . + x

084 5.70 9.42 . [} .

<080 £ 10.%0 . [ z

096 .23 11.89 . ] =

102 8.43 12.82 . [ =

108 10.20 14.21 . ¢ €

4 12.32 16.04 . ] J

120 14.26 18.04 . [} s

126 15.72 19.54 . ¥ ]

132 16.78 21.67 . * ]

138 17.69 23.% . ] =

Ll 18.38 24.68 . + .

.150 19.21 26.01 . [} e

A3 20.07 27.25 . ¥ Lz

182 20.81 28.40 . + z

-168 L7 29.38 . * .

AN 2.4 .19 . + e

180 2.89 30.84 . 1] x

186 3.8 3.3 . * z

.182 23.62 31.63 . ¢ .

.188 2.8 31.89 . $ s

204 24,21 .12 B + x

210 24.62 32.32 . [} ]

248 24.68 32.52 . [} x

S2Z22 23.14 3z.713 . + :

228 23.37 32.97 . ] =

23 25.5% 0. . ¥ =

240 23.90 33.43 . * x

245 26.08 1.9 . ] x

257 %.3% 33.71 . [} :

.258 28.66 33.82 . + =

264 27.00 1.92 . ] x

270 27.46 M0 . * :

278 21.99 34.08 . + x

282 28.48 4,20 . ] .

.208 28.91 .33 . [} =

284 23.19 34,42 . * H



DYNARIC RESPOMSE INDEX

M1 3 wi
L] SCALE FACTOR = ,732E-03

Lebssuasessasissrasnctactasantiansan . tetrssesersesnionnan P P |
0.000 0.00 +

. 006 00 L]

012 00 *

019 .00 J

025 00 J

030 00 L]

008 00 ’

042 90 o

048 00 L]

034 00 . *

060 .00 . L

088 .00 . '

JO72 .00 . ]

078 .00 . J

084 00 . *

0% 00 . *

.09 00 . ¢

102 .00 . *

108 01 . ’

Nit] oM. ) '

120 .01 . t

126 0 . . A

432 01 . :

.138 0 . - )
L 01 . ]
I3 .01 . . L]
158 .01 . L]
162 04 . *
.168 .01 . ¢
J .01 f ’
180 .01 . s

A8 .0t . ¢

(92 01 . !

198 01 . *

204 01 . ¢

210 .01 . [}

218 0 . . 4

22 .01 . ’

228 01 . '

.234 .01 . *

240 .04 . *

245 01 . ¢

252 0t . '

.258 0 . 4

284 01 . . 1

276 .0t . [

218 A . ¢

282 .01 . J

.288 .00 . '

294 00 . []



T
(SEC}

LUNBAR

s}
[}

AXTAL LOADS IN VERTEBRAL ELEMENTS
RECK
(L8}

1106403

T T NPT PP PPN |

0.000
.00
012
013
0258
000
038
042
048
054
060
066
072
078
084
090
.096
102
108
14
120
128
Rk
138
44
130
A%
162
168
AN
180
186
JA82
.198
204
210
216
222
.228
234
200
248
232
258
264
270
276
.282
.288
294

0.00
-25.26
-89.22
-108.82
-113.89
-103.2%

-95.42
-107.50
~-146.71
-206.28
-275.37
~341.54
-398.52
-453.28
-330.58
-638.12
-7%3.7
-586.98
-968. 40
-§73.63
~910.86
-802.78
-683.24
-579.68
-481.36
-427.01
-363.05
-358.26
~343.5¢
-35L.16
R 8/
-387.12
-402.35
-393.38
-382.01
-314.32
-372.3%
-368.05
-336.42
-335.02
-306.57
-277.28
-253.51
-233.83
-232.52
-228.92
-224.28
-218.68
-218.2%
-224.25

0.00
-.68
-7.88
-19.88
-23.88
-11.78
11,38
33.30
44,64
48.47
51.19
33.13
37.16
51.42
38.48
.2
-26.42
-63.71 '
-86.16 +
-91,38 +
-80.50 L]
-38.23 :
.22
-9.08
3.4
13.76
260.06
3.9
.38
26.31
17.28
3.53
-10.9%
~20.58
-25.18
-28.87
=351
-42,96
-46.44
-43.81
~37.39
-29.97
2.4
-16.88
-11.51
-6.29
~1.50
1.86
L2
-5.47

SCALE FACTOR =
0
0

' .
3 =

[

[

[



OYNAMIC RESPOMSE [NDEX AND HEAD INJURY CRITERION
RaxInn DRl HIC

.0 28.6
BETHEEN .0455 AND .188S SEC

FINAL POINT USED IN HIC CALCULATION NAS AT .230£+00 SECONDS
BECAUSE OF STORAGE OVERFLOM :



WOMENTS [N VERTEBRAL ELEMENTS
TiKe LunsAR NECK
(SEC} (IN-LB)  {IN-1B)

' a SCALE FACTOR = .B6BE+02

g T P P P PP P PNFIRY PITIPII |
0.000 0.00 0.00 £

008 ~38.43 1.68 LI

012 -n.4 27 L

018 -2.00 6.13 #e

023 13.48 22.02 .4

030 82.33 31.44 .o

036 46.17 0.3 . =

042 30.52 48,31 . =

048 82.1% 3124 . LR

034 49.27 66.13 . L

060 35.81 8§.93 . LI

. 066 .20 116,39 . o

072 M7 1.4 . ' *

078 66.13  171.% . ' *

.084 -1.12  205.04 ' =

080 -38.68  228.37 * . .

.096 -98.51  282.97 + . :

102 -126.11 UM * . e

108 -132.33  In.eo ' . *

Jd14 ~119.84  421.91 . ' . : =z

120 ~101.03  452.40 t . =

128 -90.17  433.98 ] . =

JA3 -87.35  432.07 + . =

138 -121.21 386,29 * . =

Jdu -179.53 .43 + . 4

130 ~241.37  268.05 4 . *

136 -297.36  210.84 + . :

.162 -43.84 136,62 * . s

.168 -3%0.10 112,83 1] . ®

Jd -309.10 82,7 ] . e

.180 -4 £7.68 + . x

186 -203.21 70.92 + . '

482 -196.24 83,68 + . *

.198 -188.01 112,47 + . e

204 -207:27 1.7 + . *

210 -219.01  146.17 * . e

216 -242.89 135,94 + . :

222 -273.40  166.18 + . £

228 -257.80  169.23 + . s

24 ~238.6¢  168.38 + . 2

2480 -207.85  160.88 * . ]

248 -161.95 145,97 + . *

252 -142.30 13191 : + . :

258 -82.31 14.%2 + . =

264 -41.41  102.%2 r g

270 -32.02 %9.14 LN .

.27 18.73 92.68 .t .

282 69.03 89.01 . L]

288 148.79 8.0 . * +

284 208.91 84,57 . i +



FORCES APPLIED TO SEAT BY OCCUPANT

TIKE SEAT CUSHION (LB} BACK CUSHION (LB)

(BEC}  FSC(1)  FSC(2)  FSC(}Y  FBC(1)  FBC(2)  FBCLI)
0.000 139.77 0.00 0.00 0.00 00 0.00
008 134.32 0.00 0.00 .06 0.00 0.00
012 128.73 0.00 0.00 ~.81 0.00 0.00
.018 124.91 0.00 0.00 0.00 0.00 0.00
023 124.81 0.00 0.00 0.00 0.00 0.00
030 127.86 0.00 0.00 0.00 0.00 0.00
.036 133.63 0.00 0.00 0.00 0.00 0.00
042 143.61 0.00 0.00 0.00 0.00 0.00
048 161.49 0.00 0.00 0.00 0.00 0.00
054 183.76 0.00 0.00 0.00 0.00 0.00
080 247,18 0.00 0.00 0.00 0.00 0.00
066 328.72 0.00 0.00 7.00 0.00 0.00
072 450,13 0.00 0.00 0.00 0.00 0.00
.078 611.61 0.00 0.00 0.00 0.00 0.00
084 806.76 0.00 0.00 0.00 0.00 0.00
080 1021.82 0.00 0.00 0.00 0.00 0.00
086 1222.70 10.55 10.93 0.00 0.00 0.00
102 1377.61 20.10 20.10 0.00 0.00 0.00
L1008 1469.27 25.23 .23 0.00 0.00 0.00
14 1482.09 2.18 26.18 0.00 0.00 0.00
200 1441.42 2.3 2.3 0.00 0.00 0.00
A% 133156 14.66 14.66 0.00 0.00 0.00
132 1186.49 4.07 4.07 0.00 0.00 0.00
138 1039.86 0.00 0.00 0.00 0.00 0.00
A4 816.76 0.00 "0.00 0.00 0.00 0.00
150 814.41 0.00 0.00 0.00 0.00 0.00
456 41.35 0.00 0.00 0.00 0.00 0.00
162 701.83 0.00 0.00 0.00 0.00 0.00
.168 691.09 0.00 0.00 0.00 0.00 0.00
JA74 683.88 0.00 0.00 0.00 0.00 0.00
180 708.07 0,00 0.00 0.00 0.00 0.00
186 713.84 0.00 0.00 0.00 0.00 0.00
.182 766.05 0.00 0.00 0.00 0.00 0.00
.188 795.74 0.00 0.00 0.00 0.00 0.00
204 814.14 0.00 0.00 0.00 0.00 0.00
210 816.52 0.00 0.00 0.00 0.00 0.00
216 801.54 0.00 0.00 0.00 0.00 0.00
.222 774,08 0.00 0.00 0.00 0,00~ 0.00
228 736.64 0.00 0.00 0.00 0.00 0.00
2 683.97 0,00 0.00 0.00 0.00 0.00
280 648.49 0.00 0.00 0.00 0.00 0,00
246 502.64 0.00 0.00 0.00 0.00 0.00
232 539.80 0.00 0.00 0.00 0.00 0.00
258 520.84 0.00 0.00 0.00 0.00 0.00
.264 491.06 0.00 0.00 0.00 0.00 0.00
270 471.99 0.00 0.00 0.00 0.00 0.00
276 164,26 0.00 0.00 0.00 0.00 0.00
.282 467.87 0.00 0.00 0.00 0.00 0.00
.288 476.48 0.00 0.00 0.00 0.00 0.00
284 486,582 0.00 0.00 0.00 0.00 0.00



™
(SEC)
0.000

012
.01
023
030
038
042
048
054
060

072
078
084

096
102
108
14
120
26
132
138
J44
J%0
136
162
168
A7
180
. 186
192
.198
204
210
216
222
228
224
20
246
.22
.258
264
270
216
«282
.288
284

L
2E

o
o
-

?OOOOO?OQOOOO
83333888888

0.

.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Ll
8288

FORCES BETWEEN FEET AND FLOOR

RIGHT
Y
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

2SS IIZIIIIIIER

e
23

0.00

z

.00
12,00
22.28
.13
23.27
21.20
7.2
16.17
2,15
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

X

0.00
.82
27
-3.88
-3.82
-6.80
-6.80
-4.04
-5
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.00
0.00
0.00
0.00
.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
¢.00

LEFT
Y
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
¢.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

.00
12.00
2z.28
.13
23.27
21.20
2122
16.17

2.13
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.00
6.00
0.00
0.00
0.00
0.00
0.00
¢.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



TINE

(SEC)

0.000
.006
.012
018
028
.0%0
.03
.00z
048

054
080
088
072
.om
084
080
.09
.102
.108
14
420
126
an
138
au
4%
A%
162
.18
JaM
.18
.18
182
1%
.204
.210
.216
222
.228

240
248
282
.258
264
270
278
282
.288
294

AIRCRAFT DISPLACEMENT

X (1N
t

0.00

3.18

6.38

.77
12.87
13.91
18.87
.73
24.53
27.28
29.92
32,48
U9
.7
38.20
41.93
4.12
46.22
48.24
30.18
32.06
91.45
335.57

31.22
38.719

60.28
61.89
63.04
1 64.%
£3.49
66.60
67.64
68.61
69.49
0.3
n.4
nn
722.28
n.n
na
73.38
13.66
74.00
74.20
74.26
L B
.19
4,13
.07
1.04

Y (I}

0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0,00
0.00
0.00
0.00
0.00
0.00

Z
+

coooo oo

ePpoppePee s
88888323383 38882388%

0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

4+
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|

43

SCALE FACTOR = .884EN1
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AIRCRAFT vELOCITY

it 3
{S€C) X (FPS) Y (FPS} 1 (FPS)
+ z + SCALE FACTOR » .SDGE+0!

0.000 .18 0,00 0.00 + M
006 “.17 0,00 .00 + ]
012 44.04 0.00 0.00 + 1
019 43.42 0,00 0.00 + +
.025 42.62 0.0 0.00 + $
.030 41.67 0.00 0.00 + +
.038 40.33 0,00 0.00 + *
042 8.5z 0.00 0.00 + \

048 38.40 0.00 0.00 + M

034 kel 0.00 0.00 + $

.080 36.19 0,00 0.00 + $

086 35.03 0.00 0.00 + i

072 33.93 0.00 0.00 + )

07 32.86 0.00 0.00 + )

084 31.76 0,00 0.00 + )

.090 .71 0,00 0,00 + ¥

086 29.66 0.00 0.00 + [

.102 28.61 0,00 0.00 + '

.108 27.3% 0.00 0.00 + 1

144 26.51 0.00 0.00 + ]

120 25.45 0.00 0.0¢ + [}

128 24.41 0.00 0.00 + L3

.132 3.3 0,00 0.00 + ]

.138 22.30 0.00 0.00 + +

J44 21.25 0,00 0.00 + +

130 20.20 0,00 0.00 + ]

.136 19.13 0.00 0.00 + )

162 18.10 0.00 0.00 + (]

168 17.03 0.00 0.00 + +

AN 18.00 0.00 0.60 + +

A% 14.95 0.00 0.00 + ¢

.186 13.% 0,00 0.00 + +

182 12.84 0.00 0.00 + +

.188 11.78 0,00 6.00 T +

<204 10,74 0.00 0.00 + )

20 9.89 0.00 0.00 + ]

218 8.64 0,00 0.00 + +

222 1.59 0.00 0,00 + +

228 6.54 0.00 0.00 + )

2K S.48 0.00 0.00 + ]

.240 L4 0.00 0.00 + L]

.246 .39 0,00 0.00 + 1]

.252 2.3 0.00 6.00 L 3

258 1.28 0.00 0.00 + 4

254 25 0,00 2.00 +

270 -.51 0.00 0.00 L4

276 -.88 0.00 0.00 %4

282 -.63 0,00 0.00 L

288 -.62 0.00 0,00 t

.204 -.43 0.00 0.00 "



TIE
(SEC)

essennn

0.000
008
082
019
+025
030
036
042
048
054
060
068
072

AIRCRAFT ACCELERATION

X (G}
[

Y (G)

Z (6
+

SCALE FACTOR =

.BBIE+00

F P PR |

0.00
-2
-1
-4.03
-4.18
-7
-3.66
~3.39
~6.10
-3.62
-3.78
~6.04
-3.09
LN
-3.u
-.u
-3.4
-3.H4
-3.44
-3.4
-3.4
~3.4
-3.4
-3.44
-3.44
~3.44
=34
-3.4
-3. 4
~3.4
-4
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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¥am. 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 struc-
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 desired.

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 body 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
accelerations on unit 9 and seat accelerations on unit 10 for sub-
sequent filtering by subroutine OUTPT.

D-1
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D.1.4 Subroutine ARCRFT. Called initially by INITIL, then by
POSTON; calculates current acceleration components at aircraft
floor (ACC(J), J = 1, 3) based on input acceleration pulses. 1In-
tegrates acceleration to determine velocity (in aircraft coordi-
nate system) and displacement (in inertial system). When time is
greater than the input pulse duration, acceleration is set to zero,
so that velocity then remains constant.

D.1.5 Subroutine AUXSUB. Called by RKAM (also initially by MAIN);
calculates derivatives and forms two 1 x 2N arrays of variables
and derivatives:

V(1) = Q(1) DER(1) = QD(1)
V(N) = Q(N) DER(N) = QD(N)
V(N+1) = 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+1) 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(ZN+3) through DER(2N+6).

EQUATE is called to provide values of the derivatives (the gen-
eralized velocities, QD(J), and accelerations QDD(J)). RKAM then
integrates the two systems of first-order equations.

D.1.6 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 {B} 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.1.9 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



e Joint resistance parameters

® Aircraft cabin geometry

e Aircraft transformation matrix elements.
CONST alsovwrites occupant dimensions on unit 14 for plotting.
D.1.10 'Subroutihe EQUATE. Called by AUXSUB for the three-
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 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), 1 =1, 11, J = 1, 3)
for use ln QMATRX or QMATX2.

If the two-degree~of-freedom energy-absorblng 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 restralnt system, and

the p031tlon of the lower torso segment (X 1, Z ) is determined.




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 input
data. A detailled 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 LDFN. Called by FORCES: uses linear interpol-
ation in a table of force (Y) versus deflection (X) values. A de-
scription of the parameters in the calling sequence follows:

X a table of the independent variable,
xi, such that Xis1 > X5 (if II = 0)
Y the table of the dependent variable,

y; = y(x;) (if II = 0)

N the number of entries in each of the
above tables; i = 1,...N

XA the independent variable, x, for which
interpolation is requested

XLAST previous values of XA and YA
YLAST
ICHK index which is 0 or 1 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 = 2.
YA the dependent variable, y = y(x), being

determined

IUNLD index which is 2 if unloading slope, C,
is to be used, 1 if unloading proceeds
along basic loading function.

D.1.18 Subroutine LINV3F. Peforms matrix decomposition, matrix
inversion, linear equation solution, and determinant evaluation:




IJ0OB

IA

D1,D2

WKAREA

IER

Input/output matrix of dimensions N x N. See
parameter IJOB,

Input/output vector of length N when IJOB = 2 or 3.
On input, B contains the right-hand side of the
equation AX = B. On output, the solution X re-
places B. Otherwise, B is not used.

Input option parameter. IJOB = I implies when
I = 1, invert matrix A. A is replaced by its
inverse,
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.

= 4, compute the determinant of A. A is
replaced by the LU decomposition of a
rowwise permutation of A.

I

i}

=~
I

Order of A. (input)

Row dimension of A as specified in the calling
program. IA must be greater than or equal to N.
(input)

If D1 is non-negative on input, then D1 and D2
will be components of the determinant on output
such that determinant (A) = D1*2**D2,

Work area of length at least 2*N when IJOB = 1 or 3.
Work area of length at least N when IJOB = 2 or 4.

Error parameter.
Warning with fix = 64+N.
N = 1 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

LU

Input matrix of dimension N x N containing the
matrix to be decomposed.

Real output matrix of dimension N x N containing

the L-U decomposition of a rowwise permutation of
the input matrix.
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D.1.2
of AX

IA

IDGT

D1

D2

IPVT

EQUIL

WA

IER

Input scalar containing the order of the matrix A.

Input scalar containing the row dimension of ma-
trices A and LU in the calling program.

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
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.

Output scalar containing one of the two components
of the determinant. See description of parameter
D2, below.

Output scalar containing one of the two components
of the determinant. The determinant may be evalu-
ated as (Dl)(2**D2).

Output vector of length N containing the permuta-
tion indices.

Output vector of length N containing reciprocals
of the absolute values of the largest (in absolute
value) element in each row.

Accuracy test parameter, output only if IDGT is
greater than zero. See element documentation for
details.

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.

0 Subroutine LUELMF. Performs elimination part of solution

=B,

in full-storage mode



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.

IA Number of rows in the dimension statement for A
in the calling program.

X ' The result X.

D.1.21 Subroutine QUTPT. 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. 1 is occupant segment position in-
formation. If IOUT(1l) = 1, these data go to output; if IOUT(1l) = O,
they do not. Also performs filtering of acceleration data if re-
guested in input.

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.

Y1l The dependent variables.

Y2

Y3

D.1.23 Subroutine POSTON. Called by QMATRX or QMATXZ2; uses equa-
tions of the form

X X
n
— n *
Y = T Yn
Z Z
A o



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 {Qf}. Calls
FORCES for computation of external forces acting on occupant.

D.1.25 Subroutine QMATX2. Called by EQUAT2 for two-dimensional
model; calculates elements of generalized force vector {Q_}.
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-order, ordinary differential equations. Because of
the importance of the integration scheme to the success of any
dynamic analysis 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 classical 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:

y."L = fi(xl Y]_: .Y2'.°-l yN)

i=1, 2,..., N (D.1)

yi(xo) = yio

Let y. be the vaiue of y, at x = x, and f. the derivative of

Yy at'® = x , and let h beg the increment (%gep size) of the inde-
péndent variable x. The classical Runge-Kutta fourth-order method
uses the formulas

kip = hE{x r yip),
_ 1 1
kip =hfj(xp + 5 h, vy, + 5 ki)
k.. = hf. (x_ + + h L. (D.2)
i3 T i %Fn T2 B Yig T 7 Ri2ly .
kjgq = hE(x) + by vy + ky3),

yi,n+l



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

(p)  _ h - -
yi,n+l = yi,n * 37 (55fi,n 59fi,n—l + 37fi,n-2 9fi,n—3)
(D.3)
(c) _ h (p) _
yi,n+1 - yi,n MY (9fi,n+1 M 19Fi,n 5fi,n—l * fi,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.

Restrictions - An auxiliary routine must be provided for evalua-
tion of the first-order derivatives. (See AUXSUB under Calling
Seguence. )

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

(ylr y21-~-; yn)

DER = N-dimensional vector of derivatives
(Yir yil“'lyﬁ)

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 segquence.

N = Number of equations
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OPT = Option indicator, zero for AM, non-zero for
RK only

EU = 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,'(Q,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
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 only" 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,

AM has the following advantages with respect to RK:

1. Only half as many derivative evaluations per integra-
tion step are required to attain the same order of
accuracy. '

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

e; =13 v - vi®| (p.5)



In RKAM, the differences D. = |yic) - y{p)| are formed and com-
pared with positive numbers EU, and EL..”~ If D. > EU. for any i,
the step size is halved providéd/lh/2|lz HMIN.Y Tf D} < EL. for
all i and for three successive steps, the step size ts dotibled
provided |2h| < HMAX. (Note that h may be held fixed either by
setting HMIN = HMAX or by making EU. and EL. prohibitively large
and small, respectively.) If halving is caliled 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 continue
until the first AM step is successfully taken. From this point
on, halving is effected by interpolation of past data whereas
doubling is 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 EL, should be computed as functions of
Y; prior to each integration step.

2. Although the local truncation error in y. is not al-
lowed to exceed EU., this does not implylthat the
cumulative error will not exceed EU,. Therefore, EU,
and EL. should depend upon the maxifium allowable cumd-
lative error and the number of integration steps.

3. Since doubling h_will multiply the truncation error
by a factor of 27, ELi should be chosen less than
EU. /32 if the advantages of doubling are not to be
shbrt-lived.

D.1.27 Subroutine RMATRX. Called by EQUATE for three-dimensional
model; calculates elements of joint resistance vector {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. b

D.1.31 Subroutine VMATX2. Called by EQUAT2 for two-dimensional
model; calculates elements of force vector {F_} derived from sys-
tem potential energy. b




D.2 SEAT SUBROUTINE DESCRIPTIONS

The relationships among the subroutines in the seat segment of
the program are illustrated in figure D-3. Individual subrou-
tines are described below.

D.2.1 Subroutine ASSBLE. Called by MAIN; initializes the element
data storage. The mass matrix and the initial transformations B
for the nodal coordinate systems are assembled, and the initial °
values of the pointing vectors T, T, and ¥ and the normal compo-
nents of the rigid links A are generated.

D.2.2 Subroutine ASSMBL. Called by PLSTF and BMSTF; assembles
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 ASSBLE; 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 BMSTF1 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. A

D.2.8 Subroutine BMSTF2. Called by BMSTF; calculates the elastic
stiffness matrix for a beam or spring element.

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.
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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 system 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 beam 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.

D.2.22 Subroutines GENFO1l/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 GMTPRD. Utility subroutine; calculates the
product of a matrix with the transpose of another matrix.




D.2.25 Subroutine GTPRD. Utility subroutine; calculates the
product of the transpose of a matrix with another matrix.

D.2.26 Subroutine INCODE. Utility subroutine; encodes a number
into a packed word.

D.2.27 Subroutine KADD. Called by ASSMBL and EFFSTF; adds a
particular element 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 for 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 = F for X (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. F 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=LU (D.6)

and let Ux =V (D.7)

so that the linear system of equations K x = F is equivalent to
Lv=F (D.8)

In the second step, equation (D.8) is solved by forward reduction
for v and finally equation (D.7) is solved for X by back substi-
tuting for .

D.2.31 Subroutines MISES1/MISES2. Called by TFRCIN; 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.




D.2.33 Subroutine MODK. Called by BMEND; 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 output for those guantities 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 guadrilaterals 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 BMSTF; 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 ASSBLE; calculates the con-
tributions to the lumped mass matrix for plate elements. Forms
the initial element coordinate system E for the plate elements.




D.2.45 Subroutine TFRCIN. Called from FRCIN; 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.

D-19






APPENDIX E

OCCUPANT PLOTTING PROGRAM



PROGRAM DUMMY (INPUT.,OUTPUT.TAPES.TAPEG=0UTPUT.TAPEL1Q)

C UPDATED ON JULY 7. 1982
COMMON X(100),2(100)
DIMENSION NPAN(4).NBAK(4)
DIMENSION XCA(E4).YCA(B4).2CA(64),R(27),HEAD(E) .P(B4),
18(64),5(64) ,XLB(2),YLB(2),2LB(2) . XR(4) ,ZR(4) ,NTIME(2) ,ANGFT (2)
DIMENSION IRINDX(6),JINDX(17),KINDX(17),JINDX(18) KKNDX(16)
DIMENSION JFNDX(7).KFNDX(7),NPINDX(17).XCAS(10),YCAS(10).2CAS(10)
DIMENSION JLNDX(17).KLNDX(17)
DATA JLNDX/49,50,52.51,49,57,53.54,58,32,33,30.31,55,56,34,35/
DATA KLNDX/50.52,51.49.57.53,54,58,50,51,52,49.50,57,58,53,54/
DATA NPINDX/17%#40/
DATA JFNDX,KFNDX/1,2:2,1:,4:7:,8:2:3:4:4:5:6,9/
DATA IRINDX/27.27.:24,25.26,268/
DATA JINDX/16,24.27,18,20,18.21,16,12,17:13.:61.

3.61,62,29,25.,18,18/
DATA KINDX/17,25,28,20,22:21,23:12,14,13,15.,83;

9,41

1.40

62,2

64:47,:26:25.25/
+40,38,36,37/

38,36.:37.38/

DATA JJINDX/30,31,33,32,30,55,34,35,56,38,39,
DATA KKNDX/31.33,32,30,55:34,35,56,31,39,41,
DATA XCA.YCA,ZCA/180%0./
DATA XYFAC/.7/
READ(S,120) (HEAD( 1) 1=1,6) ,NCASE, IRSYS ICKPT ,NSEAT
120 FORMAT(6A10,415)
READ(5,130) (R(1),I=1,15)
130 FORMAT(8F10.0/7F10.0)
READ(5,100)R(24) ,R(25) ,R(26)
READ(5,100) THSCE » THBCE , THHRE
IF(ICKPT.EQ.0) GO TO 5
DO 4 J=1,10
READ(5:100)XCAS(J) » YCAS(J) ,ZCAS(J)
4 CONTINUE
5 NP=1 |
500 READ(5,100)TIME.ALPHA,ANGFT(1),ANGFT(2)
READ(5:100)PL PW,SBH, SBW, THEB, THEP XSEAT , ZSEAT
READ(5,100)XLB(1),YLB(1),ZLB(1) ,XLB(2),YLB(2),2LB(2) ;XFR,ANGFR
IF(IRSYS.GT.0) READ(S.100)XSH,YSH,ZSH
. IF(IRSYS.EQ.4) READ(S5,100)XCA(48),YCA(48),2CA(48)
100 FORMAT (8F10.0)
READ(5:10) (XCA(J) 5 J=1,29) » (XCA(J) , J=45,47) ;XCA(59) , XCA(E0)
READ(5,10) (YCA(J},J=1,29), (YCA(J) , J=45,47) ,YCA(59) , YCA(E0)
READ(5,10)(ZCA(J),J=1,29)+(ZCA(J},J=45,47),2CA(53) ,2CA(E0)
10 FORMAT(8F10.0/8F10.0/8F10.0/8F10.0/8F10.0)
C COORDINATES FOR FEET
DO 11 J=1,2
IRL=J+13
IHL=J+80
I[TO=IHL+2
XCA(THL)=XCA(IRL)-2.%COS(ANGFT(J))
YCA(IHL)=YCA(IRL)
ZCA(IHL)=2CA(IRL)~2. #SIN(ANGFT(J) )
XCA(ITO)=XCA(IRL}+8.#COS(ANGFT(J))
YCA(ITO)=YCA(IRL)
ZCA(ITO)=ZCACIRL)+8. ¥SIN(ANGFT(J))

L4
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11 CONTINUE
R(27)=1.80
IF(NSEAT.NE.O0)GO TO 12

C COMPUTE SEAT COORDINATES
XCA(31)=XSEAT
YCA(31)=.5%PH
ZCA(31)=ZSEAT
XCA(33)=XSEAT+PL*COS(THEP)
YCA(33)=YCA(31)

ZCA(33) =ZSEAT+PLA¥SIN(THEP)
XCA(35)=XSEAT- (SBH-ZSEAT) #SIN(THEB)
YCA(35)=,5#5BKW o
ZCA(35) =ZSEAT+(SBH-ZSEAT ) #COS (THEB)

C COMPUTE CUSHION COORDINATES BASED ON THICKNESSES
XCA(S52)=XCA(33)-THSCE#SIN(THEP)
YCA(52)=YCA(33}
ZCA(52)=ZCA(33)+THSCE#COS(THEP)
XCA(54)=XCA(35)+THBCE*COS(THEB)
YCA(S4)=YCA(35)
ZCA(54)=ZCA(35)+THBCE*SIN(THER)
XCA(30) =XCA(32)-(PL-THBCE)#COS(THEP)
YCA(S0}=YCA(31)
ZCA(50)=ZCA(5Z)-(PL~THBCE )} *SIN(THEP)

12 XCA(37)=0.
ZCA(37)=0.
XCA(39)=XFR
ZCA(39)=0.
XCA(41)=XFR+10.#COS(ANGFR)
ZCA(41)=10.#SIN(ANGFR)
SMIN=0.
SMIN=AMINI (SMIN.XCA(35))
SMIN=AMIN1 (SMIN,XSH)
YCA(37)=.5#(XCA(41)-SMIN)
YCA(38)=YCA(37)
YCA(41)=YCA(37)
DO 20 I=30,40.2
IF(NSEAT.NE.O.AND.I.LT.36)G0 TO 20
XCA(I)=XCA(I+1)
YCA(I)=-YCA(I+1)
ZCA(I)=ZCA(I+1)

20 CONTINUE

C FOR RIGID SEAT MODEL ALL SEAT BACK NODES FALL IN ONE PLANE
IF(NSEAT.NE.O)GO TO 26
DO 810 I=30,31
XCA(I+25)=XCA(I)

YCA(I+25)=YCA(I)

ZCA(I+25)=2CA(I)
810 CONTINUE

DO 23 I=49,53.2

XCA(I}=XCA(I+1)

YEA(I)=VTA(I+1)

ZCACIN=ZCA(I+1)



00

c
c

23

820

26

CONTINUE
DD 820 I=48,50
XCA(I+8)=XCA(I)
YCA(I+8)=YCA(I)
ZCA(I+8)=ZCA(I)
CONTINUE
G0 10 27

READ SEAT PAN AND BACK COORDINATES FOR FINITE ELEMENT MODEL
READ(S5,100) (XCA(J)»J=30,33),XCA(55) , XCA(56) ; XCA(34) : XCA(35)

READ(5,100) (YCA(J},J=30,33),YCA(53),YCA(SE),YCA(34):YCA(3S)
READ(5,100)(ZCA(J),J=30,33),ZCA(55) ,ZCA(56) . ZCA(34) , ZCA(35)

CALCULATE SEAT PAN LENGTH FOR FINITE ELEMENT MODEL

PL=SART ((XCA(30}~XCA(32) y##2+(ZCA(30}-ZCA(32) ) ##2)

COMPUTE CUSHION COORDINATES FOR FE SEAT MODEL

XCA(51)=XCA(32)-THSCE*SIN(THEP)
YCA(51)=YCA(32)

- ZCA(S1)=ZCA(32)+THSCE*COS (THEP)

IF

XCA(53)=XCA(34)+THBCE*#COS(THEB)
YCA(53)=YCA(34)
ZCA(33)=ZCA(34)+THBCE#SIN(THEB)
XCA(52)=XCA(33)-THSCE#SIN(THEP)
YCA(S52)=YCA(33)
2CA(52)=ZCA(33)+THSCE*COS( THEP)
XCA(54)=XCA(35)+THBCE*COS(THEB)
YCA(54)=YCA(33)

ZCA(34)=ZCA(35)+THBCE¥SIN(THEB)
SEAT BACK AND SEAT PAN NODES ARE COINCIDENT

THE PERFORM THE FOLLOWING CALCULATIONS

830

XCA(49)=XCA(51)-(PL-THBCE) *COS(THEP)
YCA(49}=YCA(30)

ZCA(49)=Z2CA(51)~(PL-THBCE)}*SIN(THEP)
XCA(50)=XCA(S52)-(PL-THBCE)*COS(THEP)

" YCA(S0)=YCA(31)

2CA(30)=ZCA(D52)- (PL-THBCE )*SIN(THEP)
DO 830 I=49,50
XCA(I+8)=XCA(I)
YCA(I+8)=YCA(I)

ZCA(I+8)=ZCA(I)
CONTINUE

IF (XCA(30) .EQ.XCA(55) .AND.ZCA(30) .ER.2CA(55) )50 TO 850
DO 840 I=1,2

J=I-1
SLOPE2=(ZCA(55+J)-ZCA(30+J) )/ (XCA(55+J} -XCA(30+4) )
THETA=ATAN(SLOPEZ)

THETA1=-THETA
XCA(49+J)=XCA(51+J)-(PL-THSCE*SIN(THETA1 ) ) ¥COS (THEP)
YCA(48+J) =YCA(30+J)
ZCA(49+J)=ZCA(51+J)~(PL-THSCE*COS(THETA1) ) ¥SIN( THEP)



840
850
27

21

235

30

B2=ZCA(49+J)-SLOPEZ#XCA(49+J)
THETA3=THEB-1.5708
SLOPE3=TAN(THETA3)
B3=ZCA(53+J)-SLOPE3*#XCA(53+J)
XCA(37+J)=(B3-B2)/(SLOPE2-SLOPE3)
YCA(37+J)=YCA(S3+J) :
ZCA(37+J)=5SLOPE2#XCA(S7+J)+B2

CONT INUE

CONTINUE

XCA(42)=XLB(1)

YCA(42)=YLB(1)

ZCA(42)=2LB(1)

XCA(43)=XLB(2)

YCA(43)=YLB(2)

ZCA(43)=2LB(2)

IF(IRBYS.EQ.0) GO TO 21
XCA(44)=XSH

YCA(44)=YSH

ZCA(44)=2ZSH

DO 25 I=1.,64

P(I)=XCA(I)

G(I)=YCA(I)

S(I)=2ZCA(I)

CONTINUE

TRANSFORMATION FOR Z AXIS ROTATION
ALPHA=,0174533*ALPHA

D0 30 I-=1,64
XCA(I)=P(I)*COS(ALPHA)-G(I)*SIN(ALPHA)
YCA(I)=P(I)*SIN(ALPHA)+B(I)*COS (ALPHA)
CONTINUE

TRANSFORM COCKPIT COORDINATES

32

34

35

40

IF(ICKPT.EQR.0) GO TO 35
D0 32 1=1.10
P(I)=XCAS(I)
@(I)=YCAS(I)

CONTINUE

DO 34 I-1.10
XCAS(I)=P(I)*COS(ALPHA)-G(I)#SIN(ALPHA)
YCAS(I)=P(I)*SIN(ALPHA)+Q(I)*COS(ALPHA)
CONTINUE

DETERMINE THE WORK BOX
XMAX=0,

XMIN=0.

YMAX=0,

YMIN=0.

ZMAX=0,

ZMIN=0,

DO 40 I-1,64

XMAX=AMAX1 (XMAX,XCA(I))
XMIN=AMIN1 (XMIN,XCA(I))
YMAX=AMAX1 ( YMAX: YCA(I))
YMIN=AMIN1 (YMIN,YCA(I))
ZMAX=AMAX1 (ZMAX,ZCA(I))
ZMIN=AMIN1 (ZMIN,ZCA(I))
CONTINUE



IF(ICKPT.ER.0)GO TO 43
DO 42 1=1.6
XMAX=AMAX1 (XMAX . XCAS(I))
XMIN=AMINL (XMIN.XCAS(I))
YMAX=AMAX1 (YMAX: YCAS(I))
YMIN=AMINL (YMIN,YCAS(I))
ZMAX=AMAX1 (ZMAX,ZCAS(1))
ZMIN=AMIN1 (ZMIN,Z2CAS(1))
42 CONTINUE
43 IF(NP.GT.1) GD 10 45
XSTEP= (XMAX~XMIN) /7.
ZSTEP= (ZMAX-ZMIN) /7.
STEP=AMAX1(XSTEP,ZSTEP)
45 XAXIS=XMAX-XMIN
YAXIS=YMAX-YMIN
ZAXIS=ZMAX-ZMIN
RMZ=XAXIS/ZAX1S
IF (RXZ.GE.1.) GO TO 50
ZAXI5=8.
XAXIS=ZAXIS#RXZ
GO TO 60
50 XAXIS=8.
ZAXIS=XAXIS/RXZ
60 CALL UNIDRAW(10)
ENCODE (18,70 ,NTIME) TIME
70 FORMAT(BHTIME =,F7.4,5H SEC.,1H$)
CALL BGNPL(NP)
CALL BLOWUP(XYFAC)
CALL TITLE (fH ,1,0:0,0,0,XAXIS,ZAXIS)
CALL HEADIN(30HPROGRAM SOM-LA OCCUPANT MODELS$,100,2,3)
CaLL HEADIN (HEAD,80,2,3)
CALL HEADIN(NTIME,100,2,3)
CALL GRAPH (XMIN,STEP,ZMIN,STEP)
C DRAW BODY SEGMENTS
DO 80 I=1,17
IF(I.LE.11) IR=I
IF(I.GT.11) IR=IRINDX(I-11)
J=JINDX(I)
K=KINDX(I)
NPTS=NPINDX(I}
CALL CONTR(XCA(J),ZCA(J),XCA(K),ZCA(K) R(IR),NPTS)
CALL CURVE(X,Z,NPTS,0)
‘ 80 CONTINUE
C DRAW FACE
DO 82 I=1,7
J=JFNDX(I)
K=KFNDX(I)
CALL RLVEC(XCA(J),ZCA(J),XCA(K),ZCA(K),0)
82 CONTINUE
IF(ICKPT.EQ.0.0OR.ABS(ALPHA).GT.0.03) GO TO 88
C DRAW COCKPIT
DD 84 J=1,5
CALL RLVEC(XCAS(J),ZCAS(J),XCAS(J+1),2ZCAS(J+1),0)
84 CONTINUE



C DRAW SEAT AND FLOOR
88 DO 90 I=1,18
J=JINDX(I)
K=KKNDX(I)
CALL RLVEC(XCA(J),2ZCA(J)}:XCA(K),ZCA(K),0)
50 CONTINUE
DO S1 I=1,17
J=JLNDX(T)
K=KLNDX(I)
CALL RLVEC(XCA(J),ZCA(J) XCA(K) 2ZCA(K),0)
91 CONTINUE
C DRAW RESTRAINT SYSTEM
C LAP BELT
IF(ALPHA.GT.0.785.AND.ALPHA.LT.2.356) GO TO 911
. IF(ALPHA.GT.3.827.AND.ALPHA.LT.5.498) GO TO 911
C SIDE VIEW
CALL RLVEC(XCA(B0),ZCA(B0)+XCA(42),2CA(42),0)
CALL RLVEC(XCA(B0),ZCA(E0).XCA(43),2CA(43),0)
GO TO 92
C FRONT OR REAR VIEW
911 CALL RLVEC(XCA(10),ZCA(10).XCA(42).2CA(42),0)
CALL RLVEC(XCA(11).2CA(11),.XCA(43).2CA(43).,0)
92 IF(IRSYS.EQ.0) GO TO 94
C SHOULDER HARNESS
IF(IRSYS.NE.2) IBEG=45
IF(IRSYS.EQ.2) IBEG=46
IF(IRSYS.NE.1) IEND=46
IF(IRSYS.EQ.1) IEND=45
DO 93 I=IBEG.IEND
CALL RLVEC(XCA(I),2CA(I),XCA(44).2CA(44),0)
93 CONTINUE f
IF(ALPHA.GT.0.785.AND.ALPHA.LT.2.356) GO TO 93t
IF(ALPHA.GT.3.927.AND.ALPHA.LT.5.498) GO TO 931
CALL RLVEC(XCA(58),ZCA(59).XCA(B0),ZCA(E0).0)
831 IEND=3 _
IF(IRSYS.LT.4) GO TO 94
C TIEDOWN STRAP
XR(4)=XCA(48)
ZR(4)=2CA(48)
CALL RLVEC(XCA(B0):ZCA(B0),XR(4),ZR(4),0)
1IEND=4
C LABEL ANCHOR POINTS
94 IF(IRSYS.EQ@.0) IEND=2
DO 96 I=1.IEND
IF(1.EQ.4) GO TO 96
J=I+41
XR(I)=XCA(J)
ZR(I)=ZCA(J)
96 CONTINUE
CALL MARKER(10)
CALL CURVE(XR:ZR,IEND,-1)
CALL RESET(BHMARKER)
CALL ENDPL(NP)



600

20

30

10

40

30

60
200

IF (NP.GE.NCASE} GO TO 600
NP=NP+1

G0 TO S00

CALL DONEPL

END

SUBROUTINE CONTR (XA,ZA,XB,ZB.A,NPTS)
COMMON X(100),Z(100)

DIMENSION R(50)

NHF=NPTS/2

NHFP=NHF +1

HALF =FLOAT (NHF }-.9

CHECK IF A CIRCLE IS NEEDED
RL=8ART ((XA-XB)#%#Z+(ZA-ZB) #»2)
X0=(XA+XB)/2.

20=(ZA+ZB) /2.

AR=AXZ.

IF (RL.GT.AA) GO TO 10

DRAW THE CIRCLE

XX=-A

DA 20 I=1,NHF

R(I)=—(SART (1-(XX#%2/A%%2) ) ) #A
2(I)=R(1)+Z0

X(I)=XX+X0

XX=XX+AA/HALF

CONTINUE

DO 30 I=NHFP,NPTS

K=NPTS+1-1
X(I)=X(K)
2(1)=-R(K)+20
CONTINUE

GO Ta 200
DRAW THE ELLIPSE
B=RL/2.
CS=(XB-XA)/RL
SN=(ZB-ZA)/RL
XX=-B

DO 40 I=1,NHF
Z(I)=(SERT(1-(XX#%2/B#%2)) ) #A
X(I)=XX

XX=XX+RL/HALF

CONTINUE

XX=B

DO 50 I=NHFP.NPTS
Z(I)=—(SORT(1-(XX##2/B%##2) ) )*A
X(I1=XX

XX=XX~-RL/HALF

CONTINUE

DO 60 I=1,NPTS

XX=X(1)

XD =((X(1)*CS)~(Z(I)}#8N))+X0
Z{Ii=((XX%SN)+(Z(1)%CS))+20
CONTINUE

RETURN

END



APPENDIX F

SEAT PLOTTING PROGRAM



PROGRAM SEATPL (INPUT.OUTPUT.TAPES, TAPEG=0UTPUT,TAPELQ)
DIMENSION XD(150).YD(150),ZD(150),X(150),Y(150),2(150) . THETA(20),

{1PHII(20),TITLE(8),JB(150),JB1(150),JB2(150),JT(150),JT1(150),
2JT2(150),JT3(150) ,JS(50),J51(50),JS2(50),JIN(150),LABEL(4)

READ HEADING AND NUMBER OF PLOTS, NODES.BEAMS,PLATES,SPRINGS

10

13
20
21

25
26

30

K}

READ(5,10)(TITLE(J),J=1.86)

FORMAT (BA10)

READ (3, 15)NCASE,NNODE . NBEAM,NTPLT,NSPRG
FORMAT(3110)

READ ELEMENT DATA (BEAMS, PLATES, SPRINGS)
IF(NBEAM.EQ.O) GO TO 21

DO 20 J=1,NBEAM

READ(S5,13) JB8(J),JB1(J},IB2(J)

CONTINUE

IF(NTPLT.EQ.O0) GO TO 268

B0 25 J=1.NTPLT

READ(S5,15) JT(J).JT1(J),IT2(J),J4T3(S)
CONTINUE

IF(NSPRG.EG.O) GO TO 31

DO 30 J=1,NSPRG

READ(3,13) JS(J),JS1(J),J82(J)}

CONTINUE

START LOOP

DO 4000 J=1,NCASE
AMX=0.
AMY=0.
AMZ=0.
ANX=0.
ANY=0.
ANZ=0.

READ TIME AND VIEWING ANGLES

40

READ(S5,40)NOPLOT,TIME,THETA(J) ,PHII(J)
FORMAT(110,3F10.0)

READ NODAL COORDINATES

50
80

DO 50 I=1.,NNODE

READ (3.60)JN(IL},XD(I).YD(I) . ZD(I)
AMX=AMAX1 (AMX, XD(I})
AMY=AMAX1 (AMY,YD(I))
AMZ=AMAX1(AMZ,ZD(1))
ANX=AMIN1 (ANX,XD(I))
ANY=AMIN1 (ANY,YD(I))
ANZ=AMIN1 (ANZ,ZD(1))
M=JN(I)

X(M)=XD(I)

Y(M)=YD(I)

Z(M)=ZD(I)

CONTINUE

FDRMAT(110.:3F10.0)

CALL UNIDRAMW(10)

CALL BGNPL(J)
RAD=AMX-ANX+AMY~-ANY+AMZ~-ANZ



100

2000

2100
3100

AX=(AMX-ANX) /2.

AY=(AMY-ANY)/2.

AZ=(AMZ-ANZ) /2.

ENCODE(33,100,LABEL)NOPLOT . TIME

FORMAT(9H PLOT NO.,I3,BH. TIME =,F7.4,3H SEC.:1H$)

CALL TITL3D (IH .1.8..8.)

CALL HEADIN(36HPROGRAM SOM-LA SEAT STRUCTURE MODEL$.100,2.3)
CALL HEADIN(TITLE.60,2,3)

CALL HEADIN(LABEL,100,2,3)

CALL AXES3D (0:0:0,0,0,0,0,0,0,0)

THE=THETA(J)

PHI=PHII(J)

CALL VUANGL (THE.PHI.RAD)

CALL GRAF3D (ANX,3SHSCALE.AMX.ANY,3HSCALE,AMY,ANZ,S5HSCALE,AMZ)
CALL MARKER (1)

CALL CURV3D (XD.YD,ZD,NNODE.-1)

CALL RLVEC3 (ANX,ANY,ANZ.AX,ANY.ANZ,2201)

CALL RLVEC3 (ANX,ANY,ANZ,ANX,AY,ANZ,2201)

CALL RLVEC3 (ANX,ANY,ANZ,ANX:ANY,ARZ,2201)

CALL RLMESS (2ZHXS$, 100,X3DREL(AX,ANY:ANZ)+.13,Y3DREL(AX,ANY ,ANZ)+.
113)

CALL RLMESS (2HY$. 100,X3DREL(ANX:AY,ANZ)+.13,Y3DREL (ANX,AY ANZ)+.
115)

CALL RLMESS (2HZ$. 100,X3DREL (ANX,ANY,AZ)+.15,Y3DREL (ANX,ANY:AZ)+.
115) ‘

CALL HEIGHT(.10)

DO 2000 I=1,NNODE

INUMBER =JN(I)

XX=XD(I)

YY=YD(I)

ZZ=2D(1)

CALL RLINT (INUMBER,X3DREL (XX,YY,ZZ),Y3DREL(XX:YY 22Z)+.10)
CONTINUE f

IF (NBEAM.ER@.O0) GO TO 3100

DO 2100 I=1,NBEAM

K=JB1(1)

L=JB2(I)

X1=X(K)

Yi=Y(K)

Z1=Z(K)

X2=X(L)

Y2=Y(L)

£2=Z(L)

CALL RLVEC3 (X1,Y1.21,X2,Y2:22,0

CONTINUE :

IF (NTPLT.E@.O0) GO TO 3200

DO 2200 I=1,NTPLT

K=JT1(I)

L=JT2(I)

M=JT3(I)



X1=X{K)

Y1=Y(K)

21=2(K)

X2=X(L)

YZ2=Y (L)

22=2(L)

X3=X(M)

Y3=Y(M)

23=2(M)

CALL RLVEC3 (X1.Y1.Z21,X2,Y2,22.0)

CALL RLVEC3 (X2,Y2,22,%3,Y3,23,0)

CALL RLVEC3 (X3,Y3,Z3.%1,Y1,21,0)
2200 CONTINUE
3200 IF (NSPRG.EB.0) GO TD 3300

DO 2300 I=1,NSPRG

K=J51(I)

L=J82(I)

X1=X{K)

Yi=Y(K)

Z21=2(K)

X2=X{L)

YZ2=Y{L)

22=2(L)

CALL RLVEC3 (X1.Y1,Z21,X2,Y2.22.0)
2300 CONTINUE
3300 CALL ENDPL(J)
4000 CONTINUE

CALL DONEPL

END
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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 ele­ment model of the seat structure. Its intent is to aid in the evaluation of the performance of aircraft seat and restraint sys­tems in crash environments. Because the program has been written for use primarily by engineers concerned with the design and anal­ysis of seats and restraint systems, an effort has been made to minimize the input required to describe the occupant. Character­istics of two standard occupants, one dummy and one human, ar
	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 neces­sary 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 input 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 appe
	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. 
	2.1.2 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 la­teral 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
	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 rota­tional 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
	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. Restraint system forces on the ellipsoidal contact surfaces are computed three-dimensionally, but only the X-and Z-components are use
	2.1.4 Output Control Data. Ten blocks of program output can be selected on line 2. The data include time histories of the fol­lowing variables, which are stored during solution at predeter­mined print intervals: 
	1. 
	1. 
	1. 
	Occupant segment positions (X, Y, Z, pitch and roll).* 

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


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

	z 
	S SEGMENT MASS CENTER 
	o JOINT G).® ® 
	x 
	Figure 2. Eleven-segment (two-dimensional) occupant model. 
	9. 
	9. 
	9. 
	Seat structure nodal forces. 

	10. 
	10. 
	Seat structure element stresses. 


	Printer plots are provided for occupant segment accelerations, restraint system loads, and cushion loads. The option of two dif­ferent filters is also provided for the occupant segment acceler­ations and cushion loads. 
	If plots are requested for the occupant and/or seat on line 2, then additional lines must be included to specify plot times (up to eight) and viewing angles. As explained in the line-by-line 
	If plots are requested for the occupant and/or seat on line 2, then additional lines must be included to specify plot times (up to eight) and viewing angles. As explained in the line-by-line 
	The force-deflection characteristics of the restraint system web­bing are provided by input of tables of forces and strains. Prop­erties of representative webbing samples are included in Appen­dix 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 sys­tem are provided on lines 11 through 34: X, Y, Z, yaw, pitch, and roll. All of these lines must be included, even if blank. For each acceleration component, two lines are included to allow up to 16 points on an acceleration-time history, and the subse­quent two lines provide the corresponding points in time. Acceler­ation 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, addi­tional 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 com­pliances 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. Sta­tic 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 sur­faces 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-degree­of-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 
	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. 
	Beam 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 di­rection, 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 cross­section, 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 a pointer node, or (NCOORD) additional nodes can be added solely to serve as pointers. 
	-----------------l. 
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	Figure 3. Occupant plot at T = 0 sec for case no. 1. 
	11. 
	PROGRAM SOM-LA SEAT STRUCTURE MODEL. CAMI SERIES 2 -LOH DECELERATION. PLOT NO.1, TIME -0.0000 SEC.. 
	1. 
	Figure 5. Seat plot at T = 0 sec for case No.1. 
	:i;i:i' ',I, i:i:I; I:: *!:!'I, ,;1:;l:' 12:=i~i *1<' i:: 
	Field. Format Variable Field Format Variable 
	1 F10.5 Time (sec) 17 F10.5 Pelvix x-accel (G) 2 F10.5 Aircraft X-accel (G) 18 F10.5 Pelvis z-accel (G) 3 F10.5 Aircraft Z-accel (G) 19 F10.5 Pelvis res. accel (G) 4 F10.5 Aircraft res. accel (G) 20 F10.3 Lumbar axial load (lb) 5 F10.5 Aircraft res. vel. (ft/sec) 21 F10.3 Lumbar y-moment (in.-lb) 6 F10.5 Aircraft res. di spl.. (in. ) 22 F10.3 Neck axial load (lb) 7 F10.5 Seat X-accel (G) 23 F10.3 Neck y-moment (in. -lb) 8 F10.5 Seat Z-accel (G) 24 F10.3 Back cushion force (lb) 
	~ 9 F10.5 Head x-accel ( G). 25 F10.3 Right lap belt force (lb) 
	10 F10.5 Head z-accel (G) 26 F10.3 Left lap belt force (lb)* 11 F10.5 Head res. accel (G) 27 F10.3 Right shoulder belt force (lb) 12 F10.5 Chest x-accel (G) 28 F10.3 Left shoulder belt force (lb)** 13 F10.5 Chest z-accel (G) 29 F10.3 Tiedown strap force (lb) 14 F10.5 Chest res. accel (G) 30 F10.5 Seat displacement (in. ) 15 F10.5 DR! 31 F10.3 Footrest X-force (lb) 16 F10.3 Seat cushion force (lb) 32 F10.3 Footrest Z-force (lb) 
	Ul. 

	absorber force (lb) for energy-absorbing seat model. (with NSEAT = 0 and SEATM > 0).. **Replaced by seat angular displacement (deg) for energy-absorbing seat model. (with NSEAT = 0 and SEATM > 0).. 
	*Replaceaby energy 

	Figure 7. Data format for external file 26. 
	area of contact between the occupant and the seat, the cushion sur­faces 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 rea­sonable 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 initi­ating 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 ini­tial position of all the occupant segments reviewed. If the occu­pant's initial position, as calculated by subroutine INITIL, is geometrically impossible, the program will be stopped and informa­tive messages printed. An example of this type of error, co
	Once the desired initial position has been achieved for the occu­pant, the input data for the finite element seat structure model can be added. The NSEAT p~rameter 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 posi­tion and the seat structure configuration are as desired, a com­plete 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,
	tion. 
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	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 con­figuration 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 sys­tem has been placed on the aircraft floor so that the X axis is directed forward 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 cen­terline of the seat, facilitates interpretation of data. All co­ordinates required for input are then measured in this reference system. 
	19 
	Figure 10.. CAMI Series lower-deceleration, forward-facing test, posttest. 
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	Figure 12.. Sled deceleration, CAMI Series'2, lower­deceleration, 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 pre­sented there. The contents of Appendix A show explicit input re­quirements 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(l) = 1 and IOUT(2) = 1 request segment posi­tion and velocity data; IOUT(3) = 2 requests occu­pant segment acceleration, filtered with class 180 digital filter; IOUT(5) = 1 requests restraint sys­tem forces; IOUT(6) = 1 requests spinal loads and injury criteria; IOUT(7) = 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 = 8 for 8 occupant po
	Line 2A:. Occupant plot data to be stored at t = 0, 0.040, 0.080, 0.120, 0.160, 0.200, 0.240, 0.280 seconds. 
	23 
	o 
	o 
	o 
	o co 
	1, 2, 3, ..• ,20 Node numbers 
	CD,0,CD, ...,@ 
	Element numbers 
	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 approxi­mated 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 in the coordinate directions are required so 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 blank. 
	25 
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	o 
	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 nonstan­dard 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 O. 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 for one material; NUMDIS = 4 (displacement­specified 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(l) = 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 SuIt = 67,000 psi. Y 
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	7 18.0 9.0 8.75 

	8 0.0 9.0 8.75 
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	9 0.0 -9.0 11.75 
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	17 0.0 -9.0 41.38 
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	Figure 18. Occupant plot at T = 0.240 sec for case no. 1. 
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	Figure 21. Finite element model of production seat. 
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	,.,
	10 .:. 01 1 2 1 1 1 8 8.00050.005 
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	2.32 2.18 .275 .132 .017 .127 .927 
	0.76 0.93 .266 .135 .185 1.22 .894 .0177 
	2.32 1. 70 .233 .022 .195 .873 .505 
	Figure 23. Input data listing case no. 2 . 
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	Figure 28. Additional data required to define cockpit geometry illustrated in figure 27 (lines 38A-38K); 
	APPENDIX A 
	PROGRAM SOM-LA INPUT DATA REQUIREMENTS 
	In this Appendix is presented a line-by-line description of in­put 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. 
	LINE 2: Output Selection DESCRIPTION: Definition of output data to be stored for printing and number of plots. FORMAT AND EXAMPLE: 
	10 1234881800 
	10 1234881800 
	10 1234881800 
	2 1234581800 
	3 1234581800 
	4 1234581800 
	5 1234581800 
	8 1234581800 
	1 12345111800 
	8 12345111800 

	""'"" j -, 
	""'"" j -, 
	_ [IOUTCO' 
	'OUT(I) r toUT(e) 
	IOUT(?' I lOUT'.) 
	10UTCI) f IOUT(10) 
	HOPLOT i MSPLOT 
	DTPLT I 'a.AT 
	CMII'I" I IC'Fl 

	11 1 
	11 1 
	21 0 
	11 1 
	21 1 
	11 1 
	81 8
	.OOO~O.OO' 
	I 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 

	lOUT 
	lOUT 
	1015 

	NOPLo'r 
	NOPLo'r 
	IS 

	NSPLO'I' 
	NSPLO'I' 
	15 

	DTPLT 
	DTPLT 
	F5.0 

	TSEAT 
	TSEAT 
	FS.O 


	CONTENTS 
	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 (O). 
	IOUT(l) Occupant segment position IOUT(2) Occupant segment velocity IOUT(3) Occupant segment accel­
	eration (1) IOUT(4) Secondary impact predic­
	tion (2) IOUT(S) Restraint system forces IOUT(6) Injury criteria IOUT( 7) Seat external loads 
	(cushions, floor) (1) IOUT(B) Seat structure deflec­tions (3) IOUT(9) Seat structure support reactions IOUT(10) Stresses in seat struc­ture beam elements (4). 
	Number of requested occupant position plots (up to 8). Lines 2A and 2B must be inserted if NOPLOT > O. 
	Number of requested seat position plots (up to 8). Lines 2A, 2C, and 2D must be inserted if NSPLOT > O. 
	Interval at which data are written on ex­ternal file 26, as described in chapter 3. If left blank, 0.001 sec is assumed. 
	Print frequency (in seconds) for data selected with IOUT(8), IOUT(9), and IOUT(10). 
	A-3 
	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 de­fined 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 Appendices 
	E and F. 
	FORMAT AND EXAMPLE: 
	0 1 1234667680 
	0 1 1234667680 
	0 1 1234667680 
	2 1234667680 
	3 12346671180 
	4 12346671180 
	5 1 2 3 4.6 6 7 6 8 0 
	6 12346671180 
	7 12346671180 
	B 1234667680 

	.1PLOT(U 
	.1PLOT(U 
	TPl.OT(J~ 
	TPLOTCI) 
	TPLOT(4) 
	f""OT(I5) 
	TPLOTe.) 
	T~I.OT(7' 
	TPLoTee) 

	O. 
	O. 
	O. 040 
	o. 080 
	o. 120 
	o. 160 
	0.200 
	O. 240 
	O. 280 


	FIELD FORMAT CONTENTS. TPLOT 8F10.0 Plot times, seconds.. 
	A-5. 
	co 
	Y (left) 
	o 
	sr 
	o 
	o co 
	x (forward) 
	Viewing angle = a 

	Viewing Position 
	Figure A-l. Definition of plot viewing angle. 
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	e = Azimuth angle in X-Y plane in degrees (-180° < e < +180°) ¢ = Elevation angle in degrees (-90° ~ ¢ ~ +90°) 
	Figure A-2.. Angular coordinates for viewing position of graphic display models. 
	A-9. 
	LINE 2E: Nodal Output Selection (only if IOUT(8) # 0) 
	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: 
	0 1 1234687880 
	0 1 1234687880 
	0 1 1234687880 
	2 1234687880 
	3 1234687880 
	4 12346878110 
	6 12346878110 
	8 1234687880 
	7 1234687880 
	8 12346878110 

	ICNODE.(l) IKNODICI) 11 1 6 
	ICNODE.(l) IKNODICI) 11 1 6 
	I(NOOE.(3) 1KNODE(4) I 
	kIllOOE(tU IKNODE" I 
	KNODE(7) IIeHODE(8) I 
	KNODE'I) IkNOD£(10 I 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTENTS 

	KNODE 
	KNODE 
	5(215) 
	Nodal 
	displacements printed for nodes 

	TR
	beginning with KNODE(I) 
	through 

	TR
	KNODE(I+l), 
	inclusive. 
	Up to 
	5 pairs 

	TR
	of nodes 
	are 
	permitted. 


	A-II. 
	LINE 3: Simulation Control Data DESCRIPTION: Parameters for control of solution duration, step size, and error bounds. FORMAT AND EXAMPLE: 
	0 1 1234687880 
	0 1 1234687880 
	0 1 1234687880 
	2 1234687880 
	3 12346871180 
	4 1234687880 
	6 1234687880 
	8 1234687880 
	7 12346871180 
	II 1234687880 

	TIIA ... 
	TIIA ... 
	D"'''''' 
	0"'" 
	EIIR 
	ElR 
	7' 
	7' 
	D71 

	900 • 
	900 • 
	0.0005 
	0.0005 
	o. lO 
	O. 00 l. 
	o. 
	O. 300 
	0.0005 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 

	TMAX 
	TMAX 
	F10.0 

	DMAX 
	DMAX 
	F10.0 

	DMIN 
	DMIN 
	F10.0 

	EUR 
	EUR 
	F10.0 

	ELR 
	ELR 
	F10.0 


	CONTENTS 
	The maximum time allotted for the run on the job card in decimal seconds. This will ensure that the solution is termi­nated in time to permit printing of the output already computed. 
	Maximum step size. A value of 0.001 sec has been used successfully. 
	Minimum step size. A value as large as 
	0.001 sec has been used successfully, but the use of very stiff restraint sys­tem 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 = DMAX. 
	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. 
	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. 
	LINE 3A: Cockpit Configuration Identification (only if 
	lOUT (4) = 1) DESCRIPTION: An integer that specifies either of the types of configuration shown in figure A-3. FORMAT AND EXAMPLE: 
	•
	0 1 123461171110 
	0 1 123461171110 
	0 1 123461171110 
	2 1234611711110 
	3 1234611711110 
	4 1234611711110 
	6 1234611711110 
	II 123461171110 
	7 123461171110 
	1 1234611711110 

	te .. " I I 
	te .. " I I 


	FIELD FORMAT CONTENTS. ICKPT 15 Identification of cockpit configuration.. 
	r sample case.. 
	*Line not present fo

	A-IS. 
	LINE 3B -3K: Cockpit Coordinates (only if IOUT(4) = 1) DESCRIPTION: Coordinates of points that define cockpit geometry. FORMAT AND EXAMPLE: 
	•
	0 1 12341171110 
	0 1 12341171110 
	0 1 12341171110 
	2 12341171110 
	3 12341171110 
	4 12341171110 
	1 12341171110 
	1 12341171110 
	7 12341171110 
	1 1234117111~ 

	ICAaU) 
	ICAaU) 
	YCAaU) 
	ZCAaU) 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTENTS 

	XCAS(J) 
	XCAS(J) 
	3F10.0 
	These 
	lines contain coordinates of 
	ten 

	YCAS (J) 
	YCAS (J) 
	points 
	that define cockpit geometry. 

	ZCAS(J) 
	ZCAS(J) 
	X and 
	Z coordinates 
	are 
	required for 

	J 
	J 
	= 
	1,10 
	the 
	6 points 
	shown 
	in figure A-3; 
	Y and 

	TR
	Z coordinates for points 
	7-10 that de­

	TR
	fine 
	the sides of the aircraft. 


	sample case. 
	*Line not present in 

	A-17. 
	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 form of the occupant torso. If a dummy torso is used in measurement, the deflection should be based on the chest accelerometer location. The force, F, is computed from cushion deflection, 0 , according to 
	F = C(e-1). 
	B8 

	FORMAT AND EXAMPLE: 
	a , 1224687810 
	a , 1224687810 
	a , 1224687810 
	2 1224.87 •• 0 
	3 ,,24.87.80 
	4 '2246.7 •• 0 
	6 '234687680 
	8 '214687"0 
	7 12346'7"0 
	8 1134687"0 

	ala 37 5. 
	ala 37 5. 
	110 o. 653 
	0'10 .85 
	THIO. 3 .00 


	FIELD cac Bac DPBC 
	THBCE 
	FORMAT FlO .0 F10.0 F10.0 
	F10.0 
	CONTENTS. Coefficient C in above equation (lb).. Coefficient B in above equation (in. ).. Damping coefficient at zero load. 
	-1 

	(lb-sec/in. ) • Unloaded thickness of cushion in center of seat back (in.), including thickness of beams for this example. 
	A-19. 
	IBUKL 
	IBUKL 
	IBUKL 
	1 
	IBUKL 
	= 
	2 
	IBUKL 
	= 
	3 

	TR
	o o '" o o OJ 

	NOTE: 
	NOTE: 
	BUKL 1 = Shoulder belt fixed to buckle 2 Shoulder belt and one side of lap belt are one length of webbing 3 = Shoulder belt and lap belt attached to fixed point BUKL parameter is defined on line 10. 
	= 
	0 

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


	A-21. 
	LINE 
	LINE 
	LINE 
	7: 
	Lap 
	Belt Properties 

	DESC
	DESC
	RIPT
	ION: 
	Tables of forces and deflections define mation to force-deflection curve by thresegments, as illustrated in figure A-5. and deflection at point 1 are assumed to 
	an approxi­e linear The force be zero. 


	FORMAT AND EXAMPLE:. 
	0 1 1234587880 
	0 1 1234587880 
	0 1 1234587880 
	2 1234587880 
	3 1234587880 
	4 1234587880 
	5 1234587880 
	8 1234587880 
	7 1234587580 
	8 1234587880 

	"UI(2) 
	"UI(2) 
	FFL8(3J 
	FFt,B(4) 
	DDLlI(2J 
	DDLB(3) 
	DDL8(4) 
	DPt,B 
	SLAB 

	550. 
	550. 
	1300. 
	2250. 
	0.0403 
	0.1048 
	0.1613 
	o . 
	o. 


	FIELD FFLB DDLB DPLB SLAB 
	FORMAT 3F10.O 
	3F10.O F10.O F10.O 
	CONTENTS. Forces (lb).. Strains corresponding to forces (in./in.).. Damping coefficient (lb-sec).. Slack in the total lap belt loop, the. 
	length that, if removed, would cause the belt to pass snugly over the occu­pant with zero load (in.). 
	A-23. 
	LINE 8: Lap Belt Anchor Points and Footrest DESCRIPTION: Coordinates of right and left lap belt anchor points in aircraft coordinate system; location of footrest. FORMAT AND EXAMPLE: 
	0 I '234687880 
	0 I '234687880 
	0 I '234687880 
	2 '234687880 
	3 '234687880 
	4 1234587880 
	6 '234581890 
	8 1234681890 
	7 1234681890 
	8 1234681890 

	xLeC,) 
	xLeC,) 
	YLe(t) 
	ZLBC1J 
	XLec!) 
	YLeez) 
	ZL8(2) 
	.FR 
	ANOFA 

	O. 75 
	O. 75 
	-9 • 
	1 3 . 6 3 
	o. 75 
	g. 
	1 3 • 6 3 
	28 . 
	O. 


	FIELD 
	XLB(1) YLB(l) ZLB(l) 
	XLB(2) YLB(2) ZLB(2) 
	XFR 
	ANGFR 
	FORMAT 
	FORMAT 
	FORMAT 
	CONTENTS 

	3F10.0 
	3F10.0 
	Coordinates of right-hand lap belt anchor point in aircraft coordinate system (in.). 

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

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

	F10.0 
	F10.0 
	Angle between (degrees) • 
	footrest and 
	floor 


	A-25. 
	LINE 10: Shoulder Belt Anchor Points 
	DESCRIPTION:. Coordinates of shoulder belt anchor point in air­craft coordinate system, along with other restraint system characteristics. 
	FORMAT AND EXAMPLE: 
	0 , 123411117880 
	0 , 123411117880 
	0 , 123411117880 
	2 12341187880 
	3 123411878110 
	4 12345878110 
	II 1234118711110 
	8 123458711110 
	7 12341187880 
	8 1234587880 

	.eH O. 
	.eH O. 
	YaH O. 
	zeH ~ 1. 38 
	IIUKL 12 . 
	XTAAL O. 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 

	XSH 
	XSH 
	3F10.0 

	YSH 
	YSH 

	ZSH 
	ZSH 

	BUKL 
	BUKL 
	F10.0 

	XTRAL 
	XTRAL 
	F10.0 


	CONTENTS 
	Coordinates of shoulder belt anchor point in aircraft coordinate system, or point from which belt passes to shoulder in a straight line. 
	Length of lap belt webbing attached to buckle, illustrated in figure A-4 (in.). 
	Length of shoulder strap beyond (XSH, YSH, ZSH) if strap not in straight line, as shown in figure A-6 (in.). 
	A-27. 
	LINE lOA: Tiedown strap Properties (only if IRSYS = 4) 
	DESCRIPTION:. For lap belt tiedown strap (negative-G strap) tables of forces and deflections define an approxi­mation 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: 
	---------_.._...-_._-----_._---_..----------­
	.'-'---'-,---" 
	•
	0 I 123411878110 
	0 I 123411878110 
	0 I 123411878110 
	2 12340871110 
	3 123411871110 
	4 123411871110 
	II 123411871110 
	8 12340871110 
	7 123411171110 
	8 123411171110 

	"TDlal 
	"TDlal 
	PPTDCII 
	PPTDC.I 
	DDTDcal 
	DDTDCI) 
	DDTD(4) 
	Dl'TD 
	ILTD 


	FIELD FORMAT CONTENTS. FFTD 3F1O.O Forces ( lb) •. DDTD 3F1O.O Strains corresponding to forces (in./in.).. DPTD F1O.O Damping coefficient (lb-sec) .. SLTD F1O.O Tiedown strap slack (in. ) .. 
	r sample case.. 
	*Line not present fo

	A-29. 
	LINE 11 -34: Aircraft Acceleration 
	DESCRIPTION:. The time variation of each of the six components of the acceleration of the aircraft coordinate system is approximated by up to 16 points in acceleration and time. 
	FORMAT AND EXAMPLE: (Line s 11 -14) 
	0 1 1234&87880 
	0 1 1234&87880 
	0 1 1234&87880 
	2 1234587880 
	3 1234887880 
	4 1234887880 
	5 1234887880 
	8 1234887880 
	7 1234887880 
	8 1234887880 

	AkCO 
	AkCO 
	AXC.I) -a . 1 6 
	AX(S) -4 , 04 
	"X(4) -4 • 2 a 
	AX(8) -5 . 91 
	AK(e) -5 . 7 5 
	AX(7) -5 . 05 
	AxCe) -6 . 1 4 

	O. 
	O. 

	AX(.) 
	AX(.) 
	AXUO) 
	AX(11) 
	""X(1I' 
	AX(18) 
	AX(l.) 
	AXUIS) 
	"Xu.) O. TX(.) . 048 

	-5 . 114 
	-5 . 114 
	-6 • 22 
	-5 . 35 
	-5 • 83 
	-5 . 44 
	-5 . 44 
	1 . 32 TX(7) .040 

	TX(1) 
	TX(1) 
	TX(I) .008 
	TX(I) .018 
	rX(4) .025 
	TXCls) .031 
	TX(') .035

	O. 
	O. 

	TX(.) 
	TX(.) 
	TIUO) 
	TXU t) 
	TI:(1I) 
	TX(1S) 
	TX(14) . 253 
	TX(15) . 283 
	TJUll) . 3 1 4 

	. 057 
	. 057 
	. 055 
	. 072 
	.080 
	. 084 


	FIELD Lines 11 and 12: AX(J), J = 1-8 
	AX(J), J = 9-16 Lines 13 and 14: TX(J), J == 1-8 
	TX(J), J = 9-16 Lines 15 and 16: Lines 17 and 18: Lines 19 and 20: Lines 21 and 22: Lines 23 and 24: Lines 25 and 26: Lines 27 and 28: Line s 29 and 30: Lines 31 and 32: Lines 33 and 34: 
	FORMAT 
	8Fl0.0 8Fl0.0 
	8Fl0.0 8F10.0 
	CONTENTS 
	X-acceleration. (G). 
	X-time corresponding to lines 11. and 12 (sec).. Y-acceleration (G).. Y-time (sec).. Z-acceleration (G).. z-time (sec).. Yaw acceleration (rad/sec/sec).. Yaw time (sec).. Pitch acceleration (rad/sec/sec).. Pitch time (sec).. Roll acceleration (rad/sec/sec).. Roll time (sec).. 
	A-31 
	LINE 36: Aircraft Initial Position 
	DESCRIPTION:. Components of aircraft initial position, in earth­fixed coordinate system, and attitude. 
	FORMAT AND EXAMPLE: 
	0 1 12346tl78UO XA 
	0 1 12346tl78UO XA 
	0 1 12346tl78UO XA 
	2 12341187880 VA 
	3 1234687880 ZA 
	4 1234687880 YAW 
	II 123411878110 PITcH 
	8 123411117880 ROLL 
	7 123411871110-
	8 12341187880 -

	0, 
	0, 
	o. 
	o. 
	o, 
	o. 
	0, 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 

	XA 
	XA 
	3F10.0 

	YA 
	YA 

	ZA 
	ZA 

	YAW 
	YAW 
	3F10.0 

	PITCH 
	PITCH 

	ROLL 
	ROLL 


	CONTENTS 
	Position of aircraft coordinate system in inertial system (earth-fixed system in which gravity acts in the -Z direction) (in.). These initial coor­dinates 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. 
	Initial. attitude of aircraft relative to earth-fixed system (deg). 
	A-33. 
	LINE 38: Occupant Initial Position 
	DESCRIPTION:. Weight and stature for nonstandard occupant; ini­tial position angles and heel X-position, as illus­trated in figure A-7. The heels are assumed to begin at Z = O. The torso is aligned according to GAM(l), GAM(2), and GAM(3), and the position is then determined from static equilibrium, allowing for compression of the cushions. 
	FORMAT AND EXAMPLE: 
	0 1 1234687880 
	0 1 1234687880 
	0 1 1234687880 
	2 1234687880 
	3 1234687880 
	4 1234687880 
	6 1234587880 
	8 1234587880 
	7 1234587880 
	8 1234587880 

	w 
	w 
	• 
	O"'M(1) 
	0",,,(2) 
	0"'''(3) 
	0"'M(4) 
	0"'M(5) 
	XHEEL 

	I 64 . 38 
	I 64 . 38 
	69 . I 
	a . 
	a . 
	23 . 
	-I 7 . 
	6 a . 
	26. 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 

	w 
	w 
	F10.O 

	s 
	s 
	F10.O 

	GAM 
	GAM 
	5F10.O 

	XHEEL 
	XHEEL 
	F10.O 


	CONTENTS 
	Occupant weight (lb) -used only for nonstandard occupant. 
	Occupant stature (in.) -used only for nonstandard occupant. 
	Vector of initial position angular coordinates, as illustrated in fig­ure A-7 (deg). 
	X-coordinate of heels in aircraft coor­dinate 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 rear­ward until they rest on the footrest. 
	A-35. 
	LINES 38A -38L: Nonstandard Occupant Input Data 
	If a nonstandard occupant is requested by setting IMAN = 2 (human) or IMAN = 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. 
	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-37. 
	o 
	~ Center of Mass 
	o 
	j--,
	• Joint 
	o 
	co
	c=.:::.=.n Beam-Column Element 
	nL-l 4 
	Figure A-8. Program SOM-LA body segment dimensions. A-39 
	Figure A-8. Program SOM-LA body segment dimensions. A-39 


	1 
	Figure
	LINE 38B: Segment Center of Mass Location (only if IMAN = 2 or 3) 
	DESCRIPTION: 
	DESCRIPTION: 
	DESCRIPTION: 
	Center of 
	mass 
	locat:ions 
	for 
	segments 1, 
	2, 
	3, 
	4, 
	5. 

	TR
	8, 
	and 
	9. 
	See 
	figure 
	A-a 
	for datum plan
	e desc
	rip­

	TR
	tion 
	(in.). 

	FORMAT 
	FORMAT 
	AND 
	EXAMPl[,E: 


	0 1 1234~87880 
	0 1 1234~87880 
	0 1 1234~87880 
	2 1234687880 
	3 1234687880 
	4 1234687880 
	6 1~~345878eo
	8 1234687880 
	7 1234687880 
	8 1234~87880 

	AHO(1) 
	AHO(1) 
	RHO(2) 
	AHO(3) 
	RHO(4) 
	RHO(IU 
	RHOCI) 
	AHO(8) 
	~ 

	4 . 6 7 
	4 . 6 7 
	6 . 55 
	6 . 3 3 
	4 • 7 2 
	6 . 26 
	8 . 35 
	1 0 . 96 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTENTS 

	RHO (1) 
	RHO (1) 
	F10.O 
	Lower 
	torso 
	center of 
	mass 
	vertical 
	dis­

	TR
	tance 
	from 
	hip pivot. 

	RHO(2) 
	RHO(2) 
	F10.O 
	Upper 
	torso 
	center of 
	mass 
	distance 
	from 

	TR
	base of 
	neck. 

	RHO(3) 
	RHO(3) 
	F10.O 
	Head 
	cen1:er 
	of 
	mass 
	distance 
	from 
	base 

	TR
	of 
	neck. 

	RHO(4) 
	RHO(4) 
	F10.O 
	Upper 
	arm 
	center of 
	mass 
	distance 
	from 

	TR
	shoulder pivot. 

	RHO(5) 
	RHO(5) 
	F10.O 
	Lower 
	arm 
	center of 
	mass 
	distance 
	from 

	TR
	elbow pivot. 

	RHO(8) 
	RHO(8) 
	F10.O 
	Upper leg 
	center of 
	mass 
	distance 
	from 

	TR
	hip pivot. 

	RHO(9) 
	RHO(9) 
	F10.O 
	Lower 
	leg 
	center of 
	mass 
	distance 
	from 

	TR
	knee 
	pivot. 


	A-40. 
	LINE 38C: Segment Weight (only if IMAN = 2 or 3). DESCRIPTION: Weights of segments 1, 2, 3, 4, 5, 8, 9 and 12 (lb).. FORMAT AND EXAMPLE:. 
	0 t 1234667680 
	0 t 1234667680 
	0 t 1234667680 
	2 12346676110 
	3 1234667680 
	4 1234667680 
	6 1234667680 
	6 1234667680 
	7 1234667680 
	6 1234667680 

	"'''' 
	"'''' 
	eWlII 
	eWloI 
	aW(41 
	eWIII 
	eW(ol 
	eWIII 
	eWl'" 

	3 ~ . 60 
	3 ~ . 60 
	3 5 . 97 
	10. 10 
	~ • 85 
	~ • 85 
	21. 70 
	9 . ~ 9 
	1 . 98 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTENTS 

	SW(l) 
	SW(l) 
	F1O.O 
	Lower 
	torso 
	weight. 

	SW(2) 
	SW(2) 
	Fl0.0 
	Upper 
	torso 
	weight. 

	SH(3) 
	SH(3) 
	Fl0.0 
	Head 
	weight. 

	SH(4) 
	SH(4) 
	F1O.O 
	Upper 
	arm 
	weight. 

	SW(5) 
	SW(5) 
	Fl0.0 
	Lower 
	arm 
	weight. 

	SW(8) 
	SW(8) 
	Fl0.0 
	Upper leg weight. 

	SW(9) 
	SW(9) 
	F1O.O 
	Lower 
	leg weight. 

	SW(12) 
	SW(12) 
	F1O.O 
	Neck 
	weight. 


	A-41. 
	LINE 380:. 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
	2for 
	2for 
	seg­

	ments 1, 2, 3, 4, 5, 8, and 9 (lb-in.-sec ). FORMAT AND EXAMPLE: 
	0 , 12345878110 
	0 , 12345878110 
	0 , 12345878110 
	2 12345878110 
	3 12345878110 
	4 12345878110 
	5 12345878110 
	8 12345878110 
	7 12345878110 
	8 12345878110 

	CII(1) 
	CII(1) 
	CII(2) 
	CIXlal 
	CIXC41 
	CIXlII 
	CIXlII 
	CIXCol 
	.--::::-<:: 

	2 . 32 
	2 . 32 
	2 . l8 
	. 2 7 5 
	. 1 32 
	• 017 
	. 1 2 7 
	. 9 2 7 


	FIELD 
	FIELD 
	FIELD 
	PORMAT 
	CONTENTS 

	CIX (1) 
	CIX (1) 
	P1O.O 
	Lower 
	torso 
	x-axis 
	moment 
	of inertia. 

	CIX(2) 
	CIX(2) 
	F1O.O 
	Upper 
	torso 
	x-axis 
	moment 
	of 
	inertia. 

	CIX(3) 
	CIX(3) 
	m o,o 
	Head 
	x-a.xis 
	moment 
	of inertia. 

	CIX(4) 
	CIX(4) 
	I~lO.O 
	Upper 
	arm 
	x-axis 
	moment 
	of inertia. 

	CIX(5) 
	CIX(5) 
	F1O.D 
	Lower 
	arm 
	x-axis 
	moment 
	of 
	inertia. 

	CIX(8) 
	CIX(8) 
	ri o,0 
	Upper leg 
	x-axis 
	moment 
	of 
	inertia. 

	CI X(9) 
	CI X(9) 
	lnO.O 
	Lower 
	leg 
	x-axis 
	moment 
	of 
	inertia. 


	A-42. 
	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
	2seg­
	ments 1, 2, 3, 4, 5, 8, 9, and 12 (lb-in.-sec ). FORMAT AND EXAMPLE: 
	0 1 1234587880 
	0 1 1234587880 
	0 1 1234587880 
	2 1234587880 
	3 1234587880 
	4 1234587880 
	5 1234587880 
	8 1234587880 
	7 1234587880 
	8 1234587880 

	civet) 
	civet) 
	eIY(U 
	CIY(.' 
	ell' c.) 
	CIYCI) 
	elYCIJ 
	c'ylO' 
	eIY"I) 

	. 7 6 
	. 7 6 
	. 9 3 
	.266 
	. 1 3 5 
	. 1 8 5 
	1 . 2 2 
	.994 , , , , ! , 
	. 0 1 77 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTENTS 

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

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

	CIY(3) 
	CIY(3) 
	F1O.O 
	Head 
	y-axis 
	moment 
	of 
	inertia. 

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

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

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

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

	CIY(12) 
	CIY(12) 
	F1O.O 
	Neck y-axis 
	moment 
	of 
	inertia. 


	A-43. 
	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 seg­
	2for
	ments 1, 2, 3, 4, 5, 8, and 9 (lb-in.-sec ). FORMAT AND EXAMPLE: 
	10 1234687880 
	10 1234687880 
	10 1234687880 
	2 1234687880 
	3 1234687880 
	4 1234687880 
	6 1234681890 
	.8 1234687880 
	7 1234687880 
	8 1234687880 

	c:az(t) 
	c:az(t) 
	C'ZI21 
	c.Z(,) 
	C'Z(41 
	CIZ(I) 
	Cll.l) 
	CIZflJ 
	~ 

	2 . 32 
	2 . 32 
	1. 70 
	. 2 3 3 
	. 022 
	• 1 9 5 
	.873 
	.505 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTENTS 

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

	CIZ(2) 
	CIZ(2) 
	F1O.O 
	Upper 
	torso 
	z-axis 
	moment 
	of inertia. 

	CIZ(3) 
	CIZ(3) 
	F1O.O 
	Head 
	z-axis 
	moment 
	of 
	inertia. 

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

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

	CIZ(8) 
	CIZ(8) 
	F1O.O 
	Upper leg 
	z-axis 
	moment 
	of 
	inertia. 

	CIZ(9) 
	CIZ(9) 
	F10.0 
	Lower 
	leg 
	z-axis 
	moment 
	of inertia. 


	A-44. 
	LINE 38G: Contact Surface Radii (only if IMAN = 2 or 3) 
	DESCRIPTION: 
	DESCRIPTION: 
	DESCRIPTION: 
	Radii 
	of 
	contact 
	surfaces 
	1, 
	2, 
	3, 
	4, 
	5, 
	8, 
	9, 
	and 

	TR
	12 
	(in.). 
	(See figure 
	A-9 
	and 
	table A-1 
	for human 

	TR
	occupant. ) 

	FORMAT 
	FORMAT 
	AND 
	EXAMPLE: 


	, 
	2 
	8
	3 
	4 
	6 
	7
	0 
	8 
	1234687880 1234687880 1234687880 1234687880
	1234681680 
	'234687880 
	'234687880 
	1234687880 
	.,U,) 
	x,ua) 
	IRCI) 
	KR(tit)
	I:A(I) 
	IR(4) 
	IAIII
	IA(II 
	3. ~~ 1. 95 1. 85 
	3. 10 2•3 Q 2. 30
	~ . 50 
	~ . 50 
	-
	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTENTS 

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

	TR
	ellipsoid. 

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

	TR
	plane. 

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

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

	TR
	cylinder. 

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

	TR
	cylinder. 

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

	TR
	cylinder. 

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

	TR
	cylinder. 

	XR(12) 
	XR(12) 
	F10.0 
	Radius 
	of neck 
	contact 
	surface cylinder. 
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	a) Body contact surface dimensions. b) Contact surface identification 
	Figure A-9. Body contact surfaces description. 
	TABLE A-1. STANDARD 
	Surface Symbol 
	Pelvis R
	1 Chest R
	2 

	Head R
	3 Arm RR
	4, 6 Forearm RR
	5, 7 Thigh R
	RiO
	8, Leg RR
	9, 11 Knee RR
	12, 13 Foot R
	14, 15 Hip R
	R

	16, 17 Shoulder R
	R

	18, i9 Elbow RR
	R

	20, 21 
	22, 23 
	Hand 
	R
	R

	CONTACT SURFACE 
	Fraction of. Stature. (R./S).
	1 
	0.0579 0.0689 0.0485 0.0263 0.0243 0.0466 0.0344 0.0373 0.0405 0.0515 0.0378 0.0268 0.0339 
	DIMENSIONS 
	Actual Dimension for 50th­Percentile Human Male 
	(in, ) 
	4.00 
	4.76 
	3.35 
	1.82 
	1. 68 
	3.22 
	2.38 
	2.58 
	3.10 
	3.56 
	2.61 
	1.85 
	2.34 
	A-47. 
	LINE 38il: 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: 
	0 1 12345878110 
	0 1 12345878110 
	0 1 12345878110 
	2 12345878110 
	3 12345878110 
	4 12345878110 
	5 12345878110 
	8 12345878110 
	7 12345878110 
	8 12345878110 

	."(14) 1 . 60 
	."(14) 1 . 60 
	IR(1') 3. S 6 
	IR(1.) 2 . 61 
	IR(IO) 1 . 85 
	IR(II) 2 • 34 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTENTS 

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

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

	XR(18) 
	XR(18) 
	F10.0 
	Radius o:f sphere. 
	shoulder 
	contact 
	surface 

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

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


	A-48. 
	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 dis­tances in figure A-S.) Dimensions are in inches. 
	FORMAT AND EXAMPLE; 
	0 1 123461111180 
	0 1 123461111180 
	0 1 123461111180 
	2 '23461171180 
	3 12346117880 
	4 123461171180 
	II 12346117880 
	II 12346111880 
	1 1234611711110 
	II 123461171180 

	XL" 3 . 70 
	XL" 3 . 70 
	XLI 6.34 
	eM(O .20 
	eM(2) .20 
	• .,ca) 2.00 


	FIELD--­
	FIELD--­
	FIELD--­
	FORMAT 
	CONTENTS 

	XLH 
	XLH 
	F1O.O 
	Lateral distance of center of hip joint from mid-saggital plane. 

	XLS 
	XLS 
	F1O.O 
	Lateral distance of mid-saggital plane. 
	shoulder 
	joint from 

	EM(l) 
	EM(l) 
	F1O.O 
	Anterior offset distance of the lower torso center of mass from the spine. 

	EM(2) 
	EM(2) 
	F1O.O 
	Anterior offset distance of the upper torso center of mass from the spine. 

	EM (3) 
	EM (3) 
	F1O.O 
	Anterior offset distance of the head center of mass from the spine. 


	A-49. 
	LINE 38J: Abdomen and Chest Compliance (only if IMAN = 2 or 3) 
	DESCRIPTION:. Estimated force-deflection characteristics (com­pliance) of occupant chest and abdomen under re­straint system loads. The force, F, is com­puted from cushion deflection, 8, according to 
	F = C( e8 -1). 
	B

	FORMAT AND EXAMPLE: 
	0 1 '234581880 
	0 1 '234581880 
	0 1 '234581880 
	:1 1234581880 
	3 '234581880 
	4 '234587880 
	5 ll'34687880 
	8 1234667880 
	7 1234667680 
	8 1234587880 

	CA.IO 2000. 
	CA.IO 2000. 
	BAeD . 0 '; 0 
	ccHE 2000 . 
	BCHE . 380 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTENTS 

	CABD 
	CABD 
	F10.0 
	Coef f i.cLent; Db) • 
	C for abdomen 
	compliance 

	BABD 
	BABD 
	F'10.0 
	Coefficient B for (in. -1 ) • 
	abdomen 
	compliance 

	CCHE 
	CCHE 
	F10.0 
	Coefficient C for chest compliance 
	(lb) • 

	BCHE 
	BCHE 
	F10.0 
	Coefficient B for (in. -1 ) • 
	chest compliance 


	A-50. 
	LINE 38K:. Axial Stiffness and Damping Properties for Spine and Neck (only if IMAN = 2 or 3) 
	DESCRIPTION:. Axial force-deflection characteristics for the two­dimensional spine and neck beam models and asso­ciated axial damping. The force, F, is computed 
	BO 
	from deflection, 0, according to F = C(e-1). 
	FORMAT AND EXAMPLE: 
	0 , 1234&87880 
	0 , 1234&87880 
	0 , 1234&87880 
	2 1234587880 
	3 1234587880 
	4 1234587880 
	& 1234&87880 
	8 1234587880 
	7 1234587880 
	8 1234587880 

	CAXI 6000 . 
	CAXI 6000 . 
	IAXI . 238 
	OM'. 1 . 00 
	CAlM 3 2 ~ 0 . 
	IAXN . 270 
	DM'H 1.0 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTENTS 

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

	BAXS DMPS 
	BAXS DMPS 
	F10.0 F10.0 
	Coefficient B in above axial spinal stiffness Axial damping in spine 
	equation for -1(in. ) . -1( lb-sec-in. ) . 

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

	BAXN 
	BAXN 
	F10.0 
	Coefficient B in above equation for axial neck stiffness -1(in. i , 

	DMPN 
	DMPN 
	F10.0 
	Axial 
	damping 
	in neck 
	-1(lb-sec-in. ). 


	A-51. 
	LINE 38L:. Rota'tional 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 B
	M = C(e6-.1). 
	FORMAT AND EXAMPLE: 
	0 I '234587880 CltOT(J) 
	0 I '234587880 CltOT(J) 
	0 I '234587880 CltOT(J) 
	2 1234587880 .AOT(t) 
	3 1234887880 x,J(t) 
	4 1234587880 CltO'f(2) 
	5 I:Z34587890 BROT(2) 
	8 12345878811 1(.1(2) 
	7 1234587880 
	a 1234587880 -

	375 . 
	375 . 
	1 . ~ 9 
	1 50 . 
	3 75 . 
	1 . ~ 9 
	30 . 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTENTS 

	CROT(l) 
	CROT(l) 
	F10.0 
	Coefficient C in above equation for tational spinal stiffness (in.-Ib) • 
	ro-

	BROT(l) 
	BROT(l) 
	F10.0 
	Coefficient B in above equation for tational spinal stiffness -1(rad ) . 
	ro­

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

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

	BROT (2) 
	BROT (2) 
	F'10.0 
	Coefficient B in above equation for tational neck stiffness -1(rad ) . 
	ro-

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


	A-52. 
	LINE 39: Seat Geometry DESCRIPTION: Dimensions of rigid seat model as shown in fig­ure A-10. FORMAT AND EXAMPLE: 
	0 1 123454l18QO 
	0 1 123454l18QO 
	0 1 123454l18QO 
	2 ,23454l18QO 
	3 '2348878QO 
	4 '234587890 
	5 '2345878QO 
	8 '2345878110 
	7 '2348878QO 
	8 1234587890 

	IIEAT 
	IIEAT 
	zalAr 
	AM08' 
	AHOle 
	ILPAN 
	IWPAN 
	••HT 
	18W 

	O. 
	O. 
	12 . 75 
	O. 
	O. 
	18. 
	18 . 
	40.88 
	18 . 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTENTS 

	XSEAT 
	XSEAT 
	2F10.O 
	X-
	and 
	Z-coordinates 
	(in aircraft-fixed 

	ZSEAT 
	ZSEAT 
	system) 
	of 
	intersection of 
	seat pan and 

	TR
	seat back planes under 
	the cushions 
	(in.). 

	ANGSP 
	ANGSP 
	2F10.O 
	Seat pan and 
	seat back 
	angles 
	(in 

	ANGSB 
	ANGSB 
	aircraft-fixed system), 
	directions 
	as 

	TR
	defined in figure A-10 
	(deg). 

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

	XWPAN 
	XWPAN 
	F10.O 
	Seat pan width 
	(in.). 

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

	SBW 
	SBW 
	F10.O 
	Seat back width 
	at 
	top 
	(in.). 


	A-53. 
	SBW -I 
	r-

	z XWPAN z 
	Figure A-lO. Rigid seat model geometry. 
	A-,54. 
	A.l 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 re­quired. If the stroking energy-absorbing seat option is utilized, line 42 is also required. If NSEAT = 1, signifying the use of the finite element model, omit these lines and move to section A.2. 
	A-55. 
	LINE 40: Energy Absorber Data 
	DEseRI PTION:. Parameters for the two-degree-of-freedom (seat stroke and rigid-body rotation) energy-absorbing seat model. (See figure A-ll for a detailed de­scription of the parameters.) 
	FORMAT AND EXAMPLE: 
	•
	0 , 1234551880 
	0 , 1234551880 
	0 , 1234551880 
	2 '234581880 
	3 1234581880 
	4 1234581880 
	5 12345818110 
	8 12345818110 
	1 12345818110 
	8 12345818110 

	,. 
	,. 
	.. 
	,. 
	O. 
	D. 
	D4 
	A.e.A 
	elATIl 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTEW~S 

	F2 
	F2 
	3F10.0 
	Energy 
	absorber 
	force 
	(lb). 

	F3 
	F3 

	F4 
	F4 

	D2 
	D2 
	3FlO.0 
	Deflec·tions 
	corresponding 
	to 
	above 

	D3 
	D3 
	forces 
	(in.), 
	see 
	figure 
	A-lla. 

	D4 
	D4 

	ANGEA 
	ANGEA 
	FlO.O 
	Stroking angle 
	for 
	guided energy­

	TR
	absorbing 
	seat 
	(deg), 
	see 
	figure 
	A-lib. 

	SEATM 
	SEATM 
	F10.0 
	Weight 
	of movable part of energy­

	TR
	absorbing 
	seat 
	(lb). 

	TR
	NOTE: 
	If SEATM 
	~ 
	0 
	(or 
	left blank) 
	the 

	TR
	energy-absorbing 
	stroke of the 
	seat will 

	TR
	not 
	be 
	used, 
	i.e., 
	the 
	seat will 
	remain 

	TR
	fixed 
	in position. 
	However, 
	lines 40 

	TR
	and 
	41 
	must 
	be 
	included, 
	even 
	if blank. 


	r sample case. 
	*Line not present fo

	A-56. 
	o
	Figure
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	o
	F4 
	o co 
	F3 
	,..Q 
	,...., 
	ClJ 
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	D4 

	TR
	Stroke 
	-in. 

	a) 
	a) 
	Force-stroke 
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	Figure
	b) Geometry 
	Figure A-ii. Energy absorber data. 
	A-57. 
	LINE 41: Energy Absorber Data continued 
	DESCRIPTION:. Parameters for the two-degree-of-freedom (seat stroke and rigid-body rotation) energy-absorbing seat model. 
	FORMAT AND EXAMPLE: 
	•
	0 1 ,2346616QO 
	0 1 ,2346616QO 
	0 1 ,2346616QO 
	2 12346618QO 
	3 12346878QO 
	4 12345878QO 
	6 12346878QO 
	6 '2346678QO 
	1 1234687800 
	6 12346678QO 

	8UNLOD 
	8UNLOD 
	aDA"" 
	"SEAT 
	AUNLOO 
	RDAMP 


	FIELD. SUNLOD. SDAMP. 
	YISEAT. 
	RUNLOD. 
	RDAMP. 
	FORHAT F10.0 F10.O 
	F10.O 
	F10.O 
	F10.O 
	*Line not present for 
	CONTENTS 
	Energy absorber unloading slope (lb/in.) 
	Damping coefficent for the energy ab­sorber (lb-sec/in.). 
	Mass moment of inertia of the seat about a lateral axis through point C (in figure A-10) with coordinates 2).
	X = XSEAT,Z = 0 (lb-in.-sec
	Unloading slope for rotational deform­ation of seat (in.-Ib/rad) 
	Rotational damping coefficient for the seat (in.-Ib-sec). 
	sample case. 
	A-58. 
	LINE 42: Rigid Seat Rotational stiffness Parameters DESCRI PTION: Applied moment versus seat rotational angle as shown in figure A-12. FORMAT AND EXAMPLE: 
	•
	0 1 1234667880 
	0 1 1234667880 
	0 1 1234667880 
	2 1234887880 
	3 1234887880 
	4 1234687880 
	6 1234887880 
	8 123488'180 
	, 123488'880 
	8 123481'880-

	""'U') 
	""'U') 
	•••'ea) 
	P,RT(4) 
	DDRT~) 
	DDnlal 
	DDRTI41 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTENTS 

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

	FFRT(3) 
	FFRT(3) 

	FFRT (4) 
	FFRT (4) 

	DDRT(2) 
	DDRT(2) 
	3F10.O 
	Angular 
	seat displacement 
	(rad). 

	DDRT(3} 
	DDRT(3} 

	DDRT(4} 
	DDRT(4} 


	r sample case. 
	*Line not present fo

	A-59. 
	co o 
	o CJ) ...-1 o 
	..Q 

	. FFRT(4) co 
	I
	r:: 

	-.-1 
	+J 
	r:: 
	Q) 
	FFRT (3)
	I=: 

	0. :is. 
	FFRT(2) 
	DDRT(2) DDRT(3) DDRT(4) 
	Angular deflection -rad 
	Figure A-12. Rigid seat model rotational stiffness. 
	A-60. 
	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. 
	(The energy-absorbing seat data described previously for lines 40, 41, and 42 are then not required.) 
	A-61. 
	LINE 40: 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 par ame t ers , 
	FORMAT AND EXAMPLE: 
	0 1 
	0 1 
	0 1 
	2 
	3 
	~ 
	e 
	8 
	7 
	8 

	1234657580 
	1234657580 
	12345871180 
	1234587880 
	1234587880 
	1234587880 
	1234587880 
	1234587880 
	1234587880 

	N""OD~ l NELE 
	N""OD~ l NELE 
	HU...."l I HUlII_bIS 
	HDQREE I "COORD 
	HSECT I CBUK 

	1 81 2 1 
	1 81 2 1 
	11 ~ 
	61 2 
	3T . 5 () 


	FIELD NNODE NELE NOMMAT NOMDIS 
	NDGREE 
	NCOORD 
	NSECT 
	CBUK 
	CBUK 
	FORMAT 15 IS 15 15 

	15 
	15 
	IS 
	F5.0 
	CONTEN'TS. 
	Number 
	Number 
	Number 
	of real nodes. 

	Number 
	Number 
	of elements. 

	Number 
	Number 
	of materials. 

	Number 
	Number 
	of displacement-specified node 

	points 
	points 
	(at which the aircraft displace­


	ment, velocity, and acceleration are applied) . 
	Number of degrees of freedom per node (= 6 this version). 
	Number of inactive beam pointer nodes, which are used to orient beam 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. 
	Number of different beam cross-section types. 
	Buckling coefficient for beams of closed cross-section. 
	A-62. 
	LINE 41: Miscellaneous Control Flags DESCRIPTION: Parameters for controlling execution of finite element seat simulation. FORMAT AND EXAMPLE: 
	0 1 1234687690 
	0 1 1234687690 
	0 1 1234687690 
	2 1234567890 
	3 1234667690 
	4 1234687890 
	6 1234567890 
	6 1234667890 
	7 1234687690 
	8 '234667890 

	IfiHfRl(U I J[ 
	IfiHfRl(U I J[ 


	FIELD FORMAT KNTRL (1) IS 
	CONTENTS 
	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 speci­fies less frequent updates, e.g., KNTRL(l) = 5 would cause an update every fifth time step, producing a more economical but less accurate solution. 
	A-63. 
	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 EXAI"1PLES: 
	o ',I 2 1234&878801234&87880 
	o ',I 2 1234&878801234&87880 
	o ',I 2 1234&878801234&87880 
	3 1234&81880 
	4 1234&81880 
	& 1234&81880 
	8 12345871180 
	7 1234587880 
	& 12345811180 

	IHY .. j .... I iTl 0 1 0 SIE nl 
	IHY .. j .... I iTl 0 1 0 SIE nl 
	-­
	-, 
	f-­-,­


	FIELD 
	FIELD 
	FIELD 
	FORMAT 

	MYTP 
	MYTP 
	IS 

	MAT 
	MAT 
	AlO 


	CONTENTS 
	Material type designation number. The element data on line 48 specifies the material by referring to this number. 
	Material type description used as heading for material property output. 
	A-64. 
	LINE 43: Material Properties DESCRIPTION: Material physical properties as described in figure A-13. FORMAT AND EXAMPLE: 
	0 1 '234687880 
	0 1 '234687880 
	0 1 '234687880 
	2 1234687880 
	3 1234687880 
	4 1234687880 
	6 1234687880 
	8 1234687880 
	7 1234687880 
	8 1234687880 

	U1) 
	U1) 
	~(I) 
	IU) 
	1(4) 
	Ila) 
	I(a) 
	EU) 
	a(.) 

	7.32Q-OQ 
	7.32Q-OQ 
	30.E6 
	58700. 
	2.9E5 
	. 1 
	67000. 
	.3 
	.03 


	FIELD 
	E (1) 
	E(2) 
	E (3) 
	E(4) 
	E(5) 
	E(6) 
	E(7) E(8) 
	FIELD E(l) E(2) 
	E ( 3) 
	E(4) E(5) 
	FORMAT El0.4 El0.4 El0.4 
	El0.4 
	El0.4 El0.4 
	El0.4 El0.4 
	FORMAT El0.4 El0.4 El0.4 
	El0.4 El0.4 
	CONTENTS FOR BEAM OR PLATE ELEMENT 2/in. 4).
	Density (lb-sec2).
	Modulus of elasticity (lb/in. 2
	First yield stress; Syl (lb/in. ) = 0 if elastic. 
	2)
	First plastic modulus (lb/in. = 0 if elastic. 
	Plate thickness (in.). 2
	Ultimate stress; SuIt (lb/in. ). (beam only). = 0 if elastic.. 
	Poisson's ratio.. 
	.Membrane damping as fraction of. critical.. CONTENTS FOR SPRING ELEMENT. Not used.. Elastic spring constant (lb/in.).. First yield force (lb). 
	= 0 if elastic.. First plastic spring constant (lb/in.).. Not used.. 
	A-65. 
	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTENTS 
	FOR SPRING 
	ELEMENT 

	E(6) 
	E(6) 
	E10.4 
	Ultimate 
	force 
	(lb) 

	TR
	= 0 if elastic. 

	E(7) 
	E(7) 
	E10.4 
	Not 
	used. 

	E(8) 
	E(8) 
	E10.4 
	Not 
	used. 


	A-66. 
	E(6) 
	E (11) 
	E ( 3) 
	N 
	Figure
	Figure
	E ( 2) 
	Strain -in./in. 
	"., 
	Figure A-13. Idealized stress-strain curve. 
	o 
	A-67. 
	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: 
	0 I 1234567880 
	0 I 1234567880 
	0 I 1234567880 
	2 12346878'80 
	3 1234687880 
	4 1234687880 
	6 1234687880 
	8 1234687880 
	7 1234687880 
	8 1234687880 

	E(I) 
	E(I) 
	1:(10) 
	E(1t) 
	&(12) 
	E(1,) 
	&(14) 
	E(1I) 
	lUI) 

	TR
	62500. 
	75000. 


	FIELD 
	E(9) 
	E(10) E(ll) E (l2) E(13) 
	E(14) 
	E(15) 
	E(16) FIELD 
	E(9) 
	E(10) E (11) E(12) 
	£(13) 
	FORMAT E10.4 E10.4 E10.4 E10.4 E10.4 
	E10.4 
	E10.4 
	E10.4 FORMAT E10.4 E10.4 
	E10.4 E10.4 
	E10.4 
	CONTEN'l?S FOR BEAM OR PLATE ELEMENT. None.. None.. 
	2).
	Second yield stress, Sy2 (lb/in. 2).
	Second plastic. modulus (lb/in. 
	Strain-rate coefficient = 0, no strain-rate effect considered. Strain-rate exponent 
	= 0, no strain-rate effect considered. Explicit moment curvature flag 1, use explicit moment curvature option (plate) 
	0, ignored explicit moment curvature. option (plate).. None.. CONTENTS FOR SPRING ELEMENT. None.. None.. Second yield force (lb).. Second plastic spring constant. 
	(lb/in.) .. Strain-rate coefficient. = 0, no strain-rate effect considered.. 
	A-68 
	FIELD 
	FIELD 
	FIELD 
	FORMAT --­
	CONTENTS FOR SPRING ELEMENT 

	E(l4) 
	E(l4) 
	ElO.4 
	Strain-rate exponent = 0, no strain-rate effect considered. 

	E(lS) 
	E(lS) 
	ElO.4 
	Not 
	used. 

	E(16) 
	E(16) 
	ElO.4 
	Not 
	used. 


	A-69. 
	LINE 45: Beam Cross-Section Data (only if NSECT > 0 on line 40) 
	DESCRI P'l'ION:. Beam element cross-sectional properties as de­scribed in figure A-14. Repeat group 45 and 46 NSECT times, as specified on line 40, one sequence for each cross section. 

	Fom1AT AND EXAMPLE: 
	Fom1AT AND EXAMPLE: 
	0 1 1234587880 
	0 1 1234587880 
	0 1 1234587880 
	2 1234587880 
	3 1234587880 
	4 1234587880 
	5 1234587880 
	8 12345871110 
	7 12345871110 
	1 12341178110 

	"81Q 1 KLoa 81 0 
	"81Q 1 KLoa 81 0 
	FIVV .0219 
	PlZZ .0219 


	FIELD FORMAT NSEG I5 
	KLOS. I5 
	FIYY 2E10.4 FIZZ 
	CONTENTS 
	Number of plate segments in beam cross section; NSEG = 1 for spring element. 
	Flag for closed-wall sections; KLOS = 0 for spring element = 0; closed wall = 1; open wall. 
	Cross·-section moments of inertia about y and z principal axes, respectively. The cross section for each beam ele­ment is oriented by specification of a pointer node in the element data on line 48. 
	2-in.).
	= 0 for spring element (lb-sec(See figure A-14b.) 
	*Example for first of three groups, determined by NSECT = 3 on line 40. 
	A-70. 
	y 
	z co 
	a) Cross~section geometry and moments (positive face, lOOking down x-axis toward origin) 
	y 
	j 
	x 
	Figure

	1 
	z 
	b) Element coordinate system 
	Figure A-14. Beam coordinates and cross-section geometry. 
	A-7l 
	LINE 46: Beam Cross-Section Data (only if NSECT > 0 on Line 40) DESCRIPTION: Beam element cross-sectional properties as de­scribed in figure A-14. NOTES: (1) Repeat line 46 NSEG + KLOS times, following line 4 5. 
	(2). Repeat the sequence of lines 45 and 46 NSECT times, as defined on line 40. 
	FORMAT AND EXAMPLE:* 
	0 1 1234687880 
	0 1 1234687880 
	0 1 1234687880 
	2 1234687880 
	3 1234187880 
	4 1234687880 
	1 1234187880 
	8 1234187880 
	7 12341878.0 
	8 12346878.0 

	viII -. 466 
	viII -. 466 
	ZCI) o. 
	Tit) .0685 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTENTS 

	Y(I) 
	Y(I) 
	E10.0 
	croes-csectIon coordinates of point 
	at 

	Z(I) 
	Z(I) 
	E10.0 
	beginning of 
	segment I 
	(in.). 
	(See 

	TR
	figure A-14a.) 

	T(I) 
	T(I) 
	E10.0 
	Segment 
	thickness 
	for 
	segment between 

	TR
	points 
	I 
	and 
	I 
	+ 1 
	(in.). 

	TR
	= 0 
	for 
	spring element. 


	*Er f eight lines based on NSEG = 8 and KLOS = 0 on line 45. 
	xample fo
	first o

	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:* 
	0 1 2 3 4 123-41567880 1234687880 1234687880 1234687880 N 1;:< XC(N) VeIN) ZeIN)---/ 11 O. -9 . o. 
	0 1 2 3 4 123-41567880 1234687880 1234687880 1234687880 N 1;:< XC(N) VeIN) ZeIN)---/ 11 O. -9 . o. 
	0 1 2 3 4 123-41567880 1234687880 1234687880 1234687880 N 1;:< XC(N) VeIN) ZeIN)---/ 11 O. -9 . o. 
	6 1234587880 
	8 1234687880 
	7 1234687680 
	8 1234687880 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTENTS 

	N 
	N 
	IS 
	Node 
	number. 

	TR
	SX 

	XC(N) 
	XC(N) 
	E10.4 
	x 

	YC(N) 
	YC(N) 
	E10.4 
	Y 
	coordinates of node point (in.). 

	ZC(N) 
	ZC(N) 
	E10.4 
	Z 


	f 20 lines, based on NNODE = 18 and NCOORD = 2 on line 40. 
	*Example for first o

	A-73. 
	LINE 48: Element Data. DESCRIPTION: Individual element property descriptions.. NOTE: Repeat. line 48 NELE times.. FORMAT AND EXAMPLE:*. 
	o 1 1234687880 
	o 1 1234687880 
	o 1 1234687880 
	2 1234587880 
	:1 4'2348878801234587880 
	5 1234887880 
	8 1234687880 
	7 1234587880 
	8 1234587880 

	.. I NODICt) 
	.. I NODICt) 
	MODEll) IIIIODEC.) 
	NODEl"' I NODE'I) I HOoUa) 
	MODEll) INODICa) 
	NODE(8) I 

	11 1 
	11 1 
	51 
	I I I 1. 
	4\ 2 
	11 


	FIELD 
	M 
	NODE(l) NODE(2) NODE(3) 
	NODE(4) NODE (5) NODE(6) NODE(7) 
	NODE(8) 
	NODE(9) 
	FIELD 
	M 
	NODE (1) NODE(2) 
	FORMAT IS 315 
	IS 110 IS IS 
	IS 
	IS 
	FORMAT IS 215 
	CONTENTS FOR PLATE ELEMENT. Element number.. Plate corner nodes.. 
	Not used.. 
	Element type = 0 or 1; plate = 2; beam 
	= 3; spring. 
	Material type (assumes 1 if left blank). Material properties are assigned to types on lines 42-44. 
	CONTENTS FOR BEAM OR SPRING ELEMENT 
	Element number. 
	End nodes.' 
	*Example for first of 21 lines, based on NELE = 21 on line 40. 
	A-74. 
	FIELD FORMAT. CONTENTS FOR BEAM OR SPRING ELEMENT 
	NODE(S) 110. Special beam end conditions -packed word. Input data here permits intro­duction of releases such as hinges and sliding joints, illustrated in figure A-1S. 
	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) 
	A 
	B = Force release in Y direction if 1, figure A-15(b) 
	A 
	C = Force release in Z direction if 1, figure A-15 (c) 
	A 
	o. = Moment release in X direction if 1, figure A-15(d) 
	A 
	E = Moment release in Y direction if 1, figure A-15(e ) 
	F = Moment release in Z direction if 1, figure A-1S(f) 
	A 

	G = Use elastic beam stiffness if 1 Use plastic beam stiffness if O. 
	A A'" 
	NOTE: X, Y, Z are the member axes. 
	NODE (6) IS. Cross-section type. The first set of lines 45 and 46 is assumed to be cross­section type no. 1; the second, no. 2, etc. 
	NODE (7) IS. Pointer node for orientation of ini­tial principal beam axis Y, as de­scribed in section 2.7.3. 
	NODE(8) IS. Element type = 0 or 1; plate = 2; beam = 3; spring. 
	NODE(9) 15. Material type (assumes 1 if left blank) . 
	A-75. 
	-----1CJ]f----x 
	la). x-direction force (axial sliding joint) 
	z 
	--.x 
	Ie). z-direction force. (transverse sliding. joint). 
	-x 
	z 
	(e). y-direction moment. (bending hinge). 
	Figure A-iS. Force and moment 
	y 
	'"
	N 
	c» cz 
	'"c» 
	-x 

	(b). y-direction force (transverse sliding joint) 
	-t--
	-t--
	x 

	(d). x-direction moment (torsional hinge) 
	y 
	Ii.-----<o/ /'/( 
	-x 
	(f) z-direction moment (bending hinge) 
	releases for beam elements. 
	A-76. 
	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: 
	0 1 '234687880 
	0 1 '234687880 
	0 1 '234687880 
	2 12345618~O 
	3 1234567880 
	4 '234567680 
	6 '234567880 
	8 '234687880 
	7 1234667880 
	8 '234587680 

	MIIAN(I) 1 NIIAN(I) I 31 1 6 
	MIIAN(I) 1 NIIAN(I) I 31 1 6 
	N"AN(~J INPUI(4J 141 1 ) 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTENTS 

	NPAN(l) 
	NPAN(l) 
	415 
	Nodes 
	on 
	which 
	seat cushion 
	loads 
	are 

	NPAN(2) 
	NPAN(2) 
	to 
	be 
	applied, 
	input 
	on 
	rear 
	edge 

	NPAN(3) 
	NPAN(3) 
	first, 
	then forward 
	edge, 
	as 
	shown 
	in 

	NPAN(4) 
	NPAN(4) 
	figure 
	A-16. 


	A-77. 
	10 
	co 
	9 LJ-----. [)----'. Shoulder harness load Lap belt load. 

	8 
	3 
	4 
	1 
	2 
	Inpu·t Line 
	Line. 49, Seat Pan Nodes. 50, Seat Back Nodes. 5l, Res·traint System. 
	Anchor Point Nodes 
	1-5 
	1-5 
	1-5 
	6-10 
	11-15 
	16-20 
	20-25 

	5 5 11 
	5 5 11 
	7 7 12 
	6 9 9 
	8 10 10 
	13 


	Figure A-16. Illustration of seat node definition on lines 49-51. 
	A-78. 
	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 1 123'5818~O 
	0 1 123'5818~O 
	0 1 123'5818~O 
	2 12345818~0 
	3 12345818~0 
	4 12345818~0 
	5 1234581890 
	8 12345818~0 
	7 12345818~O 
	8 12345818~0 

	NIAIC(O I H,AIC(I) 131 1 6 
	NIAIC(O I H,AIC(I) 131 1 6 
	MIA.HI) I MIAIC(4) 171 1 8 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTENTS 

	NBAK (1) 
	NBAK (1) 
	415 
	Nodes 
	on 
	which 
	back cushion 
	loads 
	are 

	NBAK(2) 
	NBAK(2) 
	to 
	be 
	applied, 
	input 
	on 
	lower edge 

	NBAK (3) 
	NBAK (3) 
	first, 
	then 
	top, 
	as 
	shown 
	in fig-

	NBAK(4) 
	NBAK(4) 
	ure 
	A-16. 


	A-79. 
	LINE 51: Restraint System Anchor Point Nodes DESCRIPTION: Nodal points on seat structure to which restraint 
	LINE 51: Restraint System Anchor Point Nodes DESCRIPTION: Nodal points on seat structure to which restraint 
	LINE 51: Restraint System Anchor Point Nodes DESCRIPTION: Nodal points on seat structure to which restraint 

	system 
	system 
	is attached 
	as 
	shown 
	in figure A-16. 

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

	FORMAT 
	FORMAT 
	AND 
	EXAMPLE: 


	0 I 1234587880 
	0 I 1234587880 
	0 I 1234587880 
	2 '2345871580 
	3 1234587890 
	,~ 123458788ll 
	5 1234587890 
	8 1234587890 
	7 1234587890 
	8 1234587880 

	NlBA(1) INl_A(t) 
	NlBA(1) INl_A(t) 
	NaHAU) IN8HA(2) 
	NTD I 
	..-­

	] 31 1 5 
	] 31 1 5 
	171 1 8 
	1 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTEN~~S 

	NLBA(l) 
	NLBA(l) 
	15 
	Seat 
	structure 
	nodes 
	at 
	which 
	lap belt 

	NLBA(2) 
	NLBA(2) 
	15 
	is attached, 
	right side first, 
	then 

	TR
	left, 
	as 
	shown 
	in figure A-16. 
	Leave 

	TR
	blank if lap belt is attached 
	to 
	air­

	TR
	craft floor. 

	NSHA (1) 
	NSHA (1) 
	15 
	Seat 
	structure nodes 
	at 
	which 
	shoulder 

	NSHA(2) 
	NSHA(2) 
	15 
	harness 
	load is 
	to 
	be 
	applied 
	(one 

	TR
	node), 
	or 
	distributed 
	(two nodes). 

	TR
	Leave blank if shoulder harness 
	is 

	TR
	not 
	used 
	or 
	not 
	attached 
	to 
	seat. 

	NTD 
	NTD 
	15 
	Seat 
	structure nodes 
	at 
	which 
	tiedown 

	TR
	strap load 
	is 
	to be 
	applied. 
	Leave 

	TR
	blank if tiedown 
	strap is not 
	used. 


	A-80. 
	LINE 52: Node Constraint Data DESCRIPTION: Packed (encoded) word for each nodal point that is 
	LINE 52: Node Constraint Data DESCRIPTION: Packed (encoded) word for each nodal point that is 
	LINE 52: Node Constraint Data DESCRIPTION: Packed (encoded) word for each nodal point that is 

	constrained 
	constrained 
	in 
	at 
	least one 
	degree 
	of 
	freedom. 

	NOTE: 
	NOTE: 
	(1) 
	Repeat 
	line 52 
	NUMDIS 
	times. 
	Omit 
	if NUMD1S 
	= O. 

	TR
	(2) 
	Normally, 
	the 
	floor 
	attachment 
	conditions 
	are 
	speci­

	TR
	fied 
	here. 

	FORMAT 
	FORMAT 
	AND EXAMPLE:* 


	° 1 ,2346676110 
	° 1 ,2346676110 
	° 1 ,2346676110 
	2 1234687880 
	3 1234687880 
	4 1234687880 
	II 1234687880 
	8 123411878110 
	7 123411878110 
	8 123411878110 

	NODDI. 1111101 
	NODDI. 1111101 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTENTS 

	NODDIS 
	NODDIS 
	110 
	Packed fied) 
	word 
	-NABCDEF 
	(right justi­

	TR
	N A B C D E F 
	= = = = ::: ::: = 
	Node number Displacement code in X direction Displacement code in y direction Displacement code in Z direction Rotation code in X direction Rotation code in y direction Rotation code in Z direction 

	TR
	A, 
	B, 
	C, 
	0, 
	E, 
	or 
	F 
	= 0, = 1, 
	No constraint constrained. 

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


	A-81. 
	Figure
	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 in­tended to provide the SOM-LA program user with examples that may aid in setting up new input cases. 
	B.1 OCCUPANT MODELING CHARACTERISTICS 
	As described in chapter 2, dimensions and inertial properties for two standard occupants, a 50th-percentile civilian male and a 50th­percentile 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-1, and para­meters 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
	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: 
	Length -95th % Sitting Height = 37.8 in. = 1 06 
	Factor -50th % Sitting Height 35.7 in. • 
	Similarly, occupant properties based on weight are scaled by the 
	occupant weight ratio, i.e.: 
	95th % Weight 212 lb 
	Weight Factor = 50th % Weight = 
	164 lb 
	= 
	1.29 

	B-1 
	The factor for scaling moments of inertia was derived from a di­mensional analysis for the variables involved. The resulting 
	scaling 
	scaling 
	scaling 
	factor 
	is: 

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

	Since there 
	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 encountered in the sim­ulation. The accuracy of the damping coefficient can be maximized by basing the calculated value on dynamic webbing t
	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 = PSTATIC + PDAMPING 
	.. 
	= KE + CE (B-1) 
	Where: 
	K is slope of the load/strain curve (lb/in./in.) C is the damping coefficient (lb-sec/in./in.) 
	B-2 
	~ is the strain (in./in.). E is the strain rate (in./in./sec). 
	Therefore, the damping coefficient can be calculated using 
	PDYNAMIC -KE
	C= . (B-2) 
	E 
	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 
	lb -sec
	= 26.7 ' 
	In. In. 
	I'

	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 se­ries configuration. An experiment was performed to develop load­deflection properties for representative cushions. The experiment consisted of applying a known static load in the downward direc­tion to the lower torso segment of an Alderson VIP-95 dummy.
	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 but­tocks 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: 
	Bo
	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 line in each figure. Also presented in this section are the separate load­deflection curves (figure B-15) for the Alderson VIP-95 dummy buttocks
	B-3 
	load-deflection curve by adding the desired cushion properties de­termined under a rigid indenter to an average deflection curve for the dummy buttocks. The indenter should be configured like the dummy. 
	TABLE B-1. TYPE DESIGNATION AND DESCRIPTION OF CUSHIONS FOR LOAD-DEFLECTION CURVES 
	Type 
	Type 
	Type 

	Number 
	Number 
	Description 

	1 
	1 
	Contoured, multilayered cushion designed 
	to 
	minimize 

	TR
	occupant rebound 
	in crash situation. 

	2 
	2 
	Contoured, 
	rigid foam cushion designed 
	for negligible 

	TR
	deflection. 

	3 
	3 
	Contoured 
	furniture 
	foam 
	cushion approximately 1.5 in. 

	TR
	thick 
	(undeformed) 
	over 
	buttock contact 
	area. 

	4 
	4 
	Furniture 
	foam 
	slab, 
	1.2 Ib/ft3 
	density, approximately 

	TR
	3.0 in. 
	thick 
	(undeformed). 

	5 
	5 
	Furniture 
	foam 
	slab, 
	1.4 Ib/ft3 
	density, approximately 

	TR
	3.0 in. 
	thick 
	(undeformed). 


	B.4 STRUCTURA.L MATERIAL STRESS-STRAIN 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.. Kourouklis, G., Glancy, J. L., and Desjardins, S. P., The Design, Development, and Testing of an Aircraft RestraIIi.t System for Army Aircraft, Dynamic Science, Division of Ul­trasystems, Inc.; USAAMRDL Technical Report 72-26, Eustis Directorate, U.S. Army Air Mobility Research and Development Laboratory, Fort Eustis, Virginia, June 1971, AD 746631. 
	B-4. 
	'H ~1~1*1:;1'*1~000000000­
	'H ~1~1*1:;1'*1~000000000­
	'H ~1~1*1:;1'*1~000000000­
	~ltltl~ltl'l°-----~----..j 
	-;I~I~I~I ~I~I ~1~I't,," .... '" .............. -J"" ..... 
	"I ticI' 1~ltl ~Io--~------~ 
	"1~1~ltl'I~I~I~lo............... l' ......... '" 
	cl~l~ I~l ~I~I cl~I~I~.r of """ "" "'..r "",r,..., 
	t~I,1 *1~1~1 ~lo;lo.c .Q ..D .Q ..D .Q ~ ~ ~ I"­
	~1~1~I'H+I*lo.... r­.... r-r-r-r-r-r­lfl 

	SPt­
	SPt­
	x~q) 
	X~(4) 
	X~ (5) 
	XL (~) 
	X;L (9) 

	,RfiQ !~) 
	,RfiQ !~) 
	,RfiQ! ~) 
	RHQ(3) 
	,RfIQ(4) 
	RflQ(5) 
	RflQ(8) 
	,RfiQ (9) 
	.l--l-LL 

	swell 
	swell 
	I SW(2) 
	SW(3) 
	SW(4) 
	SW(5) 
	SW(8) 
	SW(9) 
	SW(12)L 

	ClX(l) 
	ClX(l) 
	ClX (2) 
	ClX(3) 
	ClX(4) 
	ClX (5) 
	ClX(8) 
	ClX (9) 

	ClY (1) 
	ClY (1) 
	ClY(2) 
	ClY (3) 
	ClY(4) 
	ClY (5) 
	ClY ~8) 
	ClY (9) 
	CIY~12) 

	c;rz {l') 
	c;rz {l') 
	ClZ(2) 
	ClZ(3) 
	ClZ~4) 
	ClZ(5) 
	ClZ (8) 
	CIZ (9) 

	XR(l) 
	XR(l) 
	XR(2) 
	XR(3)L 
	XR(4) 
	XR(5) 
	XR(8) 
	XR(9) 
	XR (12) 

	XR(14) 
	XR(14) 
	XR(16) 
	XR(18) 
	XR(20) 
	XR (22) 

	, XLH 
	, XLH 
	,XLS 
	EM(l) 
	EM(2) 
	EM(3) 

	CABO 
	CABO 
	,BAP!? 
	CCHE 
	BCHE 
	I I 

	CAXS 
	CAXS 
	BAXS 
	OMPS 
	CAXN 
	BAXN 
	OMPN 

	CROT (1) 
	CROT (1) 
	BROT {1) 
	XJ(l) 
	CROT(2) 
	BROT (2) 
	XJ(2) 

	Figure B-1. Nonstandard occupant data format. 
	Figure B-1. Nonstandard occupant data format. 


	tn 
	I. V1. 
	co co'"
	'"

	co 
	co'"
	..
	..
	M

	1:1=1*1_1'1*1" 
	1:1=1*1_1'1*1" 
	1:1=1*1_1'1*1" 
	:I" I0 I0 I0 I,"); 1'1' 1~ 
	~I*I~I +'10.1"1',1' 
	"1+1'1"'1'1:;1'1 ~I'---"'-... _~... 
	-

	;I'I;I~I~I'H:I~I~ 
	~1~lol~I~I;I~I~I:I~ 
	~I 'I:1: 

	10. 85 
	10. 85 
	, s . 35 
	11. 3 
	13. 3 
	16.5 
	18.0 
	1 . 98 

	4 .67 
	4 .67 
	6.55 
	6 • 33 
	4 .72 
	6.26 
	8.35 
	10. 9,6 

	.34 • 6 
	.34 • 6 
	36,. a 
	10. 1 
	4 .85 
	4 .85 
	21.7 
	9. 49 

	~, 2. 32 0.760 
	~, 2. 32 0.760 
	2.18 o . 926 
	o .275 
	o .132 
	0.017 
	0.127 
	O. 994 
	0.0177

	a .266 
	a .266 
	o •135 
	o •18 5 
	1. 22 
	o .994 

	2 . 32 
	2 . 32 
	1. 70 
	a .233 
	o •022 
	0.195 
	.873 
	0.505 
	2,. 30

	4 ,,50 
	4 ,,50 
	4.50 
	3.44 
	1. 95 
	1. 8 5 
	3.10 
	2. 3,0 

	1. 6 a 
	1. 6 a 
	3. 56 
	2. 61 
	1. 85 
	2. 34 

	3 • 7 a 
	3 • 7 a 
	6.34 
	a .20 
	0,20 
	2.00 

	2000. 
	2000. 
	,.050 
	2 a0 a . 
	o.380 

	6000. 
	6000. 
	•,23.8 
	1 . 0 
	3240, • 
	,.) 7 0 
	1.0 

	375.. 
	375.. 
	1.49 
	1,5 a • 
	3,75. 
	1.49 
	3,0. 


	..
	~I~I *!~I~ Ic' :\;':::'I,,; 
	Figure B-2. Data for 50th-percentile standard dummy. 
	f:1'1 ;1~1'I~H~I,;le~-'O"'~'QO,~O~ 11. 5 0 4 • 95 44 •,6 3 . 36 1.,10 3,. 36 4 . 7,7 1,. 70 3. 9,2 2000, . GOOO. --L.~~' 
	f:1'1 ;1~1'I~H~I,;le~-'O"'~'QO,~O~ 11. 5 0 4 • 95 44 •,6 3 . 36 1.,10 3,. 36 4 . 7,7 1,. 70 3. 9,2 2000, . GOOO. --L.~~' 
	f:1'1 ;1~1'I~H~I,;le~-'O"'~'QO,~O~ 11. 5 0 4 • 95 44 •,6 3 . 36 1.,10 3,. 36 4 . 7,7 1,. 70 3. 9,2 2000, . GOOO. --L.~~' 
	:H=I'H~H'I=Ie. 8 . 8 5 6 .94 46.4 3 . 16 1. 34 2.47 4 .77 3. 77 6 .72 .,0,5 a • 238 1.49 
	;;1"10.1 ~I ~I~ 1"'1"1" 1" 11. 9 8 6 .71 13.0 . 399 • 386 .338 3.65 2. 77 O. 2,1 2 a0 0 . 1. 0 150. 
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	Figrure B-3. Data for 95th-percentile dummy. 
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	Figure B-8. 
	Voigt-Kelvin model 
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	restraint 
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	system webbing. 
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	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-ll. 
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	load-deflection curve 
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	Figure B-13. 
	Combined 
	load-deflection 
	curve 
	and exponential representation 

	TR
	for 
	Type 
	4 cushion and VIP-95 dummy pelvis and 
	buttocks. 
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	Figure B-14.. Combined load-deflection curve and exponential representation for Type 5 cushion and VIP-95 dummy pelvis and buttocks. 
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	Approximate Material Properties 
	Modulus of elasticity, E(2) = 30 x 10psi First yield stress, E(3) = 58,700 psi First plastic modulus, E(4) = 2.9 x 10psi Ultimate stress, E(6) = 67,000 psi Second yield stress, E(ll) = 62,500 psi Second plastic modulus, E(12) = 75,000 psi 
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	Figure B-16. 
	Figure B-16. 
	Piecewise, linear approximation of stress-strain curve for 1010 cold-drawn steel. 
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	Figure B-17.. Typical tensile stress-strain curves for AlBl 4130 steel heat treated to ksi and normalized state; and piecewise, linear approximation to curves. 
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	Figure B-18. 
	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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	Figure 
	Figure 
	B-19. 
	Typical 
	tensile 
	stress-strain curve 
	for 

	TR
	2024-T~ 
	aluminum 
	alloy and piecewise, 

	TR
	linear approximation 
	to 
	curve. 
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	Approximated Material Properties Modulus of elasticity, E(2) = 9.9 X 10 psi First yield stress, E(3) = 36,200 psi First plastic modulus, E(4) = 1.1 X 10psi Ultimate stress, E(6) = 42,000 psi Second yield stress, E(ll) = 40,200 psi Second plastic modulus, E(12) = 3.0 X 10psi 
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	Figure B-20.. Typical tensile stress-strain curve for 6061-T6 aluminum, alloy and piecewise, linear approximation to curve. 
	B-23. 
	-I 
	APPENDIX C. 
	OUTPUT OF PROGRAM SOM-LA. FOR EXAMPLE CASE NO. 1. 
	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 se~t structure output were copied for inclusion in the report. 
	C-l 
	CAMI SERIES 2 -LOW DECELERATION INPUT ll)ATA 2-DI~SIONAL SIMULATION HAS BEEN REBUESTED SIPfULATION CONTROL DATA TI=O.OOoooo, TF • .300000, DTI = .000300, DrtAX = .000300, DrtIN = .000300 EUR • .100000, ELR = .001000 
	A 

	ACCElERATION FIiLTER CLASSES. HEAD CHEST PELVIS SEAT. 1000 180 180 180. 
	FORCE-DEFLECTION CHARACTERISTICS SEAT CUSHION BACK CUSHION lEAD REST CBCBCB 
	373.000 .653 375.0001 .633 0.000 0.000 
	F2 D2F3 D3F4 D4. LAP BELT. 
	550.00 .04030 SHOULDER HARNESS 550.00 .04030 
	550.00 .04030 SHOULDER HARNESS 550.00 .04030 
	550.00 .04030 SHOULDER HARNESS 550.00 .04030 
	1300.00 1300.00 
	.10480 .10480 
	2250.00 2250.00 
	.16130 .16130 

	XL8(1) .750 
	XL8(1) .750 
	YL8(1) -9.000 
	ZLB( 1) 13.630 
	XL8(2) .750 
	YLB(2.) 9.000 
	ZLB(2) 13.630 

	XSH 0.000 
	XSH 0.000 
	YBH 0.000 
	ZSH 41.380 

	DAMPING COEFFICIENT 
	DAMPING COEFFICIENT 
	THICKNESS/SLACK 

	SEAT CUSHION .85000 BACK CUSHION .85000 LAP BELT 0.00000 SHOULDER HARNESS 0.00000 
	SEAT CUSHION .85000 BACK CUSHION .85000 LAP BELT 0.00000 SHOULDER HARNESS 0.00000 
	3.00000 3.00000 0.00000 0.00000 


	C-2. 
	CRASH CONDITIONS. 
	X 
	X 
	X 
	Y 
	Z 
	PITCH 
	ROlL 
	YAW 

	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	VX 
	VX 
	VY 
	VZ 
	ANGVX 
	AHGVY 
	ANGVZ 

	44.18000 
	44.18000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	TX 
	TX 
	AX 
	TY 
	AY 
	TZ 
	AZ 

	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	.00800 
	.00800 
	-.16000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	.01800 
	.01800 
	-4.04000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	.02500 
	.02500 
	-4.20000 
	0.00000 
	0.00000 
	0.00000. 
	0.00000 

	.03100 
	.03100 
	-5.91000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	.03600 
	.03600 
	-5.75000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	.04000 
	.04000 
	-5.05000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	.04800 
	.04800 
	-6.14000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	.05700 
	.05700 
	-5.44000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	.06500 
	.06500 
	-6.22000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	.07200 
	.07200 
	-5.36000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	.08000 
	.08000 
	-5.83000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	.08400 
	.08400 
	-5.44000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	.26300 
	.26300 
	-5.44000 
	0.00000 
	0.00000 
	0.•00000 
	0.00000 

	.28300 
	.28300 
	1.32000 
	0.000.00 . . ..0•.0000.0 
	. 0-".0.0000. _._ ,0....00000. 

	.31400 
	.31400 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	TX 
	TX 
	ALFX 
	TY 
	AlFY 
	TZ 
	ALFZ 

	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 

	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 
	0.00000 


	C-3. 
	SEAT DESIGN DATA. 
	XSEAT= 
	XSEAT= 
	XSEAT= 
	0.0000 
	ZSEAT= 
	12.7500 
	ANOSP= 
	0.0000 
	ANGS8= 
	0.0000 

	XL 
	XL 
	= 
	19.0000 
	XW 
	• 
	19.0000 
	SBHT· 
	40.9800 
	S8 
	= 
	18.0000 

	TR
	NUflBER 
	OF 
	NODES 
	18 

	TR
	NUttBER OF ELEPtENTS 
	21 

	TR
	NlmBER OF MATER IALS 
	1 

	TR
	NO. 
	OF DISP. 
	NODES 
	4 

	TR
	NO. 
	OF COORD NODES 
	2 

	TR
	NO. 
	OF BEAI'l XSECT 
	3 

	TR
	BUCKLING CONSTANT 
	.50 


	MTERIAL DATA 
	MATERIAL NAI'lE 1010 STEEL MTERIAL NO 1 FIRST YIELD STRESS .'9700E+05 .6~OOE+05 UlTII'lATE STRESS .67000£+05 I'lODULUS OF ELASTICITY .30000E+08 FIRST PLASTIC MODULUS .2BOOOE+06 SECOND PLASTIC I'lODULUS .7S000E+05 POISSONS RATIO (PLATES ONlY) .30000£+00 THICKNESS <PLATES Otl..Y) .10000£+00 
	SECOND YIELD STRESS 

	C-4. 
	BE~ CROSS-SECTION DATA 
	N 1 
	N 1 
	N 1 
	NSEG 9 
	KLOS 0 
	AS" •19530E+00 
	FIXX •43800E-01 
	FIYY •21S00E-01 
	FIZZ •21900E-01 
	TORCON •16344E-02 

	TR
	I Y Z XLEN T 1 -.47E+00 O. •36E+00 .6SE-01 2 -.33£+00 -.33E+OO .3SE+00 .6SE-01 3 O. -.47E+00 •36E+00 .6SE-01 4 .33£+00 -.33E+00 .3SE+OO .6SE-01 5 •47E+00 O. .3SE+OO .6SE-01 6 .33£+00 .33£+00 .3SE+OO .88£-01 7 o• •47E+OO .3SE+OO .6SE-01 . 8 . :.33£.tOO____..33£±'OO .._".•36Et..oo. __.•S9£::Ol_ . 

	N 2 
	N 2 
	NSEG 4 
	KLOS 0 
	ABft .4B144E+00 
	FIXX •32300E+00 
	FIYY •24300E+00 
	FIZZ .80000E-01 
	TORCON •14795E+00 

	TR
	I 1 2 3 4 
	Y -.9SE+OO -.S6E+00 •96E+00 •96E+00 
	Z -.4SE+00 •46E+OO •46E+OO -.46E+OO 
	XLEN .S2E+00 .1SE+01 .S2E+OO .1SE+01 
	T •95E-01 •85E-01 •95E-01 •85E-01 

	N 3 
	N 3 
	NSEG 4 
	KLOS 0 
	ABI1 .31144E+00 
	FIXX .4B800E-01 
	FIYY •24S00E-01 
	FIZZ •24900E-01 
	TDRCDN •4877BE-Ol 

	TR
	I 1 2 3 4 
	Y -.46E+00 -.46E+OO •46E+00 .4SE+00 
	Z -.46E+00 .4SE+00 •46E+00 -.46E+OO 
	XLEN •92E+00 .S2E+00 .S2E+00 .S2E+00 
	T •95E-01 •95E-01 •85E-01 •85E-01 


	C-5. 
	NODE NO. X YZ 1 0.00000 -9.00000 0.00000 2 18.00000 -9.00000 0.00000 3 18.00000 9.00000 0.00000 4 0.00000 9.00000 0.00000 5 0.00000 -9.00000 9.75000 6 18.00000 -9.00000 9.75000 7 18.00000 9.00000 9.75000 8 0.00000 9.00000 9.75000 9 0.00000 -9.00000 11.75000 10 18.00000 -9.00000 11.75000 11 18.00000 9.00000 11.75000 12 0.00000 9.00000 11.75000 13 0.00000 -9.00000 12.75000 14 18.00000 -9.00000 12.75000 15 18.00000 9.00000 12.75000 16 0.00000 9.00000 12.75000 17 0.00000 -9.00000 41.38000 18 0.00000 9.00000 41.
	ElEI1ENT NO. Nl N2 N3 N4 NS N7 N8 f'ITYP 1 1515 "'01421 2 5959 01421 3 913913 01421 4 262 B 0132 1 5 S10610 01321 6 10141014 0 13 2 1 7 3737 012021 8 711711 012021 9 11 1S 1115 0 1202 1 10 4848 011921 11 812812 011921 12 12161216 0 119 2 1 13 13141314 02121 14 14151415 0 2221 15 15161516 02321 16 16131613 02421 17 131713 17 0 2142 1 18 14171417 0 3152 1 19 15181518 0 314 2 1 20 16181618 0 215 2 1 21 181718.17 0 216 .. 2....__ 1 SEAT PAN NODES = 13 16 l~f 15 SEAT BACK NODES = 13 16 17 18 LAP BELT ANCHOR NODE
	NODE CONDITION. 1 1 11 1101. 2 2 1 1 1 101. 3 3 111 101. 4 4 11 1101. 
	C-6 
	OCCUPANT PROPERTIES. STATURE" 69.10 INCHES. WEIGHT-164.38 POUNDS. 
	SEGttENT 
	SEGttENT 
	SEGttENT 
	LENGTH 
	RHO 
	"ASS 
	IX 
	IV 
	IZ 

	1 
	1 
	10.793 
	4.670 
	.Oa9~4~ 
	2.320000 
	.760000 
	2.320000 

	2 
	2 
	11.~BO 
	6. ~O 
	.093090 
	2. 180000 
	.930000 
	1.700000 

	3 
	3 
	8.350 
	6.330 
	.028139.2~000 
	.266000 
	.233000 

	4 
	4 
	11.300 
	4.720 
	.01Z5~2 
	.132000 
	.13~000 
	.022000 

	5 
	5 
	13.300 
	6.260 
	.01Z5~2 
	.017000 
	.185000 
	.19~000 

	6 
	6 
	11.300 
	4.720 
	.012552 
	.132000 
	.135000 
	.022000 

	7 
	7 
	13.300 
	6.260 
	.012~52 
	.017000 
	.18~000 
	.1~OOO 

	a 
	a 
	16.~00 
	8.350 
	.056159 
	.127000 
	1.220000 
	.873000 

	9 
	9 
	18.000 
	10.960 
	.024560 
	.927000 
	.994000 
	.505000 

	10 
	10 
	16.500 
	8.350 
	.056159 
	.127000 
	1.220000 
	.873000 

	11 
	11 
	18.000 
	10.960 
	.024560 
	.927000 
	.994000 
	.505000 

	12 
	12 
	~.100 
	0.000 
	.005124 
	.017700 

	CONTACT SURFACE RADII 
	CONTACT SURFACE RADII 

	SEGMENT 
	SEGMENT 
	RADIUS 

	1 
	1 
	4.~0 

	2 
	2 
	4.~0 

	3 
	3 
	3.44 

	4 
	4 
	1.Be 

	5 
	5 
	1.85 

	6 
	6 
	1.9~ 

	7 
	7 
	1.8~ 

	8 
	8 
	3.10 

	9 
	9 
	2.30 

	10 
	10 
	3.10 

	11 
	11 
	2.30 

	12 
	12 
	2.30 

	13 
	13 
	2.30 

	14 
	14 
	1.60 

	15 
	15 
	1.60 

	16 
	16 
	3.~6 

	17 
	17 
	3.~6 

	18 
	18 
	2.61 

	18 
	18 
	2.61 

	20 
	20 
	1~S5 

	21 
	21 
	1.85 

	22 
	22 
	2.34 

	23 
	23 
	2.34 

	SPINAL PROPERTIES 
	SPINAL PROPERTIES 

	TR
	COEFFICIENT C . 
	EXP COEFF B 
	DAMPING 

	LUMBAR SPINE -AXIAL 
	LUMBAR SPINE -AXIAL 
	6000.000 
	.238 
	1.000 

	LUMBAR SPINE -FLEXURAL 
	LUMBAR SPINE -FLEXURAL 
	375.000 
	1.490 
	150.000 

	NECK -AXIAL 
	NECK -AXIAL 
	3240.000 
	.270 
	1.000 

	NECK -FLEXURAL 
	NECK -FLEXURAL 
	375.000 
	1.490 
	30.000 


	C-7. 
	INITIAL CONDITIONS SEGttENT ANGLE 1 0,.000 
	2 0.000 
	2 0.000 
	2 0.000 

	3 23.000 4 -17.000 
	3 23.000 4 -17.000 

	5 60.000 6 -17.000 
	5 60.000 6 -17.000 


	7. .. __. _.. . ..60.&Q0_ 
	8 .961 ~.~7 
	8 .961 ~.~7 
	8 .961 ~.~7 
	9 


	10 .961 11 -S.387 
	10 .961 11 -S.387 


	GENERALIZED COORDINATES. J G(J) QD(J) aDD(J). 
	1 . 75000E+Ol .'3016£+03 o.. 2 •24435E+02 o. O.. 3 O. O. O.. 4 .10850E+02 O. O.. 5 O. O. o,. 6 .63300£+01 O. O.. 7 .40143E+00 O. O.. 8 -.29671E+00 o. O.. 9 .22688E+OO O. O.. 
	10 •16764E-Ol O. O.. 11 -.11147E+00 O. O.. 
	STRESS AND BAR STORAGE LSTRS 105S LBAR 504 
	MUD 29 SIZE OF STIFF 28~ 
	C-8. 
	NODE 
	NODE 
	NODE 

	NO 
	NO 
	FX 

	1 
	1 
	-.517174E+00 

	2 
	2 
	-.492378E+00 

	3 
	3 
	-.49237BE+00 

	4 
	4 
	-.517174E+00 


	NOD AL DIS PLAC E" ENT VE C TOR (TI"E= .005 SEC) 
	NODE TRANSLATION. NO X Y Z. 1 O. O. O.. 2 O. O. O.. 3 O. O. O.. 4 O. O. o•. 5 •547517E-03 •287729E-07 -.686141E-04. 6 •543287E-03 •145782E-09 -.498790E-04. 7 •543287E-03 -.145759E-09 -.496790E-04. 8 •547517E-03 -.267729E-07 -.666141E-04. 9 •593454E-03 .303670£-07 -.80278SE-04. 
	10 •591538E-03 .112270£-09 -.598695E-04. 11 •591538E-03 -.112268E";'09 -.598695E-04. 12 •593454E-03 -.303671E-07 -.802785E-04. 13 .602924E-03 .307421E-07 -.871107E-04. 14 .602812E-03 •736582E-I0 -.64964BE-04. 15 .602812E-03 -.736349E-I0 -.B4964BE-04. 18 .802924E-03 -.307421E-07 -.871107E-04. 
	SUPP0RT STRUCTURE REACTIDNS (TItlE.. .005SEC) 
	FORCES "otlENTS. ~.
	FY FZ 

	"X. "Z 
	-.121579E-03 •387029E+02 •785198E-03 -.284217E-13 •184851E-05 -.141941E-05 .2BS5nE+02 •66278BE-05 -.113687E-12 •189483E-05 
	•
	•
	•
	141939E-05 .2B95nE+02 -.862nBE-05 -.284217E-13 -. 189483E-05 

	•
	•
	121579E-03 •387029E+02 -.765199E-03 -.142109E-12 -.184651E-05 


	ST RES.5ES IN ELE" ENTS (TIftE= .005SEC) 
	BEA" 

	BEAM NODE S-"AX S-"IN. NO NO. 
	1. 1 O. -.204935E+03. 5 o. -.312360E+03. 
	2. 5 O. -.312390E+03. 9 o. -.334442E+03. 
	3 9 O. -.334436E+03. 13 O. -.345466E+03. 
	4. 2 O. -.152814E+03. 8 O. -.255102E+03. 
	5 6 O. -.255132E+03. 10 O. -.276125£+03. 
	6. 10 O. -.276121E+03. 14 O. -.288622E+03. 
	C-9 
	NOD AL DIS PL AtE " ENT VEC TOR (TI"E = .010 SEC) 
	NODE TRANSLATION NO XYZ 1 O. O. O. 2 O. O. O. 3 O. O. O. 4 O. O. O• 5 •877351E-03 •109109£-06 -.659785E-04 6 •870564E-03 •594027E-09 -.503146E-04 .870~4E-03 -.594021E-09 -.503146E-04 8 •8773'lE-03 -.109108£-06 -.659785E-04 9 .951917E-03 .123756£-06 -.795126E-04 
	7 

	10 •948807E-03 •457535E-09 -•606355E-04 11 •948807E-03 -.457529£-09 -.606355E-04 12 .951911£-03 -.123758E-06 -.795126E-04 13 •967764E-03 •125285E-06 -.862796£-04 14 •967524E-03 .300181E-09 -.6579SOE-04 15 •967524E-03 -.300174E-09 -.657980£-04 16 •867764E-03 -.125285E-06 -.862796E-04 
	SUPP0RT STRUCTURE REACT IONS (TItE = .010 SEC) 
	NODE FORCES ~"ENTS NO FX FY f'Z I'IX 
	"Y 

	"Z 
	75~14E-05 2 -.770560E+00 -.578455E-05 .281660£+02 .270101£-04 •852651E-13 .772208E-05 3 -.770560£+00 .578453£-05 .281660£+02 -.270106£-04 -.852651E-13 -.77220SE-05 4 -.809499E+00 •495474E-03 .364442£+02 -.311845E-02 •198952E-12 -.75~14E-()5 
	1 -.809499E+00 -.495474E-03 .364'1,42£+02 .311845E-02 •14210SE-12 •

	S 11RES.SES IN ElEA" ELE" ENTS <lUtE= .010SEC) 
	BEAM NODE S-"AX S-"IN .. --~ 
	NO 

	1. 1 O. -.202956E+03 5 o, -.373507E+03 
	2. 5 O. -.373592E+03 9 •263094E+Ol -.408611E+03 
	3 9 •259429E+Ol -.408608E+03 13 .201110£+02 -.426125E+03 
	4. 2 (). -.154698E+03 6 •771658E+01 -.317105E+03 
	5 6 •760752E+01 -.31718OE+03 10 .409387E+02 -.350521E+03 
	i6. 10 .409044E+02 -.350522£+03 14 •575778E+02 -.3671S5E+03 
	C-1O 
	NOD A L DIS P LAC E 11 E N T VECTOR <TII1E .. .290 SEC) 
	NODE TRANSLATION NOX Y Z 1 O. O. o. 2 O. O. o. 3 O. O. o. 4 O. O. O. .16~82E+01 .617100E-04 -.139591E+00 6 •1691OOE+01 •42301BE-06 -.147508E+00 7 .169100£+01 -.423018E-06 -.14750BE+OO 8 .168582£+01 ~ ..617100E-04 -.139581E+OO 9 •190210E+01 .706215E-04 -.147442E+OO 
	5 

	10 •190223E+01 •232956E-06 -.162255£+00 11 •190223E+01 -.232853E-06 -. 162255£+00 12 •190210E+01 -.706215E-04 -.147442E+00 13 •194233E+01 .717511E-04 -.147182E+00 14 •194247E+01 •127039E-06 -.164740E+00 15 •184247E+01 -.127038E-08 -.164740£+00 16 •194233E+01 -.717511E-04 -.147182E+00 
	SUPP0RT STRUCTURE REACT IONS (TIlE• .290SEC) 
	NODE FORCES tOtENTS NO FX FY FZ to< I1Y I1Z 
	1 -.335436E+03 -.150692E+00 -.656204£+03 .103493£+01 .590320£-09 -.183135£+00 2 -.983109E+02 -.893516E-02 •768622E+03 •377850E-01 -.529143E-09 -.398365E-02 3 -.883109£+02 .893514£-02 .768622£+03 -.377848E-01 -.238128E-09 •396363E-02 4 -.335436E+03 •15069ZE+00 -.656204E+03 -.103493£+01 .832004£-11 •183135E+00 
	ST RES.SES IN 8 EA 11 ELE 11ENTS <TI/'IE.. .290SEC) 
	BENt NODE S-PIAX S-I1IN NO NO 
	1. 1 .402423E+05 o. 5 .6oo732E+05 -.596479E+05 
	2. 5 •610959E+05 -.599781E+05 9 •630036E+05 -.627146E+05 
	3 9 .636293£+05 -.634691E+05 13 .641415E+05 -.639813£+05 
	.
	4. 2 •236679E+05 -.221412E+05 6 .600365E+05 -.600217E+05 
	6 •598877E+05 -.609141£+05 10 .627219£+05 -.829875E+05 
	6. 10 •632543E+05 -.835055£+05 14 .638890£+05 -.641402E+05 
	C-ll 
	OCCUPANT SEGNENT POSITION. 
	(IN AIRCRAFT REFERENCE 
	(IN AIRCRAFT REFERENCE 
	(IN AIRCRAFT REFERENCE 
	f~J 

	TII1E 
	TII1E 
	PELVIS 
	CHEST 

	(SEC) 0.000 
	(SEC) 0.000 
	X (IN) 7.50 
	Y (IN) 0.00 
	Z (IN) 24.43 
	X <IN) 7.50 
	Y (IN) 0.00 
	Z (IN) 35.28 

	.006 
	.006 
	7.50 
	0.00 
	24.44 
	7.51 
	0.00 
	35.28 

	.012 
	.012 
	7.51 
	0.00 
	24..46 
	7..53 
	0.00 
	35.26 

	.019 
	.019 
	7.54 
	0.00 
	24.47 
	7.57 
	0.00 
	35.25 

	.025 
	.025 
	7.81 
	0.00 
	24.48 
	7.85 
	0.00 
	35.25 

	.030 
	.030 
	7.74 
	0.00 
	24.48 
	7.78 
	0.00 
	35.25 

	.038 
	.038 
	7.94 
	0.00 
	24.46 
	7.98 
	0.00 
	35.25 

	.042 
	.042 
	8.20 
	0.00 
	24.44 
	8.21 
	0.00 
	35.22 

	.048 
	.048 
	8.51 
	0.00 
	24.40' 
	8.49 
	0.00 
	35.15 

	.054 
	.054 
	8.87 
	0.00 
	24.33: 
	8.81 
	0.00 
	35.04 

	.060 
	.060 
	9.28 
	0.00 
	24.22 
	9.15 
	0.00 
	34.88 

	.066 
	.066 
	9.71 
	0.00 
	24.06 
	9.49 
	0.00 
	34.87 

	.072 
	.072 
	10.17 
	0.00 
	23.84· 
	9.81 
	0.00 
	34.41 

	.078 
	.078 
	10.84 
	0.00 
	23.58 
	10.12 
	0.00 
	34.11 

	.084 
	.084 
	11.11 
	0.00 
	23.251 
	10.51 
	0.00 
	33.77 

	.090 
	.090 
	11.58 
	0.00 
	23.01 
	10.71 
	0.00 
	33.40 

	.096 
	.096 
	12.04 
	0.00 
	22.7Ei 
	11.00 
	0.00 
	33.06 

	.102 
	.102 
	12.48 
	0.00 
	22.57 
	11.27 
	0.00 
	32.77 

	.108 
	.108 
	12.91 
	0.00 
	22.4~t 
	11.53 
	0.00 
	32.56 

	.114 
	.114 
	13.31 
	0.00 
	22.35 
	11.76 
	0.00 
	32.45 

	.120 
	.120 
	13.67 
	10.00 
	22.34 
	11.96 
	0.00 
	32.44 

	.126 
	.126 
	14.01 
	0.00 
	22.37 
	12.12 
	0.00 
	32.52 

	.132 
	.132 
	14.32 
	0.00 
	22.46 
	12.26 
	0.00 
	32.64 

	.138 
	.138 
	14.59 
	0.00 
	22.57 
	12.28 
	0.00 
	32.77 

	.144 
	.144 
	14.84 
	0.00 
	22.6U 
	12.35 
	0.00 
	32.91 

	.150 
	.150 
	15.05 
	0.00 
	22.8Jl 
	12.40 
	0.00 
	33.03 

	.158 
	.158 
	15.24 
	'0.00 
	22.90 
	12.44 
	0.00 
	33.12 

	.182 
	.182 
	15.39 
	10.00 
	22.97 
	12.45 
	0.00 
	33.17 

	.168 
	.168 
	15.52 
	0.00 
	22.9l3 
	12.45 
	0.00 
	33.17 

	.174 
	.174 
	15.61 
	0.00 
	23.00 
	12.43 
	0.00 
	33.13 

	.180 
	.180 
	15.68 
	0.00 
	22.913 
	12.39 
	0.00 
	33.07 

	.186 
	.186 
	15.72 
	0.00 
	22.94 
	12.33 
	0.00 
	32.98 

	.192 
	.192 
	15.74 
	0.00 
	22.89 
	12.26 
	0.00 
	32.90 

	.198 
	.198 
	15.76 
	10.00 
	22.8·' 
	12.18 
	0.00 
	32.82 

	.204 
	.204 
	15.77 
	0.00 
	22.80 
	12.10 
	0.00 
	32.76 

	.210 
	.210 
	15.77 
	0.00 
	22.78 
	12.02 
	0.00 
	32.71 

	.216 
	.216 
	15.77 
	0.00 
	22.78 
	11.95 
	0.00 
	32.88 

	.222 
	.222 
	15.78 
	0.00 
	22.80 
	11.90 
	0.00 
	32.69 

	.228 
	.228 
	15.78 
	0.00 
	22.84 
	11.85 
	0.00 
	32.72 

	.234 
	.234 
	15.78 
	0.00 
	22.90 
	11.82 
	0.00 
	32.77 

	.240 
	.240 
	15.78 
	0.00 
	22.96 
	11.79 
	0.00 
	32.85 

	.248 
	.248 
	15.78 
	0.00 
	23.03 
	11. 78 
	0.00 
	32.94 

	.252 
	.252 
	15.77 
	0.00 
	23.10 
	11.79 
	0.00 
	33.03 

	.258 
	.258 
	15.76 
	0.00 
	23.18 
	11.81 
	0.00 
	33.13 

	.264 
	.264 
	15.74 
	0.00 
	23.24 
	11.84 
	0.00 
	33.21 

	.270 
	.270 
	15.72 
	0.00 
	23.29 
	11.88 
	0.00 
	33.29 

	.276 
	.276 
	15.66 
	0.00 
	23.32 
	11.88 
	0.00 
	33.35 

	.282 
	.282 
	15.54 
	0.00 
	23.314 
	11.84 
	0.00 
	33.40 

	.288 
	.288 
	15.33 
	0.00 
	23.33 
	11. 72 
	0.00 
	33.42 

	.294 
	.294 
	15.04 
	0.00 
	23.32 
	11.51 
	0.00 
	33.44 

	TR
	C-12 


	.. 
	.-_

	OCCUPANT SEG/'tENT POSITION CIN AIRCRAFT REFERENCE FRAtE) 
	TIPE (SEC) 
	0.000 .006 .012 .019 .025 .030 .036 .042 .048 .054 .060 .066 .072 .078 
	.084 
	.090 .096 .102 .108 
	.114 
	.120 
	.126 .132 .138 .144 
	.150 
	.156 .162 .168 .174 
	.180 
	.186 .192 .198 
	.204 
	.210 
	.216 .222 .228 .234 
	.240 
	.246 .252 .258 .264 
	.270 
	.276 .282 .288 .294 
	PELVIS. PITCH (DEG) --ROLL (DEO). 
	0.000 
	0.000 
	0.000 
	0.00 

	.036 
	.036 
	0.00 

	.101 
	.101 
	0.00 

	.150 
	.150 
	0.00 

	.164 
	.164 
	0.00 

	.164 
	.164 
	0.00 

	.124 
	.124 
	0.00 

	.053 
	.053 
	0.00 

	-.092 
	-.092 
	0.00 

	-.319 
	-.319 
	0.00 

	-.679 
	-.679 
	0.00 

	-1.211 
	-1.211 
	0.00 

	-1.926 
	-1.926 
	0.00 

	-2.820 
	-2.820 
	0.00 

	-3.802 
	-3.802 
	0.00 

	-4.808 
	-4.808 
	0.00 

	-5.812 
	-5.812 
	0.00 

	-6.802 
	-6.802 
	0.00 

	-7.769 
	-7.769 
	0.00 

	-8.712 
	-8.712 
	0.00 

	-9.636 
	-9.636 
	0.00 

	-10.540 
	-10.540 
	0.00 

	-11.414 
	-11.414 
	0.00 

	-12.239 
	-12.239 
	0.00 

	-12.980 
	-12.980 
	0.00 

	-13.614 
	-13.614 
	0.00 

	-14.140 
	-14.140 
	0.00 

	-14.558 
	-14.558 
	0.00 

	-14.871 
	-14.871 
	0.00 

	-15.189 
	-15.189 
	0.00 

	-15.547 
	-15.547 
	0.00 

	-15.929 
	-15.929 
	0.00 

	-16.325 
	-16.325 
	0.00 

	-16.707 
	-16.707 
	0.00 

	-17.057 
	-17.057 
	0.00 

	-17.330 
	-17.330 
	0.00 

	-17.538 
	-17.538 
	0.00 

	-17.660 
	-17.660 
	0.00 

	-17.705 
	-17.705 
	0.00 

	-17.689 
	-17.689 
	0.00 

	-17.616 
	-17.616 
	0.00 

	-17.486 
	-17.486 
	0.00 

	-17.307 
	-17.307 
	0.00 

	-17.094 
	-17.094 
	0.00 

	-16.844 
	-16.844 
	0.00 

	-16.567 
	-16.567 
	0.00 

	-16.275 
	-16.275 
	0.00 

	-16.001 
	-16.001 
	0.00' 

	-15.778 
	-15.778 
	0.00 

	-15.617 
	-15.617 
	0.00 


	ClEST PITCH (DEG) --ROLL (DEG) 
	0.00 0.00 -.02 0.00 -.04 0.00 -.02 0.00 
	.05 0.00 .14 0.00 .23 0.00 .27 0.00 
	-. ... --_._-_.-"­
	.25 0.00 .12 0.00 -.14 0.00 -.54 0.00 -1.11 0.00 -1.B3 0.00 -2.76 0.00 -3.86 0.00 -5.07 0.00 -6.33 0.00 -7.61 0.00 -8.84 0.00 -10.01 0.00 -11.12 0.00 ~12.19 0.00 -13.25 0.00 -14.31 0.00 -15.40 0.00 -18.49 0.00 -17.59 0.00 -18.65 0.00 -19.63 0.00 -20.52 0.00 -21.33 0.00 -22.06 0.00 -22.76 0.00 -23.42 0.00 -24.07 0.00 -24.68 0.00 -25.23 0.00 -25.70 0.00 -26.06 0.00 ~26.30 0.00 -26.41 0.00 -26.38 0.00 -26.21 0.00 -25.90 0.00 -25.48 0.00 -24.96 0.00 -24.34 0.00 -23.64 0.00 -22.86 0.00 
	C-13 
	OCCUPANT SEGttENT POSHION. (IN AIRCRAFT REFERENCE FRAHE). 
	TIME 
	TIME 
	TIME 
	HEAD 
	NECK 

	(SEC) 
	(SEC) 
	X (IN) 
	Y (IN) 
	Z (IN) 
	x (IN) 
	Y (IN) 
	Z (IN) 

	0.000 
	0.000 
	10.39 
	0.00 
	47.21 
	7.30 
	0.00 
	41.83 

	.008 
	.008 
	10.40 
	0.00 
	47.21 
	7.31 
	0.00 
	41.83 

	.012 
	.012 
	10.41 
	0.00 
	47.19 
	7.32 
	0.00 
	41.81 

	.019 
	.019 
	10.45 
	0.00 
	47.18 
	7.36 
	0.00 
	41.80 

	.02:5 
	.02:5 
	10.55 
	0.00 
	47.14 
	7.45 
	0.00 
	41.80 

	.030 
	.030 
	10.71 
	0.00 
	47.14 
	7.59 
	0.00 
	41.80 

	.036 
	.036 
	10.94 
	0.00 
	47.13 
	7.79 
	0.00 
	41.80 

	.042 
	.042 
	11.22 
	0.00 
	47.10 
	8.04 
	0.00 
	41.77 

	.048 
	.048 
	11.51 
	0.00 
	47.04 
	8.32 
	0.00 
	41.70 

	.054 
	.054 
	11.83 
	0.00 
	48.92 
	8.83 
	0.00 
	41.58 

	.080 
	.080 
	12.13 
	0.00 
	48.75 
	8.83 
	0.00 
	41.43 

	.086 
	.086 
	12.42 
	0.00 
	48.52 
	9.22 
	0.00 
	41.22 

	.072 
	.072 
	12.87 
	0.00 
	46.25 
	9.48 
	0.00 
	40.86 

	.078 
	.078 
	12.87 
	0.00 
	45.91 
	9.71 
	0.00 
	40.85 

	.084 
	.084 
	13.12 
	0.00 
	45.54 
	10.00 
	0.00 
	40.30 

	.090 
	.090 
	13.14 
	0.00 
	45.13 
	10.07 
	0.00 
	39.93 

	.096 
	.096 
	13.23 
	0.00 
	44.72 
	10.22 
	0.00 
	39.57 

	.102 
	.102 
	13.30 
	0.00 
	44.34 
	10.35 
	0.00 
	39.28 

	.108 
	.108 
	13.37 
	01.001 
	44.05 
	10.48 
	0.00 
	39.03 

	.114 
	.114 
	13.44 
	0,.00: 
	~ 96 
	10.55 
	0.00 
	38.89 

	.120 
	.120 
	13.48 
	0.00 
	43.78 
	10.82 
	0.00 
	38.88 

	.128 
	.128 
	13.51 
	0.00 
	43.80 
	10.88 
	0.00 
	38.81 

	.132 
	.132 
	13.50 
	0.00 
	43.89 
	10.68 
	0.00 
	39.00 

	.138 
	.138 
	13.35 
	0.00 
	44.02 
	10.59 
	0.00 
	39.10 

	.144 
	.144 
	13.22 
	0.00 
	44.19 
	10.54 
	0.00 
	39.21 

	.150 
	.150 
	13.0:5 
	0.00 
	44.35 
	10.47 
	0.00 
	39.30 

	.158 
	.158 
	12.83 
	0.00 
	44.50 
	10.39 
	0.00 
	39.34 

	.182 
	.182 
	12.58 
	0.00 
	44.82 
	10.28 
	0.00 
	38.35 

	.188 
	.188 
	12.31 
	0.00 
	44.89 
	10.17 
	0.00 
	39.31 

	.174 
	.174 
	12.02 
	0.00 
	44.71 
	10.04 
	0.00 
	39.24 

	.180 
	.180 
	11.73 
	0.00 
	44.89 
	9.91 
	0.00 
	39.13 

	.188 
	.188 
	11.45 
	0.00 
	44.84 
	9.76 
	0.00 
	39.01 

	.192 
	.192 
	11.19 
	0.00 
	44.57 
	9.81 
	0.00 
	38.89 

	.198 
	.198 
	10.92 
	0.00 
	44.49 
	9.46 
	0.00 
	38.78 

	.204 
	.204 
	10.69 
	0.00 
	44.41 
	9.31 
	0.00 
	38.68 

	.210 
	.210 
	10.47 
	0.00 
	44.~ 
	9.17 
	0.00 
	38.61 

	.216 
	.216 
	10.28 
	0.00 
	44.30 
	9.04 
	0.00 
	38.55 

	.222 
	.222 
	10.12 
	0.00 
	44.28 
	8.92 
	0.00 
	38.53 

	.228 
	.228 
	S.99 
	0.00 
	44.28 
	8.83 
	0.00 
	38.53 

	.234 
	.234 
	9.89 
	0.00 
	44.32 
	8.78 
	0.00 
	38.57 

	.240 .248 
	.240 .248 
	9.82 9.79 
	0.00 0.00 
	44.38 44.49 
	8.71 8.69 
	0.00 Q.oo 
	38.63 38.71 

	.252 
	.252 
	9.79 
	0.00 
	44.60 
	8.70 
	0.00 
	38.81 

	.258 
	.258 
	9.82 
	0.00 
	44.72 
	8.74 
	0.00 
	38.91 

	.264 
	.264 
	8.89 
	0.00 
	44.84 
	8.80 
	0.00 
	39.02 

	.270 
	.270 
	9.99 
	0.00 
	44.95 
	8.88 
	0.00 
	39.12 

	.276 
	.276 
	10.08 
	0.00 
	45.05 
	8.94 
	0.00 
	39.21 

	.282 
	.282 
	10.14 
	0.00 
	45.13 
	8.86 
	0.00 
	39.28 

	.288 
	.288 
	10.14 
	0.00 
	45.19 
	8.91 
	0.00 
	39.34 

	.294 
	.294 
	10.08 
	0.00 
	45.23 
	8.78 
	0.00 
	38.39 

	TR
	C-14 


	OCCUPANT SEGMENT POSITION. (IN AIRCRAFT REFERENCE FRAME). 
	TIf1E (SEC) 
	0.000 .006 .012 .019 .025 .030 .036 .042 .048 .054 .060 .006 .072 .078 
	.084 
	.090 .096 .102 .108 .114 .120 .126 .132 .138 .144 .150 .158 .162 .168 .174 .180 .188 .192 .198 .204 .210 .216 .222 .228 .234 .240 .246 .252 .258 .264 .270 .276 .282 .288 .294 
	HEAD. PITCH (OEG) --ROLL (OEG). 
	23.000 
	23.000 
	23.000 
	0.00 

	23.005 
	23.005 
	0.00 

	22.992 
	22.992 
	0.00 

	23.034 
	23.034 
	0.00 

	23.233 
	23.233 
	0.00 

	23.623 
	23.623 
	0.00 

	24.111 
	24.111 
	0.00 

	24.580 
	24.580 
	0.00 

	24.952 
	24.952 
	0.00 

	25.278 
	25.278 
	0.00 

	25.624 
	25.624 
	0.00 

	26.031 
	26.031 
	0.00 

	26.489 
	26.489 
	0.00 

	26.943 
	26.943 
	0.00 

	27.382 
	27.382 
	0.00 

	27.806 
	27.806 
	0.00 

	28.195 
	28.195 
	0.00 

	28.788 
	28.788 
	0.00 

	29.701 
	29.701 
	0.00 

	30.895 
	30.895 
	0.00 

	32.194 
	32.194 
	0.00 

	33.317 
	33.317 
	0.00 

	33.972 
	33.972 
	0.00 

	33.949 
	33.949 
	0.00 

	33.152 
	33.152 
	0.00 

	31.688 
	31.688 
	0.00 

	29.684 
	29.684 
	0.00 

	27.263 
	27.263 
	0.00 

	24.602 
	24.602 
	0.00 

	21.893 
	21.893 
	0.00 , 

	19.346 
	19.346 
	0.00 

	17.103 
	17.103 
	0.00 

	15.262 
	15.262 
	0.00 

	13.858 
	13.858 
	0.00 

	12.824 
	12.824 
	0.00 

	12.060 
	12.060 
	0.00 

	11.467 
	11.467 
	0.00 

	11.017 
	11.017 
	0.00 

	10.697 
	10.697 
	0.00 

	10.481 
	10.481 
	0.00 

	10.318 
	10.318 
	0.00 

	10.183 
	10.183 
	0.00 

	9.994 
	9.994 
	0.00 

	9.824 
	9.824 
	0.00 

	8.689 
	8.689 
	0.00 

	8.625 
	8.625 
	0.00 

	9.667 
	9.667 
	0.00 

	9.828 
	9.828 
	0.00 

	10.090 
	10.090 
	0.00 

	10.473 
	10.473 
	0.00 


	NECK 
	PITCH CDEG) --ROlL COEG) 
	11.50 0.00 
	11.49 0.00 
	11.48 0.00 
	11.51 0.00 
	11.84 0.00 
	11.88 
	11.88 
	11.88 
	0.00 

	12.17 
	12.17 
	0.00 


	12.42 0.00 
	12.60 0.00 
	12.70 0.00 
	12.74 0.00 
	12.74 0.00 
	12.69 0.00 
	12.58 0.00 
	12.32 0.00 
	11.97 0.00 
	11.58 0.00 
	11.23 0.00 
	11.05 0.00 
	11.03 0.00 
	11.09 0.00 
	11.10 0.00 
	10.89 0.00 
	10.35 0.00 
	9.42 0.00 
	8.15 0.00 
	6.60 0.00 
	4.84 0.00 
	2.98 0.00 
	" ~.,~ 3, ___ . _ _---.2.J>9__ 
	-.59 0.00 
	-2.11 0.00 -3.40 0.00 -4.45 0.00 -5.30 0.00 
	-6.01 0.00 
	-6.80 0.00 -7.11 0.00 -7.50 0.00 -7.79 0.00 -7.99 0.00 -8.12 0.00 ~8.19 0.00 -8.19 0.00 
	-8.11 0.00 
	-7.93 0.00 
	-7.64 0.00 -7.26 0.00 -6.77 0.00 -6.19 0.00 
	C-15 
	OCCUPANT SEGHENT POSrTION. (IN AIRCRAFT REFERENCE FRANE). 
	TIPtE 
	TIPtE 
	TIPtE 
	RIGHT UPPER ARM 
	RIGHT LOWER ARtf 

	(SEC) 
	(SEC) 
	X (IN) 
	Y <IN) 
	Z (IN) 
	X (IN) 
	Y (IN) 
	Z (IN) 

	0.000 
	0.000 
	8.68 
	-6.34 
	34.32 
	16.70 
	-6.34 
	26.62 

	.006 
	.006 
	8.69 
	-6.34 
	34.31 
	16.71 
	-6.34 
	26.61 

	.012 
	.012 
	8.71 
	-6.34 
	34.30 
	16.73 
	-6.34 
	26.60 

	.019 
	.019 
	8.74 
	-6.34 
	34.29 
	16.77 
	-6.34 
	26.'8 

	.025 
	.025 
	8.82 
	-6.34 
	34.29 
	16.83 
	-6.34 
	26." 

	.030 
	.030 
	8.95 
	-6.34 
	34.29 
	16.95 
	-6.34 
	26.55 

	.036 
	.036 
	9.14 
	-6.34 
	34.28 
	17.13 
	-6.34 
	26.53 

	.042 
	.042 
	9.39 
	-6.34 
	34.2' 
	17.37 
	-6.34 
	26.'0 

	.048 
	.048 
	9.68 
	-6.34 
	34.19 
	17.69 
	-6.34 
	26.46 

	.054 
	.054 
	10.02 
	-6.34 
	34.09 
	18.07 
	-6.34 
	26.41 

	.060 
	.060 
	10.39 
	-6.34 
	33.94 
	18.52 
	-6.34 
	26.35 

	.066 
	.066 
	10.77 
	-6.34 
	33.75 
	19.03 
	-6.34 
	26.28 

	.072 
	.072 
	11.17 
	-6.34 
	33.5.3 
	19.59 
	-6.34 
	26.22 

	.078 
	.078 
	11.SS 
	-6.34 
	33.27 
	20.19 
	-6.34 
	26.17 

	.084 
	.084 
	12.0' 
	-6.34 
	32.99 
	20.93 
	-6.34 
	2B.15 

	.090 
	.090 
	12.36 
	-6.34 
	32.70 
	21.50 
	-6.34 
	26.16 

	.096 
	.096 
	12.75 
	-6.34 
	32.44 
	22.16 
	-6.34 
	26.21 

	.102 
	.102 
	13.13 
	-6.34 
	32.24 
	22.80 
	-6.34 
	26.33 

	.108 
	.108 
	13.48 
	-6.34 
	32.13 
	23.38 
	-6.34 
	26.'0 

	.114 
	.114 
	13.78 
	-6.34 
	32.11 
	23.90 
	-6.34 
	26.75 

	.120 
	.120 
	14.04 
	-6.34 
	32.18 
	24.3' 
	-6.34 
	27.05 

	.126 
	.126 
	14.26 
	-6.34 
	32.33 
	24.73 
	-6.34 
	27.41 

	.132 
	.132 
	14.44 
	-61.34 
	32.'3 
	2'.0' 
	-6.34 
	27.82 

	.138 
	.138 
	14.50 
	-B.34 
	32.74 
	2'.26 
	-6.34 
	28.2' 

	.144 
	.144 
	14.61 
	-6.34 
	32.96 
	2'.51 
	-8.34 
	28.71 

	.150 
	.150 
	14.71 
	-6.34 
	33.17 
	25.74 
	-6.34 
	29.20 

	.156 
	.156 
	14.78 
	-6.34 
	33.35 
	25.9' 
	-6.34 
	29.69 

	.162 
	.162 
	14.85 
	-6.34 
	33.51 
	28.15 
	-6.34 
	30.20 

	.168 
	.168 
	14.90 
	-6.34 
	33.63 
	26.33 
	-6.34 
	30.71 

	.174 
	.174 
	14.93 
	-6.34 
	33.72 
	26.48 
	-8.34 
	31.21 

	.180 
	.180 
	14.9S 
	-6.34 
	33.79 
	26.'9 
	-6.34 
	31.71 

	.186 
	.186 
	14.94 
	-6.34 
	33.8' 
	26.67 
	-6.34 
	32.20 

	.192 
	.192 
	14.91 
	-6.34 
	33.90 
	26.70 
	-6.34 
	32.67 

	.198 
	.198 
	14.86 
	-6.34 
	33.95 
	26.70 
	-6.34 
	33.12 

	.204 
	.204 
	14.81 
	-6.34 
	34.00 
	26.66 
	-6.34 
	33.'4 

	.210 
	.210 
	14.75 
	-6.34 
	34.06 
	26.61 
	-6.34 
	33.93 

	.216 
	.216 
	14.69 
	-6.34 
	34.13 
	26." 
	-6.34 
	34.29 

	.222 
	.222 
	14.64 
	-6.34 
	34.21 
	26.50 
	-6.34 
	34.62 

	.228 
	.228 
	14.'9 
	-6.34 
	34.30 
	26.44 
	-6.34 
	34.91 

	.234 
	.234 
	14.56 
	-6.34 
	34.40 
	26.40 
	-6.34 
	35.17 

	.240 
	.240 
	14.54 
	-6.34 
	34.51 
	26.37 
	-6.34 
	3'.39 

	.246 
	.246 
	14.53 
	-6.34 
	34.62 
	26.36 
	-6.34 
	35.58 

	.252 
	.252 
	14.55 
	-6.34 
	34.74 
	26.37 
	-6.34 
	35.73 

	.258 
	.258 
	14.'8 
	-6.34 
	34.84 
	26.40 
	-6.34 
	3'.85 

	.264 
	.264 
	14.62 
	-6.34 
	34.94 
	26.4' 
	-6.34 
	3'.94 

	.270 
	.270 
	14.68 
	-6.34 
	35.02 
	26.50 
	-6.34 
	35.99 

	.276 
	.276 
	14.71 
	-6.34 
	35.08 
	26.54 
	-6.34 
	36.02 

	.282 
	.282 
	14.69 
	-6.34 
	3'.12 
	26.'3 
	-6.34 
	36.01 

	.288 
	.288 
	14.60 
	-6.34 
	35.14 
	28.44 
	-8.34 
	3'.97 

	.294 
	.294 
	14.43 
	-6.34 
	35.15 
	26.27 
	-6.34 
	35.90 


	C-16. 
	OCCUPANT SEGHENT POSITION. (IN AIRCRAFT REFERENCE FRA"E). 
	TIllfE RIGHT UPPER AR" (SEC) PITCH CDEG) --ROLL (DEG) 
	TIllfE RIGHT UPPER AR" (SEC) PITCH CDEG) --ROLL (DEG) 
	RIGHT LOWER ARtt PITCH CDEG) --ROLL CDEG) 

	0.000 
	0.000 
	0.000 
	-17.000 
	0.00 

	.006 
	.006 
	-17.010 
	0.00 

	.012 
	.012 
	-17.021 
	0.00 

	.019 
	.019 
	-16.994 
	0.00 

	.025 
	.025 
	-16.928 
	0.00 

	.030 
	.030 
	-16.841 
	0.00 

	.036 
	.036 
	-16.764 
	0.00 

	.042 
	.042 
	-18.763 
	0.00 

	.048 
	.048 
	-16.902 
	0.00 

	.054 
	.054 
	-17.241 
	0.00 

	.060 
	.060 
	-17.850 
	0.00 

	.066 
	.066 
	-18.797 
	0.00 

	.072 
	.072 
	-20.126 
	0.00 

	.078 
	.078 
	-21.835 
	0.00 

	.084 
	.084 
	-23.904 
	0.00 

	.090 
	.090 
	-26.263 
	0.00 

	.OS6 
	.OS6 
	-28.754 
	0.00 

	.102 
	.102 
	-31.288 
	0.00 

	.108 
	.108 
	-33.686 
	0.00 

	.114 
	.114 
	-35.912 
	0.00 

	.120 
	.120 
	-37.920 
	0.00 

	.126 
	.126 
	-39.746 
	0.00 

	.132 
	.132 
	-41.465 
	0.00 

	.138 
	.138 
	-43.169 
	0.00 

	.144 
	.144 
	-44.905 
	0.00 

	.150 
	.150 
	-46.740 
	0.00 

	.156 
	.156 
	-48.710 
	0.00 

	.162 
	.162 
	-50.807 
	0.00 

	.168 
	.168 
	-53.011 
	0.00 

	.174 
	.174 
	-55.293 
	0.00 

	.1ao 
	.1ao 
	-57.806 
	0.00 

	.186 
	.186 
	-59.873 
	0.00 

	.192 
	.192 
	-62.029 
	0.00 

	.199 
	.199 
	-64.030 
	0.00 

	.204 
	.204 
	-65.846 
	0.00 

	.210 
	.210 
	-67.467 
	0.00 

	.216 
	.216 
	-68.887 
	0.00 

	.222 
	.222 
	-70.088 
	0.00 

	.228 
	.228 
	-71.061 
	0.00 

	.234 
	.234 
	-71.812 
	0.00 

	.240 
	.240 
	-72.357 
	0.00 

	.246 
	.246 
	-72.716 
	0.00 

	.252 
	.252 
	-72.918 
	0.00 

	.258 
	.258 
	-72.988 
	0.00 

	.264 
	.264 
	-72.954 
	0.00 

	.270 
	.270 
	-72.831 
	0.00 

	.276 
	.276 
	-72.639 
	0.00 

	.282 
	.282 
	-72.395 
	0.00 

	.288 
	.288 
	-72.097 
	0.00 

	.294 
	.294 
	-71.728 
	0.00 



	13.00 
	13.00 
	13.00 
	13.00 
	0.00 

	13.00 
	13.00 
	0.00 

	13.00 
	13.00 
	0.00 

	13.04 
	13.04 
	0.00 

	13.14 
	13.14 
	0.00 

	13.26 
	13.26 
	0.00 

	13.33 
	13.33 
	0.00 

	13.34 
	13.34 
	0.00 

	13.20 
	13.20 
	0.00 

	12.87 
	12.87 
	0.00 

	12.30 
	12.30 
	0.00 

	11.47 
	11.47 
	0.00 

	10.39 
	10.39 
	0.00 

	9.07 
	9.07 
	0.00 

	7.55 
	7.55 
	0.00 

	5.88 
	5.88 
	0.00 

	4.22 
	4.22 
	0.00 

	2.68 
	2.68 
	0.00 

	1.36 
	1.36 
	0.00 

	.29 
	.29 
	0.00 

	-.56 
	-.56 
	0.00 

	-1.28 
	-1.28 
	0.00 

	-1.99 
	-1.99 
	0.00 

	-2.80 
	-2.80 
	0.00 

	-3.75 
	-3.75 
	0.00 

	-4.90 
	-4.90 
	0.00 

	-6.25 
	-6.25 
	0.00 

	-7.81 
	-7.81 
	0.00 

	-9.54 
	-9.54 
	0.00 

	-11.40 
	-11.40 
	0.00 

	-13.35 
	-13.35 
	0.00 

	-15.31 
	-15.31 
	0.00 

	-17.23 
	-17.23 
	0.00 

	-19.08 
	-19.08 
	0.00 

	-20.84 
	-20.84 
	0.00 

	-22.45 
	-22.45 
	0.00 

	-23.86 
	-23.86 
	0.00 

	-25.06 
	-25.06 
	0.00 

	-26.04 
	-26.04 
	0.00 

	-26.79 
	-26.79 
	0.00 

	-27.33 
	-27.33 
	0.00 

	-27.69 
	-27.69 
	0.00 

	-27.89 
	-27.89 
	0.00 

	-27.96 
	-27.96 
	0.00 

	-27.92 
	-27.92 
	0.00 

	-27.79 
	-27.79 
	0.00 

	-27.59 
	-27.59 
	0.00 

	-27.34 
	-27.34 
	0.00 

	-27.04 
	-27.04 
	0.00 

	-26.66 
	-26.66 
	0.00 

	C-17 
	C-17 


	OCCUPANT SEGMENT POSITION. REFERENCI~ FRAHE). 
	(IN AIRCRAFT 

	n"E 
	n"E 
	n"E 
	LEFT UPPER ARtt 
	LEFT LOWER AR" 

	(SEC) 0.000 
	(SEC) 0.000 
	X (IN) 8.68 
	Y (IN) 6.34 
	Z (IN) 34.32 
	X (IN) 16.70 
	Y (IN) 8.34 
	Z (IN) 26.62 

	.008 
	.008 
	8.69 
	6.34 
	34.31 
	16.71 
	8.34 
	26.61 

	.012 
	.012 
	8.71 
	6.34 
	34.30 
	16.73 
	6.34 
	26.60 

	.019 
	.019 
	8.74 
	6.34 
	34.29 
	16.77 
	8.34 
	26.58 

	.025 
	.025 
	8.82 
	8.34 
	34.29 
	18.83 
	6.34 
	26.57 

	.030 
	.030 
	8.95 
	6.34 
	34.29 
	16.~ 
	6.34 
	26.55 

	.038 
	.038 
	9.14 
	6.34 
	34.28 
	17.13 
	6.34 
	26.53 

	.042 
	.042 
	9.39 
	6.34 
	34.25 
	17.37 
	6.34 
	26.50 

	.048 
	.048 
	9.68 
	6.34 
	34.19 
	17.69 
	6.34 
	26.46 

	.054 
	.054 
	10.02 
	6.34 
	34.09 
	18.07 
	6.34 
	26.41 

	.060 
	.060 
	10.39 
	6.34 
	33.94 
	18.52 
	6.34 
	26.35 

	.OS6 
	.OS6 
	10.77 
	6.34 
	33.75 
	19.03 
	6.34 
	26.28 

	.072 
	.072 
	11.17 
	6.34 
	33.53 
	19.59 
	6.34 
	26.22 

	.078 
	.078 
	11.56 
	6.34 
	33.27 
	20.19 
	6.34 
	26.17 

	.OB4 
	.OB4 
	12.05 
	6.34 
	32.99 
	20.93 
	6.34 
	26.15 

	.090 
	.090 
	12.36 
	6.34 
	32.70 
	21.50 
	6.34 
	26.16 

	.096 
	.096 
	12.75 
	6.34 
	32.44 
	22.16 
	6.34 
	28.21 

	.102 
	.102 
	13.13 
	6.34 
	32.24 
	22.80 
	6.34 
	26.33 

	.10B 
	.10B 
	13.48 
	6.34 
	32.13 
	23.39 
	8.34 
	26.50 

	.114 
	.114 
	13.78 
	6.34 
	32.11 
	23.90 
	6.34 
	26.75 

	.120 
	.120 
	14.04 
	6.34 
	32.18 
	24.35 
	6.34 
	27.05 

	.126 
	.126 
	14.26 
	6.34 
	32.33 
	24.73 
	6.34 
	27.41 

	.132 
	.132 
	14.44 
	6.34 
	32.53 
	25.05 
	6.34 
	27.82 

	.13B 
	.13B 
	14.50 
	8.34 
	32.74 
	25.26 
	6.34 
	28.25 

	.144 
	.144 
	14.61 
	6.34 
	32.96 
	25.51 
	6.34 
	28.71 

	.150 
	.150 
	14.71 
	6.34 
	33.17 
	25.74 
	6.34 
	29.20 

	.156 
	.156 
	14.78 
	6.34 
	33.35 
	25.95 
	6.34 
	29.69 

	.162 
	.162 
	14.B5 
	6.34 
	33.51 
	26.15 
	6.34 
	30.20 

	.16B 
	.16B 
	14.90 
	6.34 
	33.63 
	26.33 
	6.34 
	30.71 

	.174 
	.174 
	14.93 
	6.34 
	33.72 
	26.48 
	6.34 
	31.21 

	.180 
	.180 
	14.95 
	6.34 
	33.79 
	26.59 
	6.34 
	31.71 

	.186 
	.186 
	14.94 
	6.34 
	33.85 
	26.87 
	6.34 
	32.20 

	.192 
	.192 
	14.91 
	6.34 
	33.90 
	26.70 
	6.34 
	32.67 

	.19B 
	.19B 
	14.B6 
	6.34 
	33.95 
	26.70 
	6.34 
	33.12 

	.204 
	.204 
	14.Bl 
	6.34 
	34.00 
	26.66 
	6.34 
	33.54 

	.210 
	.210 
	14.75 
	6.34 
	34.06 
	26.61 
	8.34 
	33.93 

	.216 
	.216 
	14.89 
	6.34 
	34.13 
	26.55 
	6.34 
	34.29 

	.222 
	.222 
	14.64 
	6.34 
	34.21 
	26.50 
	6.34 
	34.62 

	.22B 
	.22B 
	14.58 
	6.34 
	34.30 
	26.44 
	8.34 
	34.91 

	.234 
	.234 
	14.56 
	6.34 
	34.40 
	26.40 
	6.34 
	35.17 

	.240 
	.240 
	14.54 
	6.34 
	34.51 
	26.37 
	6.34 
	35.39 

	.246 
	.246 
	14.53 
	6.34 
	34.62 
	26.36 
	6.34 
	35.58 

	.252 
	.252 
	14.55 
	6.34 
	34.74 
	26.37 
	6.34 
	35.73 

	.25B 
	.25B 
	14.58 
	6.34 
	34.B4 
	26.40 
	6.34 
	35.B5 

	.264 
	.264 
	14.62 
	6.34 
	34.94 
	26.45 
	6.34 
	35.94 

	.270 
	.270 
	14.68 
	6.34 
	35.02 
	26.50 
	6.34 
	35.99 

	.276 
	.276 
	14.71 
	6.34 
	35.08 
	28.54 
	6.34 
	38.02 

	.2B2 
	.2B2 
	14.69 
	6.34 
	35.12 
	26.53 
	6.34 
	36.01 

	.2BB 
	.2BB 
	14.60 
	6.34 
	35.14 
	26.44 
	6.34 
	35.97 

	.294 
	.294 
	14.43 
	6.34 
	35.15 
	26.27 
	6.34 
	35.90 

	TR
	C-18 


	OCCUPANT SEGMENT POSITION. UN AIRCRAFT REFERENCE FRAtE). 
	TUtE (SEC) 
	0.000 .006 .012 .019 .025 .030 .036 .042 .048 .054 .060 .066 .072 .078 .084 .090 .096 .102 .108 .114 .120 .126 .132 .138 .144 .150 .156 .162 .168 .174 .180 .186 .192 .198 .204 .210 .216 .222 .228 .234 .240 .246 .252 .258 .264 .270 .276 .282 .288 .294 
	LEFT UPPER ARft 
	PITCH (O£G) 
	PITCH (O£G) 
	PITCH (O£G) 
	-­
	ROLL (DEG) 

	-17.000 
	-17.000 
	0.00 

	-17.010 
	-17.010 
	0.00 

	-17.021 
	-17.021 
	0.00 

	-16.994 
	-16.994 
	0.00 

	-16.928 
	-16.928 
	0.00 

	-16.841 
	-16.841 
	0.00 

	-16.764 
	-16.764 
	0.00 

	-16.763 
	-16.763 
	0.00 

	-16.902 
	-16.902 
	0.00 

	-17.241 
	-17.241 
	0.00 

	-17.830 
	-17.830 
	0.00 

	-18.797 
	-18.797 
	0.00 

	-20.126 
	-20.126 
	0.00 

	-21.835 
	-21.835 
	0.00 

	-23.904 
	-23.904 
	0.00 

	-26.263 
	-26.263 
	0.00 

	-28.754 
	-28.754 
	0.00 

	-31.268 
	-31.268 
	0.00 

	-33.686 
	-33.686 
	0.00 

	-33.912 
	-33.912 
	0.00 

	-37.920 
	-37.920 
	0.00 

	-39.746 
	-39.746 
	0.00 

	-41.463 
	-41.463 
	0.00 

	-43.169 
	-43.169 
	0.00 

	-44.905 
	-44.905 
	0.00 

	-46.740 
	-46.740 
	0.00 

	-48.710 
	-48.710 
	0.00 

	-50.807 
	-50.807 
	0.00 

	-33.011 
	-33.011 
	0.00 

	-55.293 
	-55.293 
	0.00 

	-57.606 
	-57.606 
	0.00 

	-59.873 
	-59.873 
	0.00 

	-82.029 
	-82.029 
	0.00 

	-64.030 
	-64.030 
	0.00 

	-65.846 
	-65.846 
	0.00 

	-67.467 
	-67.467 
	0.00 

	-68.887 
	-68.887 
	0.00 

	-70.088 
	-70.088 
	0.00 

	-71.061 
	-71.061 
	0.00 

	-71.812 
	-71.812 
	0.00 

	-72.357 
	-72.357 
	0.00 

	-72.716 
	-72.716 
	0.00 

	-72.918 
	-72.918 
	0.00 

	-72.988 
	-72.988 
	0.00 

	-72.9~ 
	-72.9~ 
	0.00 

	-72.831 
	-72.831 
	0.00 

	-72.639 
	-72.639 
	0.00 

	-72.393 
	-72.393 
	0.00 

	-72.097 
	-72.097 
	0.00 

	-71.728 
	-71.728 
	0.00 


	LEFT LOWER ARf1. PITCH (O£G) --ROll (DEG). 
	13.00 
	13.00 
	13.00 
	0.00 

	13.00 
	13.00 
	0.00 

	13.00 
	13.00 
	0.00 

	13.04 
	13.04 
	0.00 

	13.14 
	13.14 
	0.00 

	13.26 
	13.26 
	0.00 

	13.33 
	13.33 
	0.00 

	13.34 
	13.34 
	0.00 

	13.20 
	13.20 
	0.00 

	12.87 
	12.87 
	0.00 

	12.30 
	12.30 
	0.00 

	11.47 
	11.47 
	0.00 

	10.39 
	10.39 
	0.00 

	9.07 
	9.07 
	0.00 

	7.53 
	7.53 
	0.00 

	5.88 
	5.88 
	0.00 

	4.22 
	4.22 
	0.00 

	2.68 
	2.68 
	0.00 

	1.38 
	1.38 
	0.00 

	.29 
	.29 
	0.00 

	-.56 
	-.56 
	0.00 

	-1.28 
	-1.28 
	0.00 

	-1.99 
	-1.99 
	0.00 

	-2.80 
	-2.80 
	0.00 

	-3.75 
	-3.75 
	0.00 

	-4.90 
	-4.90 
	0.00 

	-8.25 
	-8.25 
	0.00 

	-7.81 
	-7.81 
	0.00 

	-S.54 
	-S.54 
	0.00 

	-11.40 
	-11.40 
	0.00 

	-13.35 
	-13.35 
	0.00 

	-15.31 
	-15.31 
	0.00 

	-17.23 
	-17.23 
	0.00 

	-19.08 
	-19.08 
	0.00 

	-20.84 
	-20.84 
	0.00 

	-22.45 
	-22.45 
	0.00 

	-23.86 
	-23.86 
	0.00 

	-25.06 
	-25.06 
	0.00 

	-26.04 
	-26.04 
	0.00 

	-26.79 
	-26.79 
	0.00 

	-27.33 
	-27.33 
	0.00 

	-27.69 
	-27.69 
	0.00 

	-27.89 
	-27.89 
	0.00 

	-27.96 
	-27.96 
	0.00 

	-27.92 
	-27.92 
	0.00 

	-27.79 
	-27.79 
	0.00 

	-27.59 
	-27.59 
	0.00 

	-27.34 
	-27.34 
	0.00 

	-27.04 
	-27.04 
	0.00 

	-26.66 
	-26.66 
	0.00 

	C-19 
	C-19 


	OCCUPANT SEGMENT POSITION. (IN AIRCRAFT REFERENCE FRAI£). 
	TIME 
	TIME 
	TIME 
	RIGHT THIGH 
	RIGHT LOWER LEG 

	(SEC) 
	(SEC) 
	X (IN) 
	Y (IN) 
	Z (IN) 
	)( (IN) 
	Y (IN) 
	Z UN) 

	0.000 
	0.000 
	1'.8~ 
	-3.70 
	19.62 
	2'.22 
	-3.70 
	8.80 

	.006 
	.006 
	15.8~ 
	-3.70 
	19.83 
	25.21 
	-3.70 
	8.59 

	.012 
	.012 
	1'.8~ 
	-3.70 
	19.63 
	2'.20 
	-3.70 
	8.'9 

	.019 
	.019 
	15.87 
	-3.70 
	19.64 
	2'.22 
	-3.70 
	8.'9 

	.025 
	.025 
	1'.95 
	-3.70 
	19.84 
	25.29 
	-3.70 
	8.59 

	.030 
	.030 
	18.0B 
	-3.70 
	19.64 
	25.42 
	-3.70 
	8.59 

	.038 
	.038 
	18.28 
	-3.70 
	19.64 
	25.83 
	-3.70 
	8.59 

	.042 
	.042 
	18.54 
	-3.70 
	19.82 
	25.90 
	-3.70 
	8.59 

	.048 
	.048 
	16.86 
	-3.70 
	19.61 
	26.25 
	-3.70 
	8.59 

	.054 
	.054 
	17.25 
	-3.70 
	19.57 
	28.68 
	-3.70 
	8.60 

	.060 
	.060 
	17.68 
	-3.70 
	19.51 
	27.18 
	-3.70 
	8.60 

	.066 
	.066 
	18.16 
	-3.70 
	19.43 
	27.76 
	-3.70 
	8.80 

	.072 
	.072 
	18.67 
	-3.70 
	19.31 
	28.41 
	-3.70 
	8.61 

	.078 
	.078 
	19.21 
	-3.70 
	19.18 
	29.12 
	-3.70 
	8.63 

	.084 
	.084 
	19.76 
	-3.70 
	19.04 
	29.88 
	-3.70 
	8.66 

	.090 
	.090 
	20.31 
	-3.70 
	18.91 
	30.67 
	-3.70 
	8.71 

	.096 
	.096 
	20.84 
	-3.70 
	18.78 
	31.49 
	-3.70 
	8.77 

	.102 
	.102 
	21.36 
	-3.70 
	18.68 
	32.33 
	-3.70 
	8.84 

	.108 
	.108 
	21.85 
	-3.70 
	18.61 
	33.19 
	-3.70 
	.--~!~P_. 

	.114 
	.114 
	22.32 
	-3.70 
	18.58 
	34.04 
	-3.70 
	9.04 

	.120 
	.120 
	22.7S 
	-3.70 
	18.57 
	34.89 
	-3.70 
	9.19 

	.126 
	.126 
	23.18 
	-3.70 
	IB.'9 
	35.72 
	-3.70 
	9.36 

	.132 
	.132 
	23.56 
	-3.70 
	18.65 
	36.53 
	-3.70 
	9.57 

	.138 
	.138 
	23.90 
	-3.70 
	18.72 
	37.31 
	-3.70 
	9.81 

	.144 
	.144 
	24.21 
	-3.70 
	18.80 
	38.06 
	-3.70 
	10.10 

	.150 
	.150 
	24.48 
	-3.70 
	18.89 
	38.78 
	-3.70 
	10.43 

	.156 
	.156 
	24.71 
	-3.70 
	18.97 
	39.46 
	-3.70 
	10.82 

	.162 
	.162 
	24.89 
	-3.70 
	19.05 
	40.11 
	-3.70 
	11.27 

	.168 
	.168 
	25.04 
	-3.70 
	19.11 
	40.71 
	-3.70 
	11.77 

	.174 
	.174 
	25.16 
	-3.70 
	19.16 
	41.26 
	-3.70 
	12.31 

	.180 
	.180 
	25.25 
	-3.70 
	19.20 
	41.77 
	-3.70 
	12.87 

	.186 
	.186 
	25.31 
	-3.70 
	19.23 
	42.23 
	-3.70 
	13.45 

	.192 
	.192 
	25.36 
	-3.70 
	19.25 
	42.63 
	-3.70 
	14.04 

	.198 
	.198 
	25.40 
	-3.70 
	19.26 
	42.99 
	-3.70 
	14.63 

	.204 
	.204 
	25.43 
	-3.70 
	19.27 
	43.30 
	-3.70 
	15.21 

	.210 
	.210 
	25.46 
	-3.70 
	19.29 
	43.56 
	-3.70 
	15.78 

	.216 
	.216 
	25.47 
	-3.70 
	19.32 
	43.78 
	-3.70 
	lS~32 

	.222 
	.222 
	25.48 
	-3.70 
	19.36 
	43.95 
	-3.70 
	16.83 

	.228 
	.228 
	25.49 
	-3.70 
	19.41 
	44.09 
	-3.70 
	17.31 

	.234 
	.234 
	25.49 
	-3.70 
	19.46 
	44.20 
	-3.70 
	17.75 

	.240 
	.240 
	25.48 
	-3.70 
	19.51 
	44.28 
	-3.70 
	18.16 

	.246 
	.246 
	25.47 
	-3.70 
	19.56 
	44.34 
	-3.70 
	18.53 

	.252 
	.252 
	25.45 
	-3.70 
	19.60 
	44.38 
	-3.70 
	18.86 

	.258 
	.258 
	25.43 
	-3.70 
	19.64 
	44.40 
	-3.70 
	19.15 

	.264 
	.264 
	25.40 
	-3.70 
	19.66 
	44.41 
	-3.70 
	19.40 

	.270 
	.270 
	25.36 
	-3.70 
	19.67 
	44.39 
	-3.70 
	19.51 

	.276 
	.276 
	25.28 
	-3.70 
	19.65 
	44.33 
	-3.70 
	19.80 

	.282 
	.282 
	25.14 
	-3.70 
	19.82 
	44.20 
	-3.70 
	19.94 

	.288 
	.288 
	24.92 
	-3.70 
	19.'8 
	43.99 
	-3.70 
	20.03 

	.294 
	.294 
	24.62 
	-3.70 
	19." 
	43.70 
	-3.70 
	20.04 

	TR
	C-20 


	OCCUPANT SEGMENT POSITION FR~) 
	(IN AIRCRAFT REFERENCE 

	THtE (SEC) 
	0.000 .006 .012 .019 .025 .030 .036 .042 .048 .054 
	.060 
	.066 .072 .078 .084 .090 
	.096 
	.102 
	• lOB .114 .120 
	.126 .132 .138 .144 .150 .156 .162 .168 .174 
	.180 .186 .192 .198 .204 .210 .216 .222 .228 .234 .240 .246 .252 .258 .264 .270 .276 .282 .288 .294 
	RIGHT THIGH. PITCH (DEG) --ROLL (DEG). 
	.961 
	.961 
	.961 
	0.00 

	1.001 
	1.001 
	0.00 

	1.067 
	1.067 
	0.00 

	1.112 
	1.112 
	0.00 

	1.133 
	1.133 
	0.00 

	1.125 
	1.125 
	0.00 

	1.086 
	1.086 
	0.00 

	1.001 
	1.001 
	0.00 

	.861 
	.861 
	0.00 

	.634 
	.634 
	0.00 

	.274 
	.274 
	0.00 

	-.257 
	-.257 
	0.00 

	-.977 
	-.977 
	0.00 

	-1.853 
	-1.853 
	0.00 

	-2.817 
	-2.817 
	0.00 

	-3.763 
	-3.763 
	0.00 

	-4.576 
	-4.576 
	0.00 

	-5.183 
	-5.183 
	0.00 

	-5.570 
	-5.570 
	0.00 

	-5.755 
	-5.755 
	0.00 

	-5.750 
	-5.750 
	0.00 

	-5.575 
	-5.575 
	0.00 

	-5.266 
	-5.266 
	0.00 

	-4.888 
	-4.888 
	0.00 

	-4.521 
	-4.521 
	0.00 

	-4.237 
	-4.237 
	0.00 

	-4.091 
	-4.091 
	0.00 

	-4.117 
	-4.117 
	0.00 

	-4.318 
	-4.318 
	0.00 

	-4.620 
	-4.620 
	0.00 

	-4.966 
	-4.966 
	0.00 

	-5.341 
	-5.341 
	0.00 

	-5.726 
	-5.726 
	0.00 

	-6.096 
	-6.096 
	0.00 

	-6.415 
	-6.415 
	0.00 

	-6.670 
	-6.670 
	0.00 

	-6.838 
	-6.838 
	0.00 

	-6.937 
	-6.937 
	0.00 

	-6.972 
	-6.972 
	0.00 

	-6.950 
	-6.950 
	0.00 

	-6.874 
	-6.874 
	0.00 

	-6.749 
	-6.749 
	0.00 

	-6.575 
	-6.575 
	0.00 

	-6.356 
	-6.356 
	0.00 

	-6.111 
	-6.111 
	0.00 

	-5.849 
	-5.849 
	0.00 

	-5.565 
	-5.565 
	0.00 

	-5.309 
	-5.309 
	0.00 

	-5.109 
	-5.109 
	0.00 

	-4.966 
	-4.966 
	0.00 


	RIGHT LOWER LEG PITCH (DEG) --ROLL (DEG) 
	-6.39 
	-6.39 
	-6.39 
	0.00 

	-6.37 
	-6.37 
	0.00 

	-6.32 
	-6.32 
	0.00 

	-6.27 
	-6.27 
	0.00 

	-8.25 
	-8.25 
	0.00 

	-6.25 
	-6.25 
	0.00 

	-6.28 
	-6.28 
	0.00 

	-6.36 
	-6.36 
	0.00 

	-6.50 
	-6.50 
	0.00 

	-6.73 
	-6.73 
	0.00 

	-7.09 
	-7.09 
	0.00 

	-7.61 
	-7.61 
	0.00 

	-8.34 
	-8.34 
	0.00 

	-9.25 
	-9.25 
	0.00 

	-10.38 
	-10.38 
	0.00 

	-11.74 
	-11.74 
	0.00 

	-13.33 
	-13.33 
	0.00 

	-15.13 
	-15.13 
	0.00 

	-17.10 
	-17.10 
	0.00 

	-19.23 
	-19.23 
	0.00 

	-21.48 
	-21.48 
	0.00 

	-23.84 
	-23.84 
	0.00 

	-26.29 
	-26.29 
	0.00 

	-28.85 
	-28.85 
	0.00 

	-31.51 
	-31.51 
	0.00 

	-34.29 
	-34.29 
	0.00 

	-37.20 
	-37.20 
	0.00 

	-40.26 
	-40.26 
	0.00 

	-43.45 
	-43.45 
	0.00 

	-:-46.•73 
	-:-46.•73 
	. _
	___0--.00_ 


	-50.05 0.00 -53.39 0.00 -58.70 0.00 -59.94 0.00 
	-63.04 0.00 -65.98 0.00 
	-68.73 0.00 
	-71.27 0.00 
	-73.62 0.00 
	-75.79 0.00 -77.77 0.00 
	-79.58 0.00 -81.23 0.00 -82.73 0.00 -84.10 0.00 
	-85.37 0.00 
	-86.62 0.00 -87.73 0.00 -88.54 0.00 
	-88.91 0.00 
	C-21 
	OCCUPANT SEGMENT POSITION FR~) 
	(IN AIRCRAFT REFERENCE 

	TII'tE 
	TII'tE 
	TII'tE 
	LEFT THIGH 
	LEFT LOWER LEG 

	(SEC) 
	(SEC) 
	X <IN) 
	Y <IN) 
	Z UN) 
	X <IN) 
	Y <IN) 
	Z <IN) 

	0.000 
	0.000 
	1'.85 
	3.70 
	19.82 
	25.22 
	3.70 
	8.60 

	.006 
	.006 
	1'.85 
	3.70 
	19.63 
	25.21 
	3.70 
	8.'9 

	.012 
	.012 
	1'.85 
	3.70 
	19.63 
	25.20 
	3.70 
	8.59 

	.019 
	.019 
	15.87 
	3.70 
	19.64 
	25.22 
	3.70 
	8.59 

	.025 .030 
	.025 .030 
	15.95 16.08 
	3.70 3.70 
	19.64 19.84 
	25.29 25.42 
	3.70 3.70 
	8.'9 8.59 

	.038 
	.038 
	16.28 
	3.70 
	19.64 
	2:5.83 
	3.70 
	8.'9 

	.042 
	.042 
	16.54 
	3.70 
	19.62 
	2:5.90 
	3.70 
	8.59 

	.048 
	.048 
	16.86 
	3.70 
	19.61 
	26.25 
	3.70 
	8.59 

	.054 
	.054 
	17.2' 
	3.70 
	19.57 
	26.69 
	3.70 
	8.80 

	.060 
	.060 
	17.68 
	3.70 
	19.51 
	27.18 
	3.70 
	8.60 

	.066 
	.066 
	18.16 
	3.70 
	19.43 
	2'7.76 
	3.70 
	8.60 

	.072 
	.072 
	18.67 
	3.70 
	19.31 
	28.41 
	3.70 
	8.61 

	.078 
	.078 
	19.21 
	3.70 
	19.18 
	29.12 
	3.70 
	8.63 

	.084 
	.084 
	19.76 
	3.70 
	19.04 
	29.88 
	3.70 
	8.66 

	.090 
	.090 
	20.31 
	3.70 
	18.91 
	30.67 
	3.70 
	8.71 

	.096 
	.096 
	20.84 
	3.70 
	18.78 
	31.49 
	3.70 
	8.77 

	.102 
	.102 
	21.36 
	3.70 
	18.68 
	32.33 
	3.70 
	8.84 

	.108 
	.108 
	21.85 
	3.70 
	18.61 
	33.19 
	3.70 
	8.93 

	.114 
	.114 
	22.32 
	3.70 
	18.58 
	34.04 
	3.70 
	9.04 

	.120 
	.120 
	22.76 
	3.70 
	18.57 
	34.89 
	3.70 
	9.19 

	.126 
	.126 
	23.18 
	3.70 
	18.59 
	3'.72 
	3.70 
	9.38 

	.132 
	.132 
	23.56 
	3.70 
	18.65 
	36.53 
	3.70 
	9.57 

	.138 
	.138 
	23.90 
	3.70 
	18.72 
	37.31 
	3.70 
	9.81 

	.144 
	.144 
	24.21 
	3.70 
	18.80 
	~18.06 
	3.70 
	10.10 

	.150 
	.150 
	24.48 
	3.70 
	18.88 
	38.78 
	3.70 
	10.43 

	.156 
	.156 
	24.71 
	3.70 
	18.97 
	39.46 
	3.70 
	10.82 

	.162 
	.162 
	24.89 
	3.70 
	19.05 
	4~0.11 
	3.70 
	11.27 

	.168 
	.168 
	25.04 
	3.70 
	19.11 
	40.71 
	3.70 
	11.77 

	.174 
	.174 
	25.16 
	3.70 
	19.16 
	111.26 
	3.70 
	12.31 

	.180 
	.180 
	25.25 
	3.70 
	19.20 
	IU.77 
	3.70 
	12.87 

	.186 
	.186 
	25.31 
	3.70 
	19.23 
	'12.23 
	3.70 
	13.45 

	.192 
	.192 
	25.36 
	3.70 
	19.25 
	'42.63 
	3.70 
	14.04 

	.198 
	.198 
	25.40 
	3.70 
	19.26 
	·42.99 
	3.70 
	14.63 

	.204 
	.204 
	25.43 
	3.70 
	19.27 
	·43.30 
	3.70 
	15.21 

	.210 
	.210 
	25.46 
	3.70 
	19.29 
	·43.56 
	3.70 
	15.78 

	.216 
	.216 
	2'.47 
	3.70 
	19.32 
	43.78 
	3.70 
	16.32 

	.222 
	.222 
	25.48 
	3.70 
	19.36 
	43.95 
	3.70 
	16.83 

	.228 
	.228 
	25.49 
	3.70 
	19.41 
	44.09 
	3.70 
	17.31 

	.234 
	.234 
	25.49 
	3.70 
	19.46 
	44.20 
	3.70 
	17.75 

	.240 .246 
	.240 .246 
	25.48 25.47 
	3.70 3.70 
	19.51-. _. '­19.56 
	". 
	.4~_.28 44.34 
	__ 
	~~IO__ _18.16 3.70 18.53 
	__


	.252 
	.252 
	25.45 
	3.70 
	19.60 
	44.38 
	3.70 
	18.86 

	.258 
	.258 
	25.43 
	3.70 
	19.84 
	44.40 
	3.70 
	19.15 

	.284 
	.284 
	25.40 
	3.70 
	19.66 
	44.41 
	3.70 
	19.40 

	.270 
	.270 
	25.38 
	3.70 
	19.67 
	44.39 
	3.70 
	19.61 

	.276 
	.276 
	25.28 
	3.70 
	19.65 
	44.33 
	3.70 
	19.80 

	.282 
	.282 
	25.14 
	3.70 
	19.62 
	44.20 
	3.70 
	19.84 

	.28e 
	.28e 
	24.92 
	3.70 
	19.58 
	43.99 
	3.70 
	20.03 

	.294 
	.294 
	24.62 
	3.70 
	19.55 
	43.70 
	3.70 
	20.04 


	C-22. 
	OCCUPANT SEGftENT POSITION FR~) 
	(IN AIRCRAFT REFERENCE 

	TIP'lE 
	TIP'lE 
	TIP'lE 
	LEFT THIGH 
	LEFT LOWER LEG 

	(SEC) 
	(SEC) 
	PITCH (DEG) 
	-­
	ROLL (DEG) 
	PITCH (DEG) 
	-­
	ROLL (DEG) 

	0.000 
	0.000 
	.961 
	0.00 
	-6.39 
	0.00 

	.006 
	.006 
	1.001 
	0.00 
	-6.37 
	0.00 

	.012 
	.012 
	1.067 
	0.00 
	-6.32 
	0.00 

	.019 
	.019 
	1.112 
	0.00 
	-6.27 
	0.00 

	.025 
	.025 
	1.133 
	0.00 
	-6.25 
	0.00 

	.030 
	.030 
	1.125 
	0.00 
	-6.25 
	0.00 

	.036 
	.036 
	1.086 
	0.00 
	-6.28 
	0.00 

	.042 
	.042 
	1.001 
	0.00 
	-6.36 
	0.00 

	.048 
	.048 
	.861 
	0.00 
	-6.50 
	0.00 

	.054 
	.054 
	.634 
	0.00 
	-6.73 
	0.00 

	.060 
	.060 
	.274 
	0.00 
	-7.09 
	0.00 

	.066 
	.066 
	-.257 
	0.00 
	-7.61 
	0.00 

	.072 
	.072 
	-.977 
	0.00 
	-8.34 
	0.00 

	.078 
	.078 
	-1.853 
	0.00 
	-9.25 
	0.00 

	.084 
	.084 
	-2.817 
	0.00 
	-10.38 
	0.00 

	.090 
	.090 
	-3.763 
	0.00 
	-11.74 
	0.00 

	.096 
	.096 
	-4.576 
	0.00 
	-13.33 
	0.00 

	.102 
	.102 
	-5.183 
	0.00 
	-15.13 
	0.00 

	.108 
	.108 
	-5.570 
	0.00 
	-17.10 
	0.00 

	.114 
	.114 
	-5.755 
	0.00 
	-19.23 
	0.00 

	.120 
	.120 
	-5.750 
	0.00 
	-21.48 
	0.00 

	.126 
	.126 
	-5.575 
	0.00 
	-23.84 
	0.00 

	.132 
	.132 
	-5.266 
	0.00 
	-26.29 
	0.00 

	.138 
	.138 
	-4.888 
	0.00 
	-28.85 
	0.00 

	.144 
	.144 
	-4.521 
	0.00 
	-31.51 
	0.00 

	.150 
	.150 
	-4.237 
	0.00 
	-34.29 
	0.00 

	.156 
	.156 
	-4.091 
	0.00 
	-37.20 
	0.00 

	.162 
	.162 
	-4.117 
	0.00 
	-40.26 
	0.00 

	.168 
	.168 
	-4.318 
	0.00 
	-43.45 
	0.00 

	.174 
	.174 
	-4.620 
	0.00 
	-46.73 
	0.00 

	.180 
	.180 
	-4.966 
	0.00 
	-50.05 
	0.00 

	.186 
	.186 
	-5.341 
	0.00 
	-53.39 
	0.00 

	.192 
	.192 
	-5.726 
	0.00 
	-56.70 
	0.00 

	.198 
	.198 
	-6.096 
	0.00 
	-59.94 
	0.00 

	.204 
	.204 
	-6.415 
	0.00 
	-63.04 
	0.00 

	.210 
	.210 
	-6.670 
	0.00 
	-65.98 
	0.00 

	.216 
	.216 
	-6.838 
	0.00 
	-68.73 
	0.00 

	.222 
	.222 
	-6.937 
	0.00 
	-71.27 
	0.00 

	.228 
	.228 
	-6.972 
	0.00 
	-73.62 
	0.00 

	.234 
	.234 
	-6.950 
	0.00 
	-75.79 
	0.00 

	.240 
	.240 
	-6.874 
	0.00 
	-77.77 
	0.00 

	.246 
	.246 
	-6.749 
	0.00 
	-79.58 
	0.00 

	.252 
	.252 
	-6.575 
	0.00 
	-81.23 
	0.00 

	.258 
	.258 
	-6.356 
	0.00 
	-82.73 
	0.00 

	.264 
	.264 
	-6.111 
	0.00 
	-84.10 
	0.00 

	.270 
	.270 
	-5.848 
	0.00 
	-85.37 
	0.00 

	.276 
	.276 
	-5.565 
	0.00 
	-86.62 
	0.00 

	.282 
	.282 
	-5.309 
	0.00 
	-87.73 
	0.00 

	.288 
	.288 
	-5.109 
	0.00 
	-88.54 
	0.00 

	.294 
	.294 
	-4.966 
	0.00 
	-88.91 
	0.00 


	C-23. 
	OCCUPANT SEGI1ENT VEI.DClTV. (IN AIRCRAFT REFERENCE FRAftE). 
	TI"E 
	TI"E 
	TI"E 
	PELVIS 
	CHEST 

	(SEC) 
	(SEC) 
	X (IPS) 
	V (IPS) 
	Z (IPS) 
	)( (IPS) 
	Y (IPS) 
	Z (IPS) 

	0.000 
	0.000 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.006 
	.006 
	.46 
	0.00 
	2.37 
	.SB 
	0.00 
	-1.97 

	.012 
	.012 
	1.99 
	0.00 
	2.57 
	2.83 
	0.00 
	-2.33 

	.019 
	.019 
	8.84 
	0.00 
	1.82 
	9.89 
	0.00 
	-1.08 

	.025 
	.025 
	17.14 
	0.00 
	-.05 
	18.70 
	0.00 
	.-;-~ 

	.030 
	.030 
	26.8a 
	0.00 
	-1.56 
	28.07 
	0.00 
	-.01 

	.036 
	.036 
	38.21 
	0.00 
	-2.97 
	38.56 
	0.00 
	-2.66 

	.042 
	.042 
	47.25 
	0.00 
	-4.97 
	48.00 
	0.00 
	-7.57 

	.048 
	.048 
	56.43 
	0.00 
	-8.60 
	52.43 
	0.00 
	-14.24 

	.054 
	.054 
	64.41 
	0.00 
	-14.66 
	56.96 
	0.00 
	-22.12 

	.060 
	.060 
	89.90 
	0.00 
	-22.65 
	58.05 
	0.00 
	-30.63 

	.066 
	.066 
	74.75 
	0.00 
	-31.70 
	57.81 
	0.00 
	-39.13 

	.072 
	.072 
	77.3B 
	0.00 
	-40.42 
	55.21 
	0.00 
	-47.19 

	.078 
	.078 
	78.75 
	0.00 
	-48.40 
	51.97 
	0.00 
	-53.99 

	.084 
	.084 
	79.17 
	0.00 
	-47.98 
	48.82 
	0.00 
	-59.20 

	.090 
	.090 
	77.90 
	0.00 
	-44.82 
	48.08 
	0.00 
	-59.47 

	.oss 
	.oss 
	75.50 
	0.00 
	-37.52 
	43.25 
	0.00 
	-53.84 

	.102 
	.102 
	72.22 
	0.00 
	-27.75 
	40.05 
	0.00 
	-42.92 

	.108 
	.108 
	68.30 
	0.00 
	-17.64 
	36.36 
	0.00 
	-27.33 

	.114 
	.114 
	63.S1 
	0.00 
	-7.76 
	32.02 
	0.00 
	-10.04 

	.120 
	.120 
	58.82 
	0.00 
	1.82 
	27.16 
	0.00 
	5.45 

	.126 
	.126 
	53.57 
	0.00 
	10.45 
	22.26 
	0.00 
	16.74 

	.132 
	.132 
	48.27 
	0.00 
	16.88 
	17.58 
	0.00 
	22.82 

	.138 
	.138 
	43.10 
	0.00 
	20.05 
	13.24 
	0.00 
	24.09 

	.144 
	.144 
	38.30 
	0.00 
	20.30 
	10.10 
	0.00 
	22.49 

	.150 
	.150 
	33.36 
	0.00 
	17.92 
	6.91 
	0.00 
	17.47 

	.158 
	.158 
	28.40 
	0.00 
	13.37 
	3.97 
	0.00 
	10.98 

	.162 
	.162 
	23.48 
	0.00 
	7.83 
	1.28 
	0.00 
	4.10 

	.168 
	.168 
	18.48 
	0.00 
	2.15 
	-1.50 
	0.00 
	-2.88 

	.174 
	.174 
	13.25 
	0.00 
	-1.53 
	-5.05 
	0.00 
	-8.8S 

	.180 
	.180 
	8.47 
	0.00 
	-4.35 
	-8.82 
	0.00 
	-13.03 

	.186 
	.186 
	5.07 
	0.00 
	-6.95 
	-11.37 
	0.00 
	-14.46 

	.192 
	.192 
	3.05 
	0.00 
	-8.46 
	-13.13 
	0.00 
	-13.85 

	.198 
	.198 
	1.77 
	0.00 
	-7.81 
	-13.98 
	0.00 
	-12.12 

	.204 
	.204 
	1.09 
	0.00 
	-5.33 
	-13.47 
	0.00 
	-9.49 

	.210 
	.210 
	.53 
	0.00 
	-1.55 
	-12.34 
	0.00 
	-6.09 

	.216 
	.216 
	.34 
	0.00 
	2.25 
	-10.56 
	0.00 
	-1.89 

	.222 
	.222 
	.39 
	0.00 
	5.31 
	-8.49 
	0.00 
	2.71 

	.228 
	.228 
	.17 
	0.00 
	8.01 
	-6.73 
	0.00 
	7.08 

	.234 
	.234 
	-.03 
	0.00 
	9.89 
	-4.80 
	0.00 
	10.96 

	.240 
	.240 
	-.40 
	0.00 
	11.31 
	-2.75 
	0.00 
	13.85 

	.246 
	.246 
	-1.01 
	0.00 
	12.32 
	-.58 
	0.00 
	15.50 

	.252 
	.252 
	-1.42 
	0.00 
	12.24 
	2.08 
	0.00 
	16.05 

	.258 
	.258 
	-2.19 
	0.00 
	11.78 
	4.13 
	0.00 
	15.33 

	.264 
	.264 
	-2.84 
	0.00 
	9.87 
	6.07 
	0.00 
	13.88 

	.270 
	.270 
	-6.48 
	0.00 
	6.93 
	4.60 
	0.00 
	11.76 

	.276 
	.276 
	-14.45 
	0.00 
	3.58 
	-2.09 
	0.00 
	8.95 

	.282 
	.282 
	-26.72 
	0.00 
	.17 
	-13.43 
	0.00 
	5.88 

	.288 
	.288 
	-41.20 
	0.00 
	-1.71 
	-27.33 
	0.00 
	2.97 

	.294 
	.294 
	-53.88 
	0.00 
	-2.30 
	-39.58 
	0.00 
	1.74 


	C-24. 
	OCCUPANT SEG"ENT VELOCITY. (IN AIRCRAFT REFERENCE FRAHE). 
	TI~ 
	TI~ 
	TI~ 
	RIGHT UPPER ARtt 
	RIGHT LOWER ARtt 

	(SEC) 0.000 
	(SEC) 0.000 
	X (IPS) 0.00 
	Y <IPS) 0.00 
	Z (IPS) 0.00 
	X <IPS) 0.00 
	Y <IPS) 0.00 
	Z (IPS) 0.00 

	.006 
	.006 
	4.18 
	0.00 
	-1.88 
	4.56 
	0.00 
	-1.67 

	.012 
	.012 
	5.68 
	0.00 
	-2.35 
	5.79 
	0.00 
	-2.63 

	.019 
	.019 
	11.30 
	0.00 
	-1.44 
	9.85 
	0.00 
	-2.63 

	.025 
	.025 
	IS.91 
	0.00 
	.00 
	14.94 
	0.00 
	-2.44 

	.030 
	.030 
	27.98 
	0.00 
	-.25 
	26.06 
	0.00 
	-2.65 

	.036 
	.036 
	35.88 
	0.00 
	-2.75 
	34.55 
	0.00 
	-3.60 

	.042 
	.042 
	47.14 
	0.00 
	-7.11 
	48.40 
	0.00 
	-6.00 

	.048 
	.048 
	52.91 
	0.00 
	-13.09 
	57.86 
	0.00 
	-8.16 

	.054 
	.054 
	61.57 
	0.00 
	-20.06 
	71.73 
	0.00 
	-9.87 

	.060 
	.060 
	64.98 
	0.00 
	-27.36 
	81.51 
	0.00 
	-10.60 

	.066 
	.066 
	64.85 
	0.00 
	-34.30 
	88.52 
	0.00 
	-10.56 

	.072 
	.072 
	67.52 
	0.00 
	-40.44 
	98.63 
	0.00 
	-9.18 

	.078 
	.078 
	65.29 
	0.00 
	-45.25 
	102.73 
	0.00 
	-8.46 

	.084 
	.084 
	66.42 
	0.00 
	-47.81 
	109.23 
	0.00 
	-1.66 

	.090 
	.090 
	66.64 
	0.00 
	-46.41 
	111.70­
	0.00 
	4;,-73 

	.096 
	.096 
	64.67 
	0.00 
	-39.40 
	109.23 
	0.00 
	13.27 

	.102 
	.102 
	60.85 
	0.00 
	-27.61 
	102.91 
	0.00 
	23.47 

	.10B 
	.10B 
	55.01 
	0.00 
	-12.14 
	92.B7 
	0.00 
	34.57 

	.114 
	.114 
	47.66 
	0.00 
	4.38 
	80.73 
	0.00 
	45.55 

	.120 
	.120 
	39.92 
	0.00 
	18.97 
	68.74 
	0.00 
	55.54 

	.126 
	.126 
	33.02 
	0.00 
	29.72 
	58.71 
	0.00 
	64.02 

	.132 
	.132 
	27.67 
	0.00 
	36.00 
	51.60 
	0.00 
	70.94 

	.138 
	.138 
	-156.24 
	0.00 
	-1.98 
	-132.91 
	0.00 
	36.28 

	.144 
	.144 
	16.92 
	0.00 
	36.45 
	39.71 
	0.00 
	79.20 

	.150 
	.150 
	14.19 
	0.00 
	33.05 
	37.18 
	0.00 
	81.97 

	.156 
	.156 
	11.82 
	0.00 
	28.34 
	34.66 
	0.00 
	83.78 

	.162 
	.162 
	9.60 
	0.00 
	23.26 
	31.63 
	0.00 
	84.71 

	.168 
	.168 
	7.38 
	0.00 
	18.22 
	27.92 
	0.00 
	84.83 

	.174 
	.174 
	4.14 
	0.00 
	13.56 
	22.51 
	0.00 
	83.S0 

	.180 
	.180 
	.64 
	0.00 
	10.30 
	16.14 
	0.00 
	82.26 

	.186 
	.186 
	-2.97 
	0.00 
	8.71 
	9.13 
	0.00 
	79.80 

	.192 
	.192 
	-6.14 
	0.00 
	8.31 
	2.52 
	0.00 
	76.61 

	.198 
	.198 
	-8.56 
	0.00 
	8.45 
	-3.15 
	0.00 
	72.66 

	.204 
	.204 
	-S.87 
	0.00 
	8.93 
	-7.36 
	0.00 
	68.06 

	.210 
	.210 
	-9.69 
	0.00 
	10.33 
	-8.95 
	0.00 
	63.13 

	.216 
	.216 
	-9.40 
	0.00 
	12.08 
	-9.84 
	0.00 
	57.48 

	.222 
	.222 
	-8.21 
	0.00 
	14.32 
	-9.04 
	0.00 
	51.90 

	.228 
	.228 
	-S.68 
	0.00 
	15.92 
	-8.60 
	0.00 
	46.13 

	.234 
	.234 
	-4.79 
	0.00 
	17.57 
	-6.69 
	0.00 
	40.29 

	.240 
	.240 
	-2.75 
	0.00 
	18.86 
	-4.10 
	0.00 
	34.27 

	.246 
	.246 
	.45 
	0.00 
	19.04 
	-.40 
	0.00 
	28.79 

	.252 
	.252 
	3.43 
	0.00 
	18.57 
	3.46 
	0.00 
	23.13 

	.258 
	.258 
	6.52 
	0.00 
	17.03 
	6.75 
	0.00 
	17.59 

	.264 
	.264 
	9.24 
	0.00 
	14.97 
	9.82 
	0.00 
	12.11 

	.270 
	.270 
	8.26 
	0.00 
	12.09 
	8.74 
	0.00 
	6.62 

	.276 
	.276 
	2.44 
	0.00 
	8.95 
	3.07 
	0.00 
	1.35 

	.282 
	.282 
	-8.03 
	0.00 
	5.51 
	-7.29 
	0.00 
	-3.73 

	.288 
	.288 
	-21.45 
	,),00 
	2.22 
	-20.67 
	0.00 
	-9.07 

	.294 
	.294 
	-33.40 
	0.00 
	.01 
	-32.50 
	0.00 
	-14.25 


	C-25. 
	OCCUPANT SEG"ENT VELOCITY. (IN AIRCRAFT REFERENCE FRAI'fE). 
	TI"E 
	TI"E 
	TI"E 
	LEFT UPPER AR" 
	LEFT LOWER AR" 

	(SEC> 
	(SEC> 
	X (IPS> 
	Y UPS> 
	Z (IPS) 
	x (IPS) 
	Y (lPS) 
	Z (lPS) 

	0.000 
	0.000 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.006 
	.006 
	4.18 
	0.00 
	-1.88 
	4.56 
	0.00 
	-1.67 

	.012 
	.012 
	5.BS 
	0.00 
	-2.35 
	5.79 
	0.00 
	-2.63 

	.019 
	.019 
	11.30 
	0.00 
	-1.44 
	9.85 
	0.00 
	-2.63 

	.025 
	.025 
	16.91 
	0.00 
	.00 
	14.94 
	0.00 
	-2.44 

	.030 
	.030 
	27.98 
	0.00 
	-.25 
	26.06 
	0.00 
	-2.65 

	.036 
	.036 
	35.88 
	0.00 
	-2.75 
	34.55 
	0.00 
	-3.60 

	.042 
	.042 
	47.14 
	0.00 
	-7.11 
	48.40 
	0.00 
	-6.00 

	.048 
	.048 
	52.91 
	0.00 
	-13.09 
	57.86 
	0.00 
	-8.16 

	.054 
	.054 
	61.57 
	0.00 
	-20.06 
	71.73 
	0.00 
	-9.87 

	.060 
	.060 
	64.98 
	0.00 
	-27.36 
	81.51 
	0.00 
	-10.60 

	.066 
	.066 
	64.85 
	0.00 
	-34.30 
	88.52 
	0.00 
	-10.56 

	.072 
	.072 
	67.52 
	0.00 
	-40.44 
	98.63 
	0.00 
	-9.18 

	.078 
	.078 
	65.29 
	0.00 
	-45.25 
	102.73 
	0.00 
	-6.46 

	.084 
	.084 
	66.42 
	0.00 
	-47.81 
	109.23 
	0.00 
	-1.66 

	.090 
	.090 
	66.64 
	0.00 
	-46.41 
	111.70 
	0.00 
	4.73 

	.096 
	.096 
	64.67 
	0.00 
	-39.40 
	109.23 
	0.00 
	13.27 

	.102 
	.102 
	60.85 
	0.00 
	-27.61 
	102.91 
	0.00 
	23.47 

	.108 
	.108 
	55.01 
	0.00 
	-12.14 
	92.87 
	0.00 
	34.57 

	.114 
	.114 
	47.66 
	0.00 
	4.38 
	80.73 
	0.00 
	45.55 

	.120 
	.120 
	39.92 
	0.00 
	18.97 
	69.74 
	0.00 
	55.54 

	.126 
	.126 
	33.02 
	0.00 
	29.72 
	58.71 
	0.00 
	64.02 

	.132 
	.132 
	27.67 
	0.00 
	36.00 
	51.60 
	0.00 
	70.94 

	.138 
	.138 
	-158.24 
	0.00 
	-1.98 
	··132.91 
	0.00 
	36.28 

	.144 
	.144 
	16.92 
	0.00 
	36.45 
	39.71 
	0.00 
	79.20 

	.150 
	.150 
	14.19 
	0.00 
	33.05 
	37.18 
	0.00 
	81.97 

	.156 
	.156 
	11.82 
	0.00 
	28.34 
	34.66 
	0.00 
	U;7tt 

	.162 
	.162 
	9.60 
	0.00 
	23.26 
	31.63 
	0.00 
	84.71 

	.168 
	.168 
	7.38 
	0.00 
	18.22 
	27.92 
	0.00 
	84.83 

	.174 
	.174 
	4.14 
	0.00 
	13.56 
	22.51 
	0.00 
	83.90 

	.180 
	.180 
	.64 
	0.00 
	10.30 
	16.14 
	0.00 
	82.26 

	.186 
	.186 
	-2.97 
	0.00 
	8.71 
	9.13 
	0.00 
	79.80 

	.192 
	.192 
	-6.14 
	0.00 
	8.31 
	2.52 
	0.00 
	76.61 

	.198 
	.198 
	-8.516 
	0.00 
	8.45 
	-3.15 
	0.00 
	72.66 

	.204 
	.204 
	-9.87 
	0.00 
	8.93 
	-7.38 
	0.00 
	68.06 

	.210 
	.210 
	-9.69 
	0.00 
	10.33 
	-8.95 
	0.00 
	63.13 

	.216 
	.216 
	-9.40 
	0.00 
	12.08 
	-9.84 
	0.00 
	57.48 

	.222 
	.222 
	-8.21 
	0.00 
	14.32 
	-9.04 
	0.00 
	51.90 

	.228 
	.228 
	-6.68 
	0.00 
	15.92 
	-8.80 
	0.00 
	48.13 

	.234 
	.234 
	-4.79 
	0.00 
	17.57 
	-8.69 
	0.00 
	40.29 

	.240 
	.240 
	-2.75 
	0.00 
	18.88 
	-4.10 
	0.00 
	34.27 

	.248 
	.248 
	.45 
	0.00 
	19.04 
	-.40 
	0.00 
	28.79 

	.252 
	.252 
	3.43 
	0.00 
	18.57 
	3.48 
	0.00 
	23.13 

	.258 
	.258 
	6.52 
	0.00 
	17.03 
	6.75 
	0.00 
	17.59 

	.264 
	.264 
	9.24 
	0.00 
	14.97 
	9.82 
	0.00 
	12.11 

	.270 
	.270 
	8.26 
	0.00 
	12.09 
	8.74 
	0.00 
	6.62 

	.276 
	.276 
	2.44 
	0.00 
	8.95 
	3.07 
	0.00 
	1.35 

	.282 
	.282 
	-8.03 
	0.00 
	5.57 
	-7.29 
	0.00 
	-3.73 

	.288 
	.288 
	-21.45 
	0.00 
	2.22 
	-20.67 
	0.00 
	-9.07 

	.294 
	.294 
	-33.40 
	0.00 
	.01 
	-32.50 
	0.00 
	-14.25 

	TR
	C-26 


	----~._~._----_~-
	----------
	-

	(IN AIRCRAFT REFERENCE FRME) 
	OCCUPANT SEGMENTVElOCITV 
	..

	TU'E 
	TU'E 
	TU'E 
	RIGHT THIGH 
	RIGHT LONER LEG 

	(SEC) 
	(SEC) 
	X (IPS) 
	Y (IPS) 
	Z UPS) 
	X UPS) 
	Y (IPS) 
	Z (IPS) 

	0.000 
	0.000 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.006 
	.006 
	-.39 
	0.00 
	.73 
	-1.74 
	0.00 
	-.27 

	.012 
	.012 
	.96 
	0.00 
	1.39 
	-1.03 
	0.00 
	.70 

	.019 
	.019 
	8.08 
	0.00 
	1.04 
	6.27 
	0.00 
	1.22 

	.025 
	.025 
	16.69 
	0.00 
	.04 
	16.OS 
	0.00 
	-.13 

	.030 
	.030 
	27.06 
	0.00 
	-.84 
	26.70 
	0.00 
	.74 

	.036 
	.036 
	38.79 
	0.00 
	-1.38 
	40.09 
	0.00 
	.14 

	.042 
	.042 
	48.59 
	0.00 
	-2.26 
	51.55 
	0.00 
	1.60 

	.048 
	.048 
	59.15 
	0.00 
	-4.34 
	64.19 
	0.00 
	.50 

	.054 
	.054 
	68.45 
	0.00 
	-7.73 
	76.92 
	0.00 
	.82 

	.060 
	.060 
	75.87 
	0.00 
	-11.93 
	89.04 
	0.00 
	1.08 

	.066 
	.066 
	83.21 
	0.00 
	-16.48 
	102.28 
	0.00 
	.81 

	.072 
	.072 
	88.12 
	0.00 
	-20.46 
	112.93 
	0.00 
	3.10 

	.078 
	.078 
	90.88 
	0.00 
	-23.01 
	121.79 
	0.00 
	4.19 

	.084 
	.084 
	91.37 
	0.00 
	-23.43 
	129.21 
	0.00 
	6.68 

	.090 
	.090 
	90.10 
	0.00 
	-21.92 
	134.73 
	0.00 
	8.85 

	.096 
	.096 
	87.63 
	0.00 
	-18.81 
	138.84 
	0.00 
	10.50 

	.102 
	.102 
	84.34 
	0.00 
	-14.20 
	141.35 
	0.00 
	13.09 

	.108 
	.108 
	80.48 
	0.00 
	-9.05 
	142.37 
	0.00 
	16.70 

	.114 
	.114 
	76.13 
	0.00 
	-3.72 
	141.95 
	0.00 
	21.17 

	.120 
	.120 
	71.30 
	0.00 
	1.63 
	140.13 
	0.00 
	28.15 

	.126 
	.126 
	66.06 
	0.00 
	6.59 
	137.03 
	0.00 
	31.47 

	.132 
	.132 
	60.42 
	0.00 
	10.56 
	132.92 
	0.00 
	37.24 

	.138 
	.138 
	54.44 
	0.00 
	12.99 
	128.17 
	0.00 
	43.65 

	.144 
	.144 
	48.05 
	0.00 
	14.26 
	122.83 
	0.00 
	51.28 

	.150 
	.150 
	41.42 
	0.00 
	14.37 
	117.04 
	0.00 
	59.85 

	.156 
	.156 
	34.72 
	0.00 
	13.41 
	110.87 
	0.00 
	68.07 

	.162 
	.162 
	28.07 
	0.00 
	11.68 
	104.18 
	0.00 
	78.41 

	.168 
	.168 
	21.88 
	0.00 
	9.65 
	96.70 
	0.00 
	87.21 

	.174 
	.174 
	16.99 
	0.00 
	7.67 
	89.03 
	0.00 
	91.84 

	.180 
	.180 
	12.91 
	0.00 
	5.60 
	80.72 
	0.00 
	95.45 

	.186 
	.186 
	9.61 
	0.00 
	3.62 
	72.37 
	0.00 
	97.78 

	.192 
	.192 
	7.32 
	0.00 
	2.26 
	64.07 
	0.00 
	88.99 

	.198 
	.198 
	5.88 
	0.00 
	2.00 
	55.95 
	0.00 
	98.01 

	.204 
	.204 
	4.60 
	0.00 
	2.79 
	47.95 
	0.00 
	95.25 

	.210 
	.210 
	3.52 
	0.00 
	4.32 
	39.64 
	0.00 
	92.98 

	.216 
	.216 
	2.41 
	0.00 
	5.95 
	32.98 
	0.00 
	87.19 

	.222 
	.222 
	1.22 
	0.00 
	7.24 
	26.43 
	0.00 
	BZ;78 

	.228 
	.228 
	.46 
	0.00 
	8.14 
	20.83 
	0.00 
	77.58 . 

	.234 
	.234 
	-.38 
	0.00 
	8.48 
	16.08 
	0.00 
	71.70 

	.240 
	.240 
	-1.25 
	0.00 
	8.36 
	12.55 
	0.00 
	83.94 

	.246 
	.246 
	-2.14 
	0.00 
	7.82 
	7.98 
	0.00 
	59.08 

	.252 
	.252 
	-3.44 
	0.00 
	6.67 
	4.76 
	0.00 
	52.04 

	.258 
	.258 
	-4.26 
	0.00 
	5.02 
	1.75 
	0.00 
	45.55 

	.264 
	.264 
	-5.47 
	0.00 
	2.SS 
	-.88 
	0.00 
	39.15 

	.270 
	.270 
	-9.88 
	0.00 
	-.80 
	-5.56 
	0.00 
	33.19 

	.276 
	.276 
	-17.74 
	0.00 
	-4.11 
	-14.27 
	0.00 
	27.90 

	.282 
	.282 
	-29.89 
	0.00 
	-6.12 
	-27.67 
	0.00 
	21.05 

	.288 
	.288 
	-43.47 
	0.00 
	-6.44 
	-41.84 
	0.00 
	9.24 

	.294 
	.294 
	-55.57 
	0.00 
	-5.60 
	-54.84 
	0.00 
	-3.66 

	TR
	C-27 


	OCCUPANT SEGlfENT VELOCITY. (IN AIRCRAFT REFERENCE FRAME). 
	TII'tE 
	TII'tE 
	TII'tE 
	LEFT THIGH 
	LEFT LOWER LEG 

	(SEC) 
	(SEC) 
	X (IPS) 
	Y (IPS) 
	Z (IPS) 
	)( (IPS) 
	Y (IPS) 
	Z (IPS) 

	0.000 
	0.000 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.006 
	.006 
	-.39 
	0.00 
	.73 
	-1.74 
	0.00 
	-.27 

	.012 
	.012 
	.96 
	0.00 
	1.39 
	-1.03 
	0.00 
	.70 

	.019 
	.019 
	8.08 
	0.00 
	1.04 
	6.27 
	0.00 
	1.22 

	.02~ 
	.02~ 
	16.69 
	0.00 
	.04 
	16.08 
	0.00 
	-.13 

	.030 
	.030 
	27.06 
	0.00 
	-.84 
	26.70 
	0.00 
	.74 

	.036 
	.036 
	38.79 
	0.00 
	-1.38 
	40.09 
	0.00 
	.14 

	.042 
	.042 
	48.~9 
	0.00 
	-2.26 
	51.~5 
	0.00 
	1.60 

	.048 
	.048 
	~9.15 
	0.00 
	-4.34 
	64.19 
	0.00 
	.~O 

	.0~4 
	.0~4 
	68.45 
	0.00 
	-7.73 
	76.92 
	0.00 
	.82 

	.060 
	.060 
	7~.97 
	0.00 
	-11.93 
	89.04 
	0.00 
	1.08 

	.066 
	.066 
	83.21 
	0.00 
	-16.48 
	102.26 
	0.00 
	.81 

	.072 
	.072 
	88.12 
	0.00 
	-20.46 
	:112.93 
	0.00 
	3.10 

	.078 
	.078 
	90.88 
	0.00 
	-23.01 
	121.79 
	0.00 
	4.19 

	.084 
	.084 
	91.57 
	0.00 
	-23.43 
	129.21 
	0.00 
	6.68 

	.090 
	.090 
	90.10 
	0.00 
	-21.92 
	134.73 
	0.00 
	8.8~ 

	.096 
	.096 
	87.63 
	0.00 
	-18.81 
	138.84 
	0.00 
	10.~0 

	.102 
	.102 
	84.34 
	0.00 
	-14.20 
	141.35 
	0.00 
	13.09 

	.108 
	.108 
	80.48 
	0.00 
	-9.05 
	142.37 
	0.00 
	16.70 

	.114 
	.114 
	76.13 
	0.00 
	-3.72 
	141.95 
	0.00 
	21.17 

	.120 
	.120 
	71.30 
	0.00 
	1.63 
	140.13 
	0.00 
	28.15 

	.126 
	.126 
	66.06 
	0.00 
	6.59 
	137.03 
	0.00 
	31.47 

	.132 
	.132 
	60.42 
	0.00 
	10.56 
	132.92 
	0.00 
	37.24 

	.138 
	.138 
	54.44 
	0.00 
	12.99 
	128.17 
	0.00 
	43.65 

	.144 
	.144 
	48.05 
	0.00 
	14.26 
	122.83 
	0.00 
	~1.28 

	.1~0 
	.1~0 
	41.42 
	0.00 
	14.37 
	117.04 
	0.00 
	~9.8~ 

	.156 
	.156 
	34.72 
	0.00 
	13.41 
	110.87 
	0.00 
	69.07 

	.162 
	.162 
	28.07 
	0.00 
	11.68 
	104.18 
	0.00 
	78.41 

	.168 
	.168 
	21.881 
	0.00 
	9.6~ 
	98.70 
	0.00 
	87.21 

	.174 
	.174 
	16.99 
	0.00 
	7.67 
	89.03 
	0.00 
	91.84 

	.180 
	.180 
	12.91 
	0.00 
	5.60 
	80.72 
	0.00 
	95.45 

	.186 
	.186 
	9.81 
	0.00 
	3.82 
	72.37 
	0.00 
	97.78 

	.192 
	.192 
	7.32 
	0.00 
	2.26 
	64.07 
	0.00 
	98.99 

	.198 
	.198 
	5.88 
	0.00 
	2.00 
	55.95 
	0.00 
	98.01 

	.204 
	.204 
	4.60 
	0.00 
	2.79 
	47.95 
	0.00 
	95.25 

	.210 
	.210 
	3.~2 
	0.00 
	4.32 
	39.64 
	0.00 
	92.SS 

	.216 
	.216 
	2.41 
	0.00 
	5.95 
	32.98 
	0.00 
	87.19 

	.222 
	.222 
	1.22 
	0.00 
	7.24 
	28.43 
	0.00 
	82.76 

	.228 
	.228 
	.46 
	0.00 
	8.14 
	20.83 
	0.00 
	77.58 

	.234 
	.234 
	-.38 
	0.00 
	8.48 
	18.08 
	0.00 
	71.70 

	.240 
	.240 
	-1.25 
	0.00 
	8.38 
	12.55 
	0.00 
	63.94 

	.246 
	.246 
	-2.14 
	0.00 
	7.82 
	7.98 
	0.00 
	59.08 

	.2~2 
	.2~2 
	-3.44 
	0.00 
	6.67 
	4.76 
	0.00 
	52.04 

	.258 
	.258 
	-4.26 
	0.00 
	5.02 
	1.75 
	0.00 
	45.55 

	.264 
	.264 
	-5.47 
	0.00 
	2.66 
	-.88 
	0.00 
	39.15 

	.270 
	.270 
	-9.88 
	0.00 
	-.80 
	-5.56 
	0.00 
	33.19 

	.276 
	.276 
	-17.74 
	0.00 
	-4.11 
	-14.27 
	0.00 
	27.90 

	.282 
	.282 
	-29.89 
	0.00 
	-6.12 
	-27.67 
	0.00 
	21.05 

	.288 
	.288 
	-43.47 
	0.00 
	-6.44 
	-41.84 
	0.00 
	9-.24 

	.294 
	.294 
	-55.57 
	0.00 
	-5.60 
	-54.84 
	0.00 
	-3.66 


	C-28. 
	OCCUPANT SEGMENT VELOCITY. (IN AIRCRAFT REFERENCE FRAME). 
	TIME 
	TIME 
	TIME 
	HEAD 

	(SEC) 
	(SEC) 
	X (IPS) 
	Y <IPS) 
	Z (IPS) 

	0.000 
	0.000 
	0.00 
	0.00 
	0.00 

	.006 
	.006 
	2.84 
	0.00 
	-2.15 

	.012 
	.012 
	4.56 
	0.00 
	-3.92 

	.019 
	.019 
	12.60 
	0.00 
	-3.85 

	.025 
	.025 
	21.25 
	0.00 
	-2.07 

	.030 
	.030 
	33.68 
	0.00 
	-.48 

	.036 
	.036 
	42.26 
	0.00 
	-1.94 

	.042 
	.042 
	49.66 
	0.00 
	-7.06 

	.048 
	.048 
	51.33 
	0.00 
	-15.01 

	.054 
	.054 
	:53.85 
	0.00 
	-23.66 

	.060 
	.060 
	51.23 
	0.00 
	-32.40 

	.066 
	.066 
	44.88 
	0.00 
	-41.40 

	.072 
	.072 
	39.11 
	0.00 
	-50.34 

	.078 
	.078 
	29.39 
	0.00 
	-59.06 

	.084 
	.084 
	22.50 
	0.00 
	-65.35 

	.090 
	.090 
	16.93 
	0.00 
	-69.27 

	.096 
	.096 
	13.38 
	0.00 
	-67.00 

	.102 
	.102 
	12.08 
	0.00 
	-57.28 

	.108 
	.108 
	11.43 
	0.00 
	-41.62 

	• 1: <f 
	• 1: <f 
	9.90 
	0.00 
	-23.46 

	.120 
	.120 
	6.56 
	0.00 
	-5.27 

	.126 
	.126 
	1.29 
	0.00 
	10.07 

	.132 
	.132 
	-5.53 
	0.00 
	20.98 

	.138 
	.138 
	-193.33 
	0.00 
	-13.05 

	.144 
	.144 
	-24.78 
	0.00 
	27.90 

	.150 
	.150 
	-32.17 
	0.00 
	26.82 

	.1S6 
	.1S6 
	-38.66 
	0.00 
	22.79 

	.162 
	.162 
	-43.82 
	0.00 
	16.06 

	.168 
	.168 
	-47.22 
	0.00 
	8.20 

	.174 
	.174 
	-48.35 
	0.00 
	.SS 

	.180 
	.180 
	-48.15 
	0.00 
	-6.12 

	.186 
	.186 
	-46.59 
	0.00 
	-10.93 

	.192 
	.192 
	-44.12 
	0.00 
	-13.11 

	.198 
	.198 
	-40.93 
	0.00 
	-12.95 

	.204 
	.204 
	-37.37 
	0.00 
	-11.54 

	.210 
	.210 
	-33.96 
	0.00 
	-9.55 

	.216 
	.216 
	-29.50 
	0.00 
	-6.57 

	.222 
	.222 
	-24.98 
	0.00 
	-2.16 

	.228 
	.228 
	-19.64 
	0.00 
	3.45 

	.234 
	.234 
	-14.20 
	0.00 
	9.15 

	.240 
	.240 
	-8.35 
	0.00 
	13.96 

	.246 
	.246 
	-3.06 
	0.00 
	17.31 

	.252 
	.252 
	2.69 
	0.00 
	19.27 

	.258 
	.258 
	8.50 
	0.00 
	19.96 

	.284 
	.284 
	14.11 
	0.00 
	19.49 

	.270 
	.270 
	16.47 
	0.00 
	17.98 

	.276 
	.276 
	13.52 
	0.00 
	15.46 

	.282 
	.282 
	5.44 
	0.00 
	12.07 

	.288 
	.288 
	-4.82 
	0.00 
	8.45 

	.294 
	.294 
	-14.32 
	0.00 
	5.56 

	TR
	C-29 


	OCCUPAIlT SE:Gl£HT ACCll.£llATlOII 11M ACCEURlIlET£1lIIIECTlOIISI 
	TIllE PElVIS lSE:CI X 1&1 Y /01 z 101 
	• SCAL£ FACT1II' .1&tOl ••••••••••••• "•••••••••••••••••••••••••••••••••••••••••••••• "••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1••••••••• 1 
	0.000 
	0.000 
	0.000 
	0.00 
	0.00 
	0.00 

	.006 
	.006 
	-.03 
	0.00 
	.16 

	.Oll 
	.Oll 
	-1.71 
	0.00 
	Z.29 

	.018 
	.018 
	-1.68 
	0.00 
	I." 

	.OZ, 
	.OZ, 
	-1.30 
	0.00 
	.32 

	.030 
	.030 
	<n 
	0.00 
	-.01 

	.036 
	.036 
	-1.38 
	0.00 
	.10 

	.00Z 
	.00Z 
	-Z.Z6 
	0.00 
	.Z7 

	.041 
	.041 
	-1.11 
	0.00 
	-Z.~ 

	.O~ 
	.O~ 
	-Z.38 
	0.00 
	-3 ... 

	•060 
	•060 
	-3.11 
	0.00 
	-4.81 

	.066 
	.066 
	-3.31 
	0.00 
	-6.02 

	.on 
	.on 
	-4." 
	0.00 
	-3.87 

	.078 
	.078 
	-5.07 
	0.00 
	-Z.O& 

	.084 
	.084 
	-5.70 
	0.00 
	.66 

	.090 
	.090 
	-6.00 
	0.00 
	Z... 

	.096 
	.096 
	-6.lS 
	0.00 
	4.'7 

	.IOZ 
	.IOZ 
	-6." 
	0.00 
	5.111 

	.108 
	.108 
	-6.60 
	0.00 
	5.l' 

	.114 
	.114 
	-6.78 
	0.00 
	'.31 

	.IZO 
	.IZO 
	-6.88 
	0.00 
	5.23 

	.llS 
	.llS 
	-6.99 
	0.00 
	4.70 

	.132 
	.132 
	-7.11 
	0.00 
	3." 

	.138 
	.138 
	-7.14 
	0.00 
	Z.Z2 

	.144 
	.144 
	-7.47 
	0.00 
	I.Z4 

	.150 
	.150 
	-7.73 
	0.00 
	.Z8 

	.I'S .16Z 
	.I'S .16Z 
	-7.91 -7.S:S 
	0.00 0.00 
	-.38-." 

	.118 
	.118 
	-7.80 
	0.00 
	-.41 

	.174 
	.174 
	-7.40 
	0.00 
	-.'S 

	.180 
	.180 
	-8.13 
	0.00 
	-.82 

	.186 
	.186 
	-6.13 
	0.00 
	-.67 

	.192 
	.192 
	-5.53 
	0.00 
	.13 

	.198 
	.198 
	-5.08 
	0.00 
	I.l' 

	.Z04 
	.Z04 
	-4.78 
	0.00 
	Z./' 

	.ZIO 
	.ZIO 
	-4.S:S 
	0.00 
	3.64 

	.Z16 
	.Z16 
	-4.48 
	0.00 
	Z.30 

	.ZZZ 
	.ZZZ 
	-4." 
	0.00 
	1.82 

	.ZZI 
	.ZZI 
	-4.51 
	0.00 
	1.16 

	.Z34 
	.Z34 
	-4.'3 
	0.00 
	.'7 

	.Z40 
	.Z40 
	-4.57 
	0.00 
	.0& 

	.Z46 
	.Z46 
	-5.33 
	0.00 
	1.87 

	.l'Z 
	.l'Z 
	-6.44 
	0.00 
	4.71 

	.Z50 
	.Z50 
	-4.98 
	0.00 
	-.73 

	.264 
	.264 
	-5.08 
	0.00 
	-1.37 

	.270 •276 .282 •288 
	.270 •276 .282 •288 
	-6.00 -5.88 -5.61 -4.98 
	0.00 0.00 0.00 0.00 
	1.68 1.25 I.Z4 1.32 
	•• f 
	•• + 

	.294 
	.294 
	-4. " 
	0.00 
	1.53 


	C-30. 
	OCCUPANT SEGIlIJjT ACCillRATlQIj. !IN ACC£l.£IlOIlETEll DIRECTIONS). 
	TIllE CI£ST (SECI X 161 Y (6) Z (6) SCAU FACTllI/ • .185£'01 ••.••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1.........1 
	0.000. 0.00 0.00 0.00. .006 .42 0.00 -.64. 
	·. 
	.012 -3.03 0.00 .19. • .. 
	•019 -2.11:1 0.00 .70 •. .025 -2.01 0.00 •29. 
	·. 
	.030 -1.06 0.00 -.64. I 
	• · 
	.03& -2.4Ii 0.00 -1.51. .042 -4.29 0.00 -2.60. .04a -2.54 0.00 -3.23. 
	•I 
	.054 -3.3& 0.00 -3.63 •I. .060 -4.'9 0.00 -3.69. 
	• 
	.066 -4.08 0.00 -3.'3 I • 
	.072 -6.29 0.00 -3.13 I. .078 -6.44 0.00 -2.51 I. .084 -6.93 0.00 -1.22. .090 -6.40 0.00 1.74 I. .09& -6.38 0.00 4.1& I. .102 -6.21 0.00 &.61 I. .108 -6.11 0.00 8.26 I. .114 -6.27 0.00 8.34 I. .120 -6.43 0.00 7.14 I. .126 -6.&6 0.00 '.15 I. 
	.132 -6.84 0.00 U9. .138 -6.48 0.00 1.81. .144 -7.04 0.00 .14 I ... .150 -7.21 0.00 -.72 I. .15& -7.21 0.00 -.93 I. .162 -7.15 0.00 -.84. .168 -6.95 0.00 -.59. .174 -6.24 0.00 .09. .190 -5.35 0.00 1.18. .111& -4.64 0.00 2.14. .192 -4.15 0.00 2.67. .ISS -3.73 0.00 2.92 I. .204 -3.31 0.00 3.17 I. .210 -4.11 0.00 3.44. .21& -2.76 0.00 3.59. .222 -2.39 0.00 3.GS I. .228 -2.40 0.00 3.4a I. .ZJ4 -2.16 0.00 3.16 I. .240 -1.90 0.00 2.73. .241i -3.&6 0.00 2.38. 
	• 
	.252 -6.4a 0.00 2.18 
	• 
	.2S8 -2.78 0.00 1.37. .264 -2.72 0.00 1.16. .270 -5.11:1 0.00 1.19 •. .276 -5.92 0.00 •95. 
	• 
	.282 -'.75 0.00 .82. • 
	.288 -5.00 0.00 1.02 •. .294 -3.91 0.00 1.59. 
	C-31. 
	OCCUPAIH SEGIlENT ACCElERATIlIN (IN ACCElDOIl£TER DllI£CTllINSl 
	TillE /IfAD (SECl X 161 Y 161 Z 161 SCALE FACTIIl -.162E+Ol ........................................................................................................................1••••••••• 1 
	0.000 
	0.000 
	0.000 
	0.00 
	0.00 
	0.00 

	.006 
	.006 
	.O~ 
	0.00 
	-.93 

	.01Z 
	.01Z 
	1.47 
	0.00 
	-.02 
	t 

	.019 
	.019 
	1.26 
	0.00 
	.96 
	+ t 

	.023 
	.023 
	.97 
	0.00 
	1.22 
	t 
	+ 

	.030 
	.030 
	.16 
	0.00 
	.04 
	+t 

	.036 
	.036 
	-.97 
	0.00 
	-2.20 

	.042 
	.042 
	-1.22 
	0.00 
	-4.11 

	.049 
	.049 
	-3.60 
	0.00 
	-~.~9 

	.0~4 
	.0~4 
	-4.~3 
	0.00 
	-6.14 

	.060 
	.060 
	-~.S2 
	0.00 
	-6.64 
	+ 

	.066 .072 
	.066 .072 
	-6.:19 -&.97 
	0.00 0.00 
	-7.24 -7.63 
	+ • • 
	t 

	•079 
	•079 
	-7.19 
	0.00 
	-7.28 
	+t 

	.084 
	.084 
	-7.40 
	0.00 
	-6.43 

	.090 
	.090 
	-6.87 
	0.00 
	-4.24 

	.096 
	.096 
	-7.2~ 
	0.00 
	-.87 

	.102 
	.102 
	-7.89 
	0.00 
	2.09 

	.108 
	.108 
	-9.67 
	0.00 
	3.SS 

	.114 
	.114 
	-9.47 
	0.00 
	3.76 

	.120 .1Z6 
	.120 .1Z6 
	-9.89 -9.82 
	0.00 0.00 
	2.44 .27 
	-. 

	•132 
	•132 
	-9.2~ 
	0.00 
	-2.04 

	.1:19 
	.1:19 
	-8.01 
	0.00 
	-3.73 

	.144 
	.144 
	-7.43 
	0.00 
	-4.66 

	.UO .I~ 
	.UO .I~ 
	-6.~ -~.SS 
	0.00 0.00 
	-~.41 -6.10 
	• t 

	•162 
	•162 
	-4.96 
	0.00 
	-&.24 

	.168 
	.168 
	-4.~4 
	0.00 
	-~.B3 

	.174 •180 .196 
	.174 •180 .196 
	-4.46 -4.46 -4.42 
	0.00 0.00 0.00 
	-~.14 -4.23 -2.92 
	• • + • 

	•192 
	•192 
	-4.39 
	0.00 
	-1.~6 

	.198 
	.198 
	-4.37 
	0.00 
	-.66 

	.204 
	.204 
	-4.22 
	0.00 
	-.20 
	+­

	.210 
	.210 
	-4.~ 
	0.00 
	.02 
	t 

	.216 
	.216 
	-4.41 
	0.00 
	.68 
	t 

	.222 
	.222 
	-3.74 
	0.00 
	1.~4 
	+ 

	.229 .234 
	.229 .234 
	-4.29 -4.24 
	0.00 0.00 
	1.66 1.44 
	•• 
	+ + 

	.240 .246 •2~2 
	.240 .246 •2~2 
	-3.6~ -3.63 -2.1~ 
	0.00 0.00 0.00 
	1.07 .41 .29 
	.... 

	.~ 
	.~ 
	-4.21 
	0.00 
	-.80 

	.264 
	.264 
	-3.77 
	0.00 
	-1.23 

	.270 
	.270 
	-2.41 
	0.00 
	-1.23 

	.276 
	.276 
	-2.~7 
	0.00 
	-1.71 

	.292 
	.292 
	-2.64 
	0.00 
	-2.01 
	t 
	• 

	•288 
	•288 
	-2.60 
	0.00 
	-1.9.3 
	t 

	.294 
	.294 
	-2.3'5 
	0.00 
	-1.26 
	• 


	C-32. 
	OCCUl'ANT SEGIlENT ACca£RATlllIl 
	(RESlI.TANTSI TIllE P£l.VIS CltEST HEAD (SECI IGI IGI (SI 
	+ SCAlE fACTOR -.124E+OI •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1••••••••• 1 
	D.ooo 
	D.ooo 
	D.ooo 
	0.00 
	0.00 
	0.00 

	.006 .012 
	.006 .012 
	.16 Z.1l6 
	.77 3.04 
	.94 1.47 
	.' 
	• + 
	,. 

	.018 
	.018 
	2.21 
	2.93 
	1.'Il 
	• 

	•015 
	•015 
	1.34 
	2.03 
	1.49 
	It 

	.030 
	.030 
	.n 
	1.24 
	.17 
	.+ 

	.0Jli .042 
	.0Jli .042 
	1.39 2.28 
	2.118 5.01 
	2.40 4.29 
	•, 

	.048 .054 
	.048 .054 
	3.12 4.62 
	4.11 4.85 
	U5 7.63 
	, . 

	.060 
	.060 
	5.81 
	5.89 
	8.63 

	.066 
	.066 
	6.87 
	5.40 
	9.65 

	.on .078 
	.on .078 
	5.97 5.47 
	7.02 6.9( 
	10.33 10.23 
	+ • 

	.OS4 
	.OS4 
	5.74 
	7.03 
	9.80 

	.0'" .096 .102 
	.0'" .096 .102 
	6.65 7.75 8.27 
	6.64 7.61 9.07 
	8.07 7.31 8.16 
	-, 
	+ ., 
	.. 

	.IOS .114 
	.IOS .114 
	8.43 8.62 
	10.ZS 10.44 
	8.42 10.18 
	, , 
	.. 

	.120 
	.120 
	8.64 
	8.61 
	10.18 

	.llS 
	.llS 
	8.42 
	8.42 
	9.83 

	.132 
	.132 
	7.86 
	7.51 
	8.47 

	.138 
	.138 
	7.48 
	6.73 
	8.83 

	.144 
	.144 
	7.'Il 
	7.04 
	8.77 
	, 

	.ISO 
	.ISO 
	7.74 
	7.15 
	8.52 
	, 

	.156 
	.156 
	7.92 
	7.27 
	8.J4 
	, + 

	.ISZ •168 
	.ISZ •168 
	7.97 7.81 
	7.18 &.87 
	7.88 7.39 
	•. + , 

	•174 
	•174 
	7.42 
	&.15 
	6.81 
	, 

	.110 .186 
	.110 .186 
	&.88 6.18 
	5.48 5.11 
	&.15 5.30 
	.. 
	+ , 

	.192 •1118 .204 
	.192 •1118 .204 
	S.S3 5.21 5.24 
	4.94 4.74 4.'Il 
	4.&6 4.42 4.23 
	+ • .. + . 

	.210 
	.210 
	&.06 
	5.36 
	4.56 
	+ 

	.216 
	.216 
	5.04 
	4.53 
	4.46 

	.zrz 
	.zrz 
	4.89 
	4.39 
	4.04 
	+ • 

	.228 .m 
	.228 .m 
	4.&6 4.5& 
	4.22 3.83 
	4.60 4.48 
	= •.. 

	.240 
	.240 
	4.57 
	3.27 
	3.80 

	.Z48 
	.Z48 
	5.65 
	4.36 
	3.&6 

	.m 
	.m 
	7.98 
	&.84 
	2.16 

	.2'Il 
	.2'Il 
	5.03 
	3.11 
	4.30 

	.264 .270 
	.264 .270 
	5.2& 6.31 
	2.86 5.87 
	3.97 2.71 
	. , 

	.276 
	.276 
	8.01 
	5.99 
	3.09 

	.ZSZ 
	.ZSZ 
	5.74 
	5.81 
	3.32 
	+ 
	,. 

	.288 .294 
	.288 .294 
	5.15 4.42 
	5.10 4.22 
	3.24 2.86 
	+ 
	., 


	C-33. 
	R£ST1lAIMT SYSTEM LOADS 
	TJII[ RIGHT LAP LEFT l.Af' (SEC) IlIl ILal SCALE f ACTIlII = .44'£+01 ........................................................................................................................1 
	0.000 
	0.000 
	0.000 
	0.00 
	0.00 

	.006 
	.006 
	.21 
	.11 

	.012 
	.012 
	.80 
	.80 

	.018 
	.018 
	Z.63 
	2.63 
	.' 

	.015 
	.015 
	13.&4 
	13.64 

	.030 
	.030 
	J:l.16 
	35.16 

	.036 
	.036 
	&:l.IZ 
	&:l.ll 

	.042 
	.042 
	101.12 
	101.11 

	.048 
	.048 
	138.64 
	138.64 

	.~4 
	.~4 
	180.08 
	180.08 

	.060 
	.060 
	Z19.03 
	119.03 

	.066 
	.066 
	U3.60 
	U3.60 

	.on 
	.on 
	179.32 
	179.32 

	.079 
	.079 
	Z84.91 
	184.91 

	.0f4 
	.0f4 
	301.55 
	301.55 

	.080 
	.080 
	302.61 
	J02.61 

	.086 
	.086 
	306.63 
	306.63 

	.102 
	.102 
	311.93 
	311.93 

	.108 
	.108 
	321.18 
	311.18 

	.114 
	.114 
	JJ:l.5O 
	335.50 

	.120 
	.120 
	349.36 
	348.36 

	.126 
	.126 
	363.33 
	363.33 

	.132 
	.132 
	3n.JZ 
	m.JZ 

	.138 
	.138 
	379.45 
	379.4' 

	.144 
	.144 
	394.84 
	394.94 

	.150 
	.150 
	44)4.11 
	404.11 

	.156 
	.156 
	411.11 
	411.11 

	.162 
	.162 
	41'.11 
	41'.11 

	.1&9 
	.1&9 
	418.11 
	419.17 

	.114 
	.114 
	418.28 
	418.18 

	.180 
	.180 
	415.61 
	41'.61 

	.186 
	.186 
	411.03 
	411.03 

	.191 
	.191 
	405.61 
	405.61 

	.198 
	.198 
	400.21 
	400.11 

	.204 
	.204 
	J85.J2 
	Jlr.l.J2 

	.110 
	.110 
	391.41 
	391.42 

	.Z16 
	.Z16 
	388." 
	388.58 

	.m 
	.m 
	386.95 
	386.95 

	.228 
	.228 
	386.43 
	386.43 

	.234 
	.234 
	386.8' 
	386.85 

	.240 
	.240 
	388.02 
	388.01 

	.146 
	.146 
	389.80 
	389.80 

	.252 
	.252 
	381.98 
	391.98 

	.158 
	.158 
	394.38 
	J84.J8 

	.264 
	.264 
	396.93 
	396.93 

	.270 
	.270 
	398.n 
	398.n 

	.216 
	.216 
	381.33 
	391.33 

	.Z9Z 
	.Z9Z 
	B.SS 
	389.SS 

	.ZB8 
	.ZB8 
	314.08 
	374.08 

	.lB4 
	.lB4 
	349.Z6 
	349.26 


	C-·34. 
	RESTRAINT SYSTE" LOADS 
	RESTRAINT SYSTE" LOADS 
	RESTRAINT SYSTE" LOADS 

	TIllE 
	TIllE 
	RI&IIT SH 
	urt SH 

	lsal 
	lsal 
	lUI 
	fUl 

	TR
	SCAlE FACTllIl' 
	.:mEt02 


	........................................................................................................................1 1. 
	0.000 0.00 0.00 
	•DOli 0.00 0.00 .012 0.00 0.00 .019 0.00 0.00 .02:1 10.49 10.49 .030 33.41 33.41 .03& n.oo &$.00 .042 102.16 102.16 .048 141.37 141.37 .0'4 IBZ.BZ 182.82 .060 223.44 ZZ3.44 .066 260.84 260.84 2ID.16 280.16 .018 308.11' 308.11' .084 328.03 328.03 .090 31S.4S 31S.4S .096 316.S4 316.S4 .102 317.&0 317.&0 .108 323.64 323.64 .114 337.8& 337.8& .120 3S1.4O 3S1.4O 
	.on 

	.126 3&3.99 3&3.99 .132 370.98 370.98 .138 3S8.3S 3S9.3$ .144 3&8. IS 3&8. IS .1:10 a.08 366.08 .1'5 3&0.33 3&0.33 .162 3S2.3S 3S2.3S .1&8 343.08 343.08 .174 330.98 330.98 .IID 314.SS 314.SS .18& Z98.21 296.21 .192 Z78.28 218.28 .198 261.67 261.67 .204 24S.84 m.84 .210 231.03 231.03 .216 216.82 216.82 .2ZZ 204.40 204.40 .228 194.37 194.37 .234 18&.98 18&.98 .240 IBZ.39 182.39 .24& IID.SS IID.SS .2:12 IBI.II IBI.II .m 183.99 183.89 .264 189.39 189.39 .270 18&.28 196.28 .27& 200.04 200.04 .2BZ 194.89 194.89 .
	C-35. 
	SEVERITY IIIllEX TIll" OUT lEAD SCAlf FACTIlfl' •:166£+01 
	........................................................................................................................1. 
	0.000 
	0.000 
	0.000 
	0.00 
	0.00 

	.006 
	.006 
	.04 
	.01 

	.012 
	.012 
	.08 
	.02 

	.019 .025 .030 .03& 
	.019 .025 .030 .03& 
	.13 .19 •24 •31 
	.04 .OS .06 .OS 
	.. .... 

	.042 
	.042 
	.~ 
	.22 
	.' 

	.048 
	.048 
	.91 
	.64 

	.OS4 
	.OS4 
	1.43 
	I.:H 

	.060 .OA 
	.060 .OA 
	2.08 2.IM 
	2.3:1 3.n 
	.. 

	.sn 
	.sn 
	4.00 
	~.ts 

	.078 
	.078 
	4.90 
	7.44 

	.084 
	.084 
	5.70 
	9.42 

	.080 
	.080 
	5.42 
	10.90 

	.095 
	.095 
	7.23 
	II.B:J 

	.102 
	.102 
	8.43 
	12.82 

	.108 
	.108 
	10.20 
	14.21 

	.114 
	.114 
	12.32 
	15.04 

	.120 
	.120 
	14.ZS 
	18.04 

	.IZS 
	.IZS 
	lS.n 
	19.IM 

	.132 
	.132 
	15.78 
	21.57 

	.138 ./44 
	.138 ./44 
	17.B:J 16.39 
	23.30 2U6 
	•• 

	.150 
	.150 
	19.21 
	25.01 

	.1'5 .152 .168 
	.1'5 .152 .168 
	20.07 20.91 21.73 
	27.2' 26.40 29.38 
	••• 

	.174 .180 .1116 .192 .196 .204 .210 .216 .m .228 .234 .240 .246 .252 .2:111 .264 .270 .276 .282 .296 .2IM 
	.174 .180 .1116 .192 .196 .204 .210 .216 .m .228 .234 .240 .246 .252 .2:111 .264 .270 .276 .282 .296 .2IM 
	22.40 22.89 23.28 23.52 23.9J 24.21 24.62 24.89 2'.14 25.37 25.'5 25.80 ZS.08 ZS.3:I 28.66 27.00 27.46 27.99 28.49 28.91 29.19 
	30.19 30.84 31.30 31.&3 31.89 32.12 32.32 32.'2 32.73 32.97 33.24 33.43 33.:1/1 33.71 33.82 33.82 34.00 34.09 34.20 :H.33 34.42 
	•••••••••••••••••••• 


	C-36. 
	DYllAIUC Il£SPOHS£ )NDEX 
	mlE 111/) 5CA!.E foV:TOIl' •73Z£-o3 ........................................................................................................................1••••••••• 1 
	O.OOQ 
	O.OOQ 
	O.OOQ 
	0.00 

	.006 
	.006 
	.00 

	.012 
	.012 
	.00 

	.01S 
	.01S 
	.00 

	.O~ .030 .03ll .042 
	.O~ .030 .03ll .042 
	.00 .00 .00 .00 
	•••.' 

	.048 
	.048 
	.00 

	.0'4 
	.0'4 
	.00 

	.060 
	.060 
	.00 

	.0ll6 
	.0ll6 
	.00 

	.072 
	.072 
	.00 

	.078 
	.078 
	.00 

	.084 
	.084 
	.00 

	.090 
	.090 
	.00 

	.09fl 
	.09fl 
	.00 

	.102 
	.102 
	.00 

	.108 
	.108 
	.01 

	.114 
	.114 
	.01 

	.120 
	.120 
	.01 

	.1211 
	.1211 
	.01 

	.132 
	.132 
	.01 

	.1311 
	.1311 
	.01 

	.144 
	.144 
	.01 

	.150 
	.150 
	.01 

	.I'S 
	.I'S 
	.01 

	.162 
	.162 
	.01 

	.168 
	.168 
	.01 

	.174 
	.174 
	.01 

	.180 
	.180 
	.01 

	.l8S 
	.l8S 
	.01 

	.192 .19fl .204 .210 .m .m •228 .234 •240 •24/1 •252 
	.192 .19fl .204 .210 .m .m •228 .234 •240 •24/1 •252 
	.01 .01 •01 .01 .01 .01 .01 .01 .01 .01 .01 
	•••••••••• 

	.258 
	.258 
	•01 

	.2~ 
	.2~ 
	.01 

	.270 
	.270 
	.01 

	.m 
	.m 
	.01 

	.282 
	.282 
	.01 

	.288 
	.288 
	.00 

	.294 
	.294 
	.00 


	AXIAL LOADS 1M \lERTEBRAL ElEIlEMTS TIllE LUlI8AIl II:CI (S(CI <l.al (Lal 
	t SCALE fACTOII' .110£+03 
	.................................................................................................................••••••••1. 
	0.000 
	0.000 
	0.000 
	0.00 
	0.00 

	.006 
	.006 
	-l'.2& 
	-.66 

	.01Z 
	.01Z 
	-&9.23 
	-7.116 

	.01S 
	.01S 
	-I~.IZ 
	-19.88 

	.Ol' 
	.Ol' 
	-113.89 
	-Z3.89 

	.030 
	.030 
	-103.25 
	-11.78 

	.036 
	.036 
	-95.4Z 
	11.'8 

	.042 
	.042 
	-107.SO 
	33.30 

	.048 
	.048 
	-146.71 
	44.64 

	.~4 
	.~4 
	-206.28 
	48.47 

	.060 .066 
	.060 .066 
	-27'.37 -341.:14 
	'1.19".13 

	.072 
	.072 
	~J98.1Z 
	'7.1& 

	.078 
	.078 
	-4".26 
	'1.42 

	.084 
	.084 
	-'30.se 
	39.48 

	.090 
	.090 
	-638.IZ 
	14.72 
	.' 

	.096 
	.096 
	-763.71 
	-26.42 

	.102 
	.102 
	-886•• 
	-63.71 

	.108 
	.108 
	-968.40 
	-86.1& 
	t 

	.114 
	.114 
	-97'.&3 
	-91.'8 
	t 

	.120 
	.120 
	-910.86 
	-80.SO 

	.126 
	.126 
	-802.78 
	-38.23 

	.132 
	.132 
	-sn.24 
	-32.22 

	.138 
	.138 
	-m.89 
	-9.08 
	'. 

	.144 
	.144 
	-481.36 
	3.42 

	•ISO 
	•ISO 
	-4Z7.01 
	/S.76 
	.' 

	.1'5 
	.1'5 
	-3ll:l.~ 
	28.06 
	·' 

	.162 
	.162 
	-m.l' 
	3J.94 
	· ' 

	.166 
	.166 
	-343.&1 
	32.38 
	t 
	· ' 

	.174 
	.174 
	-ssr.is 
	26.31 
	t 

	.lllO 
	.lllO 
	-37'.74 
	17.Z9 
	t 
	.' 

	.186 
	.186 
	-397.12 
	J.&3 
	t 

	.IIZ 
	.IIZ 
	-4OZ.:IS 
	-10.96 
	t 

	.198 
	.198 
	-393.39 
	-ZO.66 
	t 

	.204 
	.204 
	-382.01 
	-25.18 
	t 
	, . 

	.210 
	.210 
	-374.32 
	-28.87 
	t 

	.216 
	.216 
	-In.:IS 
	-:IS.71 
	t 

	.222 
	.222 
	-36lI.~ 
	-42.96 
	t 

	.228 
	.228 
	-35&.42 
	-46.44 
	t 

	.234 
	.234 
	-m.02 
	-43.81 
	t 

	.240 
	.240 
	-J06.S7 
	-37.39 

	.246 
	.246 
	-277.26 
	-29.97 

	.232 
	.232 
	-2S3.S1 
	-22.94 
	t 
	, . 

	.m 
	.m 
	-Z39.89 
	-16.89 
	t 

	.264 
	.264 
	-Z32.'2 
	-1l.S! 
	t 
	'. 

	.270 
	.270 
	-228.'2 
	-&.29 
	t 
	'. 

	.276 
	.276 
	-224.28 
	-I.SO 
	t 

	.282 
	.282 
	-218.66 
	1.86 
	t 

	.288 
	.288 
	-218.25 
	1.22 
	t 

	.294 
	.294 
	-224.1' 
	''-47 
	t 


	C-38. 
	GYIWlIC II£SI'OlfS£ lllOf:X llIIG I£AD IIIJUI1Y CRlTElIOII 
	IlAXllUl DIll 
	IlAXllUl DIll 
	IlAXllUl DIll 
	HIC 

	.0 
	.0 
	29.6 

	TR
	BETlEU 
	.04S5 MIl 
	.188S SEC 


	FIIW. POINT USED IN HIC CAlClI.ATJOII lIAS AT .ZSOE+OO SECONDS BEr:AUSE OF STillAGE lI'JEllFlllll 
	C-39. 
	IDOTS IN IlERTEBRAl. EUIlENTS 
	TillE llllBNI IlEa (SECt (/N-lJI (/N-lJ I SCAlE FACTIIl' .B68E+02 ........................................................................................................................ 1 
	0.000 
	0.000 
	0.000 
	0.00 
	0.00 

	.006 
	.006 
	-38.43 
	1.68 
	1 

	.012 
	.012 
	-33.47 
	.27 
	1 

	.018 
	.018 
	-2.00 
	6.73 
	" 

	.O~ 
	.O~ 
	13.48 
	22.92 
	• I. 

	.030 
	.030 
	4M3 
	37.41 

	.0Jli 
	.0Jli 
	46.17 
	47.23 

	.042 
	.042 
	'0,,2 
	49.31 

	.049 
	.049 
	62.1:1 
	".24 
	• 1 

	.0'4 
	.0'4 
	49.27 
	&6.13 
	1 • 

	.060 
	.060 
	".81 
	98.9J 

	.066 
	.066 
	72.20 
	116.39 
	1 

	.072 
	.072 
	94.77 
	143.49 
	1 

	.079 
	.079 
	&6." 
	m.JO 

	.084 
	.084 
	-1.12 
	20:1.04 

	.090 
	.090 
	-'9.68 
	228.37 

	.096 
	.096 
	-99.'1 
	262.97 

	.102 
	.102 
	-12&.11 
	31:1.74 
	1 

	.108 
	.108 
	-132.3:1 
	372.90 
	1 

	.114 
	.114 
	-118.94 
	421.91 

	.120 
	.120 
	-IOI.OJ 
	4:12.40 
	1 

	.12& 
	.12& 
	-90.17 
	4".99 
	1 

	.132 
	.132 
	-87." 
	432.07 
	1 

	.138 
	.138 
	-127.27 
	J86.39 

	.144 
	.144 
	-178.'3 
	3~.BJ 

	.ISO 
	.ISO 
	-241.'7 
	2&9.0:1 

	.1:l6 
	.1:l6 
	-287.JIi 
	210.94 

	.162 
	.162 
	-343.94 
	1:1&.62 

	.168 
	.168 
	-3&0.10 
	112.43 

	.174 
	.174 
	-JOB. 10 
	82.37 

	.190 
	.190 
	-241.47 
	67.68 

	.196 
	.196 
	-20:1.21 
	70.92 
	1 

	.1B2 
	.1B2 
	-196.24 
	98.68 
	1 

	.199 
	.199 
	-199.01 
	112.47 
	1 

	.204 
	.204 
	-207;27 
	133.7:1 

	.210 
	.210 
	-218.DI 
	146.17 

	.216 
	.216 
	-242.99 
	1".94 

	.222 
	.222 
	-273.40 
	1&6.18 

	.228 
	.228 
	-~7.90 
	168.~ 

	.234 
	.234 
	-238.64 
	168.38 

	.240 
	.240 
	-207.BS 
	160.118 

	.246 
	.246 
	-161.BS 
	14'.97 

	.2:12 
	.2:12 
	-142.SO 
	131.91 

	'.~ 
	'.~ 
	-82." 
	114.'2 

	.264 
	.264 
	-47.47 
	102.92 

	.270 
	.270 
	-32.02 
	98.14 

	.279 
	.279 
	18.7:1 
	92.69 

	.282 
	.282 
	68.03 
	99.01 
	1 • 

	•299 
	•299 
	149.79 
	BS.OI 

	.294 
	.294 
	208.91 
	8M7 


	C-40. 
	FOlICfS APPliED TD SEAT 8Y OCCUPAlIT 
	TIllE 
	TIllE 
	TIllE 
	SEAT CUSHllJl ILlI 
	8ACl CUSHlllH (LSI 

	(SEC) 
	(SEC) 
	FSCll I 
	FSCl21 
	FSC(31 
	F8CII) 
	F8C(21 
	F8CUI 

	0.000 
	0.000 
	139.77 
	0.00 
	0.00 
	0.00 
	.00 
	0.00 

	.006 
	.006 
	134.32 
	0.00 
	0.00 
	.06 
	0.00 
	0.00 

	.012 
	.012 
	128.n 
	0.00 
	0.00 
	-.81 
	0.00 
	0.00 

	.018 
	.018 
	124.91 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.Ol' 
	.Ol' 
	124.81 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.030 
	.030 
	127.116 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.036 
	.036 
	133.63 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.042 
	.042 
	143.61 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.048 
	.048 
	161.49 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.054 
	.054 
	193.76 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.060 
	.060 
	247.18 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.066 
	.066 
	329.n 
	0.00 
	0.00 
	'.00 
	0.00 
	0.00 

	.on 
	.on 
	450.15 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.078 
	.078 
	611.61 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.084 
	.084 
	806.76 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.090 
	.090 
	1021.82 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.09& 
	.09& 
	1222.70 
	10.95 
	10.95 
	0.00 
	0.00 
	0.00 

	.102 
	.102 
	1377.61 
	20.10 
	20.10 
	0.00 
	0.00 
	0.00 

	.108 
	.108 
	1469.27 
	25.23 
	l'.23 
	0.00 
	0.00 
	0.00 

	.114 
	.114 
	1492.09 
	26.18 
	26.18 
	0.00 
	0.00 
	0.00 

	.120 
	.120 
	1441.42 
	22.39 
	22.39 
	0.00 
	0.00 
	0.00 

	.126 
	.126 
	1331.56 
	14.1iS 
	14.1iS 
	0.00 
	0.00 
	0.00 

	.132 
	.132 
	11116.49 
	4.07 
	4.07 
	0.00 
	0.00 
	0.00 

	.138 
	.138 
	1039.116 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.144 
	.144 
	916.76 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.150 
	.150 
	814.41 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.156 
	.156 
	743.35 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.162 
	.162 
	703.&3 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.168 
	.168 
	691.09 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.174 
	.174 
	693.88 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.180 
	.180 
	708.07 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.1116 
	.1116 
	733.84 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.192 
	.192 
	71iS.05 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.188 
	.188 
	795.74 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.204 
	.204 
	814.14 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.210 
	.210 
	816.52 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.216 
	.216 
	801.54 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.222 
	.222 
	774.09 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.228 
	.228 
	736.64 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.234 
	.234 
	693.97 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.240 
	.240 
	648.49 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.246 
	.246 
	602.64 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.m 
	.m 
	559.90 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.m 
	.m 
	520.84 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.264 
	.264 
	491.06 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.270 
	.270 
	471.99 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.276 
	.276 
	464.26 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.282 
	.282 
	467.67 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.288 
	.288 
	476.48 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.294 
	.294 
	486.62 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 


	C-41. 
	FlIIlCES 8ETWEEN FEET AND flOOR 
	1111£ 
	1111£ 
	1111£ 
	~IGHT 
	LEfT 

	(SEC) 
	(SEC) 
	X 
	Y 
	Z 
	X 
	Y 
	Z 

	0.000 
	0.000 
	0.00 
	0.00 
	.00 
	0.00 
	0.00 
	.00 

	.006 
	.006 
	.8Z 
	0.00 
	lZ.oo 
	.8Z 
	0.00 
	IZ.oo 

	.01Z 
	.01Z 
	I.Z7 
	0.00 
	ZZ.Z8 
	I.Z7 
	0.00 
	ZZ.Z8 

	.019 
	.019 
	-3.88 
	0.00 
	ZI.13 
	-3.88 
	0.00 
	ZI.13 

	.OZ5 
	.OZ5 
	-5.8Z 
	0.00 
	Z3.Z7 
	-5.8Z 
	0.00 
	Z3.Z7 

	.030 
	.030 
	-6.80 
	0.00 
	Z7.Z0 
	-6.80 
	0.00 
	Z7.Z0 

	.036 
	.036 
	-6.80 
	0.00 
	Z7.ZZ 
	-6.80 
	0.00 
	Z7.ZZ 

	.04Z 
	.04Z 
	-4.04 
	0.00 
	16.17 
	-4.04 
	0.00 
	16.17 

	.048 
	.048 
	-.'4 
	0.00 
	Z.15 
	-.'4 
	0.00 
	Z.15 

	.054 
	.054 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.060 
	.060 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.066 
	.066 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.072 
	.072 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.018 
	.018 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.084 
	.084 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.090 
	.090 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.096 
	.096 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.IOZ 
	.IOZ 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.108 
	.108 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.114 
	.114 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.IZO 
	.IZO 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.IZ6 
	.IZ6 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.132 
	.132 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.138 
	.138 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.144 
	.144 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.ISO 
	.ISO 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.156 
	.156 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.16Z 
	.16Z 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.188 
	.188 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.m 
	.m 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.180 
	.180 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.186 
	.186 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.19Z 
	.19Z 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.198 
	.198 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.Z04 
	.Z04 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.110 
	.110 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.216 
	.216 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.222 
	.222 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.228 
	.228 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.Z34 
	.Z34 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.240 
	.240 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.Z46 
	.Z46 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.25Z 
	.25Z 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.258 
	.258 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.264 
	.264 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.270 
	.270 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.Zl6 
	.Zl6 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.282 
	.282 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.288 
	.288 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	.294 
	.294 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 


	C-42. 
	AIIlCRAfT DISPlACEllENT 
	TIlE 
	(SEC) X (IMI Y 11M! I IIMI 
	SCALE FACTIII' .884£+01 ........................................................................................................................ 1 
	0.000 
	0.000 
	0.000 
	0.00 
	0.00 
	0.00 

	.006 
	.006 
	3.18 
	0.00 
	0.00 

	.012 
	.012 
	6.36 
	0.00 
	0.00 

	.019 
	.019 
	9.77 
	0.00 
	0.00 

	.OZS 
	.OZS 
	12.87 
	0.00 
	0.00 

	.030 
	.030 
	1'.91 
	0.00 
	0.00 

	.036 
	.036 
	18.87 
	0.00 
	0.00 

	.042 
	.042 
	21.~ 
	0.00 
	0.00 

	.048 
	.048 
	24." 
	0.00 
	0.00 

	.~4 
	.~4 
	27.28 
	0.00 
	0.00 

	.060 
	.060 
	29.92 
	0.00 
	0.00 

	.066 
	.066 
	32.49 
	0.00 
	0.00 

	.072 
	.072 
	34.97 
	0.00 
	0.00 

	.078 
	.078 
	37.37 
	0.00 
	0.00 

	.084 
	.084 
	39.70 
	0.00 
	0.00 

	.090 
	.090 
	41.~ 
	0.00 
	0.00 

	.096 
	.096 
	44.12 
	0.00 
	0.00 

	.102 
	.102 
	48.22 
	0.00 
	0.00 

	.IOB 
	.IOB 
	48.24 
	0.00 
	0.00 

	.114 
	.114 
	50.19 
	0.00 
	0.00 

	.120 
	.120 
	'2.06 
	0.00 
	0.00 

	.126 
	.126 
	'3.11' 
	0.00 
	0.00 

	.132 
	.132 
	".n 
	0.00 
	0.00 
	I 

	.138 
	.138 
	n.22 
	0.00 
	0.00 
	I 

	.144 
	.144 
	'lI.79 
	0.00 
	0.00 
	I 

	.150 
	.150 
	60.28 
	0.00 
	0.00 
	I 

	.I~ 
	.I~ 
	61.69 
	0.00 
	0.00 
	I 

	.162 
	.162 
	63.04 
	0.00 
	0.00 
	I 

	.168 
	.168 
	I 64.30 
	0.00 
	0.00 
	I 

	.174 
	.174 
	~.49 
	0.00 
	0.00 
	I 

	.190 
	.190 
	66.60 
	0.00 
	0.00 
	I 

	.186 
	.186 
	67.64 
	0.00 
	0.00 
	I 

	.192 
	.192 
	68.61 
	0.00 
	0.00 
	I 

	.198 
	.198 
	69.49 
	0.00 
	0.00 
	I 

	.204 
	.204 
	70.30 
	0.00 
	0.00 
	I 

	.210 
	.210 
	71.04 
	0.00 
	0.00 
	I 

	.216 
	.216 
	71.70 
	0.00 
	0.00 
	I 

	.222 
	.222 
	72.28 
	0.00 
	0.00 
	I 

	.228 
	.228 
	72.79 
	0.00 
	0.00 
	I 

	.234 
	.234 
	73.23 
	0.00 
	0.00 
	I 

	.240 
	.240 
	73.'8 
	0.00 
	0.00 
	I 

	.246 
	.246 
	73.86 
	0.00 
	0.00 

	.m 
	.m 
	74.07 
	0.00 
	0.00 

	.2'8 
	.2'8 
	74.20 
	0.00 
	0.00 

	.264 
	.264 
	74.26 
	0.00 
	0.00 

	.270 
	.270 
	74.24 
	0.00 
	0.00 

	.276 
	.276 
	74.19 
	0.00 
	0.00 

	.282 
	.282 
	74.13 
	0.00 
	0.00 

	.288 
	.288 
	74.07 
	0.00 
	0.00 

	.294 
	.294 
	74.04 
	0.00 
	0.00 


	C-43. 
	AIRCRAfT YElOCITY 
	TIll: 
	{SECI X fFPSI Y IFPSI Z IFPSI SCAlE FIlCTIJII. .536£+01 ........................................................................................................................ 1••••••••• 1 
	0.000. 44.18 0.00 0.00. .006 44.l7 0.00 0.00. .012 44.04 0.00 0.00 I. .019 43.42 0.00 0.00 I. .025 42.62 0.00 0.00. .030 41.67 0.00 0.00. 
	.036 40.55 0.00 0.00. 
	.042 39.52 0.00 0.00. 
	.048 38.40 0.00 0.00. 
	.054 37.27 0.00 0.00. 
	.060 36.19 0.00 0.00. 
	.066 35.03 0.00 0.00. 
	33.93 0.00 0.00 
	.on 

	.078 32.86 0.00 0.00. 
	.084 31.76 0.00 0.00. 
	.090 30.71 0.00 0.00. 
	.096 29.66 0.00 0.00. 
	.102 28.61 0.00 0.00. 
	.108 27.56 0.00 0.00. 
	.114 26.51 0.00 0.00. 
	.120 25.46 0.00 O.OC. 
	.126 24.41 0.00 0.00. 
	.132 23.35 0.00 0.00. I. 
	.138 22.30 0.00 0.00. I. 
	.144 21.~ 0.00 0.00. I. 
	.150 20.20 0.00 0.00. f. 
	.156 19.15 0.00 0.00. 
	.162 18.10 0.00 0.00. 
	.168 17.05 0.00 0.00. 
	.174 1&.00 0.00 0.00. 
	.180 14.95 0.00 0.00 f. .186 13.90 0.00 0.00 f. .192 12.84 0.00 0.00 f. .\fI8 11.79 0.00 0.00 f. .204 10.74 0.00 0.00 +f. .210 9.69 0.00 0.00 +. .21& 8.64 0.00 0.00 +. .222 7.59 0.00 0.00 +f. .:128 &.54 0.00 0.00 +f. .234 5.49 0.00 0.00 +. .240 4.44 0.00 0.00 +. .246 3.39 0.00 0.00 +. .252 2.33 0.00 0.00 +f. .258 1.28 0.00 0.00 +f. .264 .25 0.00 0.00. .270 -.51 0.00 0.00 ... 
	•276 -.88 0.00 0.00 f+. .282 -.85 0.00 0.00 I+. .288 -.62 0.00 0.00 I+. .294 -.43 0.00 0.00 II. 
	C-44. 
	AIRCIAFT ACCEl£RATlOII 
	TIllE (SEC) X (61 Y (61 Z 161 5CAl.£ FACTOIl' .86Jf~ ......................................................................... ............ ................................. ..1•••••••••1 
	0.000 
	0.000 
	0.000 
	0.00 
	0.00 
	0.00 

	.006 
	.006 
	-.12 
	0.00 
	0.00 
	I 
	+ 

	.012 
	.012 
	-1.71 
	0.00 
	0.00 
	+ 

	.019 
	.019 
	-4.0' 
	0.00 
	0.00 

	.025 .030 
	.025 .030 
	-4.19-'.77 
	0.00 0.00 
	0.00 0.00 
	I 

	.036 .042 
	.036 .042 
	-s... -'.39 
	0.00 0.00 
	0.00 0.00 
	I 

	.048 .OS4 
	.048 .OS4 
	-&.10 -'.63 
	0.00 0.00 
	0.00 0.00 
	I 

	.060 
	.060 
	-'.78 
	0.00 
	0.00 
	I 

	.066 .072 
	.066 .072 
	-&.04 -'.39 
	0.00 0.00 
	0.00 0.00 

	.078 
	.078 
	-'.74 
	0.00 
	0.00 

	.084 .090 
	.084 .090 
	-5.44 -'.44 
	0.00 0.00 
	0.00 0.00 

	.096 
	.096 
	-'.44 
	0.00 
	0.00 

	.102 
	.102 
	-5.44 
	0.00 
	0.00 

	.IOB 
	.IOB 
	-'.44 
	0.00 
	0.00 

	.114 
	.114 
	-'.44 
	0.00 
	0.00 

	.120 
	.120 
	-5.44 
	0.00 
	0.00 

	.IZS 
	.IZS 
	-'.44 
	0.00 
	0.00 

	.132 
	.132 
	-'.44 
	0.00 
	0.00 
	I 

	.138 
	.138 
	-'.44 
	0.00 
	0.00 
	I 

	.144 
	.144 
	-'.44 
	0.00 
	0.00 
	I 

	.ISO 
	.ISO 
	-'.44 
	0.00 
	0.00 
	I 

	.I:l& .ISZ 
	.I:l& .ISZ 
	-'.44 -'.44 
	0.00 0.00 
	0.00 0.00 
	I I 

	.1&8 
	.1&8 
	-'.44 
	0.00 
	0.00 
	I 

	.174 
	.174 
	-'.44 
	0.00 
	0.00 
	I 

	.ISO 
	.ISO 
	-'.44 
	0.00 
	0.00 
	I 

	.1B6 
	.1B6 
	-'.44 
	0.00 
	0.00 
	I 

	.192 .19B .204 .210 .216 .222 
	.192 .19B .204 .210 .216 .222 
	-'.44-'.44-'.44-'.44-'.44-'.44 
	0.00 0.00 0.00 0.00 0.00 0.00 
	0.00 0.00 0.00 0.00 0.00 0.00 
	I I I I I I 

	.228 
	.228 
	-'.44 
	0.00 
	0.00 
	I 

	.234 .240 
	.234 .240 
	-'.44 -'.44 
	0.00 0.00 
	0.00 0.00 
	I 

	.246 
	.246 
	-'.44 
	0.00 
	0.00 

	.252 
	.252 
	-'.44 
	0.00 
	0.00 

	.m 
	.m 
	-'.44 
	0.00 
	0.00 

	.2it 
	.2it 
	-4.93 
	0.00 
	0.00 

	.270 
	.270 
	-2.91 
	0.00 
	0.00 

	.276 
	.276 
	-.88 
	0.00 
	0.00 

	.282 
	.282 
	I.U 
	0.00 
	0.00 

	.288 
	.288 
	1.09 
	0.00 
	0.00 

	.294 
	.294 
	.83 
	0.00 
	0.00 


	C-45. 
	J 
	F1Hl11. liElIEIlAlIZED COlIlOIIlATES 8W UW 8DD(J) 
	1 8.~ttl -'.98UEttl -1.li68IIEtt3 2 2.3319E+01 -2.228OE+tO 1.4883Ett2 3 -2.723&£-01 4.032llE-01 -'.Ol~ttl 
	4
	1.0&9&£+01 -e.OIili7E-01 -1.I223Ett2 
	-3.9777£-01 2.363IE+tO '.m8Ettl 
	s 

	&
	&.3248E+tO -1.787IE+tO -3.8S~tt2 
	7 8 9 10 
	1I 
	1.834~-01 
	-1.2513E+tO -4.&469£-01 
	-8.S:1I~-02 
	-1."I9E+tO 
	-1."I9E+tO 
	1.33I2E+tO 

	1.2410[+tO 
	1.2"'lE+tO 
	3.31:1'£-01 -2.3OOSE-01 
	2.84:s8Ettl 1.0403El02 -2.0927Ettl -1.2379£+00 2.m7Ett2 
	C-46. 
	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~am. 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 con­stants and determine initial values of generalized coordinates for the occupant, and subroutine ASSBLE performs preliminary cal­culations 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. 
	files 14 and 20 for the occupant and seat, respectively..Addi­tional data are written on unit 26, as described in section 3.4. These files must be saved if plots are desired. 
	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 [AJ 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 accelera­tions AC(I, J) of body 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 accelerations on unit 9 and seat accelerations on unit 10 for sub­sequent filtering by subroutine OUTPT. 
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	TAPE 9: occupant acceleration. filter data (temp.). TAPE 10: Seat acceleration. filter data (temp.). TAPE 14: OCcupant plot data. 
	Figure
	Figure
	Figure D-2. SaM-LA Program Structure: Occupant Segment. 
	D.1.4 Subroutine ARCRFT. Called initially by INITIL, then by POSTON; calculates current acceleration components at aircraft floor (ACC(J), J = 1, 3) based on input acceleration pulses. In­tegrates acceleration to determine velocity (in aircraft coordi­nate system) and displacement (in inertial system). When time is greater than the input pulse duration, acceleration is set to zero, so that velocity then remains constant. 
	D.1.5 Subroutine AUXSUB. Called by RKAM (also initially by MAIN); calculates derivatives and forms two 1 x 2N arrays of variables and derivatives: 
	V(l) = Q(l) DER(1) = QD (1) 
	V(N) = Q(N) DER(N) = QD(N) V(N+ 1) = QD(1) DER(N+1) = QDD(l) 
	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+1) and DER (2N+2), respectively. If the two-degree-of­freedom 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 gen­eralized velocities, QD(J), and accelerations QDD(J)). RKAM then integrates the two systems of first-order equations. 
	D.1.6 Subroutine BMATRX. Called by EQUATE; calculates elements of velocity-dependent vector {B} for three-dimensional model. 
	D.1.? Subroutine BMATX2. Called by EQUAT2; calculates elements of vector {B} 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.1.9 Subroutine CaNST. 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. 
	• 
	• 
	• 
	Joint resistance parameters 

	• 
	• 
	Aircraft cabin geometry 

	• 
	• 
	Aircraft transformation matrix elements. 


	CaNST also writes occupant dimensions on unit 14 for plotting. 
	D.1.10Subroutine EQUATE. Called by AUXSUB for the three­.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 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.ponent·s 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-freedomenergy-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 velocityVELIMP(N,J) ~s calculated.. 
	D.1.14 SUbroutine.INITIL. Called by MAIN; calculates initial values of the generalized coordinates and velocities for the oc­cupant and the initial deflections of the seat. INITIL first uses input values of GAM(J) to determine the position of the body seg­ments 1 through 7. Based On the aircraft orientation, the occu­pant's weight is applied to the seat and restraint system, and the position of the lower torso segment (Xl' Y1' Zl) is determined. 
	D-5. 
	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 pro­vided and execution is stopped. 
	0.1.15 Subroutine INPT. Called by MAIN; reads occupant input data. A detailed description of input is presented in chapter 2 and appendix A. 
	0.1.16 Subroutine JOINTS. Called by RMATRX or RMATX2; fits a cubic curve into the transition region of the joint stopping mo­ments. 
	0.1.17 Subroutine LOFN. Call~d by FORCES: uses linear interpol­ation in a table of force (Y) versus deflection (X) values. A de­scription of the parameters in the calling sequence follows: 
	X. a table of the independent variable, x., such that x . 1> x , (if II = 0)
	1. 1+-1 
	Y. the table of the dependent variable, Yi =Y(x(if II = 0) 
	i) 

	N. the number of entries in each of the above tables; i = 1, •••N 
	XA. the independent variable, x, for which interpolation is requested 
	XLAST previous values of XA and YA YLAST 
	ICHK. index ~lhich is 0 or 1 depending on call during loading or unloading 
	XCURV point on loading curve from which un­YCURV loading started 
	C. unloading slope, used only if IUNLD = 2. 
	YA. the dependent variable, y = y(x), being determined 
	IUNLD. index which is 2 if unloading slope, C, is to be used, 1 if unloading proceeds along basic loading function. 
	D.1.18 Subroutine LINV3F. Peforms matrix decomposition, matrix inversion, linear equation solution, and determinant evaluation: 
	D-6. 
	A 
	A 
	A 
	Input/output matrix of parameter IJOB. 
	dimensions 
	N 
	x 
	N. 
	See 

	B 
	B 
	Input/output vector of length N when IJOB = 2 or On input, B contains the right-hand side of the equation AX = B. On output, the solution X re­places B. Otherwise, B is not used. 
	3. 

	IJOB 
	IJOB 
	Input option parameter. IJOB I = 1, invert matrix A. inverse. 
	= I implies when A is replaced by its 

	TR
	I I I 
	= 2, solve the equation AX = B. A is re­placed by the LU decomposition of a row­wise permutation of A, where U is upper triangular and L is lower triangular with unit diagonal. The unit diagonal of L is not stored. = 3, solve AX = B and invert matrix A. A is replaced by its inverse. = 4, compute the determinant of A. A is replaced by the LU decomposition of a rowwise permutation of A. 

	N 
	N 
	Order of A. 
	(input) 

	IA 
	IA 
	Row dimension of A as specified in the calling program. IA must be greater than or equal to N. (input) 

	01,02 
	01,02 
	If 01 is non-negative on input, then 01 and 02 will be components of the determinant on output such that determinant (A) = 01*2**02. 

	WKAREA 
	WKAREA 
	Work Work 
	area area 
	of length at of length at 
	least 2*N when IJOB least N when IJOB = 
	= 1 or 3. 2 or 4. 

	IER 
	IER 
	Error parameter. Warning with fix = 64+N. N = 1 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 algorith­mically singular. 


	0.1.19 Subroutine LUOATF. 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 of the input matrix. 
	0-7 
	N 
	IA IDGT 
	Dl 
	D2 
	IPVT EQUIL 
	IER 
	Input scalar containing the order of the matrix A. 
	Input scalar containing the row dimension of ma­trices A and LU in the calling program. 
	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 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. 
	Output scalar containing one of the two components of the determinant. See description of parameter D2, below. 
	Output scalar con1:aining one of the two components of the determinan1:. The determinant may be evalu­ated as (Dl) (2**D2). 
	Output vector of length N containing the permuta­tion indices. 
	Output vector of length N containing reciprocals of the absolute values of the largest (in absolute value) element in each row. 
	Accuracy test parameter, output only if IDGT is greater than zero. See element documentation for details. 
	Error parameter. Terminal error = 128+N N = 1 indicates that matrix A is algorith­mically 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 un­certain·ty of the data. This warning can be produced only if IDGT is greater than o on input. 
	D.l.20 Subroutine LUELMF. Performs elimination part of solution of AX = B, in full-storage mode 
	D-8 
	A 
	A 
	A 
	The result, LU, computed in the subroutine LUOATF, where L is a lower triangular matrix with ones on the main diagonal. Y is upper triangular. Land U are stored as a single matrix A, and the unit diagonal of L is not stored. 

	B 
	B 
	B is a vector of length N on of the equation AX = B. 
	the right-hand 
	side 

	IPVT 
	IPVT 
	The permutation matrix tine LUOATF, stored as 
	returned from the subrou­an N length vector. 

	N 
	N 
	Order of A and number of 
	rows 
	in B. 


	IA. Number of rows in the dimension statement for A in the calling program. 
	x. The result X. 
	0.1.21 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. 1 is occupant segment position in­formation. If IOUT(l) = 1, these data go to output; if IOUT(l) = 0, they do not. Also performs filtering of acceleration data if re­quested in input. 
	0.1.22 Subroutine PLOTT. Provides printer plots for up to three dependent, continuous, single-valued functions (Yl, 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 depen­dent variable. 
	x. The independent variable. 
	Yl The dependent variables. Y2 Y3 
	D.l.23 Subroutine POSTON. Called by QMATRX or QMATX2; uses equa­tions of the form 
	• 
	D-9. 
	to compute absolute positions of 29 points on body (XC, YC, ZC). Computes positions of same 29 points in aircraft coordinate sys­tem (XCA, YCA, ZCA). Calculates velocities (XCOA, YCOA, ZCOA) for output. 
	0.1.24 Subroutine QMATRX. Called by EQUATE for three-dimensional model; calculates elements of generalized force vector {Qf}. Calls FORCES for c omput.at i.on of external forces, act Lnq on occupant. 
	0.1.25 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. 
	0:1.26 Subroutine RKAM. Called by MAIN; solves a. set of N simul­taneous, 'first-o+~er, ordinary dlfferential equations. Because of the importance of the integration scheme to the success of any dynamic analysis program, a d~tailed discussion of the method is provided along with the description of the FORTRAN subroutine. 
	Me'thod -The user is allowed an option of using either the Runge­Kutta classical fourth-order method or the Adams-Moulton predictor­corrector method using the Runge-Kutta method for starting the process. 
	The system of equations to be solved is: 
	i= 1, 2,•••, N (0.1) 
	, (x ) = Y 
	Y

	10 io 
	Let y, be the value of y. at x = x and f. the derivative of y, at1i = x , andlet h b~ the incrDment (~~ep size) of the inde­p~ndent var~able x. The classical Runge-Kutta fourth-order method 
	uses the formulas 
	= hf . (x ., y. ),
	1 n In 
	1 
	= hf, (x + -2 h, y. (0.2)
	1'31n ln 
	k
	•

	The normal option is to continue the integration with Adams­Moulton 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 
	(p). h
	+ (55f. -.59f. 1 + 37f. 2 -se. 3)
	Yi,n+1 Yi,n 24 l,n l,n-l,n-l,n­
	= 

	(D.3) 
	(c). h
	+ (9f~P) + 19F. +
	-
	Sf. 1
	f. 2)

	Yi,n+1 Yi,n 24 1,n+1 l,n l,n-l,n­
	= 

	(D. 4) 
	The corrector formula (D.4) is applied only once so that only two derivative evaluations are needed for each Adams-Moulton integra­tion 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. 
	Restrictions -An auxiliary routine must be provided for evalua­tion 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 (Y1' Y2'···' Y
	= 
	n) 

	DER =. N-dimensional vector of derivatives 
	(II YI)
	Y1' Y2'···' n 
	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 
	OPT = Option indicator, RK only . 
	OPT = Option indicator, RK only . 
	OPT = Option indicator, RK only . 
	zero 
	for AM, 
	non-zero 
	for 

	EU = N-dimensional main program 
	EU = N-dimensional main program 
	vector of upper bounds 
	from 

	EL = N-dimensional main program 
	EL = N-dimensional main program 
	vector of 
	lower bounds 
	from 

	HMAX = Absolute value of maximum 
	HMAX = Absolute value of maximum 
	allowable 
	step size 

	HMIN = Absolute value of minimum (HMIN >0). 
	HMIN = Absolute value of minimum (HMIN >0). 
	allowable 
	step size 

	ICNT = Internal MAIN 
	ICNT = Internal MAIN 
	counter, 
	set to 
	zero 
	initially in 

	TEMPS = A two-dimensional, (9,N) storage region. TEMP (1,1), I = 1, N must be set to zero initially or when restarting. 
	TEMPS = A two-dimensional, (9,N) storage region. TEMP (1,1), 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. 
	NH = Index of the equation that caused halving when step size has been reduced. 

	VAR, DER, 
	VAR, DER, 
	and 
	all other 
	locations 
	referred 
	to 
	in both the main 


	program and the auxiliary subroutine must be assigned in COMMON statements. (If the step size were to be changed outside oT RKAM, the restart flag, leNT, should be set to zero.) This re­striction does not apply in the "RK only" 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. 
	AM has the following advantages with respect to RK: 
	1.. 
	1.. 
	1.. 
	Only half as many derivative evaluations per integra­tion step are required to attain the same order of accuracy. 

	2.. 
	2.. 
	The local truncation error may be estimated at the con­clusion 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 cor­rected values, that is 
	(D. 5) 
	D-12. 
	In RKAM, bhe differences o. = IY~C) -y~p) I are formed and com­
	1
	pared with positive number§ EU. affd EL .. If O. > EU. for any i, the step size is halved provid~d Ih/211~ HMIN.If 07 < EL. for all i and for three successive steps, the step size ts doabled provided 12hl ~ HMAX..(Note that h may be held fixed either by setting HMIN = HMAX or by making EU. and EL. prohibitively large and small, respectively.) If halviffg is called 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 v
	1 

	In selecting EU and EL, one should note the following: 
	1.. The test is an absolute test. To control relative error EU. and EL. should be computed as functions of
	1to 1integration
	each

	Yi prior.step. 
	2.. 
	2.. 
	2.. 
	Although the local truncation error in y. is not al­lowed to exceed EU., this does not imply1t ha t the cumulative error wIll not exceed EU .• Therefore, EU. and EL. should depend upon the maximum allowable cumU­lativeand the number of integration steps. 
	1error 


	3.. 
	3.. 
	Since doubling hSwil1 multiply the truncation error by a factor of 2 , EL. should be chosen less than EU./32 if the advanta~es of doubling are not to be shOrt-lived. 


	0.1.27 Subroutine RMATRX. Called by EQUATE for three-dimensional model; calculates elements of joint resistance vector {R}. In­put parameter IMAN determines whether human (IMAN = 0) or dummy 
	(IMAN = 1) model is used. 
	0.1.28 Subroutine RMATX2. Called by EQUAT2 for two-dimensional model; calculates elements of joint resistance vector {R}. 
	0.1.29 Subroutine SEATIN. Called by INPT if NSEAT = 0; reads input data required for rigid seat model and energy-absorbing op­tion. 
	0.1.30 Subroutine VMATRX. Called by EQUATE for three-dimensional model; calculates elements of force vector {Fderived from sys­tem potential energy. 
	p} 

	0.1.31 Subroutine VMATX2. Called by EQUAT2 for two-dimensional model; calculates elements of force vector {F } derived from sys­tem potential energy. p 
	D-13. 
	D.2 SEAT SUBROUTINE DESCRIPTIONS 
	The relationships among the subroutines in the seat segment of the program are illustrated in figure D-3. Individual subrou­tines are described below. 
	D.2.1 Subroutine ASSBLE. Called by MAIN; initializes the element data storage. The mass matrix a.nd the initial transformations B for the nodal coordinate systems are assembled, and the initial-values of the pointing vectors n, n, and ~ and the normal compo­nents of the r~gid links ~are generated. 
	o 

	D.2.2 Subroutine ASSMBL. Called by PLST~ and BMSTF; assembles 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 stiff­ness matrix. 
	D.2.3 Subroutine BASME. Called by ASSBLE; calculates the contri­butions 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 FRC~N: 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 co­ordinate system. 
	D.2.5 Subroutine BGEOM. Called by READIN; reads the data de­scribing the cross-section properties of beams and springs. Gen­erates certain additional data, such as segment lengths and tor­sional 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 BMSTFl for elastic material, BMSTF2 for inelastic material, BMEND for the modification of the stiffness due to special end con­ditions, 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.2.9 Subroutine BMSTF2. Called by BMSTF; calculates the tangen­tial 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 
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	TAPE 20: Seat plot data 
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	Figure D-3. SOM-LA Program Structure: Seat Segment. 
	Figure D-3. SOM-LA Program Structure: Seat Segment. 


	D.2.11 Subroutine CROSS. Utility subroutine; calculates the 
	cross 
	cross 
	cross 
	product of 
	two 
	matrices. 

	D.2.12 Subroutine CRVTBL. ing curvature tables. 
	D.2.12 Subroutine CRVTBL. ing curvature tables. 
	Called by EPTSTF; 
	contains plate bend­

	D.2.13 
	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 effec­tive 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 ele­ment stiffness matrix. This subroutine calls TRIANG for the in­plane strain-displacement relationship, CRVTBL for curvature, and FORMK for calculation of appropriate elements in the stiffness ma­trix. 
	D.2.17 Subroutine ETOG. Called by EPTSTF; transforms appropriate variables from the element coordinate system to the global coordi­nate system. 
	D.2.18 Subroutine FORMK. Called by EPTSTF; calculates the prod­ucts of three different matrices. 
	D.2.19 Subroutine FRCIN. Called by SOLVE; calculates internal nodal forces. The program updates the nodal coordinate trans­formations B, and calls subroutines TFRCIN for plate forces and BFRCIN for beam forces. 
	D.2.20 Subroutine FREEFD. Called by SOLVE; calculates the exter­nal 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 inte­grates stresses over the cross section of the beam to obtain in­ternal forces and moments. 
	D.2.22 Subroutines GENF01/GENF02. 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 GMTPRD. Utility subroutine; calculates the product of a matrix with the transpose of another matrix. 
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	0.2.25 Subroutine GTPRD. Utility subroutine; calculates the product of the transpose of a matrix with another matrix. 
	D.2.26 Subroutine INCODE. Utility subroutine; encodes a number into a packed word. 
	0.2.27 Subroutine KAOO. Called by ASSMBL and EFFSTF; adds a particular element of the square matrix to the banded matrix. 
	0.2.28 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 calcu­lated for the spring in the element coordinate system. 
	0.2.29 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 sys­tem of equations K x = F for x (displacements). The master stiff­ness 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. F 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 diago
	K =L U (D.6) 
	andlet Ux =v (0.7) 
	so that the linear system of equations K x = F is equivalent to 
	L v= F (D. 8) 
	In the second step, equation (D.8) is solved by forward reduction for v and finally equation (0.7) is solved" for x by back substi­tuting for v, 
	0.2.31 Subroutines MISES1/MISES2. Called by TFRCIN; computes biaxial elastic-plastic stress-strain relations using Von Mises yield criterion. 
	0.2.32 Subroutine MODIFY. Called by SOLVE; modifies forces to account for specified displacements. 
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	D.2.33 Subroutine MODK. Called by BMEND; 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 co­ordinate system. 
	D.2.35 Subroutine OUTPUT. Called by SOLVE; organizes and tabu­lates output 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 re­quested. 
	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 BMSTF; transforms the appro­priate variables from a slave node to the corresponding master node. 
	D.2.41 Subroutine SOLVE. Called by MAIN; performs the main sol­ution 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 ASSBLE; calculates the con­tributions to the lumped mass matrix for plate elements. Forms the initial element coordinate system E for the plate elements. 
	D-18. 
	0.2.45 Subroutine TFRCIN. Called from FRCIN; calculates plate element deformations and forces in element coordinate system. The forces are then transformed to the nodal coordinate system. 
	0.2.46 Subroutine TRIANG. Called from EPTSTF; contains algebraic expressions of the strain-displacement relationship for a plate element. 
	0.2.47 Subroutine VECTOR. Called from TFRCIN; calculates the deformed length of plate element sides. The components of a vec­tor normal to the reference surface are defined by the displaced positions of the three node points. 
	0.2.48 Subroutine ZERORC. Called from BOUNO; deletes appropriate rows and columns of a banded matrix to enforce the specified boun­dary conditions. 
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	Figure
	APPENDIX E. OCCUPANT PLOTTING PROGRAM. 
	PROGRAM DUMMY (INPUT,OUTPUT,TAPES,TAPES=OUTPUT,TAPEI0) 
	C UPDATED ON JULY 7, lS82 COMMON X(100),Z(100) DIMENSION NPAN(4),NBAK(4) DIMENSION XCA(S4),YCA(S4),ZCA(S4),R(Z7),HEAD(S),P(S4), 
	IG(64),S(S4),XLB(Z),YLB(Z),ZLB(Z),XR(4),ZR(4),NTIME(Z),ANGFT(Z) DIMENSION IRINDX(S),JINDX(17),KINDX(17),JJNDX(lS),KKNDX(lS) DIMENSION JFNDX(7),KFNDX(7),NPINDX(17),XCAS(10),YCAS(10),ZCAS(10) DIMENSION JlNDX(17),KlNDX(17) DATA JLNDX/4S,SO,SZ,Sl,4S,S7,S3,S4,SB,3Z,33,30,31,SS,SS,34, 3S1 DATA KLNDX/SO,SZ,Sl,4S,S7,S3,S4,SB,SO,Sl,SZ,4S,50,S7,SB,S3,S41 DATA NPINDX/17*401
	DATA JFNDX,KFNDX/l,Z,Z,l,4,7,B,Z,3,4,4,S,S,SI DATA IRINDX/Z7,Z7,24,ZS,ZS,ZSI DATA JINDX/lS,Z4,Z7,lB,ZO,lS,Zl,lS,lZ,17,13,Sl,SZ,ZS,ZS,lB, l SI DATA KINDX/17,ZS,Z8,ZO,ZZ,Zl,Z3,lZ,14,13,lS,63,S4,47,ZS,ZS,ZSI DATA JJNDX/30,31,33,3Z,30,SS,34,3S,SS,3B,3S,41,40,3B,3S,371 DATA KKNDX/31,33,3Z,30,SS,34,3S,SS,31,3S,41,40,3B,3S,37,3BI DATA XCA,YCA,ZCA/180*0.1 DATA XYFAC/.71 READ(S,lZ0)(HEAD(I),I=l,S),NCASE,IRSYS,ICKPT,NSEAT 
	120 FORMAT(SAI0,4IS). READ(S,130)(R(I),I=l,lS). 
	130. FORMAT(BFI0.0/7FI0.0).READ(S,100)R(Z4),R(ZS),R(ZS). READ(S,100)THSCE,THBCE,THHRE. If(ICKPT.EG.O) GO TO S. DO 4 J=l,10. READ(S,100)XCAS(J),YCAS(J),ZCAS(J). 
	4 CONTINUE. 5 NP=l. SOO READ(S,100)TIHE,ALPHA,ANGFT(1),ANGFT(Z). 
	READ(S,100)PL,PW,SBH,SBW,THEB,THEP,XSEAT,ZSEAT READ(S, 100)XLB( 1) , YLB( 1) ,ZLB( 1) ,XLB(Z) , YLB(Z) ,ZLB(Z) ,XFR,ANGFR IF(IRSYS.GT.O) READ(S,100)XSH,YSH,ZSH If(IRSYS.EO.4) READ(S,100)XCA(4B),YCA(4B),ZCA(4B) 
	100. FORMAT (BFI0.0). READ(S,10)(XCACJ),J=l,ZS),(XCA(J),J=4S,47),XCA(5S),XCA(SO). READ(S,10)(YCA(J),J=l,ZS),(YCA(J),J=4S,47),YCA(SS),YCA(SO).READ(S,10)(ZCA(J),J=l,ZS),(ZCA(J),J=4S,47),ZCA(SS),ZCA(S0). 
	10 FORHAT(8fl0.0/8F10.0/8F10.0/BF10.0/BF10.0) 
	C COORDINATES FOR FEET DO 11 J=l,Z IRL=J+13 IHL=J+SO ITO=IHL+Z XCA( IHU=XCA( IRU-2.*COS(ANGFT(J» YCA(IHL)=YCA(IRL) ZCA(IHL)=ZCA(IRL)-Z.*SIN(ANGFT(J» XCA(ITO)=XCA(IRL)+B.*COS(ANGFT(J» YCA(ITO)=YCA(IRL) 
	ZCA(ITO)~ZCA(IRL)+B.*SIN(ANGFT(J» 
	E-2 
	11. CONTINUE. R(27):z1.60. IF(NSEAT.NE.O)GO TO 12. 
	C CO"PUTE SEAT COORDINATES XCA(31) =XSEAT YCA (31)=.S*PIoI ZCA(31) :zZSEAT XCA(33)=XSEAT+PL*COS(THEP) YCA( 33)=YCA(31) ZCA(33)=ZSEAT+PL*SIN(THEP) XCA(3S)=XSEAT-(S8H-ZSEAT)*SIN(THEB) YCA(3S)=.S*SBIoI ZCA(3S)=ZSEAT+(SBH-ZSEAT)*COS(THEB) 
	C CO"PUTE CUSHION COORDINATES BASED ON THICKNESSES XCA(S2)=XCA(33)-THSCE*SIN(THEP) YCA(S2)=YCA(33) ZCA(S2)=ZCA(33)+THSCE*COS(THEP) XCA(S4)=XCA(3S)+THBCE*COS(THEB) (3S) ZCA(S4)=ZCA(3S)+THBCE*SIN(THEB) XCA(50)=XCA(S2)-(PL-THBCE)*COS(THEP) YCA (50)=YCA (31) 
	'(CA(54) =YCA 

	ZCA(SO)=ZCA(S2)-(PL-THBCE)*SIN(THEP) 
	12. XCA(37)=0.. ZCA(37)::z0.. XCA(39)=XFR. ZCA(39)=0.. XCA(41)=XFR+10.*COS(ANGFR). ZCA(41)=10.*SIN(ANGFR). SMIN=O.. 
	SMIN=AMIN1(~IN,XCA(35» 
	SMIN=AMIN1(SMIN.XSH). YCA(37)=.S*(XCA(41)-SMIN). YCA(39)=YCA(37). YCA(41)=YCA(37). DO 20 1=30.40.2. IF(NSEAT.NE.O.AND.I.LT.36)GO TO 20. XCA(I)=)(CA(I+1). YCA(I)=-YCA(I+1). ZCA(I)=ZCA(I+1). 
	20 CONTINUE 
	C FOR RIGID SEAT MODEL ALL SEAT BACK NODES FALL IN ONE PLANE IF(NSEAT.NE.O)GO TO 26 DO 810 1=30.31 XCA(I+2S)=XCA(I) YCA(I+2S)=YCA(I) ZCA( I+2S) =ZCA( I) 
	810 CONTINUE. DO 23 I=49.S3,2. XCA(I)=XCA(I+1).yeA< I)" '/i::r'\{ r-r:. ZCA (I )=ZCA <I+1 ). 
	E-3 
	23 CONTINUE. DO 820 I=49,SO. XCA(I+8)=XCA(I). YCA(I+8)=YCA(I). ZCA(I+8)=ZCA(I). 
	820 CONTINUE 
	GO TO27 C C READ SEAT PAN AND BACK COORDINATES FOR FINITE ELEMENT MODEL C 
	26 READ(S,100) (XCA(J),J=30,33),XCA(SS),XCA(S6),XCA(34),XCA(3S) READ(S,100)(YCA(J),J=30,33),YCA(SS),YCA(S6),YCA(34),YCA(3S) READ(S,100)(ZCA(J),J=30,33),ZCA(SS),ZCA(S6),ZCA(34),ZCA(3S) 
	C CALCULATE SEAT PAN LENGTH FOR FINITE ELEMENT MODEL PL=SORT«XCA(30)-XCA(32»**2+(ZCA(30)-ZCA(32»**2) 
	C COMPUTE CUSHION COORDINATES FOR FE SEAT MODEL XCA(SI)=XCA(32)-THSCE*SIN(THEP) YCA(SI)=YCA(32) ZCA(SI)=ZCA(32)+THSCE*COS(THEP) XCA(S3)=XCA(34)+THBCE*COS(THEB) YCA(S3)=YCA(34) ZCA('3)=ZCA(34)+THBCE*SIN(THEB) XCA(S2)=XCA(33)-THSCE*SIN(THEP) YCA(S2)=YCA(33) ZCA(S2)=ZCA(33)+THSCE*COS(THEP) XCA(S4)=XCA(3')+THBCE*COS(THEB) YCA(S4)=YCA(3S) ZCA(S4)=ZCA(3S)+THBCE*SIN(THEB) 
	C IF SEAT BACK ~ND SEAT PAN NODES ARE COINCIDENT 
	C THE PERFORM THE FOLLOWING CALCULATIONS XCA(49)=XCA(SI)-(PL-THBCE)*COS(THEP) YCA(48)=YCA(30) ZCA(49)=ZCA(SI)-(PL-THBCE)*SIN(THEP) XCA(SO)=XCA(S2)-(PL-THBCE)*COS(THEP) 
	. YCA(SO)=YCA(3l>. ZCA(SO)=ZCA(S2)-(PL-THBCE)*SIN(THEP). DO 830 1=49,50. XCA(I+8)=XCA(I). YCA(I+8)=YCA(I). ZCA(I+8)=ZCA(I). 
	830. CONTI NUE IF(XCA(30).EO.XCA(SS).AND.ZCA(30).EO.ZCA(SS»GO TO 8S0 DO 840 1=1,2 J=I-l SLOPE2=(ZCA(SS+J)-ZCA(30+J»/(XCA(SS+J)-XCA(3Q+J» THETA=ATAN(SLOPE2) THETA1=-THETA XCA(49+J)=XCA(SI+J)-(PL-THSCE*SIN(THETA1»*COS(THEP) YCA(49+J)=YCA(30+J) ZCA(49+J)=ZCA(SI+J)-(PL-THSCE*COS(THETA1»*SIN(THEP) 
	E-4. 
	C 
	C 
	C 
	B2=ZCA(49+J)-SLOPE2*XCA(49+J) THETA3=THEB-1.5708 SLOPE3=TAN(THETA3) B3=ZCA(53+J)-SLOPE3*XCA(53+J) XCA(57+J)=(B3-B2)/(SLOPE2-SLOPE3) 
	VCA(57+J)~YCA(55+J) 
	ZCA(57+J)=SLOPE2*XCA(57+J)+B2 840 CONTI NUE 850 CONTINUE 
	27 XCA(42)=XLB(1). YCA(42)=YLB(1). ZCA(42) =ZLB( 1>. XCA(43)=XLB(2). YCA(43)=YLB(2). ZCA(43)=ZLB(2). IF(IRSYS.EO.O) GO TO 21. XCA(44)=XSH. YCA(44)=YSH. ZCA(44)=ZSH. 
	21. DO 25 1=1,64. P(I)=XCA(I). O(I)IllYCA(I). 
	S(I)=ZCA(I) 
	25 CONTINUE TRANSFORMATION FOR Z AXIS ROTATION ALPHA=.0174533*ALPHA DO 30 1=1,64 XCA(I)=P(I)*COS(ALPHA)-O(I)*SIN(ALPHA) VCA(I)=P(I)*SIN(ALPHA)+O(I)*COS(ALPHA) 
	30 CONTINUE 
	TRANSfORM COCKPIT COORDINATES. IF(ICKPT.EB.O) GO TO 35. DO 32 1=1,10. P(I)=XCAS(I). O(I)=YCAS(I). 
	32 CONTINUE DO 34 1=1,10 XCAS(I)=P(I)*COS(ALPHA)-O(I)*SIN(ALPHA) YCAS(I)=P(I)*SIN(ALPHA)+B(I)*COS(ALPHA) 
	34 CONTINUE. DETERMINE THE WORK BOX. 
	35 XMAX"O.. XMIN=O.. YMAX=O.. YMIN=O.. ZMAX=O.. ZMIN=O.. DO 40 1=1,64. XMAX=AMAX1(XMAX,XCA(I». XMIN=AMIN1(XMIN,XCA(I». VHAX=AMAX1(YMAX,YCA(I». YHIN=AHIN1(YHIN,YCA(I». ZHAX=AMAX1(ZHAX,ZCA(I». ZMIN=AHIN1(ZHIN,ZCA(I». 
	40 CONTINUE 
	E-S 
	C 
	C 
	C 
	IF{ICKPT.EB.O)GO TO 43. DO 42 I=1,S. XMAX=AHAX1{XMAX,XCAS{I». XMIN=AMIN1{XMIN,XCAS{I». YMAX=AMAX1{YMAX,YCAS{I». YHIN=AHIN1{YHIN,YCAS{I». ZMAX=AHAX1{ZMAX,ZCAS{I». ZMIN=AHIN1{ZMIN,ZCAS{I». 
	42. CONTINUE 
	43 IF{NP.GT.l) GO TO 45 XSTEP={XHAX-XHIN)/7. ZSTEP={ZMAX-ZMIN)/7. STEP=AMAX1{XSTEP,ZSTEP) 
	45. XAXIS=XMAX-XHIN YAXIS=YMAX-YMIN ZAXIS=ZMAX-ZMIN RXZ=XAXIS/ZAXIS IF (RXZ.GE.1.) GO TO 50 ZAXIS=B. XAXIS=ZAXIS*RXZ GO TO SO 
	50. XAXIS=B. 
	ZAXIS=XAXIS/RXZ 
	SO. CALL UNIDRAW(10) ENCODE{19,70,NTIME) TIME 
	70 FORHAT{SHTIME =,F7.4,5H SEC.,1Hf) CALL BGNPL{NP) CALL BLOWUP{XYFAC) CALL TITLE (lH ,1,O,O,O,O,XAXIS,ZAXIS) CAlL HEADIN{30HPROGRAM SOM-LA OCCUPANT MODELf,100,2,3)
	CAll HEADIN (HEAD,SO,2,3). CALL HEADIN{NTIHE,100,2,3). CALL GRAPH (XMIN,STEP,ZMIN,STEP). 
	DRAW BODY SEGMENTS. DO 80 1=1,17. IF{I.LE.11) IR=I. IF{I.GT.ll) IR=IRINDX{I-11). J=JINDX{I). K=KINDX{I). 
	NPTS=NPINDX{I).CALL CONTR{XCA{J),ZCA{J),XCA{K),ZCA{K),R{IR),NPTS). CALL CURVE{X,Z,NPTS,O). 
	BO. CONTINUE 
	DRAW FACE. DO 82 1=1,7. J=JFNDX{I). K=KFNDX{I). CALL RLVEC{XCA{J),ZCA{J),XCA{K),ZCA{K),O). 
	82 CONTINUE IF{ICKPT.EB.0.OR.ABS{ALPHA).GT.0.03) GO TO 8S 
	DRAW COCKPIT. DO S4 J=1,5. CALL RLVEC{XCAS{J),ZCAS{J),XCAS{J+1),ZCAS{J+1),O). 
	84 CONTINUE 
	E-6 
	C DRAW SEAT AND FLOOR 88 DO 90 1=1,16 
	J=JJNDX(I). K=KKNDX(I). CALL RLVEC(XCA(J),ZCA(J),XCA(K),ZCA(K),O). 
	90 CONTINUE. DO 91 1=1,17. J=JLNDX<I ). K=KLNDX( I). CAlL RLVEC(XCA(J),ZCA(J),XCA(K),ZCA(K),O). 
	91 CONTINUE C DRAW RESTRAINT SYSTEM CLAP SELT 
	IF(ALPHA.GT.0.785.AND.ALPHA.LT.2.356) GO TO 911 IF(ALPHA.GT.3.927.AND.AlPHA.LT.5.498) GO TO 911 
	C SIDE VIEW CALL RLVEC(XCA(60),ZCA(60),XCA(42),ZCA(42),O) CALL RLVEC(XCA(60),ZCA(60),XCA(43),ZCA(43),O) GO TO92 
	C FRONT OR REAR VIEW 911 CAlL RLVEC(XCA(10),ZCA(10),XCA(42),ZCA(42),O) CALL RLVEC(XCA(11),ZCA(11),XCA(43),ZCA(43),O) 82 IF(IRSYS.EO.O) GO TO 94 
	C SHOULDER HARNESS IF(IRSYS.NE.2) IBEG=45 IF(IRSYS.EO.2) IBEG=46 IF(IRSYS.NE.l) IEND=46 IF(IRSYS.EO.l) IEND=45 DO 93 I=IBEG,IEND CAll RLVEC(XCA(I),ZCA(I),XCA(44),ZCA(44),O) 
	83 CONTINUE IF(ALPHA.GT.0.785.AND.ALPHA.LT.2.356) GO TO 831 IF(ALPHA.GT.3.927.AND.ALPHA.LT.5.488) GO TO 931 CALL RlVEC(XCA(59),ZCA(58),XCA(60),ZCA(60),O) 
	831. IEND=3. IF(IRSYS.LT.4) GO TO 94. 
	C TIEDOWN STRAP XR(4)=XCA(4S) ZR(4)=ZCA(4S) CAlL RLVEC(XCA(60),ZCA(60),XR(4),ZR(4),O) IEND=4 
	C. LABEL ANCHOR POINTS 
	84. IF(IRSYS.EO.O) IEND=2. DO 96 1=1 dEND. IF(I.EO.4) GO TO 96. J=I+41. 
	XR(I)=XCA(J). ZR(I)=ZCA(J). 
	96 CONTINUE. CALL HARKER(10). CALL CURVE(XR,ZR,IEND,-l). CALL RESET(SHMARKER). CAlL ENDPL(NP). 
	E-7 
	C 
	C 
	C 
	IF CNP.GE.NCASE) GO TO 600. NP=NP+1. GO TO 500. 
	600 CALL DONEPL END SUBROUTINE CONTR CXA,ZA,XB,ZB,A,NPTS) COHMON X(100),ZC100) DlttENSION RCSO) 
	NHF=NPTSI2. NHFP=NHF+1. HALF=FLOATCNHF)-.9. CHECK IF A CIRCL£ IS NEEDED. Rl=SORTCCXA-XB)**2+CZA-ZB)**2). XO=CXA+XB)/2.. ZO=CZA+ZB) 12.. AA-A*2.. IF CRL.GT.AA) GO TO 10. DRAW THE CIRCLE. XXII-A. DO 20 l=l,NHF. RCI)=-CSORTC1-CXX**2/A**2»)*A. Z(I) =RC I)+ZO. XCI)=XX+XO. XX=XX+AA/HAlF. 
	20 CONTINUE. I=NHFP,NPT~. K=NPTS+1-1. XCI)=XCK). ZC I) =-RCK )+ZO. 
	DO 30 

	30 CONTINUE. GO TO 200. DRAW THE ELLIPSE. 
	10 B-RlI2.. CS=CXS-XA)/RL. SN=CZB-ZA)/RL. XX=-B. DO 40 l=l,NHF. ZCI)=CSORTC1-CXX**2/B**2»)*A. 
	XCI)=XX 
	XX=XX+RlIHALF 
	40 CONTINUE. XX=B. DO 50 I=NHFP,NPTS. ZCI)=-CSBRTC1-CXX**2/S**2»)*A.
	XCI)=XX. XX=XX-RlIHALF. 
	50 CONTINUE. DO 60 I=l,NPTS. XX=XCI). XCI)=CCXCI)*CS)-(ZCI)*SN»+XO. 
	Z<I)=CCXX*SN)+CZCI)*CS»+ZO 
	60 CONTINUE 200 RETURN END 
	E-8 
	APPENDIX F. SEAT PLOTTING PROGRAM. 
	F-l 
	C 
	C 
	C 
	C. C. 
	aOUTPUT,TAPE10) 
	PROGRAM SEATPLCINPUT,OUTPUT,TAPES,TAPE6

	DIMENSION XDC1S0),YDC150),ZDC1S0),XC150),YCI50),ZC150),THETAC20), 1PHII(20),TITLECS),JBC1S0),JBIC150),JB2C1'O),JTC1'O),JT1C1'O), 2JT2C1S0),JT3C1S0),JSCSO),JS1CSO),JS2C'O),JNCI50),LABEL(4) 
	READ HEADING AND NUHBER OF PLOTS, NODES,BEAHS,PLATES,SPRINGS READCS,10)CTITLECJ),J=I,6) 10 FORHAT<SA10) READCS,IS)NCASE,NNODE,NBEAM,NTPLT,NSPRG 
	15. FORMATe'II0) READ ELEMENT DATA CBEAMS, PLATES, SPRINGS) IFCNBEAM.EO.O) GO TO 21 DO 20 J=1,NBEAM READCS,1') JBCJ),JB1CJ),JB2CJ) 
	20. CONTINUE 
	21. IFCNTPLT.EO.O) GO TO 26 DO 25 J=I,NTPLT READCS,1') JTCJ),JT1CJ),JT2CJ),JT3CJ) 
	2S. CONTINUE 
	26. IFCNSPRG.EO.O) GO TO 31 DO 30 J=I,NSPRG READC',I') JSCJ),JSICJ),JS2CJ) 
	30 CONTINUE START LOOP 
	31. DO 4000J=I,NCASE AMX=O. AMY=O. AMZ=O. ANX=O. ANY=O. ANZ=O. 
	READ TIME AND VIEWING ANGLES 
	READCS,40)NOPlOT,TIME,THETACJ),PHIICJ) 40 FORHATCII0,3FI0.0) READ NODAL COORDINATES 
	DO SO I=l,NNODE. READ CS,60)JNCI),XDCI),YDCI),ZDCI). AMX=AMAX1CAMX,XDCI». AMY=AMAX1CAMY,YDCI». AMZ=AHAXICAMZ,ZDCI». ANX=AMINICANX,XDCI». ANY=AMINICANY,YDCI». ANZ=AMINICANZ,ZDCI». M=JNCI ). XC M) =XDCI). YCH)=YDCI). I). 
	ZCI"!)=ZDC 

	50. CONTINUE 
	SO. FORMATCII0,3F10.0) CALL UNIDRAWCI0) CALL BGNPLCJ) RAD=A"X-ANX+A"Y-ANY+A"Z-ANZ 
	F-2. 
	AX=(AMX-ANX)/2. 
	AY=(AMY-ANY)/2. 
	AZ= (AMZ-ANZ)/2. 
	ENCODE(33,100,LABEL)NOPLOT,TIME 
	100 FORMAT(SH PLOT NO.,I3,8H, TI"E =,F7.4,5H SEC.,lHf) 
	CALL TITL3D (lH ,1,8.,B.) 
	CALL HEADIN(36HPROGRA" SO"-LA SEAT STRUCTURE "ODELf,100,2,3) 
	CALL HEADIN(TITLE,60,2,3) 
	CALL HEADIN(LA8EL,100,2,3) 
	CALL AXES3D (0,0,0,0,0,0,0,0,0,0) 
	THE=THETA(J) 
	PHI=PHII(J) 
	CALL VUANGL (THE,PHI,RAD) 
	CALL GRAF3D (ANX,5HSCALE,A"X,ANY,5HSCALE,A"Y,ANZ,5HSCALE,A"Z) 
	CALL HARKER (1) 
	CALL CURV3D (XD,YD,ZD,NNDDE,-l) 
	CALL RLVEC3 (ANX,ANY,ANZ,AX,ANY,ANZ,2201) 
	CALL RLVEC3 (ANX,ANY,ANZ,ANX,AY,ANZ,2201) 
	CALL RLVEC3 (ANX,ANY,ANZ,ANX,ANY,AZ,2201) 
	CALL RLHESS (2HXS, 100,X3DREL(AX,ANY,ANZ)+.15,Y3DREL(AX,ANY,ANZ)+. 
	115) 
	CALL RLMESS (2HYf, 100,X3DREL(ANX,AY,ANZ)+.15,Y3DREL(ANX,AY,ANZ)+. 
	115) 
	CALL RLMESS (2HZS, 100,X3DREL(ANX,ANY,AZ)+.15,Y3DREL(ANX,ANY,AZ)+. 
	115) 
	CALL HEIGHT< .10) 
	DO 2000 I=l,NNODE 
	INUHBER =IN(I) 
	>(X=XD ( I) 
	YY=YD(I) 
	ZZ=ZD<I )
	CALL RLINT (INUMBER,X3DREL(XX,YY,ZZ),Y3DREL(XX,YY,ZZ)+.10) 2000 CONTINUE 
	IF (NBEAM.EB.O) GO TO 3100 
	DO 2100 I=l,NBEAM 
	K=JBl< I) 
	L=JB2(I) 
	Xl=X(K) 
	Yl=Y(K) 
	Zl=Z(K) 
	X2=X(L) 
	Y2=Y(L) 
	Z2=Z(L) 
	CALL RLVEC3 (Xl,Yl,Zl,X2,Y2,Z2,0) 2100 CONTINUE 3100 IF (NTPLT.EG.O) GO TO 3200 
	DO 2200 I=l,NTPLT 
	K=JT1(I) 
	L=JT2(I) 
	"aJT3(I) 
	F-3 
	Xl=X(K) 
	Yl"Y(K) 
	Zl=Z(K) 
	X2=X(l) 
	Y2=Y(l) 
	Z2=Z(l) 
	X3=X(I'f) 
	Y3=Y(1) 
	23=2(1'1) 
	CALL RLVEC3 (Xl,Yl,Zl,X2,Y2,Z2,O) 
	CALL RLVEC3 (X2,Y2,Z2,X3,Y3,Z3,O) 
	CALL RLVEC3 (X3,Y3,Z3,Xl,Yl,Zl,O) 2200 CONTINUE 3200 IF (NSPRG.EQ.O) GO TO 3300 
	DO 2300 I=l,NSPRG 
	K=JS1<I) 
	L=JSZ(I) 
	Xl=X(K) 
	Yl=Y(K) 
	Zl=Z(K) 
	X2=X(l) 
	Y2=Y(l) 
	Z2"Z (l) 
	CALL RLVEC3 (Xl,Yl,Zl,X2,Y2,Z2,0) 2300 CONTINUE 3300 CALL ENDPL(J) 4000 CONTINUE 
	CALL DONEPL 
	END 
	{::r u.s, GOVERNMENT PRINTING OFFlc;E: 1983-605~072/14 
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